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ABSTRACT

To operate in global supply chains, there is needlévelopment of capabilities to integrate
different companies, from different countries witltiiverse cultures, economic and
technological level. The semiconductor industry fitto a scenario of global production with
a supply chain spread worldwide, seeking cost iefiicy, mass production and flexibility.
Brazil stands out in the global economy as an emgrgountry and has promoted public
policies and incentives for the competitiveness@mhiconductor chain in the country. The
guidelines are made by public policies for the dgwaent of national production and tax
incentives in order to attract foreign companieat thre able to produce and develop the
capabilities needed to create competitiveness. iGemsg that Brazil intends to move from a
high consumer of microelectronics items to a coitipet player in the semiconductor
industry, this research aims to analyze what cdiiabiare needed by companies to become
players in a global supply chain. The theoreticaifework proposed for this investigation is
designed to evaluate capabilities in a global supphin. It proposes that the upgrading level
results from capabilities developed by the compamried also influenced by political and
economic factors. Productive, relational and intieeaelements compose the set of global
supply chain capabilities of this study. The meti®descriptive-exploratory, using multiple
case studies carried out in four Brazilian designters. Data were collected through semi-
structured interviews and document analysis. NViva@ported data coding and analyses.
The results demonstrate that Brazilian industriglicy affects the development of global
supply chain capabilities of the national designides, especially in terms of organizational
and R&D processes. As consequence, the companiedogded productive and relational
capabilities and most of them are still in a preogggrading level. The development of global
market and strengthening of innovative capabilitas lead companies to other upgrading

levels and move the design houses up in the sendhictor global chain.

Keywords: Global supply chain; Capability; Publidipy; Upgrading.
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1 INTRODUCTION

In the current global competitive market, the mamagnt evolution is featured on
agility in operations and value added orientati®his scenario, along with the constant
advances in communication technologies and tratefjpmm, motivates the continuing
evolution of supply chain management and diffeteohniques for managerial efficiency and
demand orientation (SIMCHI-LEVI et al., 2010). Thgspply chain management (SCM) has
been an important approach of operations managesmeat and it is at the core of success of
most leading companies (SANDERS, 2012). Diffefantors can be considered to represent
this new scenario, such as the necessity of mastmization, the presence of global
consumers segments, time and quality competitiayaces in communication and
information technology and a strong dependencecwergment policies (MENTZER et al.,
2007b). In this business environment, competit®md longer between organizations, but
between supply chains (WU et al., 2014). It invelvmanagement of technology and
innovation, streamlining processes, insourcing andsourcing and managing complex
relationships (ELLRAM; COUSINS, 2007), with the de¢o align different firms and
interorganizational processes in order to bringlpobs and services to the market.

The strategic supply chain management is a phenamelmaracterized by broad and
complex interactions involving multiple elementscls as strategic purchasing orientation for
long-term relationships, inter-firm communicatiomterorganizational teams and buyer-
supplier integration (PAULRAJ; CHEN, 2007). As tHew of products crossing country
borders is increasing at a rapid pace (HAUSMAN let 2010), all these concepts are
understood through strategic management theoriesdegr to seek collaborative advantage in
a global environment. Nowadays, companies souraeatjl, sell globally, or compete with
some companies that also do that. For these reagtwizal supply chain management
(GSCM) represents a major focus for many businesses$ business schools today
(MENTZER et al., 2007a). Supply chain managemesedes further attention because it
has been transformed in recent years by the infkiei globalization, and the conceptual
fundamentals of global supply chain management iremaderdeveloped (CONNELLY et
al., 2013).

Global supply chain research focuses explicitly tba nature of the relationships
among the various actors involved in the chairgssing the role that global buyers and

producers may play while supporting developing ¢oes producers’ learning and innovation
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activities, and explores their implications for depment of capabilities to seek competitive
advantage (MORRISON et al., 2008). Alliances arenfed with foreign partners for business
purpose and risk sharing, but also encourage legrabout new ways of doing things

(ALAM; BAGCHI, 2011). For being part of these ghdlzhains, companies must identify the
key factors that would enable their operations laggos as well as the important elements
behind forming interorganizational relations acrbssders to upgrade and move up in the
supply chain. One important issue that must be uymarsby companies, especially in

developing countries, is how to gain access tekiles and capabilities required to participate
and to upgrade in global chains (BAIR, 2005). lalso critical because, for companies in
developing countries, their inclusion in global ictsanot only provides new markets for their

products but also plays a growing and crucial ialeaccess to knowledge and enhanced
learning and innovation (PIETROBELLI; RABELLOTTIQ21).

Upgrading can be defined as the process by whitionsa companies or workers
move from low-value to relatively higher-value attes in global production networks
(GEREFFI, 2005). Companies may upgrade in varioagswfor example: by entering higher
unit value market niches, by entering into new @agtor by undertaking new productive or
service functions (PIETROBELLI; RABELLOTTI, 2004)t is necessary to view the
upgrading challenge in a wider perspective, captuthe central idea that it may involve
changes in the nature and mix of activities, botthiw each agent in the chain and in the
distribution of intra-chain activities. This relat¢éo the achievement of new product and
process development as well as to the functionaniguration of who does what in the
chain as a whole (KAPLINSKY; MORRIS, 2001).

Considering global chain operations, the complegitire related to the fact that most
of the organizations are embedded in very diffeneational cultures, regional business
norms, economic situations, and regulatory enviremisy (FLINT, 2004). According to
Schuler et al. (2011), when firms cross nationairataries with imports and exports of goods
and services, or extend their organizational bouesgiacross borders through foreign direct
investments, their transactions necessarily confeimultaneously within a variety of public
policy regimes. Considering this scenario, publioligies represent an important
environmental factor (SANDERS, 2010) able to fogterductive capabilities, attracting new
businesses and investments to advance in globalscHachmitz (2005) poses that, if policy-
makers expect local companies to learn from padiaig in the global economy, they need to

know whether these firms engage merely in transactbuying or selling) or interaction
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(which also involves intensive exchange of inforimatand transfer of ideas). They need to
be aware of power and inequality in the chain.His way, it is important to evaluate in a
macroeconomic perspective how policymakers shouidnge the environment facing
business to promote international trade and econ@mwth, whereas the microeconomic
perspective of supply-chain logistics considers l@olbusiness should organize its operations
given the policy environment (MANN, 2012).

The semiconductor industry fits into this scenasfoglobal production as it has a
supply chain that is spread all over the world (L&Eal., 2006), with the presence of leading
technology-based companies which need cost eftigiemass production and flexibility. The
semiconductor industry is a capital intensive indyswvith sophisticated processes of R&D,
composed of a small number of competitive companiée management models in this
global industry require the implementation of owt®ming/offshoring and supply chain
management (JIANG et al., 2010).

Brazil stands out in the global economy as an emgrgountry and has developed
policies and incentives for the development of semiluctor chain. The guidelines are made
by public funding for the development of nationabguction and tax incentives aiming to
attract foreign companies in order to cooperate daeklop the capabilities needed to create
competitiveness (GUTIERREZ; MENDES, 2009). Curngnthe semiconductor supply chain
involves technological leaders coming from coustsech as the United States, Japan, China
and South Korea. If compared to these countrieaziBhas a low level of investment in
innovation and technology as well as a lack ofis#tilabor (GUTIERREZ; LEAL, 2004).

Brazil already operates in some activities of teemisonductor value chain, such as
the back-end and project, and also has some lab@stand design houses. Semiconductor
production is one of the priorities of Brazilian o@omic planning and technological
development. The Federal Government aims to mowen fbeing a high consumer of
microelectronics items to a competitive player e semiconductor chain. Since 2005, the
Microelectronics National Program has been indug@ngject services activities as priority
with the creation and implementation of the miceotlonics design in the country
(GUTIERREZ; MENDES, 2009). According to ABDI (20119urrently there are 22 design
houses (DH) distributed throughout the nationaliteny. It is recognized that the levels of
technological and productive maturity of the naibDHs are still far below if compared with
leading countries, and the capability of prospectmternational market represents the main

barrier to increase their productivity. The ideication and improvement of key processes,
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aligned with the pressures and opportunities astaddd by the global market, can allow the
DHs to upgrade in the semiconductor chain. Evensidening that the development of
microelectronics in Brazil is on the agenda of tBeazilian Ministry of Science and

Technology, it is known that the results are stdry incipient if compared with leading

players.

Based on the global supply chain management approais thesis aims to evaluate
the development of capabilities in Brazilian comjpanto operate as players in the
semiconductor industry. The influence of the puplidicies that are fostering the promotion
of this industry is emphasized, identifying therieas and opportunities for the growth and
upgrading of Brazilian companies’ participatiorthe global semiconductor chain.

1.1 RESEARCH PROBLEM

The semiconductor industry has been one of the muxirtant industries for the past
three decades. Because of its critical positionmadern industry, the research on the
semiconductor industry is plentiful (LI et al., ZD1 It has a supply chain that is distributed
worldwide, and its manufacturing process has th#iqoéar characteristics that should be
considered in the supply chain structure (LEE £t28106).

Macher and Mowery (2003) stand out for how critidals to obtain competitive
performance in the semiconductor industry: i) thé&oduction of a new semiconductor
product typically needs significant changes anawations in the underlying manufacturing
process; ii) the ability to increase output of asremiconductor chip rapidly before imitators
enter is crucial to profitability; and iii) the Higfixed costs associated with semiconductor
manufacturing mean that low manufacturing yieldd bomg cycle times reduce profitability
and threaten firm survival.

According to Li et al. (2010), the semiconductoogurction process is dominated by a
group of high tech leading companies (such as,IB&nsung, and IBM) known as Integrated
Device Manufacturers (IDM), that operate as theisenductor industry integrators. The
producers of integrated circuits (IC) operate iffedent ways in this supply chain that is
fundamentally composed of three main value actsi{GUTIERREZ; MENDES, 2009): i)
the product design: it makes an assessment of n@ekeands and it designs the products; ii)
manufacturing: it is performed by means of physatemical processes to produce the wafer.
This phase is called front-end; and iii) packagang test of the IC, denominated back-end.
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Global supply chain management strategies havestiglee semiconductor companies
to gain competitive advantage, with high investreent international operations with
successive stages of outsourcing and offshore iesivin these different chain activities
(JIANG et al.,, 2010). Lee et al. (2006) pose thatisonductor companies run global
business through multiple manufacturing sites, awses or distribution centers,
subcontractors and suppliers. Manufacturing sitay oonsist of multiple fabrication sites,
probe sites, assembly sites, and final test anklgggng sites throughout the world. Also, it is
necessary for the supply chain model of the sendigcior industry to include coordination
and cooperation in the entire chain stream starfmogh suppliers of raw materials to
customers of the final products.

Semiconductor production is one of the prioriti€Boazilian economic planning and
technological development. The country aims to mdw@m a strong consumer of
microelectronics items to a strong player in thenisenductor chain. The difficulties of
creating a microelectronic ecosystem characterigeeat challenge that should be overcome
to reduce the trade deficit in electrical and etadt equipments that, in 2013, corresponded
to US$ 36.2 billion, 11% more if compared to 20bhattwas US$ 32,5 billion (ABINEE,
2014). The incentives promoted by the Brazilianustdal policy have already developed
operations in the three main stages of the semiatiodchain, but the levels of technological
and productive maturity of the national companiessill far below if compared with leading
countries ones. The Microelectronics National Paagfaces many barriers to move Brazilian
companies up as players in the semiconductor glcl@h; however, there are also lots of
opportunities of growth, such as the lack of aoral infrastructure, experienced labor, and a
proper industrial policy to leverage this econonsector, motivating new ventures,
developing national production and attracting fgnecompanies (BORGES; VIEIRA, 2014).

Since the beginning of the national project, ovér rbillion dollars were already
invested to structure the national semiconductalusiry (ABDI, 2011). As part of the
Microelectronic National Program promoted by thenldiry of Science and Technology, the
Cl-Brasil program was created to leverage the itigubirough the implementation of the
design houses in the country. This strategy aimprtanote the economic activity in the
project area of integrated circuits, to develop emosystem in microelectronics and to
leverage the country in the international arenageshiconductors (ABDI, 2011). Currently,
there are 22 design houses and two training centerBrazil, what represents good

opportunities for researching and development. Tdreypartially supported by the CI-Brasil
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program, and 13 of these are non-profit organimatidviost of them are spin-offs that have
arisen or are connected to universities or pul@gearch institutions (CI-BRASIL, 2014).
This value activity has been chosen as a priodtytwo reasons: design is fundamental and
decisive for generating innovation and it involvésss investment if compared to
manufacturing activities (ABDI, 2011).

The penetration in global supply chain presentsitgopportunities, but, on the other
hand, it simultaneously presents great complexaied high risks resulting from turbulent
environmental conditions (MYERS et al., 2007), eliénces in labor productivity and access
to labor skills, access to transportation and siftectural support (SANDERS, 2012). There
is also the cultural distance between the buyesintry and the supplier’'s country, which
measures informational and communication complexayd geographic complexity
(KAUFMANN; CARTER, 2006). These elements represemd challenges for a traditional
producer of commodities like Brazil, consideredetamer in terms of technological
development. Brazil is an emerging economy, a lagesumer market and has plenty of
resources, what represents good elements for matimmpanies to operate as players in the
semiconductor value chain activities. It is stiécessary to distinguish the main constraints
and potentiality for the development of a semicadu national industry, determine what
factor can foster capabilities, and define the adlpublic polices to leverage companies from
an emerging economy, like Brazil, as a player irs ttypically global chain. These
considerations compose the basis for the formatidhe research question of this study:

“What are the capabilities needed by companiestmime players in a global supply

chain?”

1.2 Objectives

In order to answer the research question, thisosegqresents the general and the

specific objectives of this study.

1.2.1 Main Objective

The main objective of this study is to evaluate ¢hpabilities developed by Brazilian

design houses to participate in the semicondudtdradysupply chain.
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1.2.2 Specific Objectives

The specific objectives of this study are:

e to describe the public policies promoting the naiosemiconductor industry and
attracting foreign direct investment;

» to describe the semiconductor global chain;

* to analyze the current operations of Brazilian [dd their participation in the global
chain;

* to identify the supply chain processes that areactipg on global capabilities;

» to present the impact of public policies on captéd generation;

» to identify the upgrading level achieved througé tfobal supply chain capabilities.

1.3 Structure

The structure of this research is composed as wollohapter 1 presents an
introduction, which describes the focus and theassh question, followed by the main and
specific objectives of the study. The theoreti@liew, presented in chapter 2, is composed
by supply chain concepts and its elements, follogdthe main factors that must be
considered for a global chain operation. In theusege, we present the impact of public
policies to foster a new industry and the natiammhpanies operations in a global chain and
the capabilities for going global in a supply chaline last part of the theoretical review
presents the main elements to evaluate the upgrgutotess to move up in a global chain.
Chapter 2 also includes the theoretical framewGHapter 3, in its turn, describes the method
used for this research. Chapter 4 is dedicatedeszribe the semiconductor global supply
chain and the Brazilian initiative to promote adustrial policy to foster national players in
the semiconductor global chain. Chapter 5 pres#mscases descriptions and analysis,
followed by chapter 6, which is composed by theppsitions analysis and the results of this
study. Finally, in chapter 7, the final considesas and recommendations for future studies

are described.
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2 LITERATURE BACKGROUND

Rising international cooperation, vertical disimgggon and focus on core activities
have led to the notion that companies are linkeé isupply chain. This perspective has
created the challenge of designing and managirntguatsre of interdependent relationships
developed and fostered through strategic collamrdCHEN; PAULRAJ, 2004). This was
accelerated mainly by rapid changes in informatiechnology and the new competitive
globalized environment created by economic, denpdgca and political developments
(GIANNAKIS; CROOM, 2004), where inter-company reétaiship management, integration
and coordination take place in a global perspedtK®TZAB et al., 2011). These cross-
border issues lead to the need for an understarafitige supply chain configuration in a
global context. This growing strategic importandegtmbal supply chain management has
also motivated the need for managers to keep metailed attention to external factors
(SANDERS, 2012) in order to clearly understandlihles among products, the supply chain
processes used to produce and deliver them, arstrdtegy used to manage the supply chain
activities (STAVRULAKI; DAVIS, 2010). It means thaa proper management of key
processes, aligned with the conditions of exteiaetbrs, is the basis for a company’s strategy
to achieve capabilities for upgrading in globalioka

For the purposes of this study, this chapter definghe first section the concepts and
the elements that compose supply chain managemeralso the characteristics that make up
its global operations, involving relationships beém different companies from different
countries and different technological and econolenels. The second section discusses the
importance of public policies to foster new indiegrand their impact in the development of
companies’ capabilities to advance in global openat The third section presents a
discussion of what are the capabilities neededdi@race globally in a supply chain. The
fourth section presents the concepts and elemeatsatiow the evaluation of the upgrading
process to move up in a global supply chain. Atéhd of each subsection, a theoretical
proposition is elaborated. These propositions caapbe basis for the theoretical framework

designed for this research that is presented ifatesection of this section.
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2.1 GLOBAL SUPPLY CHAIN MANAGEMENT (GSCM)

Companies are pursuing collaborative operationsas inter-organizational models
because of issues such as the complexity of thbablmarket, the demand for greater
flexibility and lean operations and the necessityoffer more added value for customers.
There are many efforts of practitioners and sclsolarunderstand this research area and its
main elements as well as to develop models in otdemap and interconnect concepts.
Thomas and Griffin (1996), for example, propose adeh to reduce operating costs by
integrating the activities of procurement, prodoictand distribution, based specially on the
advances in communications and information techqglas well as a rapidly growing array
of logistics options. Harland (1996) discussestémen supply chain management and how it
can be used to represent a variety of differentmmga, some related to management
processes, others to structural organization ofnlegses. Cooper et al. (1997a) present a
conceptual scheme identifying the main logistiesv8, considering different supply chain
business processes and components. Mentzer e20dl1)( extend the scheme presenting
elements of inter-functional coordination and irdars in a global environment. Chen and
Paulraj (2004) propose a model in which buyer-seppelationship is the central operation
accomplished in an environment of uncertainties lendraged by strategic purpose to seek
higher performance. Charvet et al. (2008) focushenterm supply chain management and its
use in the academic literature. Therefore, whilénd®ns of supply chain management
(SCM) vary significantly, an understanding of tlamge of its use and the structure of related
concepts is worthwhile. These studies help the ntataleding of the chain configuration and
allow practical applications. From these studies,can detach that: i) SCM requires strategic
operations in a global and uncertain context; ¢ dyad buyer-supplier is an important
element to accomplish procurement, production asttiloution activities; iii) cooperation,
coordination and long-term relationship increase ftaw of knowledge along the chain; iv)
key processes must be managed with adequate mftaste and technology to achieve higher
performance, especially in terms of customer satigin, profitability and competitive
advantage; and v) managing a supply chain in aafjlobntext brings different concerns if
compared to the domestic ones.

The combination of a world population that is shdttoward emerging markets and
fierce competition has precipitated the global@matiof demand and supply sources
(CONNELLY et al., 2013). This globalization infetilse cross-border movements of goods
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and the emergence of global competitors and oppitida across competing supply chains
within industries (SANDERS, 2012). This scenaris arced companies to look for more

effective ways to coordinate the flow of material® and out of the company (MENTZER et

al., 2001). The complexities of cross-border openat are exponentially greater than in a
single country, and the ability to compete in tHebgl environment often depends on

understanding the subtleties that emerge onlyaeszborder trade (MENTZER et al., 2007a).
Thus, many other factors need to be consideredhforevaluation of the supply chain in a

global perspective, such as cultural differencespggaphic distances, language barriers,
political uncertainty, currency exchanges and rpldtitime zones in their supply chain

(CONNELLY et al., 2013).

All these fundamental changes in the industrial petition have caused an increasing
level of uncertainty and turbulence in the globabreomy, leading to the emergence of new
theories which largely emphasize the importance cohsidering interrelationships,
interactions, and networking while developing atstgy (SHARIFI et al., 2013). The global
environment provides many organizations with anemive to establish a value-added
network, where complex inter-company relationshipanagement, collaboration and
coordination take place in the areas of producigdegroduction, supplier selection and
marketing (KOTZAB et al., 2011). These charactasstand challenges of the integrated
market have been creating new rules for the achemné and maintenance of competitiveness
advantage. Many companies serve multiple globalketarwith products sourced and
produced across many continents. Even the smaillest farms are affected by the global
influx of foreign goods and trade regulations (SARES, 2012). It is possible to identify the
same elements present in a supply chain focusedoordination, collaboration, supply
processes and performance, but with the flows fofmation and resources in a cross-border
context. So, the understanding of global supplyrchaanagement (GSCM) concepts is based
on the supply chain management approach embedtted global perspective. Thus, the next
two subsections present the main concepts and etenmxolved in this perspective.

2.1.1 Supply Chain Management (SCM)

The supply chain concept originated in the logsstiterature, and logistics has
continued to have a significant impact on this epic(BETCHEL; JAYARAN, 1997).
Supply chain appears as logistics taken across-ang@anizational boundaries (COOPER et
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al.,, 1997a). The field is generally considered mwolve integration, coordination, and
collaboration across organizations. A typical sypghain, also known as logistic network,
includes activities such as purchasing, manufaggurtiransportation, warehousing, retailing,
and delivery, focusing on the transportation ofdpthrough these facilities (SIMCHI-LEVI

et al., 2010).

The management of a supply chain will include aabrarray of activities needed to
plan, implement, and control sourcing, manufactyrend delivery processes from the point
of raw material origin to the point of ultimate umption. Thus, leading logistical practice
has shifted from an exclusively internal focus edlaboration across the full range of supply
chain participants (STANK et al., 2001).

Supply chain management has been a melting potaobus disciplines, with
influences from logistics and transportation, operss management and materials, and
distribution management, marketing, as well as Ipmsig and information technology
(GIUNIPERO et al., 2008). With recent advances ommunications and information
technology, companies have had an opportunity fgnificant savings in logistics and
transactions costs by coordinating these rangedifigient areas and planning the various
stages of SCM (THOMAS; GRIFFIN, 1996).

So, what exactly is supply chain management? Giles@h. (2005, p. 22) present the

following definition:

Supply Chain Management encompasses the plannidgnsamagement of all

activities involved in sourcing and procurementnwgrsion, demand creation and
fulfilment, and all Logistics Management activitie Thus, it also includes

coordination and collaboration with channel parnewhich can be suppliers,
intermediaries, third party service providers angstomers. In essence, Supply
Chain Management integrates supply and demand reareay within and across
companies.

Hence, supply chain management involves multiplengamies, multiple business
activities, and the coordination of those actiwtecross functions and across companies in
market. The literature presents different defimsicand categories to represent the term and
the practices of supply chain management. As dtrasureates a source of confusion for
those involved in researching the phenomena, dsaw¢hose attempting to establish a supply

chain approach to management (MENTZER et al., 208a&jvever, even with distinguished

definitions and confusions in the current literatuwseveral key points emerge in commonality,
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and most of the definitions agree that the supplgirc covers material flow from channel
members or suppliers through end users (BETCHEL,ARRAN, 1997).

Cooper et al. (1997a) propose a list of these kaytg:

* It evolves through several stages of increasingairind inter-organizational
integrations and coordination; and, in its broadestse and implementation, it spans
the entire chain from initial source (supplier'spplier, etc.) to ultimate consumer
(customer’s customer, etc.).

* It potentially involves many independent organizas. Thus, managing intra and
inter-organizational relationships is of essentigortance.

* It includes the bidirectional flow of products (reaal and services) and information,
the associated managerial, and operational aesviti

* It seeks to fulfill the goal of providing high coster value with appropriate use of
resources and to build competitive chain advantages
The nature of SCM is generally considered to ingadltegration, coordination, and

collaboration across organizations and throughmeistipply chain. It includes the broad array
of activities needed to plan, implement, and cdndaurcing, manufacturing, and delivery
processes from the point of raw material originthhie point of ultimate consumption. The
focus should be on creating as much value for titeoeistomer as profitable, and doing this
requires coordinated effort among all companietha entire supply chain (STANK et al.,
2001). The role of individual business functionsdahow they are coordinated across
functions and across companies, should be exantimedigh inter-functional and inter-
corporate perspective. Inter-functional coordimatiocludes an examination of the roles of
trust, commitment, risk, and dependence on theilitialof internal functional sharing and
coordination. Inter-corporate coordination includesictional shifting within the supply
chain, the role of various types of third party\pders, how relationships between companies
should be managed, and the viability of differampy chain structures (MENTZER et al.,
2001).

Supply chain management has been examined fromerelff perspectives,
encompassing a multidimensional field. The divgrof the supply chain management
literature does not imply that it is infeasibledtiempt to map a common problem domain,
and the established management disciplines evawe strong research themes within them
(GIANNAKIS; CROOM, 2004). Mentzer et al. (2001) pase a scheme (Figure 2) showing
directional supply chain flows (products, servicdéisiancial resources, the information
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associated with these flows, and the informatidi@hs of demand and forecasts). The
traditional business functions of marketing, salesearch and development, forecasting,
production, procurement, logistics, informationheclogy, finance, and customer service
manage and accomplish these flows from the supplgrppliers through the customer’s
customers to ultimately provide value and satisiy tustomer. The scheme also shows the
critical role of customer value and satisfaction @ohieve competitive advantage and
profitability for the individual companies in thagply chain, and the supply chain as a whole.
Inter-corporate coordination includes functionaiffteig within the supply chain, the role of
various types of third party providers, how relaships between companies should be
managed, and the viability of different supply chsiructures.

Figure 1 - A scheme for supply chain management
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I'he Supply Chain Chain

The Global Environment Flows
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Source: Mentzer et al. (2001)

It is important to consider in a supply chain cgofiation the outcomes expected to be
achieved. Improving customer satisfaction in a gl@xonomy frequently requires companies
to reengineer a supply chain for cost reduction pedormance improvement (MABERT;
VENKATARAMANAN, 1998). Considering supply chain, is important to find metric
solutions capable of: i) capturing performance sgrhe entire supply chain; ii) determining
the interrelationship between corporate and supplin performance; and iii) supporting
information to implement strategies and obtain cetipe advantage (LAMBERT,;

POHLEN, 2001). The integrated measures help todaweptimization at one point in the



28

supply chain without considering the problems thety occur at other points. Integrated
measures offer more control over the supply chamteskey managers have measures
reflecting actions across a number of functioneharBECHTEL; JAYARAM, 1997). The
supply chain outcomes proposed to be evaluatedi)acestomer satisfaction; ii) value; iii)
profitability; and iv) competitive advantage. Itimportant that the implementation of SCM
enhances customer value and satisfaction, whictkuin leads to enhanced competitive
advantage for the supply chain, as well as eachlreegompany. This, ultimately, improves
the profitability of the supply chain and its memb@VENTZER et al., 2001).

The scheme proposed in figure 1 already consideesneed for a global context
evaluation while managing a supply chain. Thus,net section presents the main elements

that compose this global scenario.

2.1.2 Supply Chain Management in a Global Perspeve

The strategy of the supply chain is a global isSlack and Lewis (2011) pose that a
global supply means the identification, evaluatiorggotiation and configuration across
multiple geographies. Companies are increasingbkifg for suppliers in some remote
locations. According to these authors, many congsahave accomplished to save from 10%
up to 35% in costs by working with suppliers froowlcost countries. Considering this
scenario, GSCM represents a central area of fanusény businesses and business schools
today (MENTZER et al., 2007a).

Managers seeking to leverage supply chain proc@ssader to enhance performance
need to understand the relative importance of #m#owus competencies in each particular
operating arena. The needs of key customers mayaaoss international borders, and the
means for developing an effective fulfillment arglenishment process may also vary across
international locations (CLOSS; MOLLENKOPF, 2004hccording to Mentzer et al.
(2007a), the complexities of cross-border operatieme exponentially greater than in a single
country, and the ability to compete in the globalieonment often depends on understanding
the subtleties that emerge only in cross-bordeatetréhat is, in GSCM. The operation in a
global supply chain is based on the developmentcagabilities to integrate different
companies, from different countries, languages aniures, and different economic and
technological level. Thun (2010) states that thgpuchain integration necessary to compete
in the global market is defined as the improvemehtcooperative relationships with
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customers and suppliers. The challenge is to dpvie buyer-supplier cooperation in an
environmental uncertainty with multidimensional sbuocts consisted of dynamism and
complexity, such as: i) the dynamism regarding @iernationally purchased item which
measures the frequency, extent, and unpredictalmfiichanges; ii) the complexity of that
purchased item which measures technical complenijythe cultural distance between the
buyer’s country and the supplier’s country whichasures informational and communication
complexity; and iv) the geographic complexity betwehe two countries which measures the
complexity of the flow of goods or logistical coreglty (KAUFMANN; CARTER, 2006).

Without going global, companies would be limitedhtave just goods and services
produced within their own borders. Being globalyides opportunities to tap into huge and
growing markets, capitalize on new economic treads, utilize natural resources available in
other geographic areas (SANDERS, 2012). The latgeportfolio of markets in which the
supply chain operates, the greater the opporteniied, simultaneously, the greater the
complexities and risks resulting from turbulent ieommental conditions (MYERS et al.,
2007). Trading on a global or international markedle is considerably more complicated
than on a domestic one. There are time costs dlenger transit time and there are also
operational costs involved in conducting businegssaidifferent part of the world. These
include differences in labor productivity and accés labor skills, access to transportation
and infrastructural support, as well as availapit technology. Besides, there are significant
risks that include political instability, as wel @urrency fluctuation (SANDERS, 2012). A
proper evaluation of these opportunities and barieonsidering the different trade off
involved, is what best characterizes the manageonfensupply chain in a global level.

Studies on global supply chain management, su¢heasnes carried out by Sanders
(2012), Mentzer et al. (2007a), Mentzer et al. @00 Myers et al. (2007), Caniato et al.
(2013), and Skjgtt-Larsen et al. (2007), discuss tine complexities of this field is related to
a diverse set of environmental issues and conditadrthe global market. So, the concept of
global supply chain management can be describeédi®gtudy as follows:

Global supply chain management integrates suppyd@mand management within
and across companies (suppliers, intermediariés] ffarty service providers or
customers), belonging to different countries anédspnting distinction in their
economic and technological level. The planning diivities involving sourcing,
outsourcing, and supplying are subject to enviramaleconditions that compose the
global market.
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This concept considers the fundamentals of supp&dincmanagement, aligned with
the characteristics and complexities of global apens. The global environment embraces a
long list of possible topics that express this claxipy (SKIGTT-LARSEN et al., 2007).
Sanders (2012) resumes these environment issugix isignificant factors that companies
must monitor throughout the process of managing thebal supply chain. They are: market
and competition, cost, infrastructure, technologglitical and economic environment and

culture which are going to be discussed as follows.

2.1.2.1 Market and Competition

The international market is not only a sum of defe national markets. Traditionally,
international business strategy is based upon timelbadual markets and sets up objectives
and policies separately to satisfy the specificumagnents of different countries (SHI,
GREGORY, 1998). Outsourcing manufacturing to offehsupplier locations, for example,
has been a common practice in recent years. Inwthis supplier selection decisions have
been changing the global supply chain design pnobiefundamental ways, in part because
they are based on more broadly complex criterialfMHEL; GARGEYA, 2005). Market and
competition are all factors involved in marketingdaselling to global markets, including
customer preferences and competition. Customereqmedes and expectations are often
unique in different global regions (SANDERS, 201P). gain competitive advantage in this
scenario, a company needs to examine its activitieslation to the comparative advantages
offered by various nations. Matching these actgitand the sourcing decisions with the
appropriate country conditions can lead comparwegain costs, quality, lead times and,
perhaps, innovation (PRASAD; SOUNDERPADIAN, 2003).

Globalization of markets interacts with globalipati of companies, which act as
buyers and sellers of goods and services (MATTSSIDN3). This global market is based on
the shared and common demands of different cosntiieintegrates different national
preferences into a core entity and presents thesfasdamental and non-differentiable market
requirement. To satisfy the growing global markeiell as companies’ internationalization,
the traditional products and related developmerdtesgjies are clearly not enough (SHI;
GREGORY, 1998).

The challenge to today’s global business is, firsth identify the appropriate supply
chain solutions to meet the different needs ofdifierent product/market characteristics and
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then, secondly, to manage what are likely to betipialsupply chains (CHRISTOPHER et
al., 2006). On a global scale, companies will needecide upon the degree to which the
supply chain can be rationalized (PRASAD; SOUNDERPAN, 2003). Many critical
issues, such as properties of international matwiag network systems in terms of
structural architecture, dynamic mechanisms, atate@ strategic capabilities and strategy
processes (SHI; GREGORY, 1998), must achieve ahigtaturity level in global markets.

2.1.2.2 Cost

Today’'s market place is characterized by heightegiedal competition often against
a backdrop of an excess of supply over demand (SHRPHER et al., 2006). Considering
this scenario, the global competition is forcingpmrations to periodically look at their
supply chain map to reduce costs and time invoingde process. Innovations in this area are
helping corporations gain significant advantagesr alreir global competitors (MOTWANI et
al., 1998). In order to reduce their productiontspespecially labor costs, many companies
have relocated segments (sometimes the entireggpoétheir industrial production systems
to new locations; a process commonly known as offay (RODRIGUE, 2012).

Cost is often the most cited reason by companiesgtmng global. Frequently,
companies only consider individual costs, suchoasdirected labor cost, marketing cost or,
perhaps, local supplier cost. However, it is imaottfor companies to consider total supply
chain costs when going global. These include coftguality, differential productivity and
design costs, as well as added logistical and pategtion costs (SANDERS, 2012). Cost
management must focus on the functional and intedréogistics and supply chain cost
components (CLOSS; MOLLENKOPF, 2004). Cost comptaémclude fixed and variable
production charges, inventory charges, distributexpenses via multiple modes, taxes,
duties, and duty drawback (ARNTZEN et al., 1995).

2.1.2.3 Infrastructure

Flexibility is important in global supply chainsdaeise it plays a facilitating role in
the coordination process and provides a uniquetyald help companies manage the high
levels of environmental and operating uncertaimtyerent in global operations (MANUJ;
MENTZER, 2008). Infrastructure availability enabteg development and functioning of the
supply chain network flexibility. This includes &ss to roads and transportation, equipment
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and communication network, distribution systems] skilled labor. This is typically one of
the biggest global challenges. The ability to peatet global markets depends on having
global facilities and distribution and supply netk® to respond to consumer demands
(SANDERS, 2012). Infrastructural deficiencies irveleping countries in transportation and
telecommunications, as well as inadequate workeltssksupplier availability, supplier
guality, equipment and technology provide challesngermally not experienced in developed
countries. These difficulties inhibit the degreevtbich a global supply chain provides a
competitive advantage (MEIXELL; GARGEYA, 2005).
The infrastructural challenges, in order to hawgadbal chain capable of meeting the

demands, involve the management of three mainfa¢BANDER, 2012):

e Labor: access to low-cost and/or high quality labor

» Transportation: access to roadways and transpamtati

» Supplier: designing a global supply chain requireportant decisions regarding the

number of suppliers and their geographic locations.

2.1.2.4 Technology

The emergence of the global market and the inteasidn of global competition are
matched by major developments in technology. Neweggions of communication and
transportation technologies are creating the poggifor transnational companies to organize
their worldwide operations more effectively andi@éntly (SHI; GREGORY, 1998). An
important aspect of global supply chain cooperatsothe communication between partners
from different nations. So, the more integratedftbe of information between customers and
suppliers, the easier it becomes to balance supplly demand across the global network
(THUN, 2010).

Technology enables manufacturing innovation thatits turn, allows more efficient
means of changing the product mix and the abibtysérve different markets. The global
planning process must include competencies of tdogg and planning integration resulting
in information systems capable of supporting thdemariety of operational configurations
needed to serve diverse market segments (CLOSS;LEARKOPF, 2004).

Information technology, in particular, enables mnfiation sharing and collaboration
across the globe. Examples of this are availabditypar code technology, GPS, EDI and

RFID, since all of them enable global product tragkand communication (SANDERS,
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2012). By making collaboration easier and chedpernew technology means companies can
integrate aspects of their operations more swithg collaborate more closely than before
(FROHLICH; WESTBROOK, 2001).

2.1.2.5 Politics and Economy

In a global context, the ability of managers toveespecific segments effectively can
be limited by regulations and political economiéattrestrict the standardization of the
offerings and processes needed to do so. These difteotomous environmental conditions
alone account for the often exponentially moreiclifft management conditions faced by
global, rather than single market supply chain rgar&(MENTZER et al., 2007b). Politics
and economy can include government regulation,tipali stability, formation of trade
agreements, and currency fluctuations (SANDERS2P(roper assessment of the political
economy scenario often facilitates considerableingav in tariffs, as well as market
opportunities. It is essential to evaluate polltitsk, credit risk, social risk, and market risk a
well as to minimize their effects through awarenessheir impact and cost across global
supply chains (MAYERS et al., 2007).

According to Mann (2008), trade facilitation must pursued by policymakers. It is
the rubric that covers the research and policyyamabn impediments to global sourcing and
multinational supply chains that are not the tiadd#l border barriers, such as tariffs or
quotas. Trade facilitation offers a macroeconomacspective on how policymakers should
change the environment facing business to pronm¢enational trade and economic growth,
whereas the microeconomic perspective of supplynclugistics considers how a business
should organize its operations given the policyimmment. The view is that policies that, for
example, increase port efficiency, or use of infation technology, or adherence to
international standards, will improve the enviromin&r business to buy, sell and invest
across borders and, thus, drive more efficient affdctive trans-border supply chains
(MANN, 2012).

Another economic factor that global operations fscthe exchange rate fluctuations.
Actually, the financial and accounting complexitasforeign exchange rates go beyond the
understanding, or responsibility, of global supghain management. Instead, it is the task of
managers to reduce foreign exchange in global gugmhin transactions (MAYERS et al.,

2007). Small fluctuations are expected and do ranteha large impact. However, large
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fluctuations can have huge implications for globgkrations. It means that the ability to
purchase in the currency you possess is suddentinidhed with no fault of your own.
Therefore, supply chain managers have to incluésetHluctuations in their management
strategies (SANDERS, 2012).

2.1.2.6 Culture

Culture refers to acceptable behaviors, beliefsrarths characteristic of a particular
global region. This includes social structures aamteptable interactions, work ethic,
observances and manners, gender roles, and adéeaoefacmal chains of authority (Sanders,
2012). A market is embedded in an institutionatisgt which is comprised of a society’s
norms and culture (MATTSSON, 2003), where differaniguages, beliefs and practices have
a close relationship with the effectiveness of hess processes (MEIXELL; GARGEYA,
2005).

Globalizing the supply chain is often ineluctabhel aequires the development of good
relationship across multiple cultures (MAYERS et 2007). Each country has its specific
elements of originality and peculiarity, and mabtghsupply chain strategies with the different
cultural imperatives is a challenge for every orgation that decides to go abroad to do
business (MAYERS et al.,, 2007). Globalization ofmganies and markets involves
confrontation between these different cultural éssiboth at the organizational and national
level. The challenge is that national culture iy and less adaptable than organizational
culture where the latter is influenced by the forfMATTSSON, 2003).

It is critical that managers understand these wdiffe dimensions related to culture
issues and keep them in mind as they conduct regmguots, collaborate, and build rapport with
members of their supply chain across the globe (BERS, 2012).

The relevance of developing a proper model for rgangpa supply chain in a global
perspective is justified precisely by the complexif the international market. The
international market needs greater flexibility dadn operations, and it requires more added
value for customers from different geographies apdcific needs. Global supply chains
operate in a distinct geography, where the dimessiof production, distribution and
consumption may be established at a different iocain the globe (RODRIGUE, 2012).
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Figure 2 - Factors impacting global supply chaimagement
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By exploring the six factors proposed by Sandefsl22 - market and competition,
cost, infrastructure, technology, political and m@mic environment, and culture -, this study
discusses how managing international supply chairmbre complex than managing a
domestic supply chain (DRAKE, 2012). All the sixtiars represent external forces that must
be carefully evaluated while developing a stratégy global transactions. The scheme
represented in Figure 2 shows that, from a globasgective, it is not just enough to acquire
new resources, equipment and to hire specializeglee Managers need to access critical
aspects related to these factors jointly with titernal companies characteristics to determine
the proper global supply chain strategy their oizgtion should seed to align operations with
global partners (MENTZER et al., 2007b). The scopmternational chains is more complex
in terms of mission, structure, infrastructure, atafty, and design process (SHI;
GREGORY, 1998), which needs more detailed attertboexternal factors. Because of these
factors, the achievement of the outcomes expecteda ichain operation—customer
satisfaction, value, profitability and competiti@dvantage (MENTZER et al., 2001)—is more
dependent of an effective coordination model arlhiooration between the global partners.

The literature presents that the joint of a glotfahin and sourcing for international
suppliers, partners or customers represents oppbesl to improve performance, but, at the

same time, it requires different infrastructuradamanagerial capabilities to deal with the
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complexities of the external elements and turbulemtironmental conditions of global
market. There is a pressure to go global, espgdfaibmpanies want to grow up and be more
competitive. Since globalization is reducing trdmberiers, the achievement of competitive
efficiency demands the search for new technolodieewledge, raw materials, services or
customers globally. Therefore, the conceptual efesfor global supply chain management
presented above allow the definition of the finsigmsition of this research:

Proposition 1: Going global in a supply chain may be an optiorthef companies,

but, most of the time, it is demanded by the chargstics of the industry and the market.

2.2 PUBLIC POLICIES DEVELOPING COMPANIES’ CAPABILIES

The global environment embraces a long list ofasstihat affects the configuration
and managerial demands of a supply chain. Skjgtdmet al. (2007) pose that this list may
include political and cultural issues, informati@md communication technology, legal
systems and labor markets. Regulatory developnatdsational policies have been critical
in the choice and prioritization of these elemdotsthe industry upgrading. In this global
context, the ability of managers to perform specsiegments effectively can be affected by
regulations and political economies that can infieeeboth positively or negatively the ability
to standardize the offerings and processes needeéd $0. Global supply chain designs must
take into account these changing political econanfgastructures to remain competitive
(MYERS et al., 2007). These often-dichotomous emrmental conditions turn more difficult
the management conditions faced by global rathem #ingle market supply chain managers
(MENTZER et al., 2007b).

The governments’ industrial strategy implementatapabilities largely rest on the
specificity and credibility of the economic poliaystruments that influence the international
economic strategies that government can implemMdRTHA; LENWAY, 1994). Schmitz
(2005) points out that the approach of global cleaim help the policymaker to find out where
the opportunities and bottlenecks are, which path® chain holds up progress in the others,
which bottlenecks deserve priority attention of gment, which can be expected to be
resolved by the private sector and which requiddiptprivate partnership. At the same time,
companies can defeat stronger rivals in goods onicgs markets through actions in the

political nonmarket arena, finding opportunitieslde more efficient, more innovative, or
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more capable of appealing to customers througteréifitiation, holding political strategy
constant (SCHULER et al., 2011). It requires estbig relationships with organizations
operating under completely different political, romic and physical environments
(SKIDTT-LARSEN et al., 2007). Considering this so@m companies can use political
strategies to enhance their competitive positiggarest weaker rivals as well (SCHULER et
al., 2011).

It is important to have an alignment between therests of public institutions and the
corporate sector for the development of publicqied that are able to promote opportunities
for the companies’ capabilities development andsequently, the upgrading of the national
industrial. According to Sahoo (2010), companiesithe able to decide the organizational
structure of the chain, to identify intermediarpay#rs and add value to the product, to serve
product to the end consumer to his best satisfactio provide effective linkages such as
infrastructure, extension, R&D support and crediilfties to the players and to build trust
among partners. Sahoo (2010) also argues thateadame time, government need$lay
the role of a facilitator, to frame suitable poliégr the development of the sector, to
encourage public-private partnership in developnuérine sector, to undertake investments
in infrastructure development, to encourage devekg in innovation and technology, to put
forth suitable insurance policy for risk mitigatioto promote exportation and to make
periodic assessment and evaluation of various ,ris&ks supply risk, operational risk and
demand risk. What is important to keep in mindhattthere are different kinds of supply
chains, and different chains may require differsgponses from policymakers and local
companiegSCHMITZ, 2005).

It is also important to see industry evolution agracess, and that involves the
promotion of technology development by institutiofis repeated interactions among a range
of industry participants (Spencer et al., 2005) Téchnological capability development does
not evolve in a vacuum. Domestic institutions tlgioyolicy instruments and intermediation
between companies and companies and institutions b@en critical in stimulating learning
and innovation (RASIAH, 2004). Rasiah (2004) alfforas that national innovation systems
(NISs) and industrial policy (IP) can promote theligy and institutional environment
necessary to stimulate upgrading, innovations amdpany-level performance. According to
Lenway and Murtha (1994), the government is thennrasponsible for the international

economic strategy that composes the governmens pitamllocate resources with intent to
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reach long-term national political and economic egbyes, including growth and
competitiveness.

If policymakers expect local firms to learn fromripapating in the global economy,
they need to know whether these companies engaggynie transaction (buying or selling)
or interaction (which also involves intensive exafpa of information and transfer of ideas)
(SCHMITZ, 2005). In global chains, these relatiapshcover management of dynamic
interactions between suppliers, customers, investgovernment, media, community and
industry groups (MENTZER et al., 2007b). It invadvissues that include trust, agreements,
negotiations, joint ventures, contracting, and egenflict resolutions (SANDERS, 2012).
This can allow the recognition of the opportunittescompose strategic planning able to
identify the nature of the external environmentgluding domestic and global market,
government and regulatory conditions, charactesdstelated to global supply chain and
industry, the nature of competition, and comparnsteel characteristics such as management
style, shared values, and culture (MENTZER et281Q7D).

Historically, successful bilateral and multilaterasgotiations have reduced average
tariff rates of protection, thus reducing that pri;component of procurement costs. On the
other hand, trade negotiations are increasinglyertious and lengthy with little progress on
tariff rates or quotas (MANN, 2012). According ted_and Wilhelm (2010), some attributes
of a country (e.g., sound fiscal and monetary pegdica trusted and efficient legal system, a
stable set of democratic institutions) contribute & healthy economy, providing the
opportunity to create wealth. Besides, these asthogue that wealth is also created at the
microeconomic level, based on the sophisticatiothefoperating practices and strategies of
companies and the quality of the microeconomic rmss environments in which
international companies are sited (LEE; WILHELM,12). Therefore, this issue brings the
necessity of a broader approach of the public mdlic

Mann (2012) discusses the political and economigrenment through two different
perspectives: a macroeconomic perspective on holicypmakers should change the
environment facing business to promote internatidreede and economic growth; and a
microeconomic perspective of supply chain logistitat considers how a business should
organize its operations given the policy environménlight of this broadening definition, it
incorporates relatively “concrete border” elemergach as port efficiency and customs
administration, and “inside the border” elementsgshsas domestic regulatory environment

and the services infrastructure (WILSON et al.,2)00This broader vision is important to deal
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with a global economy in transition from nationalt@homy to an integrated system of
production, trading and consuming, driven by tedbgwy operating under completely
different political, economic and physical envircemts (SKIGTT-LARSEN et al., 2007).

Wilson et al. (2005) present that are distinct srefafocus that meet policymakers’
needs for specificity on how to approach trade lifation reforms. According to these
authors, port efficiency needs to be designed tasme the quality of infrastructure of
maritime and air ports. Customs’ infrastructure dse¢o be designed to measure direct
customs costs as well as administrative transpgreafccustoms and border crossings.
Regulatory environment needs to measure the ecdeoapproach to regulations. Service
sector infrastructure needs to be designed to medise extent to which an economy has the
necessary domestic infrastructure (such as teleconwations, financial intermediaries and
logistics companies).

The macro and microeconomic perspectives of thdippblicies compose a wider
scenario where government’s strategic choices taffl@mpanies’ international strategies and
operational decisions. It covers how policymakérsusd change the environment to promote
global sourcing and international trade and to supgupply chain demands, as well as how a
business should organize its operations given tkeament (MANN, 2012). It includes the
environment in which trade transactions take placeluding the transparency and
professionalism of customs and regulatory enviramsjeas well as harmonization of

standards and conformance to international or regiegulations (WILSON et al., 2005).

2.2.1 Macroeconomic Perspective of Public Policies

Under this perspective, public policies are fornedaon the basis of regional
economic integration, promoting agreements amongtcies, reducing and removing barrier
to improve the flow of goods, services and factopmduction (MYERS et al., 2007). The
government policies lead to inducements, regulatianade barriers, foreign ownership
restrictions, presence of demanding regulatorydstads, government support of land usage,
ease of remittance to home country, clarity andilty of regulations, and stringency of
environmental regulations significantly influencingational companies’ strategy (LEE;
WILHELM, 2010).

The taxes and duties that international companiast memit to foreign countries
depend on other related to government policiesragdlations. Some competitiveness actions
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include incentives for FDI, efficiency of governmehureaucracy, prevalence of trade
barriers, and degree of protectionism (LEE; WILHELRD10). Regional agreements, trade
protections mechanisms and currency fluctuationlted from political instability influence
the decisions to globalize operations and can fsignitly ease global operations or create
large barriers, thus, must be carefully considé8ANDERS, 2012). According to Myers et
al. (2007), this exposure to both risk and retupparstunities leads companies to face
environmental challenges outside the realm of presty developed capabilities in supply
chain management.

Often, the political economy forces companies teradupply chain design (MYERS
et al., 2007) and there are different aspectsfustér global supply chain operations. One is
protectionism, a second is trade liberalizatiothial is the development of regional trade and
unification, for example ASEAN, EU, Mercosur, NAFTISKJIZTT-LARSEN et al., 2007).
Trade agreements are pacts between countriesrtbatige trade in a region by eliminating
or lowering tariffs, quotas, and other trade bastievhose purpose is to protect trade in the
region and increase regional growth by given pegfees to members of the pact (Sanders,
2012). The liberalization potentially provides aisafor eliminating discrimination and other
barriers in trade (SKIJZTT-LARSEN et al., 2007). Egmeg market economies often use
protectionism through high tariffs barriers andedtrcontrols to limit internal competition and
encourage locally base technology. They may alsek $e attract industry through direct
subsidies and special financing arrangements (SHIKARSEN et al., 2007).

There is also the existence of non-tariffs bartieat need to be considered by
policymakers. They are various forms of indirecgn+price trade protection, that have
become far more significant as obstacles to glekpbrts and imports, such as import quotas
(restriction on volumes), trigger price mechanisminimum price for sales), local content
requirements (a portion of the added value musprbduced inside the country), technical
standards and health regulations (SANDERS, 2012).

Proper assessment of the political economy scerwdten facilitates considerable
savings in tariffs, as well as market opportunitiésis essential to evaluate political risk,
credit risk, social risk, and market risk and mirmentheir effects thorough awareness of their
impact and cost across global supply chain (MYERSalg 2007). This has serious
implications for the way companies structure tlggabal supply chain since they have to be
aware of the opportunities, as well as restricti@ush trade agreement provides (SANDERS,

2012). Supply chain optimization mandates that cmgs take advantage of these political
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issues to meet multiple market needs, or benedinfmultiple market offerings, while
reducing the overall costs associated with taxa#fd, and other trade barriers (MYERS et
al., 2007).

2.2.2 Microeconomic Perspective of Public Policies

The global chain perspective highlights the impartaof facilitating linkages with the
global economy, what includes improvements in stftacture, customs and visa procedures,
which enable companies to move goods and peopleklguinto and out of the country
(SCHMITZ, 2005). These move the focus of tradelitation efforts “inside the border” to
domestic policies and institutional and governastiectures. In addition, with the rapid
integration of networked information technologycluding telecommunications for data
flows and financial infrastructure to support tliagimentation of the global chain, modern
definitions of trade facilitation include these\sees infrastructure as well (WILSON et al.,
2005). To participate in just-in-time and fragmehteternational supply chains, companies
must be able to communicate and engage in crosiebd@nancial transactions with supply
chain partners in a timely manner, usually via théernet. Mann (2012) argues that
information and communications technology (ICT)wmks and globally linked financial
institutions are integral to today’s trade-factib@ research and policy analysis (MANN,
2012).

This perspective view is that policies, for examjeprove logistics infrastructure, or
use of information technology, or adherence torid@gonal standards to improve the
environment for business to buy, sell and invesbsscborders and, thus, drive more efficient
and effective transborder supply chains (MANN, 20The implication for policymakers is
that linkages deserve more attention, both domestit global, and the quality of domestic
linkages and domestic support systems plays acalritiole in creating international
competitiveness (SCHMITZ, 2005). According to LeedaWilhelm (2010), there is a
significant relationship between factors such d®idgeducation and skill level, impact of
union), infrastructure, business environment, proki to markets, proximity to suppliers,
locations of key competitors, and the competitigsnever the supply chains configuration
within a nation.

Another important point is how the government emagas the research and

development in technology and innovation. Regujastates may have a strategic advantage
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in transitions from investment to innovation drivgrowth (LENWAY; MURTHA, 1994).
Government support can take the form of finanamentives or subsidies, launching of
training and R&D organizations, and special programbuild companies’ training and R&D
relationships (RASIAH, 2004). Optimal policies topport high technology fund workforce
education, infrastructural development and basiearch, while keeping markets competitive
so that they reward entrepreneurship and innovgti&NWAY; MURTHA, 1994). National
innovation systems and industrial policies needegament intervention to overcome market
failures associated with companies’ participatiespecially in R&D activities, and the range
of related activities, such as human resource itigirbeyond schooling and process
technology acquisition and development. Hence, tia¢ional innovation systems and
industrial policies advocate interventions for din the high-tech infrastructure necessary to
stimulate innovations in companies (RASIAH, 2004).

Public policy aimed at the private sector typicalties to influence decisions of
entrepreneurs so that they can grow and improve pexformance (SCHMITZ, 2005).
Infrastructure and competition policy all contributo variation in the extent to which
consumers and industrial or service market plaggght enjoy opportunities to implement
structural change—inducing political strategies (iRILER et al., 2011). This perspective has
the potential to improve global supply chain effiaty and effectiveness considering that
national infrastructure like ports, roads, humarsotgces, technology and innovation
programs are leverage to global standards.

Figure 3 represents the configuration of the pupbticies composed by micro and
macro perspectives. Both impact the national malitand economic environment and the
development of companies’ capabilities to move @ iglobal supply chain. The impact of
the micro perspective is more direct because itsde@&h more infrastructural issues. The
figure also detaches that the companies demandsgltibal chain characteristics and the
results achieved by the policies must be used bigymoakers as important feedbacks to

redesign the national public policies.



Figure 3 - Public policies fostering companies’ aaifities to go global
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Morrissey (1995) states that, historically, manymnies had been inclined to adopt an
inward-oriented trade policy: tariffs and quantitat restrictions protected the import
competing sectors while protectionism and exchaatgepolicy tended to reduce the return to
exports (relative to domestic production of impbhk&. This author also argues that there is
growing evidence that outward-oriented trade pedicin which exports are encouraged or at
least not discriminated against, promote more régigort-led) economic growth. Also, trade
liberalization, the removal of restrictions on imfsoand reduction of discrimination against
exports have become an increasingly common po&byrm. This scenario is leading many
companies, especially from developing countriesetek a position in a global chain.

According to Mann (2012), the focus on trade f&aion can help policymakers
within a country prioritize the reform efforts ss & maximize the potential for its own
businesses to compete in global supply chains. athieor also argues that a focus on the

trade, particularly on the relationship betweeriign aid and international trade, can help aid
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agencies prioritize funding to projects and co@striThe process of globalization has brought
far-reaching impacts on the structure, sourcingdpction, distribution and sale of goods and
services, as well as the nature of market oppdrésniand competitive pressures for
producers, around the world (SCHMITZ, 2005). Patfiekers and aid agencies might
generate the greatest increase in internationdetflows for individual countries, within
regions and for the global trading system as a &/(idIANN, 2012).

So, policy instruments range in specificity fromareeconomic tools of monetary and
fiscal policy that affect entire economies to maronomic tools such as loans or subsidies
that may target a particular transaction among @mgs (MURTHA; LENWAY, 1994).
These elements compose the whole of an economielafewent agenda. As country’s
policymakers cannot address all aspects of alhae MANN, 2012), governments need to
make strategic choices and compose public policégmble to affect positively companies’
international strategies. It is the governmentsilitgbto implement industrial strategies
(MURTHA; LENWAY, 1994), linking countries’ politidainstitutional structures, promoting
innovators’ approaches to technological entrepnesi@p and governments’ technology
policy orientations (MURTHA et al., 2001).

All the theoretical elements presented above shpwiifferent perspectives of the
public policies and their impact in company’s captds development lead to the
formulation of the second theoretical propositiéthis research.

Proposition 2 Companies are subject to the national publiccpesi that influence the

development of capabilities to join a global supgygin.

2.3 Global Supply Chain Capabilities

The development of strategic capabilities can arilte companies’ success factors
competition directly in their operations in a glbbapply chain, i.e., capabilities are potential
behavior modes of a plant with which it can suppord shape corporate strategy and which
help it to succeed in the marketplace. The devetpmnurturing and abandonment of
strategic capabilities are major tasks of manufaugustrategy (GRORLER; GRUBNER,
2006).

The studies of capabilities can be found in the agament literature. However, in this
study, we briefly present the different approaches theories in order to identify how
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capabilities can be linked to global supply chaianagement. The current discussion on
capabilities is divided into topics, such as: i thore competences of the corporations,
defined by Prahalad and Hamel (1990 p. 4) as tllectiwe learning in the organization,
specially how to coordinate diverse production Iskind integrate multiple streams of
technologies; ii) the company’s absorptive capaagfined by Cohen and Levinthal (1990,
p. 128) as the ability to recognize the value of m&formation, assimilate it, and apply it to
commercial ends; iii) the company resources, dsstisby Barney (1991) as sources of
sustained competitive advantage; iv) the technolgiapabilities, presented by Lall (1992 p.
168) as the ability to identify a company’s scope dfficient specialization in technological
activities, to extend and deepen these with expegiend effort, and to draw selectively on
others to complement its own capabilities; v) cotitpe priorities, identified by
Wheelwright (1984 p. 79) as a composition of driferces in manufacturing to establish the
context in which the competitive advantage is dsfinand pursued; vi) organizational
capabilities, defined by Collis (1994 p. 145) as socially complex routines that determine
the efficiency with which companies physically s&rm inputs into outputs; vii) innovative
capabilities, defined by Ariffin and Figueiredo (B p. 198) as the capability to create,
change or improve products, processes and produotiganization, or equipment; and viii)
dynamic capabilities, presented by Teece et aB{1® 510) as internal and external company
specific competencies to address changing envirahme

All these different approaches have in common thewvof the resources and
capabilities of the company as the source to reaafpetitive advantage. According to Grant
(1991), these resources and capabilities are tingapr constants upon which the company
can establish its identity and frame its strategyd they are the primary sources of the
company’s profitability. The study of Penrose (1ppfesented the company as a collection
of resources, and her investigation composed thedation for the development of the
resource-based theory (BARNEY, 1991; GRANT, 1991ERMERFELT, 1984). The
resource-based view suggests that companies c@&vadustainable competitive advantage
through the acquisition and control over resousres capabilities as long as the resources are
valuable, rare to come by, imperfectly mobile, notitable by competitors and not
substitutable (BARNEY, 1991; GRANT, 1991).

These different labels refer to specific capaleitthat the company creates and uses
strategically in order to identify market gaps te blled with new offerings of value

(ZAWISLAK et al., 2012). To leverage competitivevadtage in a supply chain operation, it
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is also necessary to develop and explore capahilitor multiple forms of inter-company
cooperation such as dyadic buyer-supplier relakipss alliances, marketing and distribution

chains, competitive coalitions, partnership to deyeew products, etc.

2.3.1 Capabilities to Go Global in a Supply Chain

Although capabilities are widely used in strategianagement literature, there are
important links between capabilities in a supplyaioh and aspects of relationship
management. Zacharia et al. (2011) discuss thabdépes for the relational activities in the
supply chain need to allow organizations to: i)oggtze, select, and negotiate with potential
partners; ii) manage interactions such that rotes responsibilities are clear; iii) work with
their partner to combine and synthesize complemgktzowledge and resources; iv) resolve
conflicts that arise as part of the interactiord &hmonitor the process and make adjustments
if things are not moving in a positive directiororFa supply chain to be competitive, it is
important that the required capabilities of eachstibuent company are closely related to the
competitive priorities of the dominant company e tsupply chain (AHN et al., 1999). In
order to follow standards and rules establishedebger companies and leading countries,
considering a global chain is even more criticatcérding to Fawcett et al., (1997), cross-
border production-sharing operations offer a nicdamhce between the complexity of
international operations and the manageabilityetsdtively proximate business activity. There
is also the need of key customers, that may vamysadnternational borders, and the means
for developing an effective fulfillment and replshiment process may also vary across
international locations (CLOSS; MOLLENKOPF, 2004).

The capabilities to produce and innovate are twb-sais of what Bell (2007)
establishes as technological capabilities. Teclgicdéd capabilities are defined as the
specialized resources, i.e., skills, knowledge argeriences, as well as the institutional
structures and linkages which are needed to genemad manage technological changes
(BELL; PAVITT, 1995). According to Panda and Ranthaa (1996), technological
capability needs to be explored as a set of funatiabilities that reflects in the company’s
performance through various technological actigias@d whose ultimate purpose is company-
level value management by developing difficult-tipg organizational abilities.

Technological knowledge is not shared equally amoaghpanies, nor is it easily
imitated by or transferred across companies. Thenéxo which company-level differences
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in technological effort and mastery occur may vasy industry, by size of company or
market, by level of development or by trade/indaktstrategies pursued (LALL, 1992). In
assessing a company’s technological capabilitig, mecessary not only to examine its ability
to produce an output but also its ability to bradgout technological change. This ability to
bring about change is crucial since production d@r as well as competing products are
constantly altering (FRANSMAN, 1984). In sum, teolugical capability development can
be seen as the outcome of investments undertakdrelgpompany in response to external and
internal stimuli and in interaction with other ecomic agents, both private and public, local
and foreign (LALL, 1992).

The elements presented above emphasize mainlyettek for the establishment of an
infrastructure for production and innovation, cdpab meet the diversities and contingencies
of the market. It is important as well as to esthiblelationship management to the supply
chain competitiveness. The combination of theseetlitems composes important capabilities

to allow a company to operate as a player in aajlsbpply chain (Figure 4).

Figure 4 - Capabilities for going global in a slypghain
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Figure 4 highlights three categories of capabditthat must be developed for the
upgrading process of a company in a global chaapabilities to produce, interact and
innovate. Those three critical capabilities dematstthat, in a global chain, it is not just
enough to acquire new resources, equipment anddspecialized people. It is important to
develop the necessary capabilities to turn the sscde technologies into competitive
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advantage, to possess productive capabilities Eadcapabilities to interact, collaborate and
cooperate as a buyer or a supplier in the chaias@lthree sets of capabilities and their main

elements are described below.

2.3.1.1 Productive Capabilities

Productive capabilities are necessary to use arthtggiven forms of technology in
specific configurations (BELL, 2007). It is the edgility to produce goods at determined
levels of efficiency and input requirements. It mag/ described as technology-using skills,
knowledge and organizational arrangements (FIGUBIRE2008). According to Morrison et
al. (2008), production capabilities include thellsknecessary for the efficient operation of a
plant with a given technology and its improvemeverratime. Process, product and industrial
engineering capabilities are part of this subsbeyTinvolve activities such as: i) the search
for viable alternative technologies; ii) selectinhe most appropriate technologies;
lii) dominating the technology, iv) adapting thechaology to suit the specific production
conditions; and v) the process and product innowuatirelated to basic research activity
(FRANSMAN; KING, 1987).

For the appropriation of the technologies to havefficient operation of a plant, and
its improvement over time, capabilities are levechdrom manufacturing strategy and are
related to: i) production with low cost; ii) acheexonformance or higher quality; iii) reliable
and fast delivery; and iv) flexibility in productoprocesses and mix and volume of products
(WHEELWRIGHT, 1984). In operation management, thés& dimensions cost, quality,
delivery and flexibility compose the operationalllskthat are turned into capabilities that
lead companies to higher operational performanbes& four capabilities make a rich picture
for the development evaluation of operational pennce that allows the achievement of

higher competitive advantage.

2.3.1.2 Innovative capabilities

The innovative capabilities are those needed tatereew knowledge or to transform
knowledge into new specifications and concrete forequired for operational use (BELL,
2007). It is defined as the capability to createange or improve products, processes and
production organization or equipment. It may becdbsd as change-generating capability,

consisting of technology-changing skills, knowledgexperiences, and organizational
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arrangements (FIGUEIREDO, 2008). The innovationabdjty is understood as both the
technological learning process from the companysteded into the technology development
and operations capabilities as well as the manaigamd transactional routines represented by
the management and transaction capabilities (ZAKISEt al., 2012).

These capabilities normally involve activities swuadh i) development of technology
by small innovations; ii) institutionalized searfdr the most important innovations by the
research and development department (R&D); and donducting basic research
(FRANSMAN; KING, 1987). All of these activities arelated to different maturity level of
technological development, what Bell (2007) refeysDesign and Engineering and R&D
capabilities.

Related to these topics, Wang et al. (2008) propwgeria for their evaluation,
dismembering them into three different capabilities

» R&D capabilities: percentage of researchers toallvemployees, success rate of R&D
products, self-generated innovative products, nurabpatents and R&D intensity.

* Innovation decision capabilities: the degree obwativeness of R&D ideas, intensity
of collaboration with other companies or R&D cerieR&D knowledge sharing
ability, forecasting and evaluating technologicanavation and entrepreneurial
innovation initiatives.

* Marketing capabilities: marketing share, degreenefv product competitiveness,

monitoring the market forces, specialized marketing and export percentage.

2.3.1.3 Relational capabilities

Companies in supply chains are compelled to restre@and re-engineer in order to
increase their effectiveness and satisfy customérs requires companies to look beyond
their organizational boundaries and evaluate havrédsources and capabilities of suppliers
and customers can be utilized to create exceptiecalale. It implies cooperation and some
form of alliance between two or more organizatiortsese are formed for sharing the costs of
large investments, pooling and spreading risk andess to complementary resources
(SOOSAY et al., 2008). According to Dyer and Ha{@006), a company that is able to
participate in a chain with established routines éfficient knowledge transfer among
members would be expected to have advantages orgramies without access to those chain

knowledge resources.
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Considering this dynamic, companies must develdptiomship on agile basis,
integrated by collaborative business processese3a@y elements are important to enhance
the relationship performance and build proper sppgiain capabilities: the quality of
supplier relationships; a high level of shared infation; and a high level of connectivity
between companies in the supply chain (CHRISTOPHIBRO0).

According to Wu et al. (2006), the capabilitiesriteract in a supply chain encompass
four dimensions of analysis: i) information exchan@apability of a company to share
knowledge with its supply chain partners in an affe and efficient manner); ii)
coordination (capability of a company to coordin@#saction-related activities with supply
chain partners); iii) inter-company activity intagon (capability of a company to integrate
their activities both internally and across chanmertners); and iv) supply chain
responsiveness (capability of a company to respoogeratively to environmental changes).
These four dimensions represent all the importativides involved in the supply chain
process. Each of the four dimensions reflects aityato perform cross-functional as well as
inter-organizational activities, which are requiradgsupply chain management. The drivers of
these relationships include advances in informati@ehnology, complex customer
requirements, intense global competition, and tkeird to be the first to market with
innovative products (YUSUF et al., 2004).

These capabilities can include the development olorag-term relationship, a
collaborative communication, the design and usero$s-functional teams, the reduction of
the supplier base, and the involvement of suppgircpartners in order to create and deliver
strategic value to customers and other stakehold€SEN; PAULRAJ, 2004). The
knowledge transferred from these intimate busimetastionships are able to increase the
quality and efficiency of the dyadic operationsutéeg in greater competitive advantage to

the global chain.

2.3.2 Supply Chain Processes as Key Capabilities

The way we think about supply chain managementdea®loped during the last
years, and the unit of analysis has changed icomsplexity and its nature (COUSINS et al.,
2008). Every business acquires many capabilities ¢mable it to carry out the activities
necessary to move its products or services thraglsupply chain (DAY, 1994). Creating
capabilities is not simply a matter of assemblinteam of resources, capabilities involve
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complex patterns of coordination between people lagtdveen people and other resources
(GRANT, 1991). These issues regarding resourcessfand coordination compose precisely
the fundamentals of process management. The diveskithe supply chain management
literature does not imply that it is infeasibleattempt a common problem domain, and the
established management disciplines evolve veryngtroesearch themes within them
(GIANNAKIS; CROOM, 2004). The breadth and powersopply chain management comes
across in the process view of supply chain manageni¢hen the multi-company nature of
the supply chain diagram is combined with a prodlesg diagram, one can see that supply
chain management is not just about order fulfilméKOPCZAK; JOHNSON, 2003).
Mentzer et al. (2001) point out that the complexifya supply chain model is characterized
by the different flows involved in the inter-compes relationships (flows of products,
services, financial resources, the information es$ed with these flows and the
informational flows of demand and forecasts). Toage these flows, the authors propose the
need of a clear definition of the processes thanpmse the chain structure, a model for
outcomes evaluations and a model for coordinatiegriter-companies relationship.

Most of the definitions of supply chain managenemet characterized by phrases such
as “a chain of processes”, “a network of process&s’set of management processes”, or
“integrating and managing processes across thelysgppin” (LARSSON; LIUNGBERG,
2007). All the functions within a supply chain ae®rganized as key processes, which aim to
meet the customer’s requirements, and the compargrganized around these processes
(MENTZER et al.,, 2001). It means that the resubktpeeted through the supply chain
operations is achieved by the processes. It is algoed that, in many major corporations,
management has reached the conclusion that optignitie product flows cannot be
accomplished without implementing a process approtr the business (LAMBERT,;
COOPER, 2000). Thus, successful supply chain manege(SCM) requires a change from
managing individual functions to integrating adies into key supply chain processes.
Operating an integrated supply chain requires nantis information flows, which, in turn,
help to create the best product flows (LAMBERT; CRER, 2000).

The competitive advantage possible to be achieyeshdnaging SCM processes can
be evaluated by the perspective of the resourcedbaew (BARNEY, 2012) or resource
advantage theory (HUNT; DAVIS, 2012). The supplaichorientation results in emergent
supply chain logistics capabilities that lead tp@y chain agility (GLIGOR; HOLCOMB,
2012). According to Day (1994), this operationaleleis exercised through organizational
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processes that ensure superior coordination oftifurad activities. The selection process
associated with the supply chain perspective isagament’s ability to develop stable, low
cost supply relations and to govern those relatipssas efficiently as possible. The core of
business processes and structures is distinctpp@bddies that consist of attributes, abilities,
organizational processes, knowledge, and skills sflaw a company to achieve superior
performance (BARNEY, 1995). Those processes arsidered an important differentiator
between competing organizations and they are harcbpy in their entirety (LARSSON;
LJUNGBERG, 2007). Considering that capabilities taese resources which are not easily
replicated (GRANT, 1991), it is necessary, therefdo evaluate the role of supply chain
process as a source of key capabilities that alleerachievement of higher performance and
competitiveness. Hence, managers need to be awam@wosupply chain capabilities can be
used to react and respond to market turbulenceGGR; HOLCOMB, 2012).

Companies that do not insure their supply chaircgsees are executed in a manner
conducive to satisfying clients desire in time eigrece deterioration in its competitive
position relative to those competitors who emplesizpply chain proficiency (TRACEY et
al., 2005). Managers need to realize that the rdiffiedimensions of supply chain capabilities
are interrelated (WU et al., 2006), since SCM cdjpi@s impact on perceived product value,
customer loyalty, market performance, and finanpaiformance. Thus, the key to market
success is to develop these SCM capabilities th#it alow management to develop
appropriate strategies to take advantage of oppitigs that are present in global markets.
This mode requires the capability to adjust to daghanges, and capabilities related to joint
knowledge and business innovation development (SNAWESTERLUND, 2007).

SCM systems can facilitate the synchronizatiorheféntire supply chain because they
can assist a company in integrating internal bssimeocesses within the corporate boundary
so that all internal functional areas can openatsynchronization. This is mainly due to the
power enjoyed from the integration of business @sses internally and externally. Further,
SCM systems allow an individual organization teegrate its business processes with those
of its business partners (TARN et al., 2002).

2.3.3 Supply Chain Processes

The business will have as many processes as negdssa&arry out the natural
business activities defined by the stage in the@lyughain and the key success factors in the
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market (DAY, 1994). Lambert et al. (1998) and Mentet al. (2001) propose a framework
for SCM composed by several business processefaSed on the literature and comparing
these propositions, we propose the following supgigin processes, which represent key
supply chain capabilities: manufacturing flow masmgnt, demand management, R&D,
supplier relationship management, order fulfilmesbmmercialization and marketing,
customer relationship management, and reward marexge

The manufacturing flow management process is, dougrto Goldsby and Garcia-
Dastugue (2003), the conversion of materials amdpoments into finished goods demanded
by the market. It is the coordination of the mawmsaurces and flows (material and
information) to provide products and services wiigh quality and productivity. It performs
the transformational role of the organization aad Bvolved from being a strictly production
function to having a strategic organizational r(BANDERS, 2012). The process involves
much more than the production function within thempany and spans beyond the
manufacturer in a supply chain. In fact, it is oghe entire supply to make the product flow
as smooth as possible and to ensure that the defdebility is achieved (GOLDSBY;
GARCIA-DASTUGUE, 2003).

Second, the demand management is the processalaaices de customer demands
with the company’s capacity, proving more efficigrend flexibility to the supply chain.
Mentzer et al. (2007c) detach that, in the suppbirt, only the company that serves the end-
use customer directly experiences an independentani@ All subsequent companies
experience a demand that is tempered by purchasiiges of other companies in the supply
chain. So, an integral part of any demand managepregess is an implementation of an
iterative process of sales forecasting and plann8anders (2012) points out that, when
members of a supply chain made their forecastpem#ent of one another, they are looking
at the demand of their immediate buyer, not at éhd customer in the chain. Multiple
sourcing and routing options are considered atithe of order receipt, which allows market
requirements and production plans to be coordinatedn organization-wide basis. In very
advanced applications, customer demand and praduciites are synchronized to manage
inventories globally (LAMBERT; COOPER, 2000).

The third process is R&D (research and developmémt} involves resources,
knowledge and technology to innovate and develdpabde new products, processes, and
services. Lambert and Cooper (2000) stand out tlhigtomers and suppliers must be

integrated into the product development processder to reduce time to market. As product
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life cycles shorten, the right products must beettgyed and successfully launched in ever
shorter timeframes in order to remain competitdecording to Rogers et al. (2004), supply
chain considerations might drive innovative custofeused solutions which differentiate
the product from competitors’ offerings, particljain saturated markets. Physical products
might include intangible services, which means tmany solutions now include varying
proportions of products or services.

Supplier relationship management is the fourth @sscand it represents the structure
to establish relationship with different supplidos sourcing and outsourcing activities. In
order to maintain competitiveness, companies masigd their supply chain to be aligned
with their business strategy, to satisfy the neefdshe customers, take advantage of the
company’s strength, and remain adaptive (SANDER®&,22 According to Ellram and
Cousins (2007), supply management needs to deyfafessionalism as well as rigorous
processes, such as strategic sourcing, to gui@detiisns. It needs to be viewed as much more
than simply a source or price savings with realtiwboutions to the company’s strategic
success.

The fifth process is order fulfilment that meahsg tustomers’ orders pull the supply
chain in operation, and filling them efficiently cdaireffectively is the first step in providing
customer needs. According to Lambert and Coope@QR0the objective is to develop a
seamless process from the supplier to the orgamizand then on to its various customer
segments. Alliances should be developed with keplsuchain members and carriers to meet
customer requirements and reduce total deliverst tcothe customer. To accomplish these
tasks, management must design a fulfillment protiestsallows that to happen. This requires
integration of logistics, marketing, finance, puasimg, R&D and production with the
company, as well as coordination with key suppléerd customers (CROXTON, 2002).

Commercialization and marketing is the next proass it involves sales processes,
identifications of customers’ need, communicatiénh@ companies’ values and the creation
of the channels for products as services distapbutAccording to DeCarlo and Cron (2007),
effective marketing programs necessitate a custémees that requires companies to segment
and target selected markets to maximize the retomngheir marketing efforts. The authors
also detach that these marketing decisions havertamt implications for how salespeople
should set priorities and allocate their time amdifferent customers. Lambert and Cooper
(2000) stand out that the traditional roles of netilg and sales people are changing. Team

efforts are becoming more common for developing reradketing new products, as well as
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managing current ones. The role of the companylsesséorce is changing to one of
relationship management in which measuring andngelthe value proposition for the
customer is critical.

The seventh process is customer relationship mamagie(CRM). In a business-to-
business environment, customer relationship managenms the process that provides the
structure for developing and maintaining relatiopshwith customers (LAMBERT, 2014). It
involves relationships with customers, key accoumnagement, segmentation, service
agreements, cross-functional teams, etc. Accordond-ambert and Cooper (2000), an
important step toward integrated SCM is to idenkiy customers or customer groups, which
the organization targets as critical to its busnesssion. Product and service agreements
specifying the levels of performance are estabtisiwéh these key customer groups. The
advantage of CRM, states Sanders (2012), is thabitides information that helps market
segmentation as it can better create clusters stbmers based on profitability and others
factors. Besides, she argues that it also helpgréalict customer behavior and create
customized customer communication.

The next process is the customer service managembith involves the balancing
between the customers’ needs and the companieatitgpproviding assurances of products
and services quality. According to Bolumole et (@003), the goal is to provide a single
source of customer information, such as productiaility, shipping dates and order status.
Customer service management requires a real-tirsierayto respond to customer inquiries
and facilitate order placement. Customer servigeabives are also accomplished through a
customer-enriching supply system focused on devajopinnovative solutions and
synchronizing the flow of products, services, amdrmation to create unique, individualized
sources of customer service value (MENTZER e801).

Finally, return management is the process by whitdivities associated with returns,
reverse logistics, gatekeeping, and avoidance areged within the company and across key
members of the supply chain. In many countries, iy be an environmental issue, but not
always (LAMBERT; COOPER, 2000). According to Rogetsal. (2002), it is a critical
process that requires planning and effective exatuhroughout the supply chain, and the
effective implementation of returns management ksabxecutives to identify productivity
improvement opportunities. Biodegradable produakpging, responsible product disposal,
control of manufacturing and transportation emissjand sustainable sourcing practices are

activities that impact in a supply chain manageni8ANDERS, 2012, p. 375).



56

Figure 5 - Supply chain processes as key capaiiliti
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Based on the literature discussed above that cenmssttle characteristics of the global
market and the main elements for companies to gioagin a supply chain, figure 5 proposes
the supply chain processes as the source of kegbddies in a supply chain operation.
Companies involved in the supply chain should milyuahare information, risks and
rewards, as well as cooperate on activities perdrrwithin the chain. Furthermore, it
suggests that effective SCM includes the same gbatsighout the chain, along with a
consistent customer focus and complete integraifgorocesses (GIUNIPERO et al., 2008).
The basis for this integration is related to th&lgsshment of an appropriate prioritization
and management of those supply chain processesdaugdo the characteristics of the
market. The drivers of supply chain integration caclude advances in information
technology, complex customer requirements, intghsieal competition, and the desire to be
the first to market with innovative products (YUSW al., 2004). Integrating all these

business processes is a best practice in suppig arenagement that involves coordinating
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decisions across multiple facilities and tiers (MELL; GARGEYA, 2005). A more
comprehensive view suggests that the accomplishofesdch of these processes is not just a
sequential handoff of materials, information orafices from player to player in the supply
chain but involves a collaborative effort among #ike players in the supply chain
(KOPCZAK; JOHNSON, 2003). The main supply chain aapties will compose the
companies’ strengths to produce, innovate, inteeaad achieve the appropriate performance
to be competitive in a global supply chain. Thenitfecation and prioritization of the key
processes to leverage companies’ capabilitiesdejiend on the characteristics of the local
industry and its level of competitiveness and ativaness in the global market. All these
elements present the principles that need to beidered to strengthen companies’ global
supply chain capabilities.

The identification and prioritization of key proses, such as supply chain capabilities
in a globalized environment that requires advamedschnologies to produce and innovate,
and also skills to establish cooperative and colative relationship allow the definition of

the third theoretical proposition of this research:

Proposition 3 To become included in global supply chain, congameed to
prioritize and manage their key supply chain preessto develop global supply chain
capabilities.

2.4 Upgrading to Go Global

The evolution of global-scale industrial organiaatiaffects not only the structure of
industries, but also how and why countries advamcéail to advance in the global chain
(GEREFFI, 2005). In all countries, excellence canfcund in some individual companies,
and discussion on improving competitiveness oftemcentrates on how to achieve more of
such individual excellence (SCHMITZ, 2005). Propatseof the resource-based view of the
company (BARNEY, 1991; PENROSE, 1959; PRAHALAD; HANM, 1990; TEECE et al.,
1997) see companies with superior systems andtstescbeing profitable because they have
superior resources, and those resources are safrsastained competitive advantage supra-
normal returns. They argue that acquiring capadslitan be a resource for the company if
these new resources are not easily systematized taedefore, are hard to replicate.
Kaplinsky and Morris (2001) affirm thatompanies should concentrate on those resources
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that they possessed which were relatively uniquieichv provided valuable products and
services to customers and which were difficult topy; outsourcing the remaining

competences to other companies. This will be tise iar the upgrading process in the global
chain.

Participating in global markets which allows foisgined income growth requires the
capacity to learn and upgrade (KAPLINSKY; MORRI®S02). Upgrading is often seen in the
literature as one of the main ways through whicheting country companies or industries
can respond to the challenges of globalization mutdeased competition. According to
Gereffi (2005, p. 171), upgrading can be definedtlas process by which economic actors -
nations, companies and workers - move from low-@aturelatively high-value activities in
global production networks”. To follow these demantes, and to be part of a global chain
and compete according to international standardsypanies should change the way they
evaluate the competitive parameters of the magBetliani et al. (2005) state this may be
defined as the “high road” to competitiveness, @sting with the “low road”, typical of
companies from developing countries, which oftempete by squeezing wages and profit
margins rather than by improving productivity, wageand profits. The key difference
between the high and the low road to competitiverissoften explained by the different
capabilities of companies to upgrade. The term agligg has also been often used to
highlight paths for developing country producersriove up the supply chain. The upgrading
process is examined through the lenses of how ledyd and information flow within supply
chains from suppliers or buyers with different teclogical and economic levels (GEREFFI,
1999).

The concept of upgrading is important to the glatbedin analysis because it helps to
understand and to highlight paths for companieséee up in the supply chain. Companies
may achieve upgrading in different ways, for insgnby entering into higher unit value
market niches, by moving into new sectors or byentatking new productive functions with
new goods or services (TEJADA et al. 2011). Therssai of upgrading may come from
innovation in products, processes, by different aganial models, different end markets, and
increased demands placed by retailers on time-tahapackaging materials, and/or food
safety standards. It may also arise as a reswdbahdoning innovations developed within a
company or cluster to accommodate buyer demand®rastianging consumption trends
(PONTE; EWERT, 2009). Kaplinsky and Morris (2001gsp that two schools of thought
have focused in the way companies had managedgmad their activities. The first one
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focuses on core competences of the company (HAMERALAHAD, 1994), while the
second school of thought focuses on dynamic capabi(TEECE; PISANO, 1994).

According to Hamel and Prahalad (1990), the corapmience results from a specific
set of skills that deliver additional value to thestomer, enabling an organization to access a
wide variety of markets. For this school, Kaplinskyd Morris (2001) argue that companies
need to examine their capabilities to determineehaf its attributes which: provide value to
the final customer; are relatively unique in thessethat few competitors possess them; and
are difficult to copy, that is, where there arerteais to entry. So, it is important to identify the
sources of capabilities that lead to accessing mankets and to increasing competences, a
long-standing contention between those privilegiogational and institutional knowledge
transmission and those focusing on transmission buger-supplier relations (PONTE;
EWERT, 2009).

Closely related to this is a school of thought ®ng on dynamic capabilities. Teece
and Pisano (1997) refer dynamic capabilities apgras a mean to exploit existing internal
and external company specific competences to asldresging environments, understanding
why certain companies build competitive advantagenvironments of rapid technological
change. Kaplinsky and Morris (2001) argue that cmafe profitability in the long run cannot
be sustained by control over the market (for examphrough using quasi-monopolistic
practices), but through the development of dynacaigabilities which arise as a result of:
i) its internal processeshich facilitate learning, including the capacity reconfigure what
the company has done in the past; ii) its posittbat is, its access to specific competences
either within its own activities or those which ah@wn from the regional or national system
of innovation; and iii) its path, that is, its teajory, because change is always path-dependent.
Ponte and Ewert (2009) pose that, in this perspectupgrading is about acquiring
capabilities and accessing new market segmentsighrparticipating in particular chains.
The main global supply chain argument is that uggiain various forms can be effectively
stimulated through learning from lead companiesaathan through interactions between
companies in the same functional position or wittiie frameworks of common business
systems or national systems of innovation.

Upgrading is usually associated with competitivenasad it can be defined as all
actions which involve a shifting into activitiessoducts or sectors that have a higher added
value and higher barriers to market entry (TEJADAale 2011). Organizational learning is

the primary means and, thereby, a fundamental geetefor upgrading, through which
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processes that are developed by a company can anleard complement one another
(AZADEGAN; WAGNER, 2011). Humphrey and Schmitz (B)@onsider upgrading as the
acquisition of capabilities that will allow compasito enter higher margin. They propose
four types of companies upgrading working in glotfzins: process, product, functional, and

inter-sectoral (or inter-chain) upgrading, presdriielow.

2.4.1 Process Upgrading

Process upgrading means transforming inputs inttputsl more efficiently by
reorganizing the production system or introducingpesior technology (HUMPHREY;
SCHMITZ, 2000). According to Kaplinsky and Morri2001), it means the increasing of
efficiency of internal processes such that thesesagnificantly better than those of rivals,
both within individual links in the chain (for exghe, increased inventory turns, lower scrap)
and between the links in the chain (for examplerenfsrequent, smaller and on-time
deliveries). Gereffi et al. (2005) pose that, fany late entrants, the evolutionary process of
catching up with incumbents begins with delineatimg production of easy-to-produce items.
So, late entrants may sequentially add higher vaticeng activities, such as assembly of
more complex parts, design of components, and teufacture of complete product lines
into their portfolio of operations. Ponte and EwW@®09) reinforce that, to achieve process
upgrading, it is also important to explicitly recoze the importance of matching standards
that are set by buyers and/or are embedded in ingmmtry regulations, for example,
conforming to food safety standards (e.g., to cgmpith EU regulation or ISO 22000
certification) or applying environmental managemeptocedures (for 1SO 14000
certification). It implies improving production predures, but not necessarily in more
efficient (or cost effective/profit maximizing) wayln sum, it requires a multifaceted process
of accumulating, internally disseminating and apuynew knowledge to achieve a more
efficient transformation of inputs into outputs dogh the reorganization of productive

activities and meeting international standardsragdlations.

2.4.2 Product Upgrading

The growing integration of the global economy asopportunity for entering into a
new era of economic and industrial growth refleotd only in the possibility of reaping

higher incomes but also in the improved availapilif better quality and increasingly
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differentiated final products (KAPLINSKY; MORRIS0R1). Product upgrading is achieved
by introducing new products, changing designs, onimig quality, and producing a more
sophisticated final output (HUMPHREY; SCHMITZ, 2000t means moving into more
sophisticated product lines in terms of increas@tivalues (PIETROBELLI; RABELLOTTI,
2011). It is important to introduce new productdgrmproving old products faster than rivals.
This involves changing new product development @sees both within individual activities
in the supply chain and in the relationship betwdiferent chain activities (KAPLINSKY;
MORRIS, 2001). A lot of knowledge is transferredraj the supply chain from the buyer to
the producer. Such specific knowledge is critical dpgrading products (SCHMITZ, 2005).
Schmitz and Knorringa (2000) pose that producens fdeveloping countries tend to quickly
improve their manufacturing skills when they operit global chains, but find it difficult to
upgrade to the higher functions, such as desigrketiag, and branding. According to Ponte
and Ewert (2009), it is not necessarily more numerealue added products that must be
included in these portfolios, but a large rangeaiducts with different specifications that
cover the whole range of quality and/or origingnsetimes higher quality can actually be the
entry window for creating profitable portfolios thaclude lower quality/ higher volume
offerings. It is possible to notice that upgradisgimplemented through a sequential and
paced approach to developing operational procesgesh allow for effective organizational
learning. In manufacturing plants, upgrading inesivmoving from cheap to expensive items

and from simple to complex products (GEREFFI, 1999)

2.4.3 Functional Upgrading

There is a broad agreement about how the advantddesing part of a global chain
can lead to increase local companies’ upgradingppities (such as through the access to
information about required skills and standardst theed to be met). Nevertheless, this
consensus is only reached easily on process andugroupgrading (HUMPHREY;
SCHMITZ, 2002). The challenge begins when compas&ek positions in activities with
higher added value in the chain. Functional upg@ds acquiring new, superior functions in
the chain, such as design or marketing, or abandogxisting low-value added functions to
focus on higher value added activities (PIETROBELRABELLOTTI, 2011). It involves to
seek for functions (or abandoning old ones) thateiase the skill content of activities
(HUMPHREY; SCHMITZ, 2002). It means increasing waladded by changing the mix of
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activities conducted within the company (for exagmphking responsibility for or outsourcing
accounting, logistics and quality functions) or nmgv the locus of activities to different
activities in the supply chain (for example, fromamafacturing to design) (KAPLINSKY;
MORRIS, 2001). Upgrading the stepwise developméntanufacturing skills from simple to
more complicated tasks can be a highly effectiver@gch for late entrants, what means
relying on a sequential and paced approach to dpvplogressively more complicated
industry-established practices (AZADEGAN; WAGNERQ11). It involves pursuing
subsequently more valuable capabilities in orderinigprove one’s relative competitive
position within the supply chain. In this case, tguing will involve developing more value
added processes, creating more value added produgerforming higher value added
activities (PIETROBELLI; RABELLOTTI, 2011). The inlipit normative expectation is that
developing country companies follow a “high road”upgrading, one eventually leading to
performing functions in a supply chain that haverenskill and knowledge content
(GEREFFI, 1999).

2.4.4 Inter-sectoral (or Inter-chain) Upgrading

Inter-sectoral upgrading means applying competeacegsiired in one activity of a
chain and using them in a different sector/chaiiNHPHREY; SCHMITZ, 2002). It is a
moving to a new supply chain (for example, Taiwane®mpanies moved from the
manufacture of transistor radios to calculatorsT¥s, to computer monitors, to laptops and
now to WAP phones) (KAPLINSKY; MORRIS, 2001). Thhatlenge is not always about
moving into more advanced functions along the supphin, but is often about deepening the
specific capabilities required to explore new oppaities (MORRISON et al., 2008). The
status of inter-sectoral upgrading is more diffidol be achieved and also understood, as it
relates to a trajectory of upgrading, while theeottihree categories describe what aspect of a
given business is being upgraded. Furthermorelitdrature sometimes refers to inter-chain
upgrading when it actually means learning thaaksng place in one strand of a supply chain
(e.g., the strand of a supply chain oriented towdouhestic consumption) that is applied to
another (e.g., the strand of a supply chain oréetwgvard export) (PONTE; EWERT, 2009).
Consequently, we need to view the upgrading chgdlen a wider perspective, capturing the

central idea that it may involve changes in theurgatf resources and mix of activities.
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According to Kaplinsky and Morris (2001), invarigipthis is a trajectory which involves a
progressively higher content of disembodied actsit

Table 1 - Comparative views of global chapgrade

Type ofupgrade | New tchnology New piocess New market Degree of contd
required? required? necessary?
Process Yes Yes No Great
Product Yes Yes No/Maybe Great
Functional Yes Yes Yes Small
Inter-sectorial Yes Yes Yes Small

SourceWong (2012)

So, in the global chain, upgrading is linked to @mbination of making better
products, improving processes to make these predacid/or taking over new functions.
Upgrading requires the continued development of r&kills in order to find new
opportunities in the market, as well as to ideniifgrnal resource to achieve competitiveness
in a global chain. Wong (2014) propose a compagatmew with the requirements of the
different types of upgrade for new technology, pss; and market access, as well as the
degree of control a company may exert over theag®(Table 1). Differentiating between
these types of upgrading is useful not only torofféramework that is relevant to the analysis
of companies but also to understand the compleddynanded by higher added value
activities.

Wong (2014) proposes a progressive challenge mstesf managerial capabilities
when a company identifies opportunity to upgradethe chain. Process and product
upgrading require the development of new technekgand both present a high degree of
company control. Ponte and Ewert (2009) pose that sometimes difficult to distinguish
product and process upgrading because they contbesminimum standard conditions for
companies to operate as player in a global chame tthportant characteristic of product
upgrading, according to Wong (2012), is the faeit thew products may involve the source
for new markets, what represents an important &tepontinuing upgrading. According to
Humphrey and Schmitz (2002), upgrading opportusitigry with the chain coordination, and
it is not hard to promote fast process and prodpgtrading for local companies, but it is very
difficult to move into higher value activities amal achieve functional upgrading. Functional

and inter-sectorial upgrading are more likely tketplace, together with the transfer of new
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capabilities to different global chains (KAPLINSKYMORRIS, 2001; HUMPHREY;
SCHMITZ, 2002), since they are more susceptiblexternal variables of the company.

Kaplinsky and Morris (2001) argue that, due to cames’ maturity, they begin with
process upgrading, then move to product upgradinfynctional upgrading and, last of all, to
chain upgrading. In order to upgrade, companies teeonstantly improve their knowledge
and also developing and retaining skilled humaouess (ERNST; KIM, 2002). Kaplinsky
and Morris (2001) illustrate this scenario using #xample of East Asian companies that
have made the transition from OEA production (orgiequipment assembling, that is, thin
value added assembling under contract to a globger to OEM (original equipment
manufacturer, that is, manufacturing a product wwhidll bear the buyer’'s badge), to ODM
(own design manufacturer), and to OBM (own branchufi@cturing). Invariably, this is a
trajectory which involves a progressively higherntemt of disembodied activities
(KAPLINSKY; MORRIS, 2001).

Figure 6 - Companies process upgrading
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Source: The author

Figure 6 presents the main elements involved irctimepanies upgrading to move up
in a global chain. To upgrade, it is necessaryeaweetbp capabilities in terms of processes,
products and services to deliver more added vajueustomers. Especially in the global
context, this process is influenced by environmlefaators that compose the political,
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economic and infrastructural scenario where congzarare operating. The upgrading
opportunities of local companies differ accordingthe type of global chain they feed into,
what means that the way trade is organized maf&eiHMITZ, 2005). There is a broad
agreement about how the advantages of being pargtdbal chain can lead to increase local
companies’ upgrading opportunities. Only, exportittgough global chains does not
guarantee an automatic upgrading pathway nor dga®vide access to the whole range of
activities needed to compete in the global econ@NAVAS-ALEMAN, 2011). Companies
need to make efforts to seek and also innovatenmg of global products and processes,
following global standards. In sum, the logic gdesm innovation, to upgrading, to the
acquisition of company-level competitiveness (GIANI et al., 2005). According Kaplinsky
and Morris (2001), at the same time, it is necgstarfocus on the institutions which drive
international specialization and normative levetsolv can be used to alter or achieve those
patterns. In this way, external factors that coreptiee global market also influence the
upgrading process, especially because of: i) tietence of forms of imperfect competition in
domestic and international markets; and ii) thesgnee of different degrees of (dynamic)
externalities in different subsectors and stagethefsupply chain (GIULIANI et al., 2005).
When companies face these external pressures, rtheg either to perform the same
activities, but more efficiently, or change the iates they undertake (HUMPHREY;
SCHMITZ, 2000). For all these reasons, the conoéptroduction efficiency is encompassed
within the broader concept of competitiveness, tred efforts to upgrade functionally and
intersectorally (and the policies to support thpescesses) are justified to reap larger rents
and externalities emerging in specific stages ef sbpply chain, market niches or sectors
(GIULIANI et al., 2005). Wong (2012) refers to is ahe company’s micro perspective
influenced by the macro environment created by gowent policy and supply chain
relations. Figure 7 presents the influence of theirenmental factors is on companies’
capabilities and on the upgrading process.

All the theoretical elements presented above shdffereint perspectives of the
upgrading process to generate value, detachingttisasimultaneously affected by company-
specific efforts and actions, and also influenced the environment issues in which
companies operate. This leads to the formulati@nfturth theoretical proposition of this

research.
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Proposition 4. The upgrading process to move up in a globalrckdapends on both
the capabilities of the companies and the envirartaléactors.

2.5 THEORETICAL FRAMEWORK

The main purpose of this study is related to congsarcapabilities for upgrading in
global supply chain. The four theoretical proposii that emerged from the literature
compose the basis for the theoretical frameworkstrantion of this research. The last
sections discussed the characteristics of the bklgply chain and factors that underpin the
field (section 2.1), the impact of public policiea global supply chain configuration (2.2),
the development of global supply chain capabili{z8), and upgrading in global chain (2.4).
Figure 7 represents the relationships proposedhi@rinvestigation, integrating those four

propositions.

Figure 7 - Theoretical framework
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The first proposition highlights that, in a globaiain, companies must manage its
production capacity considering external factorst tlare critical and are not directly
controllable by them. Being part of a global ch@nnot necessarily a decision of the
companies. It is related to the characteristicthefindustry where companies are operating

and it requires different infrastructural and masréa capabilities to deal with the
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complexities of the external elements and turbulemtironmental conditions of global
market.

Considering this demand to go global, expressethbyfirst proposition, the second
proposition brings the discussion of the influenégublic policies to foster a new industry
and affecting companies’ supply chain capabilit@&evernment, supported by its national
institutions, is responsible for promoting publiograms with incentives to create favorable
conditions for the companies’ capabilities develepm The policies need to formulate the
basis of regional economic integration, offeringx tancentives, funding, promoting
agreements among countries, reducing and remowangeb to improve the flow of goods,
services and factor of production, as well as tprowe national infrastructures and services
to promote the trade.

The third proposition argues that the source obgl supply chain capabilities are the
supply chain processes. The supply chain procedssis’cover productive, relational,
innovative and market issues. The identificatiod proritization of those key processes can
result in the necessary capabilities to advandkarglobal chain, where companies have to be
able to produce, innovate and interact with glagdplier, customers or partners.

Finally, the fourth proposition brings a discussminhhow companies can upgrade in
the global chain. This proposition argues that fihe upgrading stages (process, product,
functional, and inter-chain) result from the glolkabply chain capabilities. The companies’
characteristics and the context where they are dddzemake up the determining factors for

the development of global capabilities to achigvectic levels of upgrading.
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3 METHOD

A descriptive-exploratory research using a quaieatpproach and supported by the
application of multiple case studies comprises rtiethod applied in this investigation. A
qualitative research gives the researcher its oadetmark understanding of everyday life and
its context (SILVERMAN, 2013) and allows the useadiiexible research design providing a
reflexive process during the data analysis (MAXWELA013). An important strength of
qualitative research is that it can use naturatijuoring data to locate the interactional (how)
in which participants’ meaning (what) are deploy&LVERMAN, 2013). According to
Maxwell (2013), qualitative research focuses orcHjgesituations or people and its emphasis
Is on descriptions rather than numbers, suiting for

* understanding the meaning of events, situationgemences and actions they are

involved;

* understanding the particular contexts within whtble participants act and the

influence that this context has on their actions;

» understanding the process by which events andrectaie place;

» identifying unanticipated phenomena and influeranas$ generating new grounded

theories about the latter;

» developing causal explanations.

In this way, a qualitative exploratory approach daglp this research to better
understand the social and cultural context withiniolw decisions and action take place
(MAYERS, 2009) in the Brazilian semiconductor inttysscenario. For this research, it can
provide greater familiarity with the research peohlin order to improve ideas to make more
explicit the main elements involved in the upgradprocess of Brazilian companies in the
semiconductor global chain.

This research is also descriptive because it aomsstablish relationships between
variables or to describe the characteristics aargcontemporary phenomenon (GIL, 2006).
The theoretical foundations established previouslgection 2 guided the construction of a
framework (Figure 7) that serves as the basishervariables definition and the organization
of the field investigation. The framework propostements for the relationships’ analysis,
specially the environment affecting the supply ohpiocesses, the supply chain processes

affecting the global capabilities and the globadatailities affecting upgrading.
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According to Barratt, Choi and Li (2011), the qtetive approaches have become
more representative in researches of operation geamant, complementing the quantitative
traditional studies. In this proposal, the focugdsevaluate the capabilities developed by
Brazilian design houses to achieve competitiveiressder to be part of a high technological
global chain. Considering that there is still a Bmamber of companies operating in the
value chain activities of this global industry, $kecompanies strategy and productive basis
require in-depth investigations, what justifies t/se of a qualitative approach.

The case study represents a good opportunity topegimend a new phenomenon,
combining different data collection methods, sustaechives, interviews, questionnaires and
observations (EISENHARDT, 1989). An exploratoryeatudy is appropriate when there is a
problem and it is necessary to know more abowliaf is happening and why), i.e., there is
little preliminary knowledge of it (THOMAS, 2011)it is an empirical inquiry that
investigates a contemporary phenomenon within etd-life context, especially when the
boundaries between phenomenon and context are leatlyc evident (MYERS, 2009).
Unconstrained by the borders of questionnairesantals, the case study can lead to new and
creative insights and have high validity with praabers (VOSS et al., 2002).

Case study allows the analyses of persons, eveetssions, periods, projects,
policies, institutions or other systems, which stiedied holistically by one or more methods
(THOMAS, 2011). It is very difficult in a case stutb separate the phenomenon of interest
from the context because the context itself is pad parcel of the story (MYERS, 2009).
According to Thomas (2011), a case study: i) istaof circumstances in its completeness and
the case is described by those circumstances ih)d circumstances of the instance that are
being studied (Where did it happen? When? Whathaggbened before? Who was around?
What was in the news? How did all of this affectaivivas going on? and how events turned
out); iii) involves analysis about the relationshipetween the elements of the study; and iv)
involves justifying the conclusions, using evidedcawn from the empirical work.

The effort of Brazilian companies to become newy@ia in the semiconductor global
chain can be considered a contemporary phenomevriai,justifies this methodology choice
(YIN, 2008). Due to that, this research is basedowm different cases, composed by design
houses in the semiconductor global chain. The ehofienultiple case studies is because there
are several companies in Brazil, and each indiVidaae is less important in itself than the
comparison with one another (THOMAS, 2011).
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In order to answer the research question, four naaiivities were accomplished
during the investigation: exploratory phase; cadecsion; data collection; and data analysis.

The subsections below present details of theseitaesi

3.1 Exploratory Phase

An exploratory study was accomplished before tHendien of the research question
and objectives of this research. This study wagssary to understand the empirical field and
identify the opportunities of study in accordancdtte theoretical lens of the research. It was
divided in two different steps in order to compnethefirstly, the Brazilian semiconductor

chain and, secondly, the Brazilian design housesations.

3.1.1 Step 1: The Brazilian Semiconductor Chain

This first exploratory investigation aimed to ungtand the national industrial policy
and how Brazilian companies are operating in teicenductor supply chain. The primary
source came from semi-structured questionnaireir@edview procedure (Appendix A). The
interview protocols were developed on the basighef literature review and highlighted
elements to understand and analyze the participatib Brazilian companies in the
semiconductor global chain and the main gaps andieba involved. These different
narratives brought a rich picture of the currematite. Industrial reports and empirical studies
were used as secondary data in order to complettmerfirst exploratory investigation.

The interviews were conducted with six experts where selected for their
knowledge and experience on different stages atigitees of Brazilian operation in the

semiconductor chain. Table 2 presents the intergesvprofiles.

Table 2 - Interviewee’s profiles — step 1

Interviewee Interviewee Education] Years of |Interview
focus position level |experience time How

Brazilan semiconductor company CEO MBA 20 00:54;25 drspn]
Brazilian public policies CFO Msc 4 00:35:00 In pergon
National semiconductor industry Head of a reseastlfuite BsC 10 00:50:0p In perspn
Global semicoductor industry CEO international edfai Msc 6 00:55:30 In persgn
Researcher Professor PhD 22 01:25:00 In pgrson
Process engineer Manager PhQ 12 00:46:00 In pérson

Source: The author
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On this phase, the configuration of the semicormlugtobal chain was described,
identifying the participation of Brazilian compasié each activity of the value chain, the
infrastructure involved and the influence of thelustrial policies that are fostering the
composition of this chain. The barriers and opputies for the growth of Brazilian
companies’ participation in the global semiconducthain were also emphasized. The
preliminary results were presented and discusseth wkperts in two international
conferences: the 22nd International Conference amdgement of Technology (BORGES;
VIEIRA, 2013a) and the 20th EUROMA Conference (BAES5 VIEIRA, 2013b), besides a
publication at Journal of Operations and Supply i€ihManagement (BORGES; VIEIRA,
2014). This phase was concluded with the definibbthe design as the value chain activity

to be studied on this research, which is describesgéction 3.2.

3.1.2 Step 2: The Brazilian Design Houses

This second exploratory study aimed to understaowl Brazilian design houses are
operating as players in the national industry dredsemiconductor global supply chain. The
primary source came from semi-structured questioaraand interview procedure (Appendix
B). The interview protocol was developed to bringneents to understand and analyze the
perceptions about semiconductor national industgin issues about the DH development,
issues on product development process, collaboratwth partners, sourcing, market
perceptions, role of innovation, barriers and opputies. The interviews were conducted
with three CEOs from three Brazilian design houg€able 3). Industrial reports and
empirical studies were used as secondary datalar 6o complement this second exploratory

investigation.

Table 3 - Interviewee’s profiles — step 2

Interview |Interviewee|Education| Years of |Interview
focus position level |experiencg time How
Private DH | CEO Msc 34 05525  Skypg
Nonproft DH| CEO PhD 12 1:10:03 Inperdon
Public DH CEO PhD 25 1.01:22 In pergon

Source: The author
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The results of this phase showed the guidelingeeBrazilian industrial policies, the
enterprising character of DHs created from thesgnams, and how they are advancing and
reaching the first results. Those results weregmesl and discussed with experts in the 21st
EUROMA Conference (BORGES; VIEIRA, 2014b), and gted as a chapter in the
Handbook of Research on Global Supply Chain Manageiin press), that will be launched
by IGI Global in 2016.

After the conclusion of this second step, it wasgildle to carry out this research with
drivers to plan cases selection, data collecticth @ata analysis, described in the following
subsections.

3.2 Cases Selection

The research structure is based on multiple caskest According to Yin (2008), the
development of multiple case studies is considerady to achieve more convincing results
as they represent more robust studies reflectiffgrdnt design situations. In multiple case
studies, the case selection is a vital issue toyocant the research (VOSS et al., 2002;
EISENHARDT, 1989; YIN, 2008).

Currently, Brazil has companies that are able wrage in the three main activities of
the semiconductor supply chain, but, at the same,tit is not possible to identify direct
business relationship between these companieste=&juepresents the current operations of

Brazilian companies in the semiconductor globaircha
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Figure 8 - Brazilian operation in the semiconducfiobal chain activities
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In the design activity, there are 22 design cendgics two training centers in Brazil
that were fostered to supply engineering servigdhld international market. The international
market for the design centers is justified spegibitcause there is no scaled production of
chips in Brazil. In the front-end activity, ther® one public company, where the production
capacity is used to serve and supply its own desgrier and packaging operation. In the
back-end activity, there are mainly two companipsrating. Currently, both companies are
supplying the national market with activities ofckaging and test and they import the chip
from international foundries. In this scenario, tieision for this research is to focus only on
the design house activity because of the followsagsons:

» the number of companies operating in this valueicis more significant;

» this activity is important to foster innovationtime semiconductor chain;

e it was established as a priority in the Brazilidrategic planning to launch the

country in semiconductor global industry;

« they are already developing products and services;

» they have international partners;

» they are developing marketing and commercializatictivities.
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The cases were composed by different BraziliangteBbuses that are operating in

the semiconductor chain. Each case selected higckhhe following characteristics: i) it must

be supported by public policies; ii) it must haveveloped international partners for its

operations; iii) it must have some service or paicdready developed or in the development

process; and iv) the characteristics of its ownprahust represent the different ones

presented in the universe of Brazilian DHs.

Thus, for the purpose of this study, four designdas were selected according to their

characteristics. In the total of 24 DHs and tragn@éenters distributed throughout the national

territory, four different features were identifiedrivate DHs, state-owned DHs, nonprofit

DHs, and those developing and commercializing lex&hal properties (IPs). Each DH

selected for this study is supported by public @es and represents one of these

ownerships/features.

DH1 is a spin-off of a research center that deleseengineering services. Nowadays,
this DH is changing its strategy to move focus todpicts instead of services. This
new strategy involves the source of internationahfiries and back-end operations to
work together in the parameterization of the prodaed also to outsource the

production.

DH2 is a nonprofit organization, stablished as ajgmt in a research institute. In

parallel to the service delivery activities, it Hasen developing products. During this
process, it has also sourced international supplierconfigure and prototype the

product.

DH3 is a private design center that deliveries megiing services, but has the
commercialization of IPs as one of its main busnesus. Especially to develop its

IPs library, it has developed international supplir both, engineering services and
IPs, this DH is prospecting the global market.

DH4 is a state-owned company and the only one hhatmanufacturing capacity to

produce, package and test a microchip. It has itigebt national design center, but it
does not deliver engineering services to the markkeé focus is to develop and

commercialize final product to the national markance it is not possible to have all

the manufacturing technology to produce what tdesign house is able to project,
the DH also has to make international agreements.

Table 4 presents a summary of the sample.
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Table 4 - DHs profiles

Company Type of company Main focus

) Integrated circuit (IC) design from
Private company

DH1 . specification to prototyping and
(spin-off) _ _
manufacturing of the chip
DH2 Project in a nonprofit Development of customized projects
foundation and services of a new chip
. Development of analog intellectual
DH3 Private company ) _
property (IP) and design services
DH4 State-owned Development and production of the
company chip

Source: The author

3.3 DATA COLLECTION

This sub-section describes the data collectiorrderoto find the evidences to answer
the research question and evaluate the proposithmt®rding to Thomas (2011), data is a bit
of information of whatever kind, whether they candbservation records, numbers, interview
transcripts, photographs or documents that complosesvidences to analyze and support
certain propositions. Voss et al. (2002) pose thath sources can include interviews,
guestionnaires, direct observations, content arsalygs documents and archival research.
Yin (2008) points out the importance in case staidie different sources of evidences. The
use of multiple methods of data collection is tongaformation about different aspects of the
phenomena in study. This strategy reduces theofisiaving conclusions reflecting only the
biases of a specific method, and allows gettingaensecure understanding of the issues
involved in the investigation (MAXWELL, 2013).

Evidences can come from primary or secondary ssuisecording to Myers (2009),
primary sources of data are those which are unghdxdi and that the researcher has gathered

directly from the people or organization. They ud# data from interviews, fieldwork and
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unpublished documents, such as minutes of meetindso forth. Secondary data refer to any
data gathered that have been previously publisheely include previously published books,
newspaper articles and journal articles. An impur{aoint to note is that primary data add
richness and credibility to qualities manuscrifptsepresents the added value that you bring
to the table.

In this research, data were collected by semi-8trad interviews as primary source
and document analysis as secondary. Semi-structoter/iews are composed by a list of
issues to be covered with freedom to follow up poias necessary. According to Thomas
(2011), because of these advantages, it is the mmsimonly used kind of interview
arrangement in social research, in which reseascrer not obligated to go through the list in
an order. They have to remind what they want teecoand questions should encourage the
interviewee to say more.

The development of interview questions (and obdmmal strategies) requires
creativity and insight rather than a mechanicalveosion of the research questions into an
interview guide or observation schedule. It depefutsiamentally on the understanding of
the context of research and how the interview dorestand observational strategies will
actually work in practice (MAXWELL, 2013).

Figure 9 presents different perspectives that baokt considered in the definition of
the interviewees profiles to this research. To ustded the capabilities development in the
companies, it was important to bring to the rededine companies’ operational, technological
and business perspective. In relation to the enment, it was important to collect different
perceptions, building a context with market, finiage governmental, research, supply chain

and global industry perspectives.
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Figure 9 - Internal and environmental perspecttedsuild the cases

Governmental perspective Research perspective
Market perspective \ f Supply chain perspective
Financing perspective \ f Industry perspective

Design House

Technological perspective
Business perspective

Operational perspective

A[AA[a/A[AIA]A S

00000U00U

Source: The author

Interviews were carried out with two executives ame project manager in each
company. The executives provided strategic insjgitsle the project leaders provided a
clearer view of operational issues of product dewedent and relationship management. As
the theoretical framework also presents externaitofa as drivers of capabilities
development, it was important to enrich the redeavith an understanding of the business
environment. For this reason, specialists in sendootor industry were also interviewed. It
was important to capture the perception of exeestifrom financial institutions that have
funding for this industry (two interviewees), pglimakers that have worked in the industrial
policy design (two interviewees), researchers (imterviewees), experts in the industry (two
interviewees), executives from other DHs (two imiwvees: one CEO from an international
DH and one CEO from a Brazilian DH that has clogsdperations), and executives from
companies from other value activities of the semditetor chain (two interviewees) (see
Table 5).

It is possible to see the interviewees profilesecimg all the perspectives presented in
Figure 9. Furthermore, the sample is qualified mereng the educational level of the
interviewees (88% have master or doctoral degr#eir position (currently, 75% are
executives or managers) and experience in the (dreaaverage is 19 years of experience).
Interviews add up to a total of 26 hours, and 718tewmade in person. The interviews were
conducted mainly between October and November d420
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Interview Interviewee| Interviewee |Education| Years of |Interview
focus identification position level |experiencel time How

Case 1 CEO1 CEO PhD 22 1:20:59 In pefson
Case 1 CTO1 | CTO Msc 34 1:42:25 In pergon
Casel PLR1 Project leader| BsC 5 0:27:83  Skype
Case 2 CEO2 | CEO Msc 12 1:26:03 In pefson
Case 2 CTO2 | CTO PhD 17 1:20:4B In pelson
Case 2 PLR2 Project leader| Msc 8 0:46:50 Inpgrson
Case 3 CEO3 | CEO Msc 14 1:18:27 In pejson
Case 3 CTO3 | CTO Msc 12 1:05:26 In pergon
Case 3 PLR3 Project leader| Msc 8 0:52:83 In pgrson
Case 4 CEO4 | CEO PhD 25 1:07:.07 In pefson
Case 4 CTO4 | CTO PhD 25 1:01:2[7 In pefson
Case 4 PLR4 Project leader| PhD 16 05560 In pgrson
Financial institution FIN1 President Msc 10 0:55:28  Imgoe
Financial institution FIN2 Manager for IGT Msc 8 0:54:23n persom
Executive EXE1 President MBA 32 1:16:46  Phohe
Executive EXE2 R&D manager | Msc 21 03159 Phdne
Policy maker PMK1 | Manager Msc 9 12020 Inpefson
Policy maker PMK2 | Especialist Msc 33 1.0425 Phdne
Global DH ODH1 | Director of R&O Msc 35 1:00:11 Phorle
DH out of operatior] ODH2 | CEO PhD 19 1:40:37 In pefson
Researcher RES1 Professor PhD 17 047[18  SKype
Researcher RES2 Professor PhD 34 1:08[25 In person
Expert EXP1 Head BsC 10 1.07:39 Inperpon
Expert EXP2 Global adviser | PhD 37 0:52:53  Skype

Source: The author

The protocols for the semi-structured interviewsreveleveloped considering the

proposition that the supply chain processes arentemn to generate capabilities to upgrade in

the global chain (see Appendix C). Figure 10 shthase processes organized into three

groups of processes:

e supplying processes: supply, outsourcing and pesftipe

e operational processes: research and developmemtrgadizational management;

« market processeslemand management, commercialization and markeénd,

customer relationship management.
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Figure 10 - Supply chain processes
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The interviewees were invited to discuss the mitwi those processes expressing
also elements such as: i) the motivations that paoemoting the national semiconductor
industry and attracting foreign direct investmeitthe impact of public policies and national
infrastructure in the development of capabilitié) how those internal processes are
managed; iv) understanding the process that gesefmns capabilities; and v) how these
capabilities can promote competitive advantage. Triiterview protocol used with the
interviewees from the companies focuses on theepaons of the specific DH development
in the industry context, whereas interview protouséd with the specialist focuses on the
development of Brazilian industry and Brazilian DiHghe same context.

In order to conduct the interview, the interviewéesl a printed copy of Figure 10 in
A3 format. The objective was to discuss the quastiand map the DHs operations in
accordance to supply chain processes. They also ahgqeen to make comments and

observations on the paper. Figure 11 shows soméged this procedure.
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Figure 11 - Example of the supply chain process usmgl during the interviews
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The structure of the protocols was built after fifderviews with three representatives
of three different Brazilian design centers duritite second exploratory investigation
described in section 3.1.2. This phase allowed daimpirical validation of the interview
protocols. After this exploratory interview proceeuthe protocols were reviewed and the
final questions were discussed in the researchpgrati Unisinos, called Observatory of
Innovation in Global Chain. This group is focusedmonitoring information and knowledge
production to generate opportunities for innovatiand competitiveness of Brazilian
companies. It is specialized on food, IT and sendcator global chains. The researchers
allowed making the scientific validation of theentiew protocols.

Documents are the main source of secondary datthiresearch. The documents
considered for the data collections are composedntgrnational and national industrial
reports and organizational norms and guidelines fifte companies.
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3.4 DATA ANALYSIS

Data analysis represents the transformation of iébasomething that is meaningful
to the intended audience (MYERS, 2009). The ingtap in qualitative analysis is reading the
interviews transcripts, observational notes, or udeoents that are to be analyzed
(MAXWELL, 2013). Consistent with the research olbjees, the data analysis was conducted
by two steps: i) content analysis; and ii) triaragian.

According to Myers (2009), content analysis seekslémonstrate the meaning of
written or visual sources by systematically alloggttheir comments to pre-determined,
detailed categories, and then both quantifying iaterpreting the outcomes. It can be used
for analyzing historical trends. During the listegior reading, notes are written and rough
observations allow the development of tentativeasd@bout relationships and categories
(MAXWELL, 2013).

In qualitative data analysis, relationships arenidfied among data in a specific
context. For that, coding is the main categoriztgtegy used (arrange into categories that
facilitate comparison between things in the santegmay and that aid in the development of
theoretical concepts) (Maxwell, 2013). AccordingMgers (2009): i) a code can be a word
that is used to describe or summarize a sentengasagraph, or even a whole piece of text,
such as an interview; ii) a code helps to redueesike of your data; iii) codes are tags or
labels for assigning units of meaning to the desiee or inferential compiled during a study;
and iv) varying on size, a code can be a word, ggw;asentences, or whole paragraphs,
connected or unconnected to a specific setting.

Software designed specifically for qualitative datealysis is now widely used, and is
almost obligatory for large-scale projects, becanfsthese programs facility in storing and
retrieving large amounts of data and in coding soding these data. NVivo® currently has
the largest market share (MAXWELL, 2013).

Content analysis was used to organize criteriacdaahents for the data interpretation.
The categories for coding were based both on thaondyon insights of the interviews. The
content of the four cases’ interviews and the auntd the specialists’ ones were coded
separately once they have different purpose inrdgsarch. The contents of DHSs’ interviews
were used to describe the cases, and the contettie gpecialists interviews were used as
context for the analysis. This data systematizaties made by the use of NVivo®. Table 6

presents how the interviews’ content was organiz€de subcategories allowed the



understanding of the global chain, national chaid Brazilian DH strategy are mapped. The
subcategories also allowed the description andysisalof the cases in chapter 5. The
description was made according to the supply cheigess, and the analysis considered the
following elements: global supply chain operatitim impact of the public policies in the
capabilities’ generation, the development of glolsalpply chain capabilities and the

upgrading level. All the interviewees’ content wesed to discuss the propositions in chapter

6.
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Table 6 - Categories for the analysis

Category

Subcategory

01 Industry features

National industry

National industry perspective

Global industry

02 DH's GSC evidences

Relationship with suppliers

Relationship with market

Product characteristics

03 Impact of public policies

The role of public policies

CI-Brasil

PADIS

Other laws

Financial support

Human Resources issues

Infrastructure issues

04 Market for DHs

National market

Global market

Focus on services

05 Portfolio of products and services for D}

Focus on products

06 Global supply chain capabilties

Productive capabilties

Relational capabilties

Innovative capabilties

07 Upgrading

Process upgrading

Product upgrading

Functional upgrading

08 Operational processes

Organizational processes development

R&D processes development

09 Supply processes

Supply processes development

Outsorcing processes development

Partnership processes development

10 Market processes

Demand management processes development

CRM processes development

PNt

Marketing and sales processes developmg

Source: The author
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The term triangulation means that viewing from salvpoints is better than viewing
from one (THOMAS, 2011). Triangulation is the idbat a researcher should consider more
than just one point of view in a study, i.e., mteehniques should be used to gather data or
combine qualitative and quantitative research naghti is worth seeing the same topic from
different angles. It allows triangulating data franterviews with data from documents or
data from other different research method (MYERER9. Thus, for this research, the results
of the interviews with the companies, interviewshwspecialist and secondary data were
triangulated in order to map the semiconductorrclaaid DH’s strategy in chapter 5 and to
complete the analysis to accomplish the objectoreposed in this study in chapter 6.

3.5 RESEARCH PROCEDURES

The research procedures represent the flow of rdiite activities that must be
accomplished to achieve the results expected yithiestigation. Figure 12 summarizes the
organization of this research project describirggtlorkflow employed.
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Figure 12 - Research workflow
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The flow highlights the main activities, starting the focus definition, presented in
chapter 1. The research problem was proposed hbasdderature review and empirical
evidence of the semiconductor industry in the ward in Brazil. The following activities are
related to the theoretical research presented apteh 2. Literature related to global supply
chain, public policies, capabilities and upgradiwgre used to present propositions that
composed the basis for the theoretical frameworisiraction, described in chapter 3. In the
sequence, it is proposed the research design peesenchapter 4. Considering the nature of
the research question, the method is characteagatkscriptive-exploratory, using multiple
cases with a qualitative approach of investigatibme field research is formed by multiple
cases, where data were collected through semitstagtinterviews and document analysis.
The result and final considerations were reacheddmyent analyses, supported by NVivo®,

triangulation of different data and crossed witbaty.
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4 THE SEMICONDUCTOR GLOBAL SUPPLY CHAIN

This chapter presents the semiconductor global lguppain and the Brazilian
initiative to promote an industrial policy to fosteational players in the semiconductor global
chain and the Brazilian focus on the design cemtevelopment. It is based on secondary data
from empirical studies and industrial reports.

A new pattern or structure of the economy, the rimftion and Communication
Technology (ICT) paradigm was established by the @nthe twentieth century, having as
leading producing players the United States, Euyrdppan, and East and South East Asia
(FREEMAN, 2009). It has caused many transformationghe world not only by the rapid
growth and development of new ICTs but more impulyaby their pervasive application
throughout virtually all sectors of the economy (MEDY, 2009). The rise of the Internet
spawned new forms of transacting business in mdrthese other industries and services,
including retail and wholesale distribution, traveind tourism, financial services,
auctioneering and gambling, as well as publishind amformation services (FREEMAN,
2009).

The semiconductor production is an important industeveloped within the ICT
paradigm. Integrated circuit, sometimes called dnimicrochip, is a semiconductor wafer on
which thousands or millions of tiny resistors, cafms, and transistors are fabricated
(PINGQING, 2007). The semiconductor industry’s pretivity has been historically driven
by Moore’s law, which predicts that the numbersrafsistors on a chip will double every 18-
24 months. By following Moore’s law and reducing tinansistor cost or cost per function by
30% each year, the industry has achieved unpadltglowth by providing more capability at
equal or lower cost (LI et al., 2010).

The impact of the chips to the global economy canrdmlized by the increasing
applications of this industry in both social lifacaprofessional activities. In today’s world,
semiconductor has permeated in every part of peopfe like nothing did before. From
computers, automobiles, office equipment, iPodsuch and iPhones, entertainment devices
to all home appliances, none can function withcdwé tntegrated circuit semiconductor
devices (JIANG et al.,, 2010). The semiconductomusgtd; is widely recognized as a key
driver for economic growth in its role as a mukigever and technology enabler for the
whole electronics supply chain network (LU et 2013). The worldwide semiconductor sales
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for 2013 reached $305.6 billion, the industry’'sHagt-ever annual total and an increase of
4.8% from the 2012 total of $291.6 billion (SIA,121).

A great challenge for chip design is the incredgindemanding performance
requirements for electronic systems (Ernst, 2006g introduction of a new semiconductor
product typically necessitates significant changad innovations in products and in the
underlying manufacturing process, and the abibtyncrease output of a new semiconductor
chip rapidly before imitators enter is crucial toftability (MACHER; MOWERY, 2003).

According to Jiang et al. (2010), as the trend lobalization of the semiconductor
industry looms largely and rapidly, countries ire tAsia-Pacific region, such as Japan,
Taiwan, China and India, have identified their ls&nengths in this space. Taiwan has focused
on value added IC design, production and advan€eddnufacturing, while China has relied
on low-cost manufacturing and regional distributiémdia is also a frontrunner in this race
with its expertise in the chip design and softwdegelopment. Over time, each country will
make efforts to leverage its advantages to theedtulunder ever-changing market and

competitive dynamics.

4.1 Semiconductor Global Chain

Semiconductor manufacturing involves a range ofvidiets, including everything
from growing silicon ingots (the source of silicarafers upon which integrated circuits are
grown) to the actual placement and soldering oisfied chips to a printed circuit board
(DENTON et al., 2006). From the early 1960s, thedg®iconductor industry started moving
certain supply chain activities to foreign courgrie order to take advantage of the relatively
inexpensive labor overseas. The success of th@alimtove, together with the receiving
countries’ government support, and the availabiitynighly skilled labor in these countries
have motivated the industry to shift gradually ¢geeaanumber of its supply chain activities
overseas (JIANG et al.,, 2010). By now, the semicotwt industry has formed a fully
integrated global supply chain with very high levef outsourcing and offshoring activities.

Because of its critical position in modern industhe research on the semiconductor
industry is plentiful (LI et al., 2010). The semmctuctor industry has a supply chain network
that is distributed worldwide, and its manufactgrprocess has the particular characteristics
that should be considered in the supply chain freonk (LEE et al., 2006). Due to its

upstream position in the electronics supply chdime semiconductor industry has been
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plagued by demand unpredictability, and movinghgdupply chain from the end-consumer
to semiconductor manufacturing and final testingnpanies, the demand fluctuation is
amplified (LU et al., 2013). Considering it is repented by a worldwide industry, global
supply chain management strategies have helpedsdéh@conductor companies to gain
competitive advantage, with high investments irernational operations and successive
stages of outsourcing and offshoring activitieaANG et al., 2010).

For a period of time, the vertically integrated rab@ppeared to have its major
advantages: the deep knowledge of the design cfysiem helped in-house producers design
products that would work in those systems. As #misonductor technology became more
diffused and better understood, startup companggmi to emerge and grow with newly
developed business models, which were differenimfrime vertically integrated model
(JIANG et al., 2010). The reorganization of globamiconductor production from a vertically
integrated, geographically concentrated, closedtesysto a vertically disintegrated,
geographically dispersed, open system forces commpam the global production system to
share their knowledge more aggressively with distetwork partners as they are under
constant pressure to deliver the products fastaaiower costs (ERNST, 2002).

For this capital-intensive process, the incentife@soutsourcing are not only the cost
of direct labor but also the proximity to skilleéblor, tax advantages, and favorable
government regulations. Asia, including GreaternahiMalaysia, Korea, Singapore, among
others, with a strong government support, accotortghe lion’s share of the worldwide
fabrication capacity with the largest two foundrie§ aiwan: TSMC and UMC (JIANG et al.,
2010). LEE et al. (2006) pose that semiconductonpamies are running a global business
through multiple manufacturing sites, warehousedistribution centers, subcontractors and
suppliers. Manufacturing sites may consist of rpldtifabrication sites, probe sites, assembly
sites, and final test and packaging sites througttwai world. It is necessary for the supply
chain model of the semiconductor industry to ineldlde entire network stream starting from
suppliers of raw materials to customers of thelfpraducts. Along with the deepening of
specialization, some new business models emergaggrated device manufacturers,
foundries, assembly and test, fabless and desigseiso

Integrated device manufacturer (IDM) is a compamst fperforms every step of the
chip-making process, including design, manufacttest, and packaging. Examples of IDMs
are Intel, AMD, Motorola, IBM, Tl and Lucent (PINGRG, 2007). Traditionally, IDM is

regarded as a technology leader and contributoereds foundry is considered only a
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manufacturing capacity provider. In this case,dbemercial suppliers do not make the final
system, but serve as links in the semiconductorustig supply chain, providing
semiconductor elements needed by other systemsatoes(JIANG et al., 2010).

Foundries are providers of contract chip fabrigatitke TSMC, UMC, and Global
Foundry (LI et al., 2010). It may be a large chipker that sells its excess manufacturing
capacity or one that makes chips exclusively fblenocompanies (PINGQING, 2007). In the
semiconductor production stage, maximizing throwghpand utilization of bottleneck
machines are important in wafer fabrication, whie assembly and test line have been
evaluated on due date performance and customesfasaibn (LEE et al., 2006). These
practices and strategies have allowed semicondumompanies to split manufacturing
processes into multiple stages, with each stageghmrformed in the most efficient and cost-
effective way, and the foundries were a more ctistve way to aggregate market volumes
to spread the large and increasing costs of semticxior fabrication over more units than the
IDMs could hope to achieve (JIANG et al., 2010).

The labor-intensive chip assembly/testing functiamsre the first semiconductor
manufacturing activities to be moved offshore (JANt al., 2010). Assembly is, typically,
the process of cutting the wafer into individualpshand packaging the delicate chip in a
protective shell that includes connections to ottmnponents (BROWN; LINDEN, 2005).
As the assembly process became more and more aetbmnal980s, other factors, such as
government support, land cost and economic stabilkcame determinants in the choice of
locations for semiconductor assembly offshorind\RI& et al., 2010).

Fabless, in tis turn, is a semiconductor vendort tdaes not have in-house
manufacturing facilities. Although it designs aedts the chips, it relies on external foundries
(fabs) for their actual fabrication. Fab is a maatdiring plant that makes semiconductor
devices (PINGQING, 2007). The fabless design/foyndodel is characterized by the total
separation of the semiconductor design process fharsemiconductor fabrication process.
The fabless design firms rely exclusively on exé¢foundries for the manufacturing of their
designed integrated circuit chips (for example,iddpMemory, Infineon and Motorola have
outsourced to overseas foundries an increasing @ainafuheir chip production) (JIANG et
al., 2010).

Finally, a design house is dedicated to IC circlgsign and sales, like Qualcomm,
Broadcom and NVIDIA (LI et al., 2010). Chip design highly skill-intensive, since it
employs only college-trained engineers (BROWN; LEND 2005). In short, chip design has
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become by itself a highly complex technology syst&rhere multiple communication and

knowledge exchange interfaces must be managed tameolusly (ERNST, 2005). The

primary reasons for opening offshore design censeesthe need for closer contact with
customers, access to specialized skilled labor,castl reduction. In this case, all parts of a
design, including the whole procedure from speatfan to finished chips, can be outsourced
(BROWN; LINDEN, 2005).

Figure 13 - Semiconductor Supply Chain
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9 Front End ﬂ/ Back End Services

IDM: Integrated Device Manufacturer
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Source: Adapted from Consoércio A.T.Kearney/Azev8dtie/IDC apud Gutierrez and Mendes (2009)

Figure 13 presents a map of the semiconductor gugin, highlighting the main
activities and characteristics of the companies tyerate in each value chain activity
(GUTIERREZ; MENDES, 2009). The whole process is posed of four different phases:

(1) the product design: it makes an assessment of medewmands and it designs the
products;

(i) manufacturing: it is performed by means of physat@mical processes to produce
the wafer. This phase is called front-end;

(i)  packaging and test of the IC, denominated back-end;

(iv)  customers’ services.

The producers of ICs operate in different wayshis supply chain and are classified
according to their business model:

(1) IDMs (integrated device manufacturers): they opeiat all of the chain activities,

from conception to customer services;
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(i) fabless: they accomplish the conception and custsereices activities and outsource
the front and back-end. They own the brand, th&ketand the product;

(i)  dedicated foundries: they perform the physical-dbahprocesses of the components;

(iv)  assembly and test services: they are responsibteddack-end activities;

v) design houses: they are independent and are hyredanufactures, by IDM or by
fabless;

(vi)  silicon intellectual property (SIP): companies thHetense their technology to a
customer (IDM, fabless or design house) as inteleqroperty.

The industry demands that semiconductor compamgwove performance more
quickly than their competitors (MACHER; MOWERY, 280 That is why global supply
chain management strategies have helped the sethictmn companies gain their competitive
advantage in the intensive international competit{JQIANG et al., 2010), where large
semiconductor manufacturing firms have many faeslitand outsource some operations
(DENTON et al., 2006). Thus, the semiconductor stdy as a pioneer to invest in successive
stages of outsourcing and offshoring activitiess bantributed to the development of supply

chain management studies (JIANG et al., 2010).

4.2 Brazil in the Semiconductor Chain

Semiconductor production is one of the prioriti€Boazilian economic planning and
technological development. The country aims to mdi@m a strong consumer of
microelectronics items to a strong player in thenisenductor chain. According to ABDI
(2011), the consolidation of a semiconductor indugt the country is a key element to
achieve competitiveness in its final goods indysimth expansion of technology and
innovation domain and wealth generation.

The consumer electronics industry in Brazil emerdedng the late 1960s, under the
import substitution industrialization (ISI) polignd a heavily protected market. Soon after,
during the 1970s, it expanded as a result of ecamgnowth and the expansion of durables
consumption in Brazil (FIGUEIREDO, 2008a). Brazilasvone of the first developing
countries to use and produce electronic equipnaerat,in the 80s there was a significant local
production of computers and peripherals and a reieodronic industry (MCT, 2002).

According to Figueiredo (2008a), Brazil began toeree a considerable number of TNC
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subsidiaries from the 1960s, and, by the late 19®@se were about 20 consumer electronics
companies in Brazil, of which three were foreign.

The implementation of the “market reserve” polityay no. 7,232/1984) stimulated
the emergence of a local electronics componentssing in Brazil, and, by the late 1980s,
there were nearly 23 semiconductor firms in thentgu(FIGUEIREDO, 2008a). In 1991,
Brazilian industry was shocked by the end of theketareserve policy. In order to protect
Brazilian electronics sector from the sudden coitipetwith international companies, a tax
reduction policy for local manufacturers was issuedhe same year (FINK et al. 2010).
According to those authors, however, the law oaly after 1993, and this two-year gap was
enough to significantly harm the sector. ConsedueR0 of the 23 semiconductor firms that
were in operation during the 1980s disappeared fthe industry in the early 1990s
(FIGUEIREDO, 2008a). In 10 years, the local protuctof semiconductors fell from over
US$ 200 million in 1989 to about US$ 54 million1ia98 (MCT, 2002).

The opening of the Brazilian market made possilbleinbport products and the
implementation of new routines, which can be viewsd paradigm shift (BORTOLASO et
al., 2014). There was an imbalance in the trajgabdrthe semiconductor industry, since the
import of electronic goods was facilitated, dis@ging domestic production. While Brazil
regressed, Korea, Malaysia and Taiwan were mowasg ifi the production of goods in the
electronics industry, especially due to instituiboohesion with their respective governments
and companies (MCT, 2002). Currently, Brazil is @fiche few countries among the world’s
major economies that do not have an electronic ¢texnghat includes the manufacture of
integrated circuits (GUTIERREZ; MENDES, 2009).

In the view of the economic importance of micro&leaics and the precariousness of
the national industry, after 2000 a new strategg im@plemented considering the need for a
new microelectronics policy in Brazil. In March 200the federal government's industrial
policy was launched, which elected microelectronstaong the priority sectors to be
promoted. The ensuing discussions about this sewdthin government joined studies of
Ministry of Science and Technology (MCT), which,2002, launched the Microelectronics
National Program (PNM) (GUTIERREZ; MENDES, 2009)hel PNM is the result of a
national study in Brazilian microelectronics sectdecording to Fink et al. (2010), the PNM
consists of subprograms intended to develop desigmufacturing and packaging sectors.
This program was developed to combine short-tertiorze to establish the instruments of

fiscal policy, credit and logistics infrastructueattract enterprises, with policies and actions
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that have focus on results in the long term, inicigdspecialized human resources and
investment in R&D activities related to microelectic complex, investment attraction and
internal market development (MCT, 2002).

Each subprogram outlines opportunities, actionsgoity mechanisms (FINK et al.
2010). The main subprograms that can be detachaer tinis PNM are the new Information
Technology Law (beginning of 2000), Innovation L&om 2004), Bem Law (from 2005),
Cl-Brasil — Implementation of Design House (from03)) PADIS — Support Program for
Technological Development of the Semiconductor $tiu(from 2007), and PACTI — Action
Plan for Science, Technology and Innovation (frddQ?2).

* New Information Technology Law (beginning of 2000)

The main purpose of the new Information Technolagy is to stimulate research
and development (R&D) in ICT throughout the counfgcording to Gutierrez (2010), it was
established in 1991, known as Information Technplogw, which lasted through the end of
the 1990s. This law was extended and amended ®egqubnt legal instruments up to the end
of 2019. In order to use such benefits, enterprsbeaild apply in R&D the equivalent to at
least 5% of their gross sales in the domestic narkerestments in R&D to external
companies must be made in teaching and reseatohisoress incubators focused institutions
ICTs, usually linked to such institutions (GUTIERRE010). The incentive is a reduction on
industrialized products tax, and companies mugt theest a share of the income from the
supported products in R&D. Tax reduction amount8®% of the original tax value, and
these benefits are guaranteed until 2014. Foureperaf revenue must be spent in R&D,
either inside the company (total income less th&DWB million) or both internally and in
external R&D projects (FINK et al. 2010).

* Innovation Law (2004)

The Innovation Law, among other things, authoremed organizes the R&D activities
and the use of research infrastructure of scierdifid technological institutions (ICT), as well
as economic exploitation and allocation of intelle¢ property associated with the products
of these activities, including relationship betwé€r's and the market (GUTIERREZ, 2010).
However, its most important features are the messtar foster the development of innovative
products and processes. These measures includeneicosubsidy, i.e., non-refundable
funding to finance projects with technological r{(§&UTIERREZ, 2010).
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* Bem Law (2005)

The Bem Law reduces to zero the rates of the Saai@gration Program (PIS), the
Public Employee Patrimony Formation Program (PAS&#) Contribution to Social Security
Financing (COFINS) on the sale of low cost micropoers—priced up to US$ 2,000. This
action was part of a list of measures for the Rigihclusion Program, that aimed the spread

of computerization in class C families and smaBibasses (GUTIERREZ, 2010).

» ClI-Brasil — Implementation of Design House (2005)

The CI-Brasil program was created in 2005 as aortetid develop Brazilian IC design
sector in the scope of PNM’s actions. The missi®rta contribute to the creation and
organization of an ecosystem of microelectroniegksg innovation in products and the
inclusion of the country in the semiconductor scgr{€I1-Brasil, 2014). The main objectives
are the creation of national design houses anatthaction of IC design activities developed
abroad (FINK et al., 2010). The CI-Brasil prograsrsiructured to foster economic activity in
the project area of ICs, expand and qualify desgoé integrated circuits and promote the
creation of a national semiconductor industry (AB2011). In order to stimulate the creation
of design houses, the government, through this rpmg gives infrastructure incentives
(buildings, workstations and EDA tool licenses) aaldo focus on human resources
development, creating training centers and offesofgolarships (GUTIERREZ; MENDES,
2009).

With investments exceeding US$ 50 million since®@¥azilian government aims to
develop technical and business capabilities torirBeazilian DHs worldwide, enabling the
country to participate of the semiconductor globadustry (ABDI, 2011). According to
ABDI (2011), the government investments are focusedi) training of specialized labor,
through the creation of training centers with aamy to develop 200 designers per year,
i) supplying licenses of software for projectse@tonic design automation (EDA), hardware
infrastructure (servers, workstations, plottersecsg printers, etc.) for DHs hosted in
universities and in institutes of science and tetdgy (ICTs); iii) providing scholarships for
graduate and undergraduate programs. Some schptaiie available for the development
of project activities of ICs at the DHs and cenfersject dependencies; and iv) attracting of

foreign companies by productive investment in Brazi
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* PADIS — Support Program for Technological Developtrad the Semiconductor Industry
(2007)

On May 31, 2007, the Support Program for TechnellgDevelopment of the
Semiconductor Industry (PADIS) was created, contatimg a series of tax incentives,
including exemption from income tax, for the reatisn of chip projects in the country
(GUTIERREZ; MENDES, 2009). According to the Law ridl,484, of May 31st, 2007, a
beneficiary of PADIS is a legal entity that invegtsR&D and conducts, either jointly or
severally, in what regards: i) semiconductor etautr devices in activities of concept,
development and design; diffusion or physicochehpoacessing; or encapsulation and test;
and ii) displays in activities of concept, develagnh and design; manufacture of
photosensitive elements; photo or electrolumingsaad light emitters; or final assembly of
displayer and electrical and optical tests. The FFABobmbines incentives to reduce taxes on
production and export. It offers incentives to camigs that, in return, need to invest at least
5% of their local revenue in research and developm&Enother support mechanism offered
by the government is the financing lines by BNDHBagilian Development Bank) for
projects in design house, front-end (wafer fab) lback-end (assembling and testing) (ABDI,
2011).

« PACTI - Action Plan for Science, Technology andowattion (2007)

The Action Plan for Science, Technology and Innowvat(PACTI), launched in
November 2007, is intended to integrate other gowental action plans in the scope of
science and technology. These action plans arkerateas of education, agriculture, health
and industry, where science and technology becostategic issue. PACTI's main objective
is to create conditions for Brazilian companies develop technology, thus leading to
increased added value products, and competitiveneke global market (FINK et al., 2010).

The difficulties of creating a microelectronic egstem characterize a great challenge
that should be overcome to reduce the trade defi@lectronics, that between January and
October of 2008 was US$ 19.42 billion (US$ 3.62idml were specifically related to
semiconductors) (GUTIERREZ; MENDES, 2009). Figueshows that this movement has
already begun, highlighting Brazilian participationeach main step of the semiconductor
chain. All Brazilian companies are spread throughba country, without a clear pattern of

location for the industry setting. The design heuaee located close to universities due to
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their vocation for researching. Manufacturing atgeg (front-end and back-end) located their

plants looking for government support, tax inceegiand availability of investors.

Figure 14 - Brazil in the semiconductor chain
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Source: Adapted from Peter (2011)

4.2.1 Design

The design is the value chain activity that repmesa good opportunity to develop
technological capabilities to join the semicondugtmbal chain. This is a knowledge-based
activity that uses logic blocks and electronic edets to develop new integrated circuits with
the functionality demanded by customers (KIMURAQ2Z)

The Brazilian Ministry of Science and Technologyab$ished the CI-Brasil program,
which is in the scope of the Microelectronics NasibProgram and, since 2005, has been
inducing the creation and implementation of the rogtectronics design in the country.
Currently, there are 22 design houses distributeoughout the national territory. Partially,
they are supported by the program and 13 of thesganies are non-profit organizations.
Most of them are spin-offs that have emerged orcamenected to universities or public
research institutions (CI-BRASIL, 2014). Furthermothe program has actions to fulfill the
conditions and demands of this sector, such aagtrfrcture and human resources (FINK et
al., 2010).

4.2.2 Front-end

The front-end is considered the activity with highalue added in the process

(GUTIERREZ; LEAL, 2004), but it also requires largevestment in infrastructure and
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equipment (Kimura, 2005). It is very difficult far developing country to begin an operation
in semiconductor chain by the wafer production.r€uafty, in Brazil, the only organization

with infrastructure, capacity and expertise to jice wafers is the Center of Excellence in
Advanced Electronic Technology — CEITEC S.A., supgmb by technology transferred from

Motorola (FINK et al., 2010). It is a Brazilian did company that develops and

manufactures applications of semiconductors foedlsegments: RFID, wireless and digital
multimedia. CEITEC is considered an important tmldevelop productive and innovative
capabilities in all the three main steps of theisenductor chain.

A manufacturing operation has already been annaunteBrazil, the Unitec Blue
(former Six Semiconductors), with investments ofrenthan half a billion dollars. The new
plant began to be built in 2013 and operationsptaaned start in 2015. National Bank for
Economic and Social Development (BNDES) is onehaf $enior partners. This plant will
generate 300 new direct jobs. Other partners aM, IBDMG and the groups Matec
Investments and Tecnologia Infinita WS-Intecs (VE2812). The goal is to produce 360
wafers per day, with a focus on specific appliaadidor sectors such as medical, industrial,
smart cards and documents (BAGUETE, 2012).

4.2.3 Back-end

As back-end activities demand less investment tbandries, Brazilian government
considers them an opportunity to prepare the nacgssupply chain elements for the
attraction of new investments (FINK et al., 20109 promote the back-end operations in
Brazil, as public policy it is possible to highligthe role of the Support Program for
Technological Development of the Semiconductor $tdu— PADIS, which offers tax
incentives to stimulate the sector (GUTIERREZ; LEAI004). It is also possible to detach
the back-end operations of two companies in Bradil: Micron and Smart Modular
Technologies.

HT Micron is a joint venture between the South KdseHana Micron and a pool of
Brazilian companies led by group Altus (FINK et, &010). This joint venture has an initial
investment of US$ 30 million, with revenues of US¥ million by 2012 and US$ 1 billion
by 2014. In regard to the participation in the HBraa semiconductor market, which is

currently US$ 17 billion per year, HT Micron expeet share of 20% of this value by 2014.
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Itaucom left the packaging market in 2004 and weadity substituted by the
American company Smart Modular Technologies. Thisngany has already invested
US$ 100 million in the country, operating mainly time packaging and testing operations.
Smart foresees for the next three years an investme US$ 150 million in advanced
technologies for packaging operations. Its intani®to meet the high demand for domestic

components used in mobile applications.

4.3 Design House Strategy

Until quite recently, chip design has indeed reradiheavily concentrated in a few
centers of excellence, mainly in the United Stabes,also in Europe and Japan. However,
fundamental changes have occurred over the lastyéaxs in the location of chip design,
signaling a growing geographical mobility leaded Agian countries (ERNST, 2005).
Concerning the actions intended to foster the pevomce of chip design in Brazil, the
Ministry of Science and Technology (MCT) establghe 2005, the CI-Brasil program,
featuring the creation of the so-called design Beu@DH). These companies would be
structured pursuant to either strategy: connectiéd Brazilian technological institutions or to
multinational companies in the sector (GUTIERREZNDES, 2009).

According to MCT (2005), Cl-Brasil is an importanstrument for making it possible
to:

» develop final product engineering in Brazil focusedhe electronic complex systems;

» develop computer tools for supporting IC projectg @ompanies and/or software
development centers located in Brazil;

» stimulate synergies and externalities drawn fromgtiengthening of technological parks
focused in various segments of the electronic cerplith the creation of IC advanced
design centers and advanced infrastructure focdele cutting-edge electronic design
automation — EDA tools (specialized software), higérformance workstations and
shared-use libraries;

e increase competition in the different national ewoic sectors through the supply of
innovative products and services, both differeatiaand value added with the use of ICs
developed in Brazil;

* Dbroaden personnel training and capacity-buildingpsuting projects cooperated among

education institutions and research centers anganias, with the major purpose to meet
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the real needs of the production sector; promote d@kchange with internationally
renowned companies so as to train designers andtyfamembers in state-of-the-art
techniques, methods and tools;

« strengthen the national electronics industry by mee# the spread of concepts related to
the manufacturing of semiconductor devices andnigcies and computer tools used in
the IC project with Brazilian electronic engineers;

e encourage technology-based entrepreneurship foausd@s and software development
to support this activity (EDA).

Two main reasons can justify this choice: the ingoaee that the design phase plays in
the development of a semiconductor ecosystem; @ancdcost for their development (ABDI,
2011).

The design phase, considered crucial and decisigenerating innovation, is the first
stage, characterized by the creation and desigrthitn context, innovation refers to the
creation of new features and capabilities in irdégpt circuits (chips) that will be used in the
final products (ABDI, 2011). A design house gatheusnan capital and specialized tools for
computer hardware and software for the creationesrihncement of integrated circuits (IC),
ranging from the very IC design and the refereresgh project associated to the IC up to the
creation of IC simulators, operating systems arftiveoe development kits, as well as the
firmware design, the embedded software for thegiatted circuits (MCT, 2005). The design
stage triggers advances in the front and back-end determines the geometric and new
features of the new generation of chips, actingaadriver for the miniaturization of
semiconductor structures and technological advaie&dl, 2011). A new evolutionary
cycle (new technology node) of the semiconductdustry triggers an evolutionary cycle in
several other related industries.

Regarding the costs for implementations, a littteoant of capital makes it possible to
structure a design house (DH), with a small inftattire, design tools and some technicians.
The activity of such a business is likely to bet jpsoviding design services to fabless
companies, IDMs or electronic goods manufactureeking a differential for their products
(GUTIERREZ; MENDES, 2009). According to MCT (2005dhe investment on the
implementation of manufactured units capable ofdpoing chips typically ranges in the
hundreds of millions of American dollars, or atde&ens of millions when considering the
plants needed for the encapsulation and testirgestdn manufacturing, where hundreds or

thousands of chips are produced (depending onizkeo$ each chip and the size of wafers),
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the necessary investments start at US$ 500 milimhcan reach values of the order of US$ 5
billion. This step loads the greatest technologichhllenges and executes operational
procedures of high complexity. Packaging and tgstaquire investments between US$ 50
million and US$ 500 million, depending on the siz@es of packages and complexity of the
products (ABDI, 2011). Nonetheless, it is possiflieengage the integrated circuit business
with relatively modest investments (of about hundref thousands of dollars per installation)
beginning with the design activity in the countgt, the same time contributing for the
training of personnel that are indispensable flurther expansion of local supply activities in
producing integrated circuits (MCT, 2005). The pajoperations under the domino of the
design houses require investments between US$ 3J&$150 million, depending on size
(ABDI, 2011). Chip design is highly skill-intensiveince it employs only college-trained
engineers. A couple of medium-size chip designksemiploy as many electrical engineers as
a fab for a year or more. In practice, design teeamsalso be as small as a few engineers, and
project duration varies from months to years (BROWMNIDEN, 2005).

The Brazilian government is aware of this issue ahdhe strategic importance of
having an effectively implemented microelectrontogystem in the country, which includes
design activities. Many initiatives and efforts balveen applied to foster the creation and
consolidation of Brazilian DHs and draw semiconducdkesign centers of major international
companies (GUTIERREZ; MENDES, 2009). In order tovenap as players in the global
semiconductor chain, Brazilian DHs still need towelep capabilities to upgrade in terms of
product and processes and achieve global standpetations. So, it is important to identify
and manage the main internal and external drivepansible for these capabilities
generation. According to ABDI (2011), building caldgnce in DHs entrants, sustained in the

ability to design and deliver products, is an imtgot factor for the success of this movement.
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5 THE BRAZILIAN DESIGN HOUSES

This chapter presents the results obtained inrdsearch and it is organized in two
parts. The first part presents the descriptiorhefdases, made according to the supply chain
process, divided into three groups: supplying psees, operational processes, and market
processes. For that, primary data came from tleeviews accomplished with the companies’
members. The second part presents a cross-casgsianabnsidering as primary data the
content of the interviews of both companies andcigfists. It is structured by four
perspectives: global supply chain operation, theaich of the public policies in the
capabilities’ generation, the development of glolsalpply chain capabilities, and the

upgrading level.

5.1 Cases

The content of the interviews carried out with ttempanies’ members of the four
Brazilian DHs allowed to understand their currepémtions. Four cases were analyzed, each
one with specific differences: one is spin-off of a research center, one is a nonprofit
organization, one is a private design center fotspecially in IP’s development, and the last
one is a state-owned company. Even consideringhleaiour DHs present different features,
all of them had, in common, the following charastgrs: they emerged from the new
Brazilian industrial policy for the microelectrosicthey are supported by public policies and
are developing international partners for theirrapens.

The cases are described according to the contahises of the interviews carried out
with three members of each company, consideringudikee, technical and operational points
of view. The description of each case considemsetigroups of supplying processes: the first
one focuses on processes related to operationssissuch as organizational and structural
processes, products and services, and initiativeéesearch and development; the second set
of processes presents the companies relationshippartners and suppliers; the last one is
focused on market processes such as demand mandgemeketing and commercialization,

and customer relationship.



101

5.1.1 Case 1: A Spin-off of a Research Center

The first case concerns a private design house JDi1s a spin-off of a research
center selected as one of the companies that arefphe Cl-Brasil program in the federal
semiconductor initiative of 2008. DH1 is alignedtb@ national interest of promoting growth
within the semiconductor industry and, thereby,ciplg Brazil in the international arena.
According to this DH’s executives, the foundaticgaywas influenced by the public policies:

The plan was to open the company in 2010, but wieipated it because of the
Cl-Brasil public notice that was offering incentiver private Brazilian DHs
(CEO1).

Its mission is to create products and solutionsbkgof optimizing self-sufficiency in
the management of environmental energy harvestmgieveloping high-performance, low-
power integrated circuits. The company aims to becoeference for promoting renewable

energy in the semiconductor energy industry.

5.1.1.1 DH1: Operational Processes

As a design house, the initial mission of this tsfarwas to develop a portfolio of
customized projects and services including comsyliservices, ranging from feasibility
studies through the initial production stages okwa chip. It delivers analysis, requirements,
IC specification, implementation, including verditon, prototyping, validation of electrical
parameters and robustness, final test developmmahtfiald tests of ICs. The DH faced
difficulties and weaknesses to maintain the prelamy strategic focus.

We have been working with services since the bewjrof the business. We know
that it is not sustainable for the long term. Wendd have a regular demand, and
each project has a long lead-time. We also haveci@wpanies in Brazil buying

this type of service. We are proud about the serwie deliver, but we do not have
enough demand to sustain our business. We haw tmiesell our services to

foreign companies, but we compete directly withdn@hina and Eastern Europe

that are more competitive in terms of cost (CTO1).

So, the difficulties to supply domestic customeetated to the shortage of companies
that invest in R&D in Brazil, the difficulties toperate for the international market, related to

the low competitiveness in terms of price, and difBculties to seek founding to invest in
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service in Brazil led the company to review its coperational strategy. The company’s main
strategic focus became a combination of servicdspaoducts. Regarding this perspective of
products, the company operates as a fahlesghout investments in manufacturing facilities.
According to the CEO, the main strategy is to depethe product, keep the intellectual
property, invest in project infrastructure and coencralize the products. The CTO reinforces
that this business model depends not only on teahmssues but also on capabilities to
develop suppliers to manufacture and assemblyribatupts.

To foster the product strategy and the fablessnlessi model, the research and
development resources are oriented in three domexti market analysis to identify
opportunities, structuration of an engineering tdaoused on product development, and the

identification of funds to finance the product dieyenent.

We have made all this market analysis, but we waqurlefer to start the
development process to attend a specific demaondstdbmers. We have industrial
policy, but it is not clear what are the problemsdahe market demand that we
should cover (CEO1).

The company keeps the same group of engineers ngpiiki the development of
products and in the development of services. Howeaexording to the CEO, gradually the
group is focusing more on products. This is the gany’s priority for growing and the
company does not have resources to keep two diffaemms. The team of engineers is
supported especially by the CI-Brasil program th#ers scholarships from CNPq. The
company recognizes that scholarship is not the besthanism to work with such a
specialized team. This is what the government sféex part of the industrial policy and the
company does not have resources to hire and ddabat and legal obligations.

There is a risk. We have good and skilled profesdsy but we cannot offer
guarantees to keep them for a long time in the emyplt is the wrong
mechanism, but it is what is possible to do attmsnent (CEOL).

Developing and launching a microchip in the markstolves a high level of
investment. The company does not have enough geasato offer to banks. So, it requires a

great effort to search for different kinds of peblnd private funds to finance specific

! Fabless is a business model. The company accoraplisie conception and customer services acti\aties
outsources the front and back-end. They own thadyrthe market and the product and do not invest in
manufacturing infrastructure (GUTIERREZ; MENDES 020
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activities of the development product process. Agicg to the CTO, this great effort to seek

for different sources of funding also reflectshe efficiency of the product cycle:

We spend a lot of time focusing on the financiat,paising funds. Part comes
from CNPq, part from FINEP, a little from the Fowatbn and CRIATEC. If we
could have access to a single resource, that cdratess all of the investments, it
would be easier to only manage and focus on thdumioand how to put it on the
market. That would allow us to be more efficient@Q).

5.1.1.2 DH1: Supply Processes

To operate as a fabless, it is necessary to séarcuppliers that can accomplish all
the manufacturing activities. The company needdeteelop suppliers to outsource the main
value activities that involve production infrasttues to manufacture (front-end), package
and test (back-end) the microchips. According ®gloject leader, the choice of the factories
and suppliers is closely linked to the projecthaligh there are companies in Brazil working
with these activities, they cannot meet all naticemands, both because of technological

and capacity constraints.

We do not have in Brazil a company that can offertiype of services our chip
needs. On the other hand, our volumes are not ttra for a national company
to develop a specific assembly line to attend @&ds. The companies abroad are
more flexible and work with different technologsesl smaller batches, attending
different companies with more competitive pricesQT).

It was not easy for young Brazilian companies teetlgp suppliers globally. The CTO
commented that Brazil is not seen as a country eagbabilities to supply technology for the
semiconductor industry. The government has promat@ue events to approximate the
Brazilian companies to international suppliers, blibse are very specific actions. To
negotiate with those global players, the CTO tdldt tthey were received sometimes with
surprise, skepticism or even curiosity. Howeveer¢hare, in the global industry, companies
that have consistent manufacturing process, irteteés meeting the demands of startups and
smaller DHs. The main element used for trading wWees cutting edge of technology
developed by this DH.

At the end, when they understood the product tleaie developing, that it is
really at the forefront of technology to solve gibproblems and linked with the
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internet of things, sensors and those global demmatitey became interested in
negotiating (CTO1).

One of the greatest mistakes made by the comparsyrelated to the outsource
process development. Their main supplier went hgtkin the middle of the product
development process. For this kind of operatioris itecessary to choose the supplier before
starting the development process, because the contyaes to work under the supplier library

technology.

It was painful. The first factory we hired went keupt exactly when we made the
first production order. We had spent almost two rgeworking under their
technology. In this industry, the product is conglie dependent on the
technological supplier choice. The product was sgep to be on the market two
years ago. Imagine the chaos. The supplier is g serious problem (CEO1).

After this experience, the company improved thepsap qualification process,
including new elements of analyses, such as ranttiegbest companies in the industry,
market operation, economic and financial reportyams

According to the interviewees, there is one impartastriction of the fabless model
that needs to be considered. Nowadays, the natindastrial policy does not recognize the
fabless operation as a priority in its guidelings, there is no incentive for all this efforts of

outsourcing the manufacturing activities abroad.

The PADIS does not have tax incentives for a fabbgeration. We have to pay
all the taxes to contract the services with thebgloplayers, what increases the
costs in a noncompetitive way. To bring the procumtk, we have to pay the
same taxes that some foreign competitor would pdyihg its product to Brazil
(CTO1).

5.1.1.3 DH1: Market Processes

Considering that the long term strategy is focusegroducts, the following challenge
Is to prospect demand and distribution channeldedms of products, the company did not
start with a specific demand for a customer. It wastivated by a market analysis and a

business plan. They do not consider this the liesgtegy, but it was the opportunity they had

to start:
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The best would be to begin with a demand of a oustoand then develop the
supply chain. All this development process hasga lebst, and nobody pays for
that. Fortunately, we are confident that we areesting in a promising solution
to the marke{CEOL).

Once the development product process is under @tiop] the next challenge lies on
the marketing and sales processes. The productcesiving some adjustments and the
company is preparing all the instructions and doentation necessary for the specifications.
The supply chain is set to process the first orddosvever, the DH still needs to sign the first

contracts to consolidate the product strategy:

We are prospecting, but we do not have order y&. challenge now is in charge
of the executives. | believe that, after we hawefitst order and the product
running in some customers, it will be easier toaxpmarket and consolidate the
product (PLR1).

The DH is developing its structure for the commararea. According to the CTO,
there is no public incentive for marketing and caencralization. So, the company is using its
own resources to sell the products. The foundatsupgort with its commercialization and
communication area.

Figure 15 presents the main elements identifiedifersupply chain processes in DH1.
The case’s description demonstrates maturity imgeiof organizational, research and
development, and outsourcing processes. Markeepses are still in progress and represent

the next step and challenge of this DH, both td se¢ional and global customers.

Figure 15 - Map of DH1 supply chain processes
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5.1.2 Case 2: A Nonprofit Organization

The second case concerns a nonprofit design h@us2)( It is linked to a research
foundation of a public university and began itshatdés in July 2009 under the CI-Brasil

program.

We have been using the benefits of the Cl-Brasijqam since the first version.
The scholarships and the software provided by GisBrallowed us to develop
our operational structure (CEO?2).

Its objective is the design of integrated circidiitem specification to prototyping and
manufacturing of the chip. Beyond engineering s®wj this DH has developed a 100%
Brazilian microcontroller. In partnership with theiversity and private companies, this DH
aims to turn possible the political initiative olet federal government to spread the

development of nanotechnology and capabilitiesrazBin the microelectronic market.

5.1.2.1 DH2: Operational Processes

The main characteristic of this DH is the fact titails a nonprofit organization. It
emerged as a linked project of a foundation in Alipwniversity attending demands of
engineering services. As a nonprofit organizatibis DH is able to use the whole package of

benefits of the CI-Brasil program.

Since we are a nonprofit organization, besideshibeefits of scholarships to hire
engineers, we also have the access to softwarasksefor integrated circuits
development (CTO2).

According to the CTO, the fact of being part of tbandation allows the DH to use
physical structure, laboratories and the purchasgesy of the university that has tax
incentives in international trade. This organizadiloownership also presents barriers that

create some constraints in terms of bureaucracyiimitdsome entrepreneurial initiatives:

We are subject to some bureaucracies of accourtighithich increases the time
of development of our projects (PRL2).

We have to be linked to some project, and it ispusisible to structure a sales
area and commercialize products or services (CTO2).
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Originally, the company was created with focus ngieeering services to support the
foundation projects. Now, it mixed its portfolio dasing on services and product
development. DH2 does not see opportunities fowgrg with a strategy based on services.
They argue that there is no national market ang dleenot have capabilities to compete with
foreign design centers for the global market. Ténwises are sustaining the business, but the
long-term strategy is based on products.

The intention since the beginning was to work vpitbducts and operate as a
fabless. To work with product development, protetygontrol the manufacturing
and generate intellectual property and royaltiemigiheering services was a
beginning opportunity (CEO2).

Regardless of this decision, both the CEO and th@ &ffirm that the main restriction
to focus on products is the fact that there arengentives in national industrial policy to

operate as a fabless.

The PADIS, for example, has taxes incentives fontfend and back-end
manufacturing activities. To commercialize a pradusing a fabless model, |
have to outsource all these activities abroad. Nidays, there is a high tax
burden involved on those transactions that affieetfinal cost (CEOZ2).

Since the beginning, the company had a clear ifl#@egoroduct they should develop.
According to the project leader, the necessityhefproduct came from a specific customer’s
need. This condition avoided an intensive marketlyeis, and the company concentrated
energy in the product development, seeking fundssanrcing of suppliers.

While operating as a fabless, one of the challengds seek funds to finance the
product development. The characteristic of thisirmss model is that customers pay for

products, not for projects.

There is not enough specific fund to support al ¢bsts involved in a microchip
development. So, we had to compose different fisojecuse the resources of
different public funds, such as FINEP, CNPq and&ér (CEO?2).

The company has no access to private venture tapiththe national companies do

not have the culture to invest in research andldpugent.

Our second customer is investing in the project,vbith a participation of only
10%. We are still deeply dependent on the goverh(@02).
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When asked about the innovations issues involveldrprocess:

Our product is innovative, because there is madggiortunity. In addition, the
process was innovative because we developed itaMilv cost compared to the
market average. The product architecture has gaedra patent (CEO2).

Another challenge is how to retain all the engisedr most of them receive
scholarships. The CTO comments that nobody devetogsreer with scholarship. This
situation will only change with the success in coanoralizing the products.

5.1.2.2 DH2: Supply Processes

The main effort related to supply processes wasléwelopment of the international
networking to outsource the manufacturing actisitie prototype and prepare the engineering
batch of the product. According to the CEO, thednkee international suppliers was because
of the absence of national ones to attend theicipeneeds in terms of technology and

volume.

In order to use the benefits of PADIS, it would imeportant to have
manufacturing activities processed in the countrgm dealing with a national
supplier, but he argues that our volumes do ndifjugnvestments in technology
needed to produce it (CEO2).

They hired a foreign company that was interestethenBrazilian market and could

work with low volumes:

We are dealing with global players. We are learnlhmgv to do that. Our main
supplier is a German company, with a factory inaAsind we are dealing with its
office in the USA (CTO2).

The market is pressuring for cost reduction. SiheeDH does not produce, the only
alternative for cost reduction is on the negotiatwith those suppliers. For the mass
production batches, the company needs two diffeseppliers: one for front-end and the
other for back-end. To avoid paying importation esxwice, they decided to hire one
company that will be responsible for executing filoet-end and subcontract the back-end to
deliver to final product. This is the alternativeey found to have only one contract and pay

all the taxes only once. Considering that there rexespecific rules to support the fabless
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model, they are subject to the international trgdix burden. They have an intensive and
long-term relationship with the international supgd and it is considered collaborative:

We have a very good and collaborative relationshifh the supplier. They are
very interested in the Brazilian market (PLR2).

In terms of partnership, the company detached ssitunations about DH3 (the third
case of this study), one customer and a natioat sp. DH3 is developing part of the
product, thus, according to the CEO, the produltings to both companies. In addition, one
of the customers is considered a partner because financing part of the product
development. The CTO poses that it is an initiatofeprivate funding and the company
provided 10% of the amount of the money investednia of the products. Also, the national
startup developed part of the product. Accordingtte CTO and the CEO, there is a
possibility that this company pays royalties to ooencialize the product; they are still

studying this alternative.

5.1.2.3 DH2: Market Processes

Nowadays, the demand management is oriented tafisprestomers’ needs. The first
customer came with the necessity and the compashyhieatechnology and interest to develop

and produce the microchip.

The product emerged from a customer need, and we amall company with a
flexible team capable to focus on different demdRéRd_2).

The CEO poses that, for this kind of market, onghhproduction scales justify all the

investments:

There is a great pressure for low costs. For thpedfic product, there is a
demand for 1 million of chips. So, it is the momenprospect new demands of
new customers (CEO2).

Considering that the product can be used in apgpits of different customers and the
supply chain has a long lead time, the CTO reim®erthe need for a demand forecast

procedure. He argues that the international praoludbgistics is long and the customs
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procedures in Brazil are not as efficient as thdustry needs, what will lead the company to
work with stocks. When asked about national or globarket:

We will focus and consolidate our product in théioraal market. There is a local
demand. Once we achieve maturity, we can thinklaoki for the global market
(CTO2).

According to the CTO, now that the product is deped and prototyped and the
supply chain is structured, the DH needs to comatntefforts to find alternatives for mass

production and commercialization.

For the next months, | will be dealing with privatempanies and public
institutions to raise funds to finance productiadhnes. We did our part as a DH,
we developed a microchip, with low cost and maiietéCEO?2).

For commercialization, the interviewees mentionaahe possible alternatives such as
to create a startup and to license royalties. Arywa will be important to have the
recognition and fiscal support from the governnfenthe fabless model.

According to the CEO, an element is still missimgl avill be fundamental to start the

product commercialization.

Once we commercialize the first batch, it will bgportant to have a support for
technical and operational issues in the customepliaptions. We are also
looking for this solution jointly with the alternaés for commercialization
(CEO2).

Figure 16 presents the main elements identifiedhifersupply chain processes in DH2.
The case’s description demonstrates maturity imgeiof organizational, research and
development, outsourcing and demand managementegg®s. Commercialization and
marketing processes are still incipient in DH2 oitceperates as a project in a nonprofit

organization.
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Figure 16 - Map of DH2 supply chain processes
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5.1.3 Case 3: A Private Design Center

The third case concerns a private design house XD began activities in 2008
under the CI-Brasil program. This program annourer@nfocused on private design centers
and it was the main driver for the opening of tosnpany.

The program encouraged the opening of our businEssguse it was necessary to
have a company to use the resources. We used rimmarces for four years and
we have signed a contract with CNPq for new resesitty 2016 (CEO3).

It is a startup with focus on the development oflRrportfolio with silicon-proven
status. Its IP’s architectures allow higher levetastomization together with high portability,
providing unique level of freedom on customer desigquirements. According to the CTO,
the company’s current operational strategy folldgias model of a design center as foreseen
by the CI-Brasil program, delivering engineeringveses and IPs, which is an intermediary

between service and product.

5.1.3.1 DH3: Operational Processes

In order to begin its operations, this DH used hibaefits of scholarships offered by
Cl-Brasil and set up its structure within an indapafor technology-based companies.
Nowadays, the DH has finished its period of incidraaind it is already able to afford its own
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structure. The scholarships are still importargubsidize part of the engineers hired by DH3.
The previous professional experiences of the formbave driven the business plan of this
DH. Both the CTO and CEO have international expeeeand they have worked and

researched with successful global players.

We have worked, studied and researched abroad. p&isd was important
because we have developed the networking to stadmeration (CEO3).

This experience abroad was fundamental for thendifn of the focus of our
business (CTO3).

According to the CEO, DH3 started the activitieshmsome services and consulting
activities to sustain the business, but the focas t@ develop an IP library. It is accompanied
by close and flexible support for IDM, pure playfaries and fabless companies worldwide.
It also has a complementary services portfolio thatudes studies and design of analog

circuit blocks to ASIC development solutions andsadting services.

Since the beginning, we were looking for the iraéiomal market. The advantage
of IPs for us is the fact that we have the posgibib commercialize one IP for
different customers. In fact, a portfolio of IPsaiportfolio of product¢CTO3).

The DH is in a moment in which it has to make nexeisions and reformulate the

strategic business plan if it wants to achieve sap&vels of sales.

We believe that, if we want to continue growing amalve considerable
improvements in terms of incomes, we will have himkt in a microchip
development and commercialize products (CEO3).

Both the CEO and CTO believe that this will be mpartant decision and they are not
prepared to make it now. It will involve more ara$yand internal discussions, especially
because it implies in the adoption of a fabless eh@ihd there are no clear governmental
benefits for this kind of operation.

The use of an IP is only justified if it is integgd to the functionality of a microchip.
So, the objective of the engineering team is t& siee IP feasibility, working closely with the

customers. The CEQ’s position is that IP bringsenmesults for DH in terms of incomes.
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An [P can be reused. This is not the case of a paggneering service. | believe
all the DHs should work on this modekould say thaain IPcan be aerviceon
the shelf. Nowadays, we have about 140 IPs onlwelf € TO3).

The company uses the benefits of PADIS in orddinemce its own R&D. In order to

use the benefits of this law, 5% of all income tmabe invested in R&D.

As R&D is the nature of our operation, we are a@olénvest internally the limit of
4% required by the [ayCTO3).

5.1.3.2 DH3: Supply Processes

The DH outsources all the manufacturing activinegded to develop the IPs and to
guarantee their quality and functionality in thesttumer’s product. According to the project
leader, they have different relationship and catsravith different suppliers. Most of them
are international suppliers. DH3 works with fourdrto manufacture the chip, companies to
package and test houses to ensure the operalfiprpducts.

We are working with international suppliers becaubkere are no foundries
operating in Brazil. There are companies with backt capacity in Brazil, but
they do not work with the technology and low voluveeneed (PLR3).

It is important to work with companies that operaith low volumes and are flexible
to negotiate costs. DH3 searched for suppliers\ilesé interested in dealing with Brazilian
companies.

Seeking for international players is part of then@®nductor industry. However, the
CTO argues that it would be easier if there wengpbers in Brazil. It would not involve
international trade, especially for prototypingdueing the design costs. In some specific
cases, it is possible to outsource packaging #esvio some Brazilian CTIs. As they are
nonprofit organizations, there are opportunitieaggotiate lower costs.

In terms of partnership, DH3 points out the relaginp with suppliers, customers and
other national design houses. The relationship sugppliers and customers can be considered
part purely commercial and part collaborative.

It takes time to develop a good partnership. Beeaxfsour previous experience,
we had our networking. However, it is different whgou look for those
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companies as new and small company. We had to buwitd and credibility
(CEO3).

When they start to develop their process of resgadevelopment and supplier

sourcing, the decision was to look for companiethefsame size.

Dealing with smaller companies allowed us to havwmkanced relationship, with
similar bargain power. To this day, we keep a gbodiness relationship with
them. Nowadays, we are more experienced and comfitdedeal with bigger
players, both suppliers and customers (CTO3).

DH3 also highlights the importance to cooperatehwither national DHs. They
believe that working in partnership with other Digpresents opportunity to add up different
expertise and reinforce the design activity in tineional industry. They have already

developed IPs to projects carried out by DH1 and®DH

We are co-developing a product with DH2. Both ohasge different expertise and
responsibilities in the project (PLR3).

The possibility to produce and sell this producs@ale may open opportunities to start
thinking about upgrading from services to prodaatd accomplish the plans to move up from

a design house to a fabless.

5.1.3.3 DH3: Market Processes

The initial challenge would be how to develop saleannels for their services. Since
the beginning, the DH understood that, to grow his tindustry, they should seek both
domestic and global market. In order to develojr tedes plan, DH3 highlights two elements
that helped it to foster the commercial area: nétimg and incubator assistance.

The previous professional experiences of the CE® @hO helped DH3 in the
commercialization process. The incubator offerexiséance to help the company to develop

commercial capabilities.

All the incubators have this type of service. Whiils service, | understood how to
develop a plan to present the potential of our bess. Even being a small
company, it is necessary to show self-confidencekaiow how to sell the gains
and benefits of the products and services (CEO3).
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The CTO reinforced that it is not easy to comméim@aprojects and ideas when the
company has no tradition in the market. So, evemadays, the involvement of the founders

in marketing and sales processes is important:

We have tried the experience of hiring a consultarwork with the international
market. It was not a good experience. We spent ynwitk no results. We believe
that in our case it is important to understand teehnologies and characteristics
of our business (CTO3).

They reached maturity and recognition of its bussnenodel. Next challenges will
come with business growth. If the companies migiatde product development strategy and
operation as a fabless, a new marketing and sialegisge will have to be defined.

DH3 attributes its advancement in the commercieahao the close relationship it

keeps with its customers. The first IPs were deyadon a win-win relationship.

The customer financed the IP development and, chasge, we provided an IP
with the specific characteristics needed by thetarusr. This process gave us
expertise and confidence to deal with big playerthe global market (CTO3).

Figure 17 shows the main elements identified fersbpply chain processes in DH3.
Operating as an IP provider, this DH presents ntgtun all supply processes. It has
capability to develop, outsource the manufactuaaiyities and commercialize the IP library.
The challenge will come if this DH decides to charigpm IP solutions to microchips. This

DH considers this perspective as future strateggifowing.

Figure 17 - Map of DH3 supply chain processes
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5.1.4 Case 4. A State-owned Company

The fourth case concerns a state-owned design rcédtéd4). This company was
founded in 2008 and works with the development pratiuction of integrated circuits to
RFID (radio frequency identification) and specifiagplications. Its design center employs
more than 120 engineers and it is part of the GisBrprogram. This company plays a
strategic role in developing the microelectronimmdustry in Brazil and part of its mission is to
develop people to the semiconductor industry inzBr@nd contribute to fulfill the strategic
necessities of integrated circuits of the state.e Tinvestments to this company’s

implementations were around R$ 500 million.

We should carry out projects to support the develept of other companies and
design centers of the Microelectronics National dgteom, especially with our
manufacturing capacity. We cannot lose this guiae(CEO4).

It has a design center and a factory that are enigusouth America, as it is able to
produce semiconductors (chips) on a commercialescHl operates with conception,
prototyping and validation of ICs, manufacturinglesand microelectronic solutions based on

these circuits.

5.1.4.1 DH4: Operational Processes

It was originally created as an IDM, with all theaim value activities of the
semiconductor chain. According to the CEO, in tkgibning it was important to invest in a
factory to create capabilities, train people aradtdbstering the industry. The factory should
contribute to fulfill the strategic necessities pétional industry supported by federal

investments.

In this industry, the investments are so high thaimpared to the global
standard, this company can be seen as a startup.rgtiarn on those investments
is not in short term. We are a young company witly & or 6 years of operation.
We are still newcomers in this industry (PLR4).

Since the foundation, the company has been wortdrfqnd its identity. It has found
some difficulties, especially in terms of using amebating its capacity and manufacturing
technology. According to the CEO, nowadays they loater understand the semiconductor
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value chain activities and choose the ones with nwhthey have competence and

opportunities to operate.

We needed to rethink this model. Some nationallaéguas that would foster the
beginning factory strategy did not work as expecktigher investments would be
necessary to keep the front-end updated (CEO4).

In order to consolidate its business model, thepaong decided to promote the design
center as the core business competence, to ougstheanicrochip manufacturing to foreign
foundries, to invest in infrastructure for back-emmperations and focus on the
commercialization of products. The front-end catyads not following the company’s
growing neither regarding to its capacity nor relyag to its technology.

Nowadays, the front-end is in technological transfEhe interviewees argue that

keeping it updated according to the companies n&ed&d involve a high-level investment.

We have a specific technology. Our front-end isdusealy for part of our
products. Most of our needs are supported by glédahdries (CEO4).

According to the interviewees, this new strategiodel put the company in a
consolidation process. During the last year, thedpetion and sales achieved around 15
million of products. This growth was based on tl@solidation of old projects. With this
volume, they are using all the capacity of its gescenter and back-end. With the
consolidation in progress, they have plans to upgyrhis capacity. The CEO believes that
fabless is the best way to classify this businesdah It is not so clear, because they still use
their own back-end capacity to process the products

The CTO argues that the company is still learniogy ho penetrate in the market and
the manufacturing facility is growing only in thadk-end activities. The back-end facility is
now certificated by ISO, which means that they hstadards of quality and repeatability.
The CTO also says that, without this internal atgtjthe company could not be competitive.

Outsourcing all the manufacturing would increase ttost, not only because of
the service prices but also because of the intesnat trading taxes. Technically,

it is possible, but not economically. Because we \alue in the product through

our back-end facility, we can use the full benedft® ADIS. Now, we are studying
how to use our front-end capacity and technology@&).
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In relation to the company’s characteristics, tHBOCcommented about some aspects
in its institutional model that create some bastier

We are dependent of contests to hire people anck tleethe law 8.666 for
acquisitions. As a state-owned company, we havearm how to deal with this
scenario. It is important to say that more flextliin these two items would have
great impact in our efficiency. Efficiency is sohieg) important when dealing in
the semiconductor supply chain (CEO4).

The strategic goal is to develop products to theketabut they are still designing
customized services to some specific and strategitomers.

As we are working with the fabless logic, we arst fiooking to the market and
searching for opportunities to develop our produdiée also develop based on
specific demands of specific customers. Normatlyhappens with strategic

business and customers. Even in these cases, wi tkgep the intellectual

property. The objective is to migrate only to produ We want to be more a
fabless and less a DH (CEO4).

5.1.4.2 DH4: Supply Processes

The current strategic focus of this company is dddoexpertise and infrastructure in
design and back-end. The decision was to stop timges front-end and outsource the wafer
manufacturing. The company is working with differeyhobal suppliers, according to their
needs and convenience.

We are not linked or dependent of a single suppli¢e use the supplier whose
technology, delivery time, quality and costs fiatspecific project (PLR4).

The interviewees argue that it was not easy foeva company, operating in Brazil,
with low volumes, to deal with global foundries.eTbompany had to learn how to approach
those companies. So, the negotiation could notased on volumes. They used promise of
higher demand, a new market, ey specially used the endorsement of the Brazilia
government.

Considering the fact that we are a state-owned @myppwe can work with
cooperation between states (nations). In this wlag ,government can open doors
and we gain credibility because we are supportedhgyBrazilian government.
The fact that we have an industrial policy for Heetor attracts interests. Without



119

that, they would runway. It gives guarantee andspective of potential market
(CEOA4).

The company keeps some partner relationship withesoustomers. It is related to
specific projects in which the production and saleslinked to the customers’ demands.

5.1.4.3 DH4: Market Processes

The department of products and business is redgenfir searching and defining
opportunities in the market. This market definitiasn important as facilitator to the
commercial initiatives. According to the CEO, orthey define the product and market, the

demand is prospected in parallel with the prodesetbpment:

In our case, the number of tablets or smartphon@ssemed in the national
market does not make sense to prospect demandspgodtunities. There are no
investments in research and development for thes an Brazil. We decided to
invest in products related to the internet of tlEn&FID, traceability, logistics,
identification, etc. This area can generate demaadd sales that can really
impact on trade balance. It will also generate vokito leverage the company as
an important player in the market (CTO4).

Only part of the demand depends on government anogiand regulations.

In this case, we depend on the success of thogggomns. That is why we are
expanding our demand prospection into private camgp#o consolidate the
fabless model (CEO4).

The product and business department is also regperer sales. The focus for
marketing and sales is the national market. Acogrdo the project leader, there are some
studies for moving to the global market, but therent plan is to consolidate their operation
in the domestic market. The CTO poses that compain@m Mercosul may be the first
international prospects. Short cultural differeneesl distance are elements conducive to
begin negotiations.

The law called PPB (Basic Productive Process) Iy wraportant for the recovery of
their products. Through the PPB, there is valoiirabf national content. However, the CTO

comments that the criteria are not so clear.
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| recognize the importance, but we need improvesnanthe PPB process to
guarantee more market penetration. It makes diffeefor us and for all national
companies (CTO4).

Figure 18 shows the main elements identified fersbpply chain processes in DH4.
Because of the federal investment, this DH preseraturity in all supply processes. It has
capability to develop, outsource the manufactuaatyities and commercialize products. The
DH recognizes that is still in consolidation, ameé hext challenge will come with growing

strategy based product development.

Figure 18 - Map of DH4 supply chain processes
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The item 5.1 presented the trajectory, challengwkachievements of four different
Brazilian DHs. All companies were created arounel shme time, motivated by the same
public policies; however, they presented differeggults and levels of maturity that brought
some elements for the evaluation of these resednjelttives. Thus, next sections develop this
evaluation based on global supply chain operatio@,impact of the public policies in the
capabilities’ generation, the development of glolsalpply chain capabilities, and the

upgrading level.
5.2 The DHs’ global supply chain features

It is important to understand the reasons thaleméing the national DHs to face the
challenges to operate in global chain and how #reydeveloping capabilities to deal and
integrate their operations with different companiesm different countries, languages and

cultures, and different economic and technologilealel. The four cases’ descriptions
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highlight the efforts of those companies to estdiblagreements and achieve quality and
performance standards to operate as a player isetffmconductor global chain. It possible to
separate those efforts according to the charatitsrief the product, the relationship with

global supplier and the relationship with globalrked, as follows.

Product Characteristics

DH1: The company chose product instead of senjigemuse of the difficulties to
negotiate services contracts with the global markée argument is that the market for
engineering services in Brazil is very restricttwgcarcity of public and private funds for
investment in services development. There are fewstments in research and development
in Brazil. The market analysis and the business ptasidered that the possibility of growing
should be the development of a product to atteachtessities of the global market. In this
way, the product development had to reach intesnatiparameters in terms of functionality
and costs.

DH2: Even considering that the company’s focuses domestic market, the product
meets international standards. The DH presentantaio arguments for this affirmation. The
first is that, in the semiconductor industry, d&létoperational features need to follow global
characteristics. A DH customer can be domesticthmitmicrochip is a component of electro-
electronic devices, which is an intensive globdlistry. Those global players are distributing
their products globally. The second argument i$ tmy the domestic demand will not be
enough for the company’s growth. So, once they aafete the national market, they will
develop a plan to prospect global customers.

DH3: The choice for the development of IP was intguatr for the global strategy of
this DH. The IP is midway between product and servit can be considered a service
because it supports some customer product develdpimet it also gives the company the
possibility to have something ready for commereation. The IP enabled DH3 to work in
partnership and with financial resources of sonsaruers and focused on the global market.

DH4: Although the company’s focus is the domestiarkat, its products fit global
efficiency and operational standards. They are dmgu on RFID solutions with global
protocols for connectivity. Global standard is aretteristic of the products in this area, and
the company recognizes that it can generate opputées to achieve the global market in

future growing strategies.
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It terms of products characteristics, the four Citdsl to develop products following
global standards, even if the focus is the natiomalket.

Relationship with Global Suppliers

DH1: The choice for not investing in manufacturinffastructure, the adoption of the
fabless model, and the absence of national supplied the company to develop an
international supply chain. Even though it washa position of a client, it was necessary to
demonstrate the potential of the product to attthetinterest of suppliers. The long term
relationship established in this global chain resggiinvestments of both buyer and supplier.
Only a product with potential of market adherenod acaled production would justify such
investments. The hiring of the global company tpput the search and qualification of
international suppliers also demonstrate this Deffsrt to advance in the global chain.

DH2: To operate as a fabless and to use the natiocentives of national laws, it
would be necessary to accomplish manufacturingviies in the country. The fact of the
absence of companies in Brazil has forced the cagnpa develop suppliers globally. DH2
established contracts with companies that are &bleork with lower volumes and are
interested in the national market. Those compah#&g idle capacity in their production
systems, which gave DH2 opportunities for negatiain terms of deadlines and costs. DH2
also made a contract with a global trader that epkrate with all the subcontracting abroad.
Otherwise, the DH could incur double taxation to¢prthe product and send it back for the
following manufacturing activities.

DH3: Considering that DH3 needs to outsource femdt-and back-end activities, and
these services are not available in the countrg, dhernative was to search for global
suppliers. In order to prototype the IPs and guaeathe functionality and efficiency, they
had to hire wafer production, packaging and tesfiigs DH argues that, even being a small
company, it is possible to find suppliers becausesé companies are interested in the
Brazilian market and they have idle capacity. fis kind of company, it is important to keep
high utilization of resources and productivity.

DH4: This company was originally built to operate IBM, with capacity to process
all the main value activities to produce a micrpchihe decision to stop investing in the
factory led the company to the need of searchimgfdandries to outsource the front-end

activities. Because of the absence of supplierazil, the company has been dealing with
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global players. It has different suppliers in diffiet countries selected according to the
specificity of each product.
In terms of relationship with suppliers, the foud®had to develop global suppliers to

outsource manufacturing activities.

Relationship with Global Market

DH1: Although it is still at an early stage, DH1gsospecting global customers. The
business plan will only be consolidated with scgdealduction and distribution to the global
market. Another important action that can be id&dtias a global supply chain initiative is
the hiring of a company to support the approximatid this DH with potential customers
located in the USA and Europe.

DH3: Since the beginning, DH3 was conscious thatpbtential for growing was in
the prospection of the global market. The fact that founders had previous international
experience allowed them to deal with the first cacis. The strategy of this close relationship
with international suppliers also helped the prosipa of new contracts. DH3 recognizes the
difficulties to deal with global players. For thieason, they have started with smaller
companies to get confidence and advance in theehdflowadays the company has contracts
with big players in the global market.

In terms of relationship with market, only DH1 amH3 are prospecting global

customers. DH2 and DH3 are focusing only on natioraket.

Table 7 - Links of the national DHs with the senmdactor global chain

DHs’ participation in the Global Supply Chain

DH1 DH2 DH3 DH4
Global standards Global standards Global standards Global standards
Product features
Outsourcing Outsourcing Outsourcing
. X front-end front-end front-end .
Relationship Outsourcing

with suppliers front-end

Outsourcing
back-end

Outsourcing
back-end

Outsourcing
back-end

Relationship
with customers

Prospecting global
customers

Global customers

Source: The author
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The Brazilian DHs face what Christopher et al. @0@ose as the challenge of today’s
global business, that is, to identify the apprdergupply chain solutions to meet the different
needs of the different product/market charactesstGlobalizing the supply chain requires
the development of good relationship across meltplltures (MAYERS et al., 2007) and
negotiation with global players who act as buyemsl aellers of goods and services
(MATTSSON, 2003). Table 7 presents those elemehist tdemonstrate the DHS’
participation in the semiconductor global supplwiah It is possible to evaluate this scenario
within the semiconductor industry from elementshsas the characteristics of the products
and their international standards, the relationshipph global suppliers to outsource
production and market prospection for the achievdrogglobal customers.

All the DHs have products with global standardsatvbeems to be a condition to
operate in this industry. The microchip is not édaeed a final product; it is a component that
integrates different kinds of electro-electroniogucts. According to EXE1, none of those
products is developed to attend only national neEd&1 also argues that, if some company
decides to focus on the national market in thisugtdy, it will probably compete with some
Chinese company. So, its characteristic needs todémgned to fit the operational
requirements of products that, regardless of wttexg are produced, are distributed and used
globally.

The products in the semiconductor industry are gloBven if a company intends
to reach the domestic market, it will have to niteese global standards (PMK1).

The semiconductors products are components ofreletectronic products. So,
they need to have world-class operational standafde microchip can be part
of a notebook, a smartphone, a television, a dar,(EXE2).

Another important perspective that shows the pagton of companies in the global
chain is the relationship with global suppliers.cAding to EXE1, considering the Brazilian
current reality, the only alternative to prototyp@pduce, package and test the products
designed by national DHs is outsourcing in the glabarket, especially if the national DHs
intend to have products and operate as a fablé§d4. donsiders it a condition to operate in
the global market, to invest in product developnaed outsource all the production.

| absolutely agree that we have to use the globalrcand outsource activities of
high complex technology and infrastructure needewadays, it is the only
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alternative. There are companies in the global rearkvaluated in billions of
dollars that do not produce. They are focused amy design and they are
associated with big players, like Toshiba, for egla{EXEL).

The national DHs are still immature in terms ofhtealogy and volumes to deal with
global players to outsource their production. Tham some companies in Brazil providing
the service to put those DHs in touch with foregyppliers, to access front-end, back-end,
testing and logistics activities. According to EXHftigh investments are needed to have a
foundry in Brazil, but there are risks, and it igensive to outsource it abroad. The scenario
is complex, with complex decisions, but there avene alternatives pointed out by the

specialists:

Normally, small startups do not have this kind ofitact. It is difficult, but there
are solutions in the market through those kindsakers. And the costs are
accessible to those startups (RES1).

In relation to the market, the path for the natlandustry would be the achievement
of global market. According to ODH1, the global ketris 70 times bigger than the Brazilian
one. So, he argues that the company cannot bdieshtiwith the national market. The
challenge is to build strong companies and straagds with global presence. Although there
is an agreement in terms of the importance to masior global market, this is not the reality
of Brazilian companies. National companies are istih consolidation process, anchored in
serving the domestic market. According to EXE1, ap are insignificant. He argues that
national industry does not know its values, what ba offered in terms of solutions and
products to attend global demands. The great @agex looking for suppliers in Taiwan,
India or USA,; they do not see Brazilian companggpatential suppliers.

According to Mentzer et al. (2007b), the demandsrfass customization, the pressure
for time and high quality, and a strong dependeoicegovernment policies are leading
companies to operate and deal with global playeis.the creation of what Connelly et al.
(2013) call the globalization of demand and supgigin. Considering that the scope of a
global chain is more complex in terms of missiamycture, infrastructure, capability, and
design process (SHI; GREGORY, 1998), it is impdrtém understand the reasons that
motivate companies to assume all those risks aalleciges. The Brazilian DHs are learning
how to develop their strategic position in the gliobupply chain, which, according to Paulraj

and Chen (2007), involves broad and complex intemas with global players. It also
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involves multiple elements that are important te ttharacteristics of the semiconductor
chain, such as long-term relationships, inter-fcommunication, interorganizational teams
for product development and buyer-supplier integratThe relationship between Brazilian
companies and their suppliers are recent andfstiised on buyer-supplier integration for
product development. Maturity will come only witlonig-term relationships for mass

production contracts.

5.3 The impact of public policies on DHs’ supply chin capabilities

The Brazilian DHs are subject to a long list oliss that affect the configuration and
managerial demands of the semiconductor supplynch@onsidering the environmental
conditions, Skjgtt-Larsen et al. (2007) pose thét tist may include political and cultural
issues, information and communication technologgal systems, and labor markets.
According to those authors, the regulatory develepis and national policies are critical in
the choice and prioritization of these elementstlha industry upgrading. In this direction,
Brazilian government is responsible for making tegec choices and composing public
policies capable to affect the national semiconaluictdustry. It is what Murtha and Lenway
(1994) call the governments’ ability to implementlustrial strategies. A link between the
countries’ political institutional structures is a@ssary in order to promote innovators’
approaches to technological entrepreneurship andergments’ technology policy
orientations (MURTHA et al.,, 2001). Currently, pigblpolicies are affecting the DHs
operation and influence capabilities’ developmentlifferent supply chain processes. Even
when the DHs present the difficulties faced in gatess, the improvement suggestions and
criticisms also fall on the setting of public pglicncentives. According to Mentzer et al.
(2007b), those are the opportunities to composeesfic planning able to identify the nature
of the external environment, including domestic agidbal market, government and
regulatory conditions, to foster a global strateglge national DHs’ supply chain processes

impacted by the public policies are described below

Impact on Organizational Management

DH1: It is possible to verify that the Microeleatios National Program (PNM)
motivated the opening of a company, through thadhing of the CI-Brasil program. DH1

uses the scholarships provided by CI-Brasil to itmyechnical staff, composed by engineers
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trained in the national training centers. The cadmr products for the long-term strategy is
also consequence of the policies, once the comaHimgns that the public funding available

in the market prioritizes products instead of sssi The main criticism here is related
specially to absence in the law of a support ferfabless operation model. The constitution
of PADIS is based on taxes incentives for manufagu It is not the case of a fabless, which
outsources all the manufacturing activities, foogson product development, intellectual
property, and market and commercialization. Eveoogeizing the importance of the

scholarship as incentive, the DH believes it isstjoeable. DH1 argues that it works better
for research institutions and less for private cames.

DH2: The ownership of DH2 demonstrates the impdctpuablic policies in its
organizational management processes. Operatingpagegt in a public university allows the
DH to use and share infrastructures and resouifcée auniversity. Its projects and its image
are also backed by the reputation of the univergitya nonprofit DH, it can also use all the
benefits promoted by CIl-Brasil. They can apply $aholarships to hire engineers that are
prepared in the national training centers and veceoftware licenses for integrated circuit
development. DH2 recognizes the importance of ghisgram to support its engineering
infrastructure. The DH’s executives admit that C&8l was the motivator to start this
business. The company believes that it will be &mdntal that the industrial policy
recognizes the operation of the fabless model.

DH3: The opportunity for DH3’s foundation came frahe benefits promoted by the
Microelectronics National Program. The scholarshiffered by CI-Brasil program were
essential because they represented an importasidgutd ensure skilled labor for the
beginning of the company’s operations. DH3 renewild the program to extend the benefits
up to 2016. The company attributes the first rastdtan alignment between CI-Brasil, the
expertise of the founders in the microelectronitustry and the networking formed by their
previous experience. Those elements turned pogsibldevelopment of a consistent business
plan.

DH4: The company’s ownership reveals the influemdéepublic policies in the
structuration of its organizational processes. Wheroelectronics National Program points
out an investment of R$ 500 million to leverages thusiness. Its opening represented one of
the main governmental initiatives to bring back tla¢ional semiconductor industry.
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Even presenting different operational charactesstthe four DHs are dependent of
public policies for their organizational processpecially considering the support of Cl-Brasil

benefits.

Impact on Research and Development

DH1: The engineers are supported by the Cl-Brasifyam. The funds to finance the
product development come from different public fsnduch as CRIATEC, FINEP and
CNPqg. The main criticism here is the absence ofapei capital venture in Brazil. So, DH1 is
strongly dependent of those financial resourcesneNof these funds recognizes the high
investment involved in microchip development pracasd the production of the first batch
for commercialization. Once again, DH2 attributesoi the fact of the absence of a policy
with incentives to the fabless model.

DH2: The public policies affect the research andettgpment in two different aspects.
The first one is with the infrastructure. They tise benefits of scholarships and software of
the ClI-Brasil program. The executives recognize this support is fundamental to execute
the projects. The second element is related tgtitdic funds that DH2 uses to finance the
product development processes. They mentioned nesofrom CNPq, FINEP and Sibratec.
Once there is not a specific fund to support al dievelopment process of a microchip, they
need to compose the amount of money into diffepeafects. Up to then, only 10% of one
product development investment came from a privateure capital.

DH3: DH3 characterizes research and developmeits &asain operation. Nowadays,
through the benefits of PADIS, this DH is able émnvest the limit of 4% of its income in its
own R&D activities. Cl-Brasil is also important fahis area, not only because of the
scholarships but also because of the nationalitginenters that are responsible for the
training of engineers in microelectronic design.Did in a moment in which it believes that
the growth can be associated with a new stratelgyece to the product development. The
main constraint for this strategy mentioned by i is the absence of benefits to a fabless
operation and public funds to finance the prodestetbpment.

DH4: Part of the money invested in the company wakscated to research and
development structuration. The company also usédth&l benefits promoted by the
Microelectronics National Program to encourage aese development and innovation. It is
registered in the CI-Brasil program for the utitia of scholarship for engineers and it is

able to reinvest part of the incomes accordingABIS’s benefits.
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All DHs used the scholarships from CI-Brasil ancetithe skilled engineers prepared
by the national training centers to structure thegearch and development processes. They

are also using different public funds to financeitiproducts development.

Impact on Outsourcing

DH4: The national microelectronics companies reggbrdifficulties in dealing with
global suppliers, especially for issues such asvolumes and low investments in R&D and
lack of tradition of Brazilian semiconductor indrystin this case, this company used the fact
of being state-owned to deal not in between congsarbut in between nations. It gave the
company more credibility among global players.

DH1, DH2 and DH3'’s respondents did not mentiondimgport of public policies over

their outsourcing activities.

Impact on Marketing and Commercialization

DH1l: This DH is enabled by PADIS to get tax exemptiin services
commercialization. It is very important to be corifpee in terms of price. Once again, the
problem is related to the development and commierateon of products that have a high
burden of taxes, affecting the final price and rdg the competitiveness.

DH3: This DH participates of all the events prongbotby the government to
approximate the national DHs to potential customBesspite not being dependent on these
events to deal with customers, the DH recognizesntiportance of its participation to enlarge
the networking.

DH4: With the focus on national market, the valatian of the national content
through PPB is an important support for the comfgsaoymmercialization process.

Those three DHs’ respondents did not emphasizentpact of public policies over
marketing and sale&\nyway, they highlighted some different asped$i1 is not mentioned
because it is still finding a solution for commai@ation.

Figure 19 presents the public programs used byDhes and the supply chain
processes that are impacted by those policies.figjhee describes only the processes that
present some concrete benefits from the nationaies. It shows that government possesses
an important role in promoting a political econonmfrastructure able to foster the
development of new industries, entrepreneurshimovation and trade conditions.

Considering this scenarios, public policies repmesan important environmental factor
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(SANDERS, 2010) able to foster capabilities, attracnew businesses and investments to
advances in global chains. Even presenting sontectems, Brazilian public policies are
formulated based on what Myers et al. (2007) cahemic integration, with the reduction of

barriers to improve services and factor of prodrcti

Figure 19 - The impact of public policies on supgiyain processes

é N 4 N

DH 1 Organizational management
- Scholarships and trained engineers (Cl-Brasil) E/‘Ieasfkaertci: a;r:dds;/leelspment
- Tax incentives to bill services (PADIS) g
\— Public funds (Criatec, Finep, CNPq) ) N )
/DH 2 I 4 I
- Scholarships and trained engineers (Cl-Brasil) N (IzzzglrzcitfnndaIdr:vaer;zg;rr;i:t
- Software (Cl-Brasil) P
- Public funds (Sibratec, Finep, CNPq)
DH3 N \
Organizational management
- Scholarships and trained engineers (Cl-Brasil) RMesekartc'h andddevlelopment
- Tax incentives to bill services (PADIS) arketing and sales
%
DH 4 I
Organizational management
Scholarships and trained engineers (Cl-Brasil) Research and development
Investment of PNM Marketing and sales
PADIS Outsourcing
Support of PPB to commercialization J

Source: The author

The cases’ analysis shows evidences that the mpgpiyschain processes affected by
the policies are still the operational ones. higaccordance to the specialists’ perception that
mentioned that, during the last 10 years, the imdlispolicy was focused on creating
opportunities to the foster companies. Organizalicend R&D are the most impacted
processes. DH1, DH2 and DH3 declared that Cl-B@asilouncement was the motivator to

start the business. In the case of DH2, it alsothadree access to software for microchip
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design. The scholarships paid by government anledkiabor prepared by the national

training center allowed the structuration of thd¥ds. Despite the fact that DH4 is also

enabled for Cl-Brasil benefits, the impact of th&blc policies is specially related to the

nature of its ownership. To structure this busing® 500 million were invested with the

objective to foster productive capacity in the doynThe result was the creation of the
biggest national design center and a manufactwagacity. Under those perspectives, the
recovery of the Brazilian semiconductor industrnp&sed on an industrial policy composed
by different initiatives to leverage companies he tdifferent value chain activities. The

interviews made with the specialists cover the 1&syears of the PNM, with perceptions of
how programs such as Cl-Brasil, PADIS, PPB, thelawidity of funds, human resources and

infrastructure have been managed to create theepreposystem to foster a national
semiconductor industry with national companies bép#o operate as players in the global
chain.

According to FIN1, after 10 years, the results sati# incipient and the national
companies are completely dependent of public mdicSo, it is not the moment to stop
investing. He argues that it will take 20 or 30 rgeto get the first results. There is an
agreement among the specialists that, during theses, good programs were created, but it
gets to the moment to make a balance of the fastilts and review the strategic plans to
improve results. Specialists point out many basriarthe PNM that should be evaluated to
accelerate this industry growing, such as tax reolicinvestment in research and innovation,
market expansion, improvement of national infragtrce, incentive to the fabless model,
attraction of foreign direct investment, etc.

FIN2 argues that there are a high number of pejectd priority sectors in the
Brazilian policy. With this lack of focus, it is fficult to attack all the barriers. There is

certain criticism about the lack of managementrarestments and results of the programs:

There is a lack of people in the government witbtmkadge about the market and
with technological and managerial skills to cooralie the programs (EXP2).

The government is focused on the stimulation of reanomies and sectors
launching strategic programs. PADIS has more ineestthan the majority of the
national programs. It is an indication of how imgemt PNM is. The Brazilian

problem is not to create programs and laws, théadilty is how to coordinate

them (RES2).
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The government invested money to foster DHs, big ot controlling and
evaluating the results of these investments (EXP1).

The government has to coordinate and align thecpdito stimulate the areas
with more demands to support the national compafids2).

There is not a plan to turn our national companiesiependent from the
government. The incentives will not be availablever (ODH2).

Data demonstrated the current focus of PNM lieghermicroeconomic perspective of
public policies. Programs such as Cl-Brasil, PARI®I public funds are promoting national
infrastructure and offering opportunities and béeefo foster and attract semiconductor
companies to Brazil. Most of the shortcomings hgjited by both companies and specialists
are related to the fact that PNM should also prenhboisiness transactions. This is what Mann
(2012) mentions as macroeconomic perspective; ypuh&ers should change the environment
facing business to promote national and internatitnade and economic growth.

The CI-Brasil program has a clear purpose to fodesign in Brazil. According to
PMK2, the government decided to focus in this dseaause it involves lower risks and
investments. Cl-Brasil formed designers, generatwogprofit and profit companies that
integrated design environment. In a DH, the highedtie is on people, the designers.
Twenty-two DHs started to operate under this pnogrdonetheless, Cl-Brasil presents some

weaknesses:

Most of the DHs are linked to universities. It isabnnected of the industrial
reality because there is not a focus on financgglults. Most of the money went to
the universities (ODH1).

PADIS is another important mechanism of PNM. ltegiva number of exemptions,
both in the acquisition inputs and commercializati®ES2 reinforces that, in terms of tax
exceptions, it is one of the best government prograAccording to EXP1, it could not be
different in Brazil, because it is exactly what nties such as Singapore, Germany and
Korea do in the semiconductor industry. It was ijedeveloped to support manufacturing
activities in Brazil. That is one of the reasonsywhere are only nine companies using its
benefits, and few are qualified to use them fulK1 reinforces that, if a DH intends to
operate as a fabless and use benefits of PADIBast part of the manufacturing has to be

accomplished in some national country.
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Funding is another important instrument for thewjny of the Brazilian DHs.
According to EXP2, the industry is composed by mediand small companies, especially
considering the DHs are startups and some are afiinprganizations. It is a group of
companies without capital for investments and witheredit and guarantees to offer to the
banks. FIN2 reinforces there is not a flexible fiolg system with the characteristics of this
sector. Venture capital, that is common in techgiclal cluster, is not available in Brazil.

We don’'t have venture capital available to hardwatevelopment, and the
government instruments such as FINEP, CRIATEC aN®HES do not fit the
semiconductor industry needs, especially for thesothat are investing in the
fabless model (FIN2).

Both the specialists and the companies pointedr@iggovernment responsibility for
the continuing growth of the national industry dahd consolidation of the DHs. They expect
from the government more coordination of the proggamore intervention in terms of
priorities and strategic growing drivers, improverma infrastructures, more investments in
R&D, attraction of global players, etc. Those pptms allow the association of the public
policies as the main external driver to foster télfiees to promote the national companies

capabilities generation both in micro and macroeoun perspectives.

5.4 DHs’ global supply chain capabilities

This section evaluates how Brazilian DHs are deualp capabilities that, according
to Day (1994), represent key success factors ty cart in order to manage a business in a
global chain. This study proposes that, to becormlkayer in global chain, companies need to
develop three different sets of those capabilitipoductive, relational and innovative.
Companies should focus on and invest in what isemaitical in accordance to the
contingencies of the market where they are opeyaBair (2005) reinforces that, especially
in companies from emerging economies, to gain actesthose different capabilities is

fundamental seek competitiveness in the globalnchai

Productive Capabilities

DH1: The capability to produce according to inté¢ior@al standards is clear in the
description of this case. It is evident in the bass plan made for the product strategy and the

configuration of a fabless model to seek long-tamd growing for global market. To prepare
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the company for mass production, the internatisogbply chain is also structured. The errors
made during the outsourcing process and the supgotompanies to help with the

international networking were part of the matuatyquired in terms of productive capability.

The productive capabilities are still subject tangoweaknesses. The company is still
dependent of the scholarships offered by Cl-Bitasdontract the engineers. According to the
company, this situation must be changed with thescldation of the business plan. The
national environment is also not favorable to thgplementation of those capabilities,

especially in terms of tax reduction to support itiernational transactions, procedures to
facilitate the nationalization of products, and esxto specific fund to support the product
development of the fabless model.

DH2: This nonprofit DH demonstrates capability t@amnize its productive structure
to prospect customers, to develop a product aaugrth international standards and to
develop an international supply chain to outsoumamufacturing. Even considering that the
product was developed for specific customers, DH2lera market analysis to guarantee that
the same product technology could be commercialinesther customers. The international
suppliers are ready to produce the first orderg& ddmpany also considers that the team of
engineers is composed by flexible and efficient ppeo capable to adapt the products
according to the customers’ demands.

DH3: This DH possesses the infrastructure to supgercurrent business model,
which includes engineering services and IPs. Tmepamy structured its operational capacity
to attend international standards, considering itisatocus is the global market. In order to
develop the IP library, DH3 also structured a rfesupplier to outsource the manufacturing
activities. The company has also a team of engsneath flexibility to work in different
projects and to co-work with customers and partners

DH4: After redefining the strategic focus in 20lddawith the increase in sales
volume in 2014, the company began the processrdatmlation. It has a design center with
more than 100 engineers and back-end facility fasated by ISO. The company has also
developed expertise to outsource its front-endedhe decision was to stop investing in its
factory. The infrastructure and international sigipldetach a good level of productive
capabilities development.

All DHs developed services, products and infrastmec with global standard to
operate and compete in the semiconductor globahghl characterizes maturity in terms of

productive capabilities.
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Relational Capabilities

DH1: In order to execute the product developmedrg, dompany had to improve its
capabilities to interact and deal with global sugnsl DH1 had to overcome some barriers to
achieve the capability to interact with supplietise immaturity and inexperience of the
process as well as difficulties in developing agrests and contracts with companies from
different countries, cultures, languages and laf@hs. At the end, the company set
agreements with companies from Europe and Asiadifferent stages of the production
process. The support of a consulting company hicedccess global supplier helped the
development of these capabilities. The compantiligogsospecting market and structuring its
commercial area. It demonstrates immaturity in gloimarket relational capabilities. The
development of these capabilities will be esseriedause the perspective of growing is
bound to the global market sales.

DH2: The capability to search and deal with intdoreal companies was the biggest
challenge for this DH. It was important to find gliprs that could work with quality,
flexibility and low volume. They found global compas with those characteristics that were
interested in the Brazilian market. The company algveloped capabilities to work in
cooperation with other national DH to develop tledoict. The most important product is
developed and owned by DH2 and DH3. This kind ddtienship is important not only for
the company but also to reinforce the design inziBrand, consequently, the national
semiconductor industry.

DH3: The DH demonstrates capabilities to develofatimship with suppliers,
partners and customers. Since the beginning, thtegy to seek for suppliers and customers
in the global market was based on networking, usisgecially the previous professional
contacts of the founders. The company believesersgnal contacts for the prospection of
partners and, even nowadays, the founders makee theBvities. DH3 also uses the
relationship with global suppliers to prospect dedl with global customers.

DH4: The company has structured a good relationghip international players to
outsource part of its production. Among the yed@rfias learned how to deal with global
players and increase its bargaining power durirgribgotiations. The relationship with the
global market is still a plan for a growing strateg

All DHs reinforced their relationship with globalgpliers, but only DH1 and DH3 are

prospecting relationship with global players.
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Innovative Capabilities

Some innovative aspects in all DHs were identifibdf none of them can be
considered innovative capabilities to go globaleTihnovations described below can be
associated with the entrepreneurial character cf &d.

DH1: The company is confident in terms of produatl anarket choice. Although it
does not present disruptive innovation, the prodsicligned to the needs of technological
evolution of electro-electronic devices and therinét of things. However, these innovative
capabilities will only be perceived and proved wilie consolidation of the product in the
national and global market.

DH2: The process of product development presemisaits of innovation because
the costs involved were lower comparing to intaoratl standards. The company had to use
different public funds, developing different prajgconce there is no venture capital available
to develop integrated circuit in Brazil. The protluattend international standards, but they
are considered innovative for the national markbe product architecture was registered as a
patent.

DH3: This DH demonstrates innovative initiatives tmo aspects. The first is the
choice made by DH3 to develop and commercialize 43 believes that it brought
conditions to have something more concrete to dsinate to customers and negotiate new
contracts. The CTO affirms that it would be veryfidult to commercialize pure services
without tradition and credibility in the market. @hsecond is the progressive use of
networking to prospect new suppliers and custon¥gdrey started dealing with small players
until they achieved credibility to deal with bigoglal players. DH3 believes that, for growing,
it will have to develop products and operate ashdefs.

DH4: The market analysis and product definitions @nportant elements that have
influenced the growing in sales during the lastryéais the result of a redefinition of the
business model and position in the market. Thosemental innovations are preparing the

growing perspective of this state-owned company.

All DHs present important aspects of innovationt still incipient to be considered

global capabilities to affect the advance of thepanies in the semiconductor chain.
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Table 8 - The identification of global supply chaepabilities

DH1 DH2 DH3 DH4
Operational Operational Operational Design center
] structure structure structure Back-end
Productive . . . .
- Outsourcing Outsourcing Outsourcing Outsourcing
capabilites . .
Engineering team | Global
networking.
Relation with global |Relation with global[Relation with Relation with global
suppliers suppliers lobal suppliers  [suppliers
Relational PP . PP 8 . pp PP
o Consulting for global Relation with
capabilites .
networking global customers
Innovative Incipient Incipient Incipient Incipient
capabilites P P P P

Source: The author

Table 8 presents the main global supply chain dafied of each single case. The
analysis brought elements to understand the forndssaucturation of the capabilities of the
national companies. All DHs present more matumtyroductive capabilities. According to
Grant (1991), those capabilities are the primargstants upon which the company can
establish a growing strategy and achieve supemofopnance. In terms of relationships,
supplier relationship capabilities are more devetbphan customer relationship ones. In
relation to innovation, the incipient results demstoate limitations for growing opportunities
in the global chain.

From the cases’ analysis, it is possible to hiditlgpme similarities and differences in
terms of global supply chain capabilities developtndll the DHs are making efforts to
structure resources and networking for the prodegelopment and commercialization. They
also advanced in terms of outsourcing the manufiacfactivities in the global market. The
efforts and paths were different, but, at the etid)f them succeeded on those aspects. Even
DH4 that has manufacturing capacity had to outstihose activities due to the need of
different technological demands. The weakest prioiustructure belongs to DH2. Since it is
a nonprofit organization, it has not defined theeralative for mass production and
commercialization of the products. In general, ihids are following the elements that
Fransman and King (1987) propose for productiveabdiies achievement: i) searching for

viable alternative technologies; ii) selecting thest appropriate technologies; iii) trying to
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dominate the technology; and iv) trying to adagt tdfchnology to suit the specific production
conditions. Brazilian DHs achieved what Bell (20@dints out as capabilities to use and
operate given forms of technology in specific cgafations.

Regarding relational capabilities, it is possildeseée strengths and weaknesses among
the DHs. The main strengths are the capability thease companies developed to deal with
global suppliers. Even with all the restrictionstloé¢ national industry and the inexperience of
the companies, all of them stablished contractgrmotype and for mass production.
Considering this dynamic, companies must develtgiioaship on agile basis, integrated by
collaborative business processes. It is possibtdserve in the companies some key elements
that Christopher (2000) points out as importaneértbance the relationship performance and
build proper supply chain capabilities: the quabfysupplier relationships; the high level of
shared information; and a high level of connectietween companies in the supply chain.
All of these happen especially because of the smmdiector products’ characteristics that
need to be developed in accordance to the sugptibnology.

EXP2 points out that it would be important to hallehe chain operating in Brazil to
gain power and competency to create a nationalsimguHowever, it is not the current
reality. With the absence of manufacturing in Blazont-end and back-end operations need

to be outsourced globally.

There is a perspective for the next two years &ot she operation of a new
foundry in Brazil. It will probably offer servicesf microchip manufacturing for
the national DHs. It will help to decrease costslaiso qualify the DHs to use
the benefits of PADIS. However, it is still a spatan (PMK2).

The weaknesses are related to market knowledgerasgection of global customers.
Only DH3 has stablished relationship with globalstouners for the development and
commercialization of its IPs portfolio. DH3's gldbaustomers were developed through
contacts of former professional experiences. Theerst DH1, DH2 and DH4, will first
consolidate the national market to achieve capggslio prospect global market in a second
moment.

The national market is very restricted. AccordingRES1, even if the initial focus is
the national market, the future strategy has tohréhe global market. ODH1 reinforces that
the customers are mainly in the global market. Ffig¢$es that the global demand does not

see any degree of excellence in these startups.
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| do not see within these DHs a commercial approaod the capability to
prospect and deal with global players (EXEL).

Innovative capabilities are still incipient in thational DHs, representing limitations
for the consolidation process of those companig¢larglobal chain. It is possible to highlight
some incremental innovations in each company. Didd,example, has made a market
analysis for the definition of its product portfmli DH2 established relationship with
customers to develop the parameters of the produatsalso to finance part of the product
development. DH3 implemented all its previous ebgere and networking to develop its
business focus and commercialize globally. DH4weited its business model to achieve its
first results and started, last year, a procesop$olidation. The innovation initiatives in this
industry are characterized by high investment seaech and innovation for the generation of
solutions for the future and development of theteteelectronic sector, which is not the case
of Brazilian DHs.

Therefore, innovation is one of the biggest limitas of the national industry.
Brazilian DHs are developing processes and prodocisllow the industry, but they are not
developing new technology. According to EXEL, tlvayy be seen as followers, reproducing
what is already designed in the market and tryinfind some gaps in the domestic market. It

would be important to create and dominate somepreduct, application or technology.

It is a way to begin. We can start thinking about pational needs, but, globally
speaking, this industry is export-based (PMK2).

We have good engineers, PhDs, skilled labor, buatvéne they producing in
terms of innovation? (ODH2).

5.5 The Brazilian DHs’ upgrading level

The concept of upgrading is important to the glatbedin analysis because it helps to
understand and to highlight paths for companieséwe up in the value chain. In order to
become part of a global chain and compete accortingternational standards, the DHs
should adapt the way they evaluate the competiv@meters of the market. Most of the
DHs’ strategies for upgrading are focused on fasgeglobal capabilities to produce products
based on global standards, deal with global sugpli@nd customers, and undertake

innovations to promote business and market oppibean They are following some of the
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strategies pointed out by Tejada (2011), by engeimo higher value market niches or by
undertaking new productive functions with new goodsservices. The main elements that

characterize the upgrading level of each DH arerisesd below.

DH1: this DH presents productive capability maturit has capacity to deliver engineering

services to be sustainable in the short term ahdststructured an international supply chain
to implement its strategy of long term focused oodpcts. Based on these evidences, it is
possible to say that the company achieved the psoapgrading. The DH is prepared to
develop and produce products to the national aoblagjimarket. The achievement of product
upgrading level will happen with the consolidatiohthis business strategy. The company
will have to fully implement its business plan ar@hsolidate the product in the market. For
that, the company will have to improve its relaibnapabilities, structuring its commercial

area, expanding its network of relationships, aengatlistribution channels and establishing
contracts for global sales. The achievement oftfanal level will depend on the success of
fabless model and advances in terms of innovatpalailities, developing a new portfolio of

products and solutions and reorganizing its physiod managerial infrastructure to support

the companies growing.

DH2: According to the case description, both praisrecand relational capabilities presented
in the company are focused on the structuratiorisoéapacity to develop a supply network
and a national microchip. DH2 is still in the preseupgrading level, once it did not

consolidate its marketing and commercializationatéliies. The product upgrading is still a

long-term target for this DH. First, it has to fiatternatives for commercialization once it is a
nonprofit organization linked to a state-owed ursiy. Second, it has to consolidate its
products in the domestic market and the fablessem&thally, it will have conditions to seek

global market, improving its relational capabiltid=unctional upgrading is also a target for
DH2 and will be aligned with the future plan of lgbd marketing consolidation, new products
and new markets development. This future strategyedds on improvements in productive,

relational and especially in innovative capabiditie

DH3: This DH has succeeded with its business pmpdshas managed its infrastructure,
human resources and international networking toraipeas a design house with global

operational standards, fully developing productvel relational capabilities. The company
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has lived the incubator and now can afford its daeility. The engineering team is flexible
and capable to co-work with suppliers, customers partners. The DH has increased its
networking due to the growth of its credibility the market. Based on these facts, it is
possible to observe maturity in terms of proceggagting. The development of an IP library
and its commercialization in the global marketeliéntiate this DH in the Cl-Brasil program.
So, DH3 presents maturity also in terms of produysgrading because it has consolidated its
IPs portfolio in the national and global markethés started using its own networking and
dealing with small companies and now it has capgghid deal with important global players.
The next DH3's strategic growing plan can leverage achieve functional upgrading. For
this future plan, the company will look for fundsfinance a microchip development. It will
use its networking to prototype the products fossnproduction and commercialization. This

changing of strategy will be associated to the graent of innovative capabilities.

DH4: This company presents the biggest infrastrecaumong all the DH members of the CI-
Brasil program, with maturity in terms of produaicapabilities. Therefore, its participation
in the semiconductor global chain is related splgci® the operational standards of its
processes and products and its relationship withaylsuppliers. Is has partially developed
relational capabilities. These conditions situdie company in the process upgrading level.
Its goal is to consolidate the products in the detmemarket. The company manifested that
the future plan for growing is linked to a globatasegy, what can bring it to a product
upgrading level. It also aims to become an impandayer in the global market. For that, it
will be necessary a new definition of products andrket channels, what can bring this
company into a functional upgrading level. This wiry strategy will depend on the

development of innovative capabilities.

Figure 20 presents a map with the different upgigdevels achieved by the DHs
according to the global supply chain capabilitievelopment. The figure also presents the
current upgrading situation of each DH and reprissdre main elements that compose the

process to achieve higher upgrading levels.
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Figure 20 - Upgrading level of Brazilian DHs

Global SC Capabilities —_— Upgrading level
DH1 DH2 DH3 DH4
Currently: process upgrade Currently: process upgrade Currently: process upgrade Currently: process upgrade
- Operational infrastructure - Operational infrastructure - Operational infrastructure - Operational infrastructure
Global suppliers - Global suppliers - Global suppliers - Global suppliers
Market analysis - Customer relationship - IP development - Product standard
- Product development - Product development - Engineering team - Engineering team
In progress: product upgrade Future: product upgrade Currently : product upgrade Future : product upgrade
- Marketing and sales structure - Open astartup - Global customers - Global customers
Distribution channels - Marketing and sales structure -  Networking - Higher volumes
National customers - National market consolidation -  Close relationship
Global customers - Global customers - Partnership with national DHs
—-.DDD :EDDDD _-..l. DEDDDD
Future : functional upgrade Future : functional upgrade Future : functional upgrade Future : functional upgrade
New products - New products - Product strategy - New products
Management structure - Management structure - Fabless operation - New market
- New markets - New markets - Source for funds - New infrastructure
:EDDDD DEDDDD EEDDDD DEDDDD

Source: The author

All DHs achieved the process upgrading, what, atiogrto Humphrey and Schmitz
(2000), means that they are capable to transforputsninto outputs efficiently by
reorganizing the production system or introducingesior technology. They developed their
productive capabilities with conditions to develgpoducts and services with global
standards. They also developed part of relatioaphbilities by the prospection of suppliers
to outsource manufacturing. According to Kaplinskgd Morris (2001), it means the
increasing of efficiency of internal processes.i8es, it is in accordance to what Ponte and
Ewert (2009) point out as the explicit recognitiohthe importance of matching standards
that are set by global market.

During the last 10 years of the semiconductor itrialgolicy, all the efforts made by
companies and government are more concentrateeieraging national productive capacity
and search for opportunities for development ofoefplio of product and services. The
companies are still facing difficulties and are eegpent on national infrastructure
improvements and availability of funds to finana®dquctive resources, labor and product
development cycles.
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Many barriers influence the low efficiency of ondustry. We have high national
costs, logistics problems, slow customs, bureaygreic. Policies such as PADIS
eliminate taxes, but they do not eliminate thoseida (EXP1).

Most of these barriers contribute to the lack oturity of the national industry and
limit the development of global capabilities ane #chievement of higher upgrading levels.
According to Humphrey and Schmitz (2000), produpgrading would be achieved by
introducing new products, changing designs, imprgvguality, and producing a more
sophisticated final output in the global market. Did the only one that already achieved the
product upgrading level because of its strateggeselopment and commercialization of IPs.
DH3 is advanced comparing to the others espedi@ibause of the achievement of customers
in global market. DH1 has already defined for thers term the negotiation to search for
contracts with global players. Since the beginnitgyproduct strategy was planned for the
global market. DH1 has also hired a consulting fiwith expertise about semiconductor
global industry to help the establishment of cotstagith potential global customers. The
commercial strategy of DH2 and DH3 is still focused the domestic market. Both
mentioned the prospection of global players astardustrategy that will come after the
national market consolidation.

There are some national incentives to prospectaglobstomers, but DHs are not
mature enough to take advantage of these initmtiwith the difficulties in export strategy
and the limitation of the national market, it ispantant to have a reviewing and coordination
of the policies to prioritize companies and imprdoke technological drivers for the industry.
There is also in Brazil the valuation of nationahtent. It can allow the consolidation of the

DHs business, but it is not enough to foster prodpgrading.

We can prioritize the national content. We do nabw for how long the

government will resign income or pay more for locahtent. In the future, our
national companies will have to be as competitigehee global player. We need
to stimulate product development (PMK2).

The PPB will not last forever. In some moment, puwducts have to be as
competitive in terms of price as Asian ones (PMK1).

The future target of all DHs is the functional ugpding, once all of them aim to
develop new products and consolidate the fableasegly. Brazilian DHs will have to move
from pure service engineering provider up to thedim of some specific technology with a

business model based on research and innovatiomill linvolve the development of all
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global chain capabilities, specially the innovatorees. For the Brazilian DHs, this level will
only be achieved after the global market consabaatit will not depend only on the
entrepreneurial character of companies; the enwiesrt will also have to incorporate some of
the elements described by the specialists, sugirieate or public funding specific for the
semiconductor industry characteristics, investméentgsearch and innovation development,
attraction of global players and improvements ifrastructure. In the global market, the
microchip price is decreasing. According to the ciglests, what makes sense is the
production and exports of electro-electronic praduln this way, the national semiconductor

industry growing is dependent of a national eleefextronic industry.

Brazil is a great market, but we do not have congmueveloping hardware in
the country. There is no R&D in the country. Thiglustry is dynamic and
dependent of innovation and complex products (RES2)

It is not easy to put a chip in our products be@atl®ey are developed outside of
Brazil. How could we put our chips on a Motorolatime USA, on an Apple in
China or on a Samsung in Korea? The governmentatgnst think that we have
to export. We must have clear guidelines developofethe industry that will not
happen until we develop a strong industry of fgpabds (EXE1L).

The development of products with new technologied an environment capable to
leverage innovation can move companies up to fanati upgrading, what, according to
Pietrobelli and Rabellotti (2011), will make compEnto abandon existing low-value added

functions to focus on higher value added activities
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6 GLOBAL SUPPLY CHAIN CAPABILITIES FOR UPGRADING

The research guestion aims to find out what arec#pabilities needed by companies
to become players in a global supply chain Thigptdraanalyses the 4 propositions of this
study. Figure 21 represents the findings achiesadguthe theoretical framework developed
to support the propositions of this research. BeaziDHs and their integration with the
global chain compose the empirical field to evau#iose propositions. The framework
proposes that upgrading is a consequence of gklmly chain capabilities, driven by the

supply chain processes and affected by the publicies and the industry characteristics.

Figure 21 - Brazilian DHSs in the semiconductor gllothain
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The first and second propositions are focused enetitvironment where companies
operate, composing the conditions and demandddadtto the need of integrations with the
global chain. The third proposition suggests thahd can achieve sustainable competitive
advantage through the acquisition and control @ueces and capabilities. The fourth
proposition completes the framework using the ugigia level as a mean to evaluate the
advance of companies in the global supply chainsbasequence of the global supply chain
capabilities development.
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6.1 OPERATING IN A GLOBAL SUPPLY CHAIN

The first proposition brings the idea that beingtpaf a global chain can be a
consequence of the choice of starting operating icertain industry that presents global
characteristics.

Proposition 1: Going global in a supply chain may be an optiorthef companies,
but, most of the time, it is demanded by the chargstics of the industry and the market.

In the four cases of this study, it is possibledentify elements demonstrating that,
independently of the size or nature of the busina$DHs have to follow global standards
and deal with players in the global chain. Thisdgtproposes three parameters for analysis:
product and service standards, relationship witppbers, and prospection of global
customers.

Semiconductor is a global industry with its mairiueachain activities spread in high
technological countries. The decision of beingayet in this industry leads to the necessity
of relationship and operation in the global chaimd avith global standards. The content
analysis shows that, in the 4 cases, the needlkmwvfdhe global chain started with the
characteristics of the products. Once the semiattiodyroducts are incorporated in electro-
electronic products, the portfolios of products asefvices of the DHs are developed
considering global needs such as size, efficiemay @sts of these industries. DH1, DH2,
DH3 and DH4 declared the preference to work witbdpcts or IPs instead of engineering
services. Specialists also mentioned that Brazit@mpanies will only be able to penetrate
the semiconductor ecosystem if they have a pra@eet product with international standards.
Even if it is a small company, it will not be rddla without these characteristics.

Beyond product global standards, relationship wgitibal players appears in this study
as an important issue that characterizes the operaf DHs in the global supply chain.
Traditionally, the length of the chain is relatexithe make-or-buy decision. According to
Cousins et al. (2008), the premise is that orgdioza do not possess all the skills and
resources required to design and manufacture eiducts in-house. The Brazilian DHs are
facing this reality with the need to deal with giblsuppliers to outsource manufacturing
activities. It is consequence of different fackere is an absence of manufacturing operations
in Brazil; the two national back-end companies a@¢ attend the DHs because they have

different business focus and do not have capaditylexibility to support the different
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technologies and low volumes required; currenthgré is no foundry operating in the
country.

RES2 poses that, when a DH makes the decision fablass model, it has to have
domain through the supply chain and has to devedpabilities to deal with global suppliers.
Although most of the specialists reinforce the needevelop a manufacturing structure in
Brazil, they recognize that it will not happen hetshort or middle term. Even with national
production capacity, it will not be possible to pop all the technologies’ needs of this
industry. The policy makers express that therepdes in the middle and long term to build
or attract more factories. There is also the spistsabelief that the consolidation of the
national industry depends on the domain of allstmiconductor value activities. Because of
the high costs involved in building a factory,ststill considered a speculation. According to
PMKZ2, the new foundry Unitec Blue (former Six), whiwill start its operation in Brazil in
the next months, will support part or the demarfde®@ national DHs, but not completely; not
only because of volumes, but also regarding theetyaof products and technologies.

Under these conditions, the only alternative taqigpe and mass produce the DHs’
microchips is outsourcing manufacturing using glchgopliers. Even DH3, which focuses on
IPs, needs these global suppliers in order to deviieir prototypes. DH4 is the only one
with back-end capacity, but it is also sourcingbgldy for front-end operations. They are
dealing with critical aspects related to charastes of the global environment to determine
the proper global supply chain strategy their orz@tion should seed to align operations with
global partners (MENTZER et al., 2007b). They haveevelop capabilities to deal with the
complexities of cross-border operations, which,oading to Mentzer et al. (2007a), are
exponentially greater than in a single country, @ne ability to compete in the global
environment often depends on understanding thdesigist that emerge only in cross-border
trade.

The next challenge commented by the DHs is relaidtie demand side and how to
prospect global market. The factors involved in keting and selling to global markets are
complex and include customer preferences and exjp@ts that are often unique in different
global regions (SANDERS, 2012). Considering thisllemge, only DH3 is dealing and
commercializing to the global market. DH1, DH2 ab#i4 are focusing on the national
market. Those three DHs posed this situation assitay and believe that the companies’

growing will come using international channels aedling with global players.
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Both the DHs’ members and the specialists preseahigdthe condition for growing
depends on the development of global market. Thepemies recognize that they are far
away from this reality and pose the necessity ofemoaturity to become global. Without
becoming included in a global chain, companies wdé limited to have just goods and
services produced within their own borders. By lpeiog global, companies have the
opportunities to tap into huge and growing marKGANDERS, 2012). It appears as a
condition in the semiconductor industry, once, agit to PMK2, all the microelectronics
chain is export-based. Therefore, focusing onlynational market will not reinforce the
national industry. Brazilian companies need to dbekglobal market. It does not make sense
to design or produce for the national companiesgdhere is no investment in R&D in the
country. The products need to fit global needs hm tompanies will be limited to the
domestic market.

Even considering that the 4 case studies operate different kinds of ownership,
differences in terms of the necessity of dealinthwhe global players and the development of
products with global standards were not identifisdlependently of being private, state-
owned or nonprofit, all of them have the same pertpe of national market and demonstrate
the same level of difficulty to deal with globalpgliers.

Both sets of data, specialists’ perceptions andfdbe case studies, bring evidences
that fit the argument of the first proposition. Tparticipation of the Brazilian DHs in the
global chain is more developed in terms of proaetracteristics and relationship with global
suppliers. The relationship with global customeysstill incipient. The national companies
that have been fostered by the PNM in Brazil, esensidered as startups, are dealing and
operating in the semiconductor global supply chhiis not posed as an option. It came with
the decision of starting operating in this globadlustry. However, the growing will only
come on export bases and consolidation of globstbooers. This position is aligned with the
characteristics of the semiconductor industry, Whiequires mass production and global
market for consolidation.

6.2 THE IMPACT OF PUBLIC POLICIES

The second proposition says that the public pdieiee an important environmental

driver for the companies’ capabilities developmendperate as players in a global chain.
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Proposition 2 Companies are subject to the national publiccpesdi that influence the

development of capabilities to join a global supgygin.

The role of Brazilian industrial policy for semiaturctor industry development was
widely discussed by both the specialists and thesDihembers as a key factor to leverage
and to support the national DHs, especially whdntled companies expressed that the
decision to start the business was motivated befitsnof Cl-Brasil and PADIS. It is not
different of what has happened in Eastern econgnsash as China, Korea, Taiwan,
Singapore, and Malaysia, where the developmenteirtnovation and technology is highly
driven by government and the industrial policieRKST, 2009). It demonstrates how
policies can create new opportunities, pressures,irecentives for local network companies
to upgrade their technological and management dépedband the skill levels of workers.
This situation agrees with Lenway and Murtha (19&hen they say that states rationally
have a strategic role in transitions from investtiennnovation driven growth.

The DHs interviewees discussed different impactshefpublic programs over their
strategic and operational choices and structure fblur case studies clearly present the
influence of the public policies in the capabiktidevelopment, but more focused on the
microeconomic perspective, according to the modep@sed by Mann (2012). Both the
specialist and the companies mentioned, duringntieeviews, the relationship and impact of
the industrial policies, especially in the configion of the infrastructure and the leveraging
of national companies. The main supply chain preeeaffected by PNM are the operational
ones. The analyses highlight drivers for DHs’ dumation, funds for research and
development and infrastructural issues.

Public policies have important role to attract istly through subsidies and special
financing arrangements (SKJJTT-LARSEN et al., 200is relationship between the
industrial policy and availability of funds was aldiscussed both by the companies and the
specialists. Because of the absence of privateurentapital, the DHs are dependent on
different public funds, such as CNPq, FINEP, CRIATEetc., to finance their projects and
product development. DH1, DH3 and DH4, which arabéed to use PADIS, also have right
to use 4% of the incomes on their own R&D procesbkkesvever, those initiatives are not
enough for this kind of industry. Some mechanismes reecessary to finance the product
development appropriate for this kind of indusffpe startups are small and they still need

the government support. According to the specgligte national sector does not stand 22
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DHs. So, it is important to identify which of themas potential to grown and really invest to
have good cases.

PADIS was developed to give taxes exemption for ufesturing activities
accomplished in Brazil. Under these circumstanoe$y DH4, which invested in back-end
capacity, can use this benefit. During the intexgie DH1, DH2 and DH3 claimed for
changes of this governmental program in order fgpstt the fabless model. They argued
that, without this support, it would not be possiltb be competitive in terms of costs,
compared to global players. The specialists comeaktitat this claim will be considered by
the government to review the extension of this paog and the government is already
studying some changes in the program in order tmramodate the needs of the fabless
environment. In this way, it is important to evdkiavhich DHs are succeeding and create
mechanisms to support their growth. PADIS is still alive document; things are changing
and PADIS needs to be updated.

In terms of infrastructural issues, intervieweeghhghted some elements that Sanders
(2012) points out as relevant to leverage companidéise global chain: access to labor skills
and infrastructural support. Cl-Brasil is preparmglified people to work in the industry, but
most of the interviewees argue that the numberotsamough for the industry growing,
especially comparing to global standards. The dg@meéent of skilled labor is another
important goal of CI-Brasil. According to RES2, thmining center has the capacity to
prepare 100 new designers a year. EXP1 poseshhguglity of Brazilian designers is better
than in Mexico or China, what is positive, but thare some gaps that need to be considered
in terms of human resources. Cl-Brasil is preparggigners, but still in slow rhythm
(EXP1). It is also necessary prepared people witdnufacturing, managerial skills and
market knowledge.

The Brazilian customs inefficiency was also disedsas great barrier for trading in
the semiconductor global chain. National infrasiuaes are important to create the
environment to foster the industry. Brazil facedoa of inefficiency in terms of slow
clearance, logistics problems, excess of bureaycedc. The improvement of infrastructure
should be part of the industrial policy agenda. PM&mmented that there is a group
working on country infrastructure and planning imy@ments to support the industry growing
and to attract global players. It is necessaryciekerate customs transit, and the plan is to

create a customs transit only for semiconductoteeénmain airports.
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The study shows that, for Brazilian semiconduataiustry, government is more than
a facilitator, once the sustainability and compegitess of the DHs are dependent of the
public benefits. It is possible to observe that pames are still far away from their
independency from the support of public policiekeTmain difficulties and criticisms are
related to a lack of initiatives to improve compeéiness of Brazilian companies in the global
market. It would involve more coordination of nat& programs and more incentive to
promote innovation not only in semiconductors Haban electro-electronic industry. Under
this perspective, PNM should change the environn@miromote international trade and to
support supply chain demands. It would involve ma@nd microeconomic perspectives of
the public policies to compose a wider scenarior@lgovernment’s strategic choices affect
companies’ international strategies and operatideaisions. So, investments in both micro
and macroeconomic perspective of the industriatpaan move national companies up from

the current operational perspective to more refaliand innovative strategies.

6.3 GLOBAL SUPPLY CHAIN CAPABILITIES

The third proposition is rooted in the foundati@igesource-based theory and brings
parameters to evaluate global supply chain capiasili The frame points out that the
development of global supply chain capabilities amnsequences of the supply chain
processes management and they are characteripethige types: productive, relational and
innovative.

Proposition 3 To become included in global supply chain, congsmeed to
prioritize and manage their key supply chain preessto develop global supply chain
capabilities.

The cases’ description using a supply chain prosessture in chapter 5 allowed a
clearer identification of the DHs reality. This dyuconsiders that processes are a mean to
ensure superior coordination of functional actestresulting in capabilities to advance in the
global chain. The selected process, associatedglotial supply chain perspective, requires
management’s ability to develop stable, low-cosppéy relations to govern those
relationships as efficiently as possible. From datalysis, it was possible to verify that the
four DHs have fostered capabilities in operatiompabcesses, especially in terms of
organizational and research and development isgdts. undertaking great effort in global

sourcing, they are confident with supply processesneans they are making efforts to
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structure resources and networking for the prodeselopment and commercialization. The
weakest production structure belongs to DH2. Sihég a nonprofit organization, it has no

definitions about the alternative for mass produci@nd commercialization of the products.
In general, the DHs are following the elements thansman and King (1987) propose for
productive capabilities achievement: i) searching Viable alternative technologies; ii)

selecting the most appropriate technologies; ying to dominate the technology; and iv)
trying to adapt the technology to suit the spegifioduction conditions. Those capabilities
include the skills necessary for the efficient @pen of a plant with a given technology and
its improvement over time, as proposed by Morrignal. (2008). Brazilian DHs have

capabilities to produce goods at determined lewkétficiency and input requirements.

In terms of relational capabilities, this study smiers how companies are interacting
with global players. Zacharia et al. (2011) pos# the capabilities for the relational activities
in the supply chain are necessary to allow orgaioize to develop and manage interactions
with suppliers, market and partners. The resultswslthat Brazilian DHs present more
developed relationships with global suppliers. BHis advanced in terms of outsourcing the
manufacturing activities in the global market, whits associated to the fabless model.
According to EXE1l, a fabless makes sense for Beawireality and market structure,
especially considering that there is no manufactuoapacity in the country. The efforts and
paths were different, but, at the end, all DHs saded. Even DH4, which has a production
capacity, had to outsource manufacturing activities to the need of different technological
demands.

EXP2 points out that it would be important to hale the value chain activities
operating in Brazil to create a national industitywould facilitate the development of
partnership with international players. Howeveisihot the current reality. With the absence
of manufacturing in Brazil, front-end and back-aebrations need to be outsourced globally.

Regarding market process, the main restrictionatpdiout in these study results are
the absence of national market and the restrictiorgcess the global market. ODH2 affirms
that the potential customers are traditionally ¢des such as Taiwan, India and USA, but the
companies do not have capabilities to access thasket channels. It is not clear who the
customers for the DHs’ projects are. All compantbat produce equipment, such as
Samsung, LG, Apple, are multinationals that dodestelop their projects in Brazil (FIN1).

In the semiconductor industry, it is important tegotiate market and partnerships

based on what values technologies or intellectt@bgrties. So, there is an agreement among
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the specialists that the development and commeratain of IPs is a good alternative for the
national DHs. IP is a midterm between services piodlucts, and the infrastructure is the
same needed for engineering services, skilled lamar software. According to EXP2, the
national DHs that are succeeding are developinglifsthe case of DH3 focus, the only DH
of this study that is commercializing in the globmhrket and fully developed relational
capabilities.

The results show that the development of innovatapabilities is still incipient
among Brazilian DHs. There are few investmentsesearch and development in Brazil,
national semiconductor industry is not consolidatedthe global market, and Brazilian
companies are young and small if compared to thleagplayers. The innovative capability
characterized byechnological learning processes from the compamyslated into new
managerial and transactional routines and new t#oby development (ZAWISLAK et al.,
2012). Brazilian DHs are in initial stage, tryimgdonsolidate their operations, following the
market product and processes standards.

The study presents evidences that productive chteiare consolidated. Relational
capabilities are partially identified, representbyg developed relationships with global
suppliers and fragility in relation to global custers’ relationships. Innovative capabilities
are still to be developed. The DHs are findingrakiives to finance their products indicatives
and opportunities for growing within the semiconudndustry. Those capabilities compose
the basis for the upgrading level in semicondudtmbal chain expressed in the last

proposition.

6.4 UPGRADING IN THE GLOBAL SUPPLY CHAIN

The fourth proposition discusses elements that ptenthe upgrading process. It
considers a different set of drivers: internal drg; based on supply processes; and external
ones, promoted especially by the motivations amekfiks of public policies.

Proposition 4. The upgrading process to move up in a globalrcdapends on both
the capabilities of the companies and the envirariaiéactors.

The third proposition, previously presented, disedgsthe impact of public policies in
the development of global supply chain capabilitidsw, this last section discusses how
those capabilities affect the companies upgradewvgl!l It is known that companies can
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upgrade in various ways, as, for example, by ua#terty new productive or service functions,
by entering higher unit value market niches, oehtering into new sectors (PIETROBELLI;
RABELLOTTI, 2004). The results present elementd ttamposed the scenarios where the
national DHs are operating and the path that carglmonditions to foster the upgrading in
the global chain. The elements that promote theeotirstructure and strategies for the
achievement of process and product upgrading austed, as well as the bottlenecks and
perspectives to move up and achieve functionalaggg.

The productive and relational capabilities comingnf the interaction with global
suppliers place all the DHs in the process upgrpdiavel. All DHs have capabilities to
transform inputs into outputs with global standaadd have structured production systems to
process their products, what is in accordance ¢odifinition for productive capability of
Humphrey and Schmitz (2000). The environment desdriby the specialists brings
important elements that justify the upgrading psses in the national DHs. The products and
services need to be designed following the spetibos of the electro-electronic global
industry. There is also the lack of manufacturirapacity in the country, bringing the
necessity of global sourcing. These challengesapeoving the learning process of Brazilian
DHs and moving them from pure service providers tapfables model and product
developers. This situation can be aligned with whateffi et al. (2005) state: for many late
entrants, the evolutionary process of catching up imcumbents begins with delineating the
production of easy-to-produce items and may sedplgnadd higher value-adding activities.

All DHs are supplying national market with serviaasproducts, but only DH3 has
achieved relational capabilities by dealing witlolidl customers. In terms of developing
countries, their inclusion in global chains notyoptovides new markets for their products but
also plays a growing and crucial role in acces&riowledge and enhanced learning and
innovation (PIETROBELLI; RABELLOTTI, 2011). Underhis perspective, only DH3
migrated from process to product upgrading leveic®© poduct upgrading involves the
achievement of global markets, it represents aronapt step for continuing upgrading. It
is aligned to Wong (2014), which points out thecheé a progressive challenge in terms of
managerial capabilities when a company identifigsootunities to upgrade in the chain.

Due to the high costs involved and the need of highumes in the microchip
production, the global semiconductor industry ipa@xbased. According to PMK2, it
happens even in China, which has a large interraaket. In this way, the achievement of

product upgrading is dependent of prospection obagl market. It is still a great barrier for
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the development of the national industfjie market for design in Brazil is scarespecially
because there are few companies developing teamatothe country. All the technologies
are based on companies that are producing elelect-@nics, such as Samsung, LG, Apple
and these multinationals that do not develop thefects in Brazil (FIN1).

Functional upgrading is not identified in the DHse@arched. This kind of upgrading
will only be achieved using fabless model, aftesbgl market consolidation and with the
development of new and innovative products. It vabo depend on the development of
innovative capabilities. The environment will haeeincorporate some of the elements such
as availability of private or public funding speciffor the semiconductor industry
characteristics, investments in research and irtrmyaattraction of global players and
improvements in infrastructure. Companies will alswve to achieve managerial capabilities
equivalent to the global players’ level. AccorditagFIN2, there is not an “Eldorado” where
someone will give you money to develop your idea.dwe will invest money if there is no
trust from a technical point of view, if there is belief in the entrepreneurial management
capacity.

Currently, there are 22 DHs part of the nationalgpam. They are working for the
consolidation of their infrastructure, products amivices and networking, but with results
that are still below expectations. There are congsarbut with few success cases. The
companies are not growing through the market nesas the government programs need to
be clearly defined to stimulate the successfulomai cases. According to ODHL1, it is still
necessary to create “local champions”. Instead2pfit2would be better to promote three or
four DHs, based on their results. It is time to m@kme bets. It will be important to have
focus, especially to concentrate the financial supphe Brazilian industry still has to catch
up some technology and develop national capalsiliiethe entire semiconductor chain and
needs to have areas of excellence. This will gieaddions to develop international
partnerships and customers.

In general, the characteristics of the environmefiféct companies’ decisions and
strategies. Semiconductor global chain is embeddedn export-based industry with
innovative and global products. However, the upmgigdevel of the Brazilian DHs is still
based on processes. Product upgrading level wasfidd in only one case. This upgrading
Is consequence of productive and relational glsbaply chain capabilities. The supply chain
processes that drive those capabilities are orgdoimal, R&D and outsourcing. Hence,

public policies are crucial for the developmentluéde capabilities and present programs that
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affect the microeconomic perspective of the Bramilsemiconductor development. Thus, the
analysis brought elements that demonstrate the aoieg trajectory to reach this upgrading
level, as well as the perspectives to continue grgwo achieve product and functional

upgrading level. The fabless model has potentialkctmsolidation of national products and

projection of Brazilian companies in the global ichand it will be necessary to improve

policies and increase funds to clearly promote pcothnovation in the country.
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7 FINAL CONSIDERATIONS

This study was conducted under a global supply nctepproach, in which the
development of capabilities to become global deperat only on companies’ processes but
also on the environmental features where the chainembedded. It discusses the
characteristics of the semiconductor industry amal identification and evaluation of key
capabilities that companies from an emerging ecgnoeed to develop to become a player in
this high-tech global chain. Besides, it discugbesinfluence of national industrial policy to
foster a new industry as well as to drive and &ata conditions to leverage business globally.
Considering this scenario, this research preseifributions in two different perspectives,
with relevance both for academia and for businesstige.

7.1 THEORETICAL CONTRIBUTION

Figure 22 represents the framework proposed far shudy, highlighting the main
elements used to evaluate global supply chain cistpesh

Figure 22 — The development of global supply clzaipabilities
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The main academic contribution of this research figecisely in the development of
this framework that details global supply chain aafities. Previous studies propose
elements to evaluate relational capabilities, kicgs capabilities, supply capabilities,

technological capabilities, among others. Howeliggrature was still missing studies that
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clearly identify elements to evaluate what main atalities are needed by companies

embedded in a specific/uncertain environment toraghg in a global supply chain. This

research framework proposes that, in a global supbpdin, it is important to develop the

necessary capabilities to turn the access to téopies into competitive advantage, building

competence to produce, innovate and interact. ThHase elements compose the core to

identify and manage the global supply chain capasl The factors that influence those

capabilities consider three levels of analysis: @henomic and political global environment

as macro, the supply chain as meso, and the pexcassnicro.

The macro level of analysis considers the envirartalefactors that affect global
operations and highlights the role of public p@gas the main external driver for the
inclusion and upgrading of companies in global $ypghain context. Literature
discusses how public policies are essential in ptorg conditions for upgrading,
especially in studies on emerging economies, imaditly known as late comers. A
structured way to evaluate the impact of publicigges on companies’ capabilities
embedded in a supply chain was still missing inlileeature. As a contribution, this
research’s theoretical framework brings public geb operating strategically in
creating conditions to foster entrepreneurshiptwes and infrastructure for trading
and, especially, allowing the upgrading driven Ine tcompanies’ supply chain
processes.

The meso level of analysis considers the globalplsughain. The conceptual
fundamentals of global supply chain management ireonaderdeveloped and studies
in this field deserve further attention. In thiswvahis research contributes to the
advance of the area, bringing a discussion of eksni@volved in the underpinnings
of global supply chain management and how comparaesdevelop capabilities to
advance in this context. During the literature egyia clear concept for this field was
not identified. So, another theoretical contribotf this study is the proposition of a
concept for global supply chain management (in ilein2, p. 27).

The micro level of analysis proposes that the meé&anachieve global supply
capabilities is driven by the supply chain proces3éne framework considered the
processes as central in the analysis of compao#&sbilities. The impact of public
policies is over the processes, which are congidtdre base for global supply chain
achievement. A map of the supply chain processssonganized and used as the basis

to prepare the interviews protocol and field inigegion. This technique and
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interview approach represent another contributibthis study (see Figure 10, p. 77
and 11, Figure p. 78) in terms of data collecticgthod for management and business

studies.

7.2 MANAGERIAL CONTRIBUTIONS

Brazil was one of the first developing countriesus® and produce electronics. In the
80s, there was a significant local production ompaters and peripherals, as well as an
industry of microelectronics. Brazil was left bethim the semiconductor industry, especially
in the production of semiconductors and other camepts, while countries such as Malaysia,
South Korea, and Taiwan emerged as leaders insiisor. The immediate economic
consequence of the industrial capacity loss igtbaing weight of microelectronics negative
trade balance of the country. During 2000s, theziBam government redefined the
semiconductor industry as a priority. It shows tBaazil is moving forward in terms of
development of public policies, but it is also kmowhat the results are still incipient if
compared with leading players. Considering thinade, this investigation brings different
managerial contributions for both policymakers andmpanies that can allow the
development of the new guidelines for the contigugmowing of Brazilian semiconductor
sector. The study brought an understanding of whpabilities are developed by Brazilian
DHs using public policies support and what kind iofprovements must be made to
effectively create an environment conducive togheduction and trade, raising an emerging
economy like Brazil as an important player in teengconductors global chain.

Based on the findings, the public policies are molearly supporting the DHs
development of productive capabilities to meetrimaéional standards, especially how the
DHs developed their operational infrastructure imden to prospect opportunities
and develop product in accordance to global staisdaRelational capabilities are better
developed in relationships with global suppliersit tstill need to be improved when
interacting with global customers. There is a gapdeveloping relational capabilities that
allows the understanding of markets and global ®iyeeeds. The current policy focuses
mainly in technology catch-up, there is little mé&muiuring capacity in Brazil and

commercialization has to be transferred to a thady (trader).
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The engineering background of the managers anthttkeof commercialization skills
might explain this finding. However, the studied #&te still far from developing innovative
capabilities, maybe due to their small size ordbpendence on public funding.

Additionally, findings show that the most compettibusiness model in this value
chain activity is the fabless. The current Braail@olicy barriers this kind of inclusion in the
global chain due to the lack of flexibility and &sxinvolved in import and export operations.
These findings can highlight the difficulties thatazilian DHs have to catch up with the
global chain dynamics. They are very dependent wnlip policies that aim to develop
technology but restrict the outsourcing of valuaiohactivities (fabless), which is one of the
main features of this global chain

Therefore, the study suggests there is a lot tinderms of managerial and public
policies actions for these companies to becomeudesa in the global chain in a sustainable
way. This study can highlight some recommendationghe global inclusion of start-ups in
this sector:

* Fabless:although there is government reluctance to suppwet development of
fabless, it appears in this study as the most gpate business model to leverage the
national DHSs. It is clear that PADIS cannot get aweom its focus, which is to
promote value added activities in the country. Ifalaless, the companies outsource
globally most of the value added activities, buttla same time it brings the
possibility to domain the global supply chain, acoidate national products, be
associate with big global players and develop petde and relational capabilities.
All those elements are important to start the chadatbon of PNM strategy and
upgrading of national DHs in the global chain.

* Funding: once there is no private venture capitdnazil and the national DHs have
no guarantees of offer to financial institutions,ig important to predict specific
funding to attend the characteristics of microcldpselopment and the production of
the first batch for commercialization. Instead afimg 22 small DHs, it is the moment
to concentrate resources, choose the most pronosieg to support and promote three
or four local champions.

* Product technology and innovation: it is importamfoster research, development and
innovation in the country. The development of tadonal companies depends on the
development of a strong industry of final goodswsdays, global technologies are
based on companies that are producing electroretecs such as Samsung, LG,
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Apple, and all those multinationals that do notedep their projects in Brazil. It is not
possible to foster a national market and put a chigo national product, once they are
developed outside of Brazillt appears as an important condition to develop
innovative capabilities and achieve functional @alyng in the global chain.

« Marketing and commercialization: semiconductor s export-based industry. So,
marketing and commercialization capabilities aradamental for global market
consolidation. These skills compose important asver global market consolidation
and development of relational capabilities, witmsequent achievement of product
upgrading in the global chain.

* Increase of skilled labor: the national traininghtegs are preparing skilled labor for
microchip development. The quality is good, but tiuenber of trained people is not
enough to support the perspective of this indugtowing. People with managerial
capabilities to operate in this sector are stilssmg, especially people with market
knowledge and sales skills.

* Improvement of infrastructure: the efficiency ofagilian infrastructure is important to
create the environment to foster the industry. Bfazes a lot of inefficiency in terms
of slow clearance, logistics problems, excess otducracy, etc. Improvements in
infrastructure have to be part of the industrialiggpagenda in order to support the
industry growing and to attract global players &réign direct investments.

* Macroeconomic perspective of public policies: theblg policies will have to
incorporate some programs and incentives in orderchange the business
environment to promote international trade. It Wk important to develop trade
agreements and pacts between countries that canrage the inclusion of Brazilian
companies in the global chain, by eliminating owvdoing tariffs, quotas, and other
trade barriers with the purpose increase natior@iith and consolidation of Brazilian

companies.

7.3 RECOMMENDATIONS FOR FUTURE RESEARCH

A qualitative study based on multiple cases andritew procedures composes this
research methodological choicehecharacteristic of this approachthat he goal is to make

analytic generalizations in theory and not to ematee frequencies and make statistical
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generalization. For this research, the theoretiGahework was developed focused on an
emerging country perspective, which means to etaltre reality of companies that are not
participating in a global chain yet. The semicoridugroduction, which is considered a
supply chain embedded in high technological andvalandustry, was specifically studied.
For the adjustment and validation of the theorétimework, it deserves new studies to
allow an in-depth understanding of its main relagioips. Future studies in different industries
and countries are recommended in order to identi&y impact of public policies on the
development of companies’ capabilities and the rapply processes needed in each context
to move up in global chains. Another suggestiotoistudy how companies from developing
and emerging countries are achieving these needpdbdities when included in global
supply chains. Further research can also focushenkind of capabilities that are more
relevant for companies in developing countries #muke that are key for companies in
developed countries. Literature has been pointing tbat developed countries are more
willing to have innovative capabilities, while ergarg countries are focusing on productive
capabilities. However, the growth of companies frtme BRICS can be changing this
dynamic, and the proposed framework might help rideustand this through comparative
studies. Quantitative empirical research would lntable to make statistically analysis of the
relationships of the framework, especially the iotpaf public policies on supply chain
processes, the supply chain processes generatglgtapabilities, and those capabilities

positioning companies on specific upgrading levels.
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APPENDIX A

Universidade do Vale do Rio dos Sinos

Programa de Pos-graduacédo em Administracéo — Damdor

Aluno: Msc Marco Antonio Viana Borges

Orientadora: Dra Luciana Marques Vieira

Protocolo de entrevista

Pesquisa Exploratéria:
Global Supply Chain Management x Indastria de Sendatores

Realidade Brasileira

1) Quais sao as perspectivas de uma real insercagadd Bm uma Cadeia Global de alta
tecnologia baseada em conhecimento e inovagao?
Pode considerar aqui:
- Fatores econdémicos
- Fatores estratégicos
- Fatores Gerenciais
- Impactos sociais
2) Quais sao os principais desafios para a inserca@rasil como agente ativo na cadeia
global de semicondutores
Pode aparecer aqui:
- politicas publicas
- mao de obra
- infraestrutura
Distribuigcéo
Suprimentos

Terceirizagao
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3) Papel das instituicbes para o fomento da inserg@oBihsil na cadeia global de
semicondutores (discutir diferentes etapas da apdei

Considerando a figura abaixo (desenho da cadeia)

Figura 1
Players da Cadeia Produtiva de Circuitos Integrados
o l"-._‘ e a -_x n ; % @ \"._
Co ic ) Projet ', Fabricagao x‘-lami?‘rtf?#est&* Servigo \'~1
neepgdo | Projeto | (Front.End) (Back-Ena) | 3 Cliento

F

Fabless
: . --
Inteflectual
Praparty

|- Inclul manufatura [] Nao indul manufatura

Fabiless

Fonte: Consdrcio A. T. Kearney/Azevedo Sette/IDC.

BMNDES Setonal, Rio de Janeiro, n. 18, p. 3-22, mar. 2004

4) Onde estao / quem sao os principais players dad&a®?
5) Qual é o modelo de governanca desta cadeia?

6) Quais 0s principais insumos que alimentam as difeseetapas da cadeia?
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APPENDIX B

Universidade do Vale do Rio dos Sinos

Programa de Pos-graduacédo em Administracéo — Damldor

Aluno: Msc Marco Antonio Viana Borges

Orientadora: Dra Luciana Marques Vieira

Protocolo de entrevista

Pesquisa Exploratéria:

A operacao das Design Houses Brasileiras

1) Como vocé o desenvolvimento da industria de serdigmnes no brasil (Aspectos mais
historicos, principais eventos, motivacdes, vocalgbrasil na cadeia)

2) Como foi o desenvolvimento da DH?

3) Como se dao as acdes de prospeccao de mercadoataioternacional? Quais sédo os
critérios competitivos que definem a venda do sef¥i

4) Qual o ciclo médio de desenvolvimento de produtorao se da a relacdo com o cliente
durante o ciclo de desenvolvimento do produto?

5) Como ocorre o fluxo de transferéncia de conhecimertecnologia durante o processo de
desenvolvimento do produto? (Explorar aspecto®l&ionamento)

6) Qual o papel da inovagdo para a operagao neststirafl
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APPENDIX C

Universidade do Vale do Rio dos Sinos

Programa de Pos-graduacédo em Administracéo — Damdor

Aluno: Msc Marco Antonio Viana Borges

Orientadora: Dra Luciana Marques Vieira
Protocolo de entrevista

* Foco: Design House

Considerando o esquema da figura abaixo que coogéseis processos principais da

cadeia de suprimentos e suas relagdes, discutgaintes questdes:

Design House

Supply chain processes

Demand
management

Outsourcing g et
Partner development management and marketing

Customer
management

Suppl
pply E> Research and Operations E> Commercialization

Obs: em cada uma das questdes abaixo devem serasqs: i) os pontos fortes em
cada processo da cadeia, i) as barreiras, iiimpacto de politicas publicas, iv) o
desenvolvimento de relacionamentos e parcerias @aesenvolvimento dos processos e V)
aspectos inovativos envolvidos.
1. Como vocé caracteriza o atual modelo de operacdoedamyn House, destacando os

principais elementos de sua trajetoria que inflisgam esta construcao?
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2. Como se desenvolvem os processos de pesquisareraleseento e qual o seu papel
na configuracéo da atividade fim do negdécio?

3. Como se deu o desenvolvimento dos principais feth@®s, terceiros ou parceiros
necessarios para a operacionalizacéo dos negéstoatégias da DH?

4. Quais modelos e técnicas sao adotados pela DHppaspecc¢do e previsdo demanda
por servigos e produtos?
Como é feita a prospeccao e manutencao de clidatB$i?

6. Como a DH realiza atividades de marketing e corakreicdo de produtos e servicos?

7. Discuta percepcgdes sobre o futuro da DH e o seel pap desenvolvimento da
industria nacional de semicondutores e o0 seu avaacadeia global.

* Foco: especialista

1. Como vocé o desenvolvimento da indUstria de serdigtmnes no Brasil e a escolha da
atividade de Design como foco de alavangem dedissina?

2. Como vocés avalia a trajetoria das DHs brasileiras?
Quais processos da figura abaixo vocé considera gsie DHs brasileiras
desenvolveram em sua trajetéria que caracterizasuas principais competéncias e

diferenciais?

Design House

Supply chain processes

Demand
management

Outsourcing dovel ) -
Partner evelopment management and marketing

Customer
management

Suppl
pply |:> Research and Operations |:> Commercialization

5. Qual o papel das politicas publicas para o desemvehto das competéncias e
diferenciais das DHs e para o fomento da industdeional de semicondutores?
(Conduzir a discussédo com base nos processosutta fgima)
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Vocé percebe as DHs brasileiras maduras para o nwa#ssnento dos
relacionamentos com fornecedores, terceiros ouepasc necessarios para as suas
operacdes e busca de mercado?

Quais sao as proximas fases para a consolidacdoHabrasileiras?



