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Abstract: Lithium and graphene are two substantial raw materials for the manufacture of lithium secondary batteries that can be recharged quic-
kly, whenever a user needs it for the operation of computers, electric vehicles and cell phones, among other products. In this regard, Samsung 
appears as the world’s leading corporation, by observing the technology generation of this type of batteries and the molecule indicated previously, 
considering its environment and management. For this reason, the study aims to analyze and compare the effects of technological regimes on the 
technology generation of the leading companies of the Samsung group, as well as their networks, considering patent applications and the types 
of institutions related, even if there is collaboration between these companies. Our findings show that Samsung’s selected companies, related to 
lithium rechargeable batteries and graphene, are strongly linked to their technological regimes.
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1. Introduction

Within the framework of a world, in which electric power consump-
tion grows every year due to the greater use of devices related to the 
digital economy and the growth of vehicles with this type of energy, 
the interaction between the different economic agents has been fa-
cilitated at a global level. Multinational companies have gone from 
basing their internationalization on vertical integration (by buying 
companies from different stages of a productive chain to manage a 
complete process) to vertical specialization (along a chain), through 
offshoring and outsourcing activities, where they have no core com-
petenciesin a global environment.

Thanks to the exposed background, there is a greater interest in stu-
dying the global value chain of lithium batteries, since these objects 
are lighter than other chemical compounds used in history, they have 
no memory effect and, consequently, they have longer useful life than 
other rechargeable batteries (Winter and Brodd, 2004). Specifically, 
some research has focused on the location of resources and reserves 
of this metal (Ebensperger et al., 2005; Grosjean et al., 2012); in the 
differences of its concentrations and the costs to obtain it from rocks, 
brines or oceans (Grosjean et al., 2012); in derivative products and 
worldwide projection (Boxall et al., 2018; Stephan et al., 2017; Vik-
ström et al., 2013); in the composition and features of the different 
types of existing lithium rechargeable batteries (Stephan et al., 2017; 
U.S. Geological Survey, 2012)1 ; in the generation and technological 
positioning (Moreno-Brieva and Marín, 2019), among other topics. 
In the latter case, scholars already know that South Korea is the ab-
solute and extensible technological leader over time, and with strong 
ties to Germany.

In line with the foregoing, thanks to nanotechnology, graphite can 
be separated into two-dimensional and transparent molecules, called 

graphene, which have allowed the creation of more flexible devices 
and more efficient rechargeable batteries (Geim and Novoselov, 2007; 
Novoselov et al., 2004), since it is the fastest known electricity conduc-
tor; it has an exceptional thermal conductivity; high elasticity, mobi-
lity and hardness; and it is one of the lightest chemical compounds; 
among other characteristics (Yang et al., 2018). For these reasons, 
some scholars establish that graphene is revolutionizing technology 
and is key to solving energy crises, water scarcity and environmental 
pollution (Dhand et al., 2013; Yang et al., 2018).

On the other hand, some studies establish that scientific linkages and, 
specifically, the technological regimes of patents (either granted or 
applied), which may be science-based or technology-based (or so-
called tech-based), influence economies (Fan et al., 2017). However, 
there is no knowledge at a corporation level, since in this study is 
presented for the first time.

Data from the European Patent Office (2019), for the period 2007 
-2016 and globally, show that Samsung is the only group that has two 
companies —Samsung Display Industry (known as Samsung SDI) 
and Samsung Electronics— among the top four firms that generate 
the highest number of new technologies related to lithium rechar-
geable batteries and graphene,  respectively, by considering their 
patent applications and their respective documents. For this reason, 
it is relevant to analyze and compare the influence of the technolo-
gical regime on the technology generation of these companies and 
their connectivity, in relation to the indicated topics, by seeing patent 
applications and the institution types with which they relate (com-
panies, universities, research centers, state entities), even if there is 
collaboration between these Samsung companies.

The rest of this paper proceeds as follows: the next section is related 
to literature review; Section 3 in the methodology employed; Section 

2They are also called lithium secondary batteries.
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4 in the results about technology generation of Samsung SDI and 
Samsung Electronics in relation to lithium rechargeable batteries and 
graphene; and a discussion of results and our conclusions are drawn 
in Section 5.

2. Background literature

In order to understand this study, it is first necessary to reflect on the 
concepts of science and technology. According to the Science Council 
(2009), and in line with Lara Rosano (1998), science is “the pursuit 
and application of knowledge and understanding of the natural and 
social world following a systematic methodology based on evidence”. 
This is complemented by the Australian Academy of Science (2019), 
by expressing that science is composed of discovered knowledge and 
the process to acquire it, since it incorporates observation and syste-
matized experimentation, which supports that nothing is proven in 
science but that everything is temporarily accepted until new theories 
are generated and developed, which allows science to be dynamic. 
On the other hand, according to Dosi and Nelson (2009), techno-
logy is the “human designed means for achieving a particular end” 
that implies the generation and use of detailed, complex and growing 
knowledge (Pavitt, 1987). Both science and technology involve the 
use and resolution of problems in different topics (Echeverría, 2003), 
which are interconnected through patents and the citation of non-pa-
tent literatures that provide scientific linkages, such as dissertations, 
technical reports, scientific literature, among others (Fan et al., 2017; 
Glänzel and Meyer, 2003; Meyer, 2000; Motohashi and Tomozawa, 2016).

In connection with the foregoing, the scientific linkages are obtained 
through the following formula (Equation 1) that relates the citing of 
non-patent literatures of the patents (applied or granted) with the to-
tal number of patents (also, applied or granted, respectively) (Fan et 
al., 2017).

[Equation 1]

Being:

Regarding the patents —which involve a legal protection of so-
mething new for some years (Griliches, 1990)— although they are 
not a perfect indicator of innovation, because only some inventions 
are launched or have consequences in the market, and they do not 
reflect the inventions of developing countries due to their high cost 
to keep them protected over time (OECD, 2009). They spread infor-
mation and reflect the generation of technology and knowledge, es-
pecially from developed countries (Fan et al., 2017; Griliches, 1990; 
Jaffe et al., 1993; Moreno-Brieva and Marín, 2019). In turn, the use of 
patents allows observing and analyzing the connectivity or alliances 

of organizations or advanced countries (OECD, 2009). In relation to 
patent citations, they are related to the total factor productivity and 
are very informative (Bloom and Van Reenen, 2002), since they allow 
perceiving the trajectory of one or several patents, and can even be 
associated with science, thanks to citations of non-patent literatures 
(Glänzel and Meyer, 2003; Meyer, 2000).

In the same context, special attention should be paid to the technolo-
gical regimes that are studied by the patents generated and citations 
of non-patent literatures of them, which in the study Fan et al. (2017) 
are divided into “science-based” or “technology-based (tech-based). 
The first term is related to publications and patents with high levels of 
quality and a high influence level of exogenous variables (Cohen et al., 
2000), in which there are innovation systems based on institutions, such 
as universities and public centers of research, which are more focused 
on the basic sciences and are not completely close to the markets. The 
second term is oriented to the knowledge generation within companies 
and the interaction between them. For its part, the connectivity bet-
ween technology and scientific studies is not quite solid, and focuses on 
the application of different techniques, on the technological capabilities 
of organizations, in which innovations tend to be incremental (Böhme 
et al., 1978; Gilsing et al., 2011; Nelson and Winter, 1982). In line with 
the foregoing, Fan et al. (2017) create the technology-science correla-
tion index that allows determining if an economy is “science-based” or 
“tech-based”, although the problem with this index is that the results 
close to the neutral state are minimized and close to the extremes are 
maximized, because the index is not linear. In turn, that indicator is not 
adapted to a group of companies —such as Samsung.

In relation to the networks of universities and companies, the literatu-
re indicates that there are basically three ways to generate technology 
together. First, through the technology transfer from an university to 
a company; second, thanks to the relationship and collaboration bet-
ween both types of organizations, based on open communication, trust 
and respect; third, through a hybrid perspective, in which the barriers 
and facilitators are compensated (Harmon et al., 1997). An example of 
an effective means to transfer technology is trough a spin-offs —a new 
company formed from a parent organization— which achieves its fruits 
after reaching a certain critical mass (Rogers et al., 2001). In this sense, 
Fontana et al. (2006) specify that companies that actively select their en-
vironment and voluntarily disclose their internal competencies are more 
inclined to collaborate with academic partners and cooperate more wi-
dely. In turn, if this is carried out at the global level, Archibugi and Mi-
chie (1995) affirm that one of the stages of technological globalization 
(called by them as technoglobalism) is the global technological colla-
boration, in which alliances and partners are created to develop know-
how and innovations from different countries, including governments, 
research agencies and the academic community, which are classified in 
collaborations between nonprofit organizations and joint ventures in 
R&D (basically due to the importance of intensive knowledge and the 
capability to obtain information especially in the initial stages of the in-
ventions). In spite of the foregoing, in that study university-company 
relationship is not clear, although it is approached through the triple he-
lix model, which adds the government in this connectivity to generate 
innovations, within a dynamic perspective (Leydesdorff, 2001).
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On the other hand, about graphene, it is known to be a two-dimen-
sional monocrystalline carbon molecule or a monolayer of carbon 
atoms, densely packed in a benzene ring structure that can take diffe-
rent forms, called fullerene (Novoselov et al., 2004), which allows the 
electric charge to be transported thousands of interatomic distances 
without dispersing (Geim and Novoselov, 2007).

In relation to obtaining graphene, numerous methods are developed 
and classified as “top-down” and “bottom-up”. The first way (in which 
graphene sheets are formed by separation, cleaving, peeling or exfo-
liation of graphite) has been used in the production of a few layers 
because a great investment is necessary to obtain low profits. The se-
cond involves several methods, although CVD and epitaxial growth 
are among the most attractive for the manufacture of large-scale gra-
phene (Dhand et al., 2013). With respect to the value chain of this 
fullerene, its composition involves the upstream industry of graphite, 
the CVD graphene preparation method and carbonaceous gas; the 
mid-stream industry of graphene film, graphene powder, graphe-
ne-based compounds; the downstream industry of new energy (for 
lithium-ion batteries, supercapacitors and solar cells); electronics (for 
flexible display devices and sensors); the composite materials indus-
try (for electrical conductivity composite materials, heat conductivity 
composite materials and reinforcement materials); the biomedical in-
dustry (for drug carriers, gene therapies, and biological detections); 
and the environmental protection industry (for seawater desalination 
and sewage disposals) (Yang et al., 2018).

Among the reasons why lithium secondary batteries are being applied 
increasingly, are the fact that they are lighter than those of other com-
pounds, they have no memory effect and have a longer lifespan than 
other rechargeable batteries (Winter and Brodd, 2004). Regarding the 
value chain of this type of batteries, its origin in obtaining from bri-
nes, rocks or seawater stands out (Moreno Brieva, 2015). Although, 
this last source is practically not used at present due to the high costs 
caused by the low concentration of lithium it contains (Grosjean et 
al., 2012). Lithium batteries themselves belong to the third stage of 
production of this value chain (also called the application stage) and 
are created by integrating several components (such as cobalt  and 
graphene), which in turn allow the creation of derivative products, for 
example: electric vehicles, laptops and cell phones (Comisión Chilena 
del Cobre, 2009; Ebensperger et al., 2005; Moreno-Brieva and Marín, 
2019; Stephan et al., 2017). On the other hand, lithium rechargeable 
batteries can be complemented with sources of clean energy techno-
logies, such as wind and solar, because they can store that type of 
energy (Lowe et al., 2010; Samsung, 2016).

In a reference to technology generation of lithium rechargeable batte-
ries, according to Moreno-Brieva and Marín (2019), the leading cou-
ntries are (in descending order of patent applications): South Korea, 
Japan, the United States, China and Germany. Despite they are almost 
never linked, except in the case of South Korea and Germany that 

apparently have some level of alliance related to lithium secondary 
batteries, although it is not known if this connectivity is by political 
agreements or by individual efforts of some companies. Notwithstan-
ding the foregoing, in the same study by offsetting the technology ge-
neration with international trade, China is the leading country in the 
global value chain of lithium batteries, since it is the only economy 
with global advantages in most of its components.

2.1 About Samsung
The Samsung group was founded as a grocery trading store in Taegu- 
Korea in 1938, although without taking off abroad (K. Lee and He, 
2009). In 1953, thanks to the sugar refining from an affiliate company, 
it began to have an international presence, but its real takeoff was pro-
duced by capital-intensive production and services (Amsden and Hi-
kino, 1994). In the next 35 years, Samsung diversified to: life insurance 
(1963); newspaper publishing entertainment (1965); hospital adminis-
tration (1966); paper manufacturing (1967); electronics (1969); petro-
chemicals, machinery and overseas general trading (1974); real estate 
(1976); semiconductors and precision machinery (1977); telecommu-
nications and construction (1978); sports entertainment (1982); wat-
chmaking (1983); medical equipment and supplies (1984); data pro-
cessing (1985); aerospace (1987); and computers (1988); mobile phone 
system (1992); digital TV (1999); smartphones (2008); among others 
(Amsden and Hikino, 1994; Samsung, 2016).

There is evidence that the Samsung group is a hierarchical organiza-
tion (run by the National Pension Service of Korea and, the magnate, 
Lee Kun Hee), with two central companies that make strategic deci-
sions. Samsung Electronics (with assets of about 339.3 billion dollars 
in 2018) that is dedicated to the manufacture of cellphones, moni-
tors, tablets, laptops, memory cards, among others; and Samsung Life 
Insurance (with assets of about 289.3 billion dollars in 2018) that is 
dedicated to the functions indicated by its own name and to the finan-
cial services business. This last company, despite having fewer assets 
than the Samsung Electronics, owns 8.5% of it. 

In turn, Samsung Electronics has the largest share of two subsidiaries: 
First, Samsung SDI4,  which is dedicated to the creation of renewable 
energy and energy storage systems and is not among the first sha-
reholders of other companies in the Samsung group. Second, Sam-
sung SDS (also called Samsung Data Systems)5,  which is responsible 
for the operations of Samsung group systems, is not among the first 
shareholders of other companies in the grouping. Part of Samsung’s 
SDS property belongs to Samsung C&T —which is dedicated to the 
construction sector and is mainly owned by Lee Jae-Yong / Cheil In-
dustries (Nikkei Asian Review, 2019).

Samsung’s technological evolution and absorption capacity is ba-
sed on dynamic capabilities, which according to Song et al. (2016) 
is “a firm’s ability to integrate, build, and reconfigure internal and 
external competencies to address rapidly changing environments”. 

3 Mineral extracted and exported almost exclusively from the Democratic Republic of the Congo, which has led to the search for a replacement for this component.
4The percentage of the shares held by Samsung Electronics is 19.5% in October 2019.
5The percentage of the shares held by Samsung Electronics is 22.5% in October 2019.
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Specifically, in the case of this Korean group, it has focused on lear-
ning of technologies generated by other companies, through formal 
licenses in the first years and informal ones later; in the technolo-
gy developed (when other companies did not want to license Sam-
sung); in focusing on the construction of tacit knowledge (thanks to 
the importance given to investment in R&D) and in the network of 
Korean-American scientists and engineers (Linsu, 1997). The fore-
going is supported by the governance of the co-opetition (horizon-
tal and vertical) between companies of the Samsung group and by 
the external co-opetition, which allow generating synergy between 
the different organizations involved (Song et al., 2016). A successful 
example of these features is that Samsung Electronics reached Sony 
in the generation of different technologies in the 1990s (Hyung and 
Lee, 2010).

Although the Samsung group faced lawsuits against Apple, as a defen-
dant and plaintiff, in different countries around the world (such as the 
United States, Germany, Japan and South Korea), for several utility 
and design patents from 2011 to 2019; and it was not the creative 
group of smartphones, since it was the American firm in 2007.(W. 
S. Lee et al., 2019; Samuelson, 2017). This Korean group increased 
its equity from U.S.$205 billion in 2014 to U.S.$306 billion in 2018 
(current prices), and its net income exceeded U.S.$22 billion in all 
years of the period 2014-2018 (Nikkei Asian Review, 20196). Even, 
Samsung Electronics’ share in the smartphone market has evolved 
positively, because it has remained as the world’s leading company, 
with at least 18% since the first quarter of 2012 (Statista, 20197).  

3. Methods

This study is carried out thanks to the data obtained from a set of que-
ries, with keywords searched in the patent application families —of the 
Global Patent Index belonging to the European Patent Office (2019)— 
from January 30, 2019 to February 28, 2019. Specifically, the period 
analyzed is from 2007 to 2016, since the first year is when the technolo-
gy generation of lithium rechargeable batteries begins to grow rapidly, 
and Samsung starts to invent new technologies with graphene.

Of all the companies in the world, this study focuses on two: Samsung 
Electronics and Samsung SDI because both companies belong to the 
same group and are in the top 4 patent applications of graphene, and 
lithium rechargeable batteries, respectively, at the global level, in the 
period indicated previously; and also because both companies are 
from South Korea —the country with the highest number of patent 
applications and connectivity in relation to the technology generation 
of this type of batteries.

Thanks to a new index, with the data obtained, it is possible to know 
the technology regime that both companies belonging to the Sam-
sung group have, their different links around the world and the types 
of organizations with which they relate.

6By considering the following companies of the group: Samsung Electronics, Samsung Life Insurance, Samsung SDI, Samsung C&T, and Samsung SDS.
7The year considered as current is 2019

In the results section presents: First, the properties of the new index to 
know its characteristics. Second, the technology flows (called evolution 
of technology or knowledge generation) of graphene, and lithium re-
chargeable batteries to contextualize the situation of these technologi-
cal goods at the global level. Finally, the selected applicants (non-inven-
tors) are compared and analyzed, with respect to the countries of origin 
of the patent applications and the connectivity of both companies of the 
Samsung group, according to the same technological goods.

4. Results

4.1 The new index and its properties
The technology-science linear correlation index of a company be-
longing to a corporation or group of firms (TSLCIC, and as seen in 
Equation 2) allows knowing if a company is technology-based (when 
the results are from -100 to the lower limit of zero), science-based 
(when the results are from the upper limit of zero to 100) or neutral 
(when the results are equal to zero). Specifically, the first situation 
arises when the degree of scientific linkages of all the companies in a 
group (on the right hand of the parenthesis) is higher than the degree 
of scientific linkages of a specific technology of a company belonging 
to the same group (on the left hand of the parenthesis). The second si-
tuation arises when the degree of scientific linkages of all the compa-
nies in a group is lower than the degree of scientific linkages of a spe-
cific technology of a company belonging to the same group. Finally, 
the third situation arises when the degree of scientific linkages of all 
the companies in a group is equal to the degree of scientific linkages 
of a specific technology of a company belonging to the same group.

Specifically, the number 100 in the equation is to transform the result 
into a percentage. This formula is inspired by the TSCI of Fan et al. 
(2017) although, as this new equation is linear, the distances of the 
different results are equivalent, a situation that does not occur in the 
previous one. The TSLCIC formula is as follows:

[Equation 2]

Being:

TSLCIC=technology-science linear correlation index of a company belonging to 
a corporation
i=company
j=type of technology
CNPL,ji=count of patent application families  with citations of non-patent litera-
ture of technology j  of the company i
Pji=count of patent application families of the technology j of the economy i
CNPL,w=count of patent application families with citation of non-patent literatu-
re of all the technologies of the corporation
Pw=count of patent application families of all the technologies of the corporation
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The two properties of the new index are presented below and have 
transverse and temporal dimensions.

4.1.1 The comparability
Since the TSLCIC scores allow the cross-company comparison of 
a corporation. If the result is   indicates that com-
pany 1 is more science-oriented than company 2. If the result is 

 indicates that company 1 is more technology-orien-
ted than company 2.

[Equation 3]

In addition, given the TSLCIC scores allow the cross-technology 
comparison of a company. If the result is  >0 indicates 
that a company is more science-oriented in technology 1 than in tech-
nology 2. If the result is  <0 indicates that a company is 
more science-oriented in technology 2 than in technology 1.

[Equation 4]

4.1.2 The temporality
The TSLCIC index allows comparing the intertemporal results of t+1 
minus t.

Being:
t= time

4.2 Global context
The evolution of the generation of graphene technology, of lithium rechar-
geable batteries and both together is carried out considering the number 
of patent application families from 2001 to 2016, because the first year was 
when graphene-related technology began to be continuously generated 
in the world. Specifically, Figure 1 shows that more than 95% of the data 
variations explain the models. In turn, it is observed that the year 2007 is 
key in the technological generation of graphene, and lithium rechargeable 
batteries, since it is when the stagnation of the inventions of these techno-
logical goods ends and, consequently, their growth begins, except when 
both goods are considered together, since its stagnation ends in 2013, 
i.e. 6 years later. It is interesting to note that the graphene, and lithium 
rechargeable batteries suffer a second stagnation, which in the first case 
extends from 2012 to 2013 and in the second one from 2012 to 2014.

In relation to the formulas, despite some scholars express that the 
growth of these technological goods is exponential. According to data 
from the European Patent Office (2019), as shown in Figure 1, it is 
observed that lithium rechargeable batteries, graphene and both te-
chnologies grow together polynomially with an R2 over 95%, in the 
period analyzed. Although, the first good is increasing faster than the 
second one, because its growth is grade 3. On the other hand, both 
technological goods together are quantitatively far from the potential 
of both goods separately.

Figure 1: Evolution of technology generation of graphene, lithium rechargeable batteries and both together, in the period 2001-2016.

Source: European Patent Office (2019). Own elaboration.
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After observing the evolution of the technological generation of gra-
phene, and lithium rechargeable batteries. The following sections dis-
cuss the technology regimes and the collaboration of Samsung SDI 
and Samsung Electronics in the same technological goods, although 
since 2007 because it is the year in which Samsung group begins to 
generate technology with graphene. The last year is still 2016, because 
the data up to that year is robust.

4.3 Comparative Analyses
By comparing the evolution of the number of patent application fami-
lies of Samsung SDI and Samsung Electronics in relation to lithium 
rechargeable batteries and graphene (Figure 2), it is observed that: 
First, Samsung SDI annually generates mostly technology linked to 
lithium rechargeable batteries, characterized by its high growth from 
2011 to 2012 and its subsequent decline until 2016. Second, Samsung 

Electronics, with respect to graphene, had a similar curve to that seen 
in Samsung SDI (in the previous case), although its technology gene-
ration was considerably less. Third, Samsung SDI, in relation to gra-
phene, had a lower technology generation than the other company 
and technological good analyzed. Fourth, Samsung Electronics, re-
garding the lithium rechargeable batteries, had an almost continuous 
growth, which allowed this company to overcome the technology ge-
neration made with graphene in the same organization.

Regarding the technology regimes of the leading Samsung’s compa-
nies in relation to graphene, and lithium rechargeable batteries, from 
2007 to 2016 (Figure 2), Samsung SDI on both topics is technolo-
gy-based, while Samsung Electronics is science-based8. Although, 
in both companies, these orientations are sharpened in the case of 
graphene.

8With this information of the orientations (or regimes) of Samsung Electronics and Samsung SDI, it is possible to analyze the results of Figures 6 and 7.

Figure 2: Technology evolution of the main companies of Samsung in relation to graphene and lithium rechargeable batteries, in the period 2007-2016.

Source: European Patent Office (2019). Own elaboration.

Figure 3: Technology regime of the main Samsung’s companies, in relation to graphene and lithium rechargeable batteries, in the period 2007-2016.

Source: European Patent Office (2019). Own elaboration.



J. Technol. Manag. Innov. 2020. Volume 15, Issue 4

ISSN: 0718-2724. (http://jotmi.org)
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios. 87

With regard to the relative connectivity that Samsung Electronics and 
Samsung SDI have in the technology generation with graphene inter-
nationally, from 2007 to 2016 (Figure 4), the first company has 4.3% of 
patent applications with applicants from other countries (Japan, the Uni-
ted States and Luxembourg), while the second firm has 11.1% only with 
Germany (although Graph B represents only 9 patent applications).

In turn, by comparing the technology generation connectivity of Sam-
sung Electronics with Samsung SDI, in relation to lithium rechargeable 
batteries, from 2007 to 2016 (Figure 5), the first company is connected 
at 5.8% with applicants from other countries (Japan, the United States 
and China), and the second company at 12.8% with applicants from 
other countries (Germany, Japan, the United States and Russia).

By comparing Figures 4 and 5, Samsung Electronics generates te-
chnology with graphene, and lithium rechargeable batteries at a 
percentage less than or equal to 5% with Japan and the United Sta-
tes. In turn, it generates technology in less than 1% with Luxem-
bourg in relation to the two-dimensional carbon molecule, and 
with China regarding lithium secondary batteries. In line with the 
foregoing, Samsung SDI applies for patents on both components 
with Germany at around 11%; in the case of lithium rechargea-
ble batteries, it is also connected to Japan, the United States and 
Russia by 1.2%, while in graphene, it is not additionally linked to 
another economy.

Figure 4: Relative global connectivity of both Samsung’s companies in the technology generation of graphene, in the period 2007-2016.

Note: In Graph B, the total patent applications are 9. Korea’s patent applications reflect the required individually or with other organizations in the country.
Source: European Patent Office (2019). Own elaboration.

Figure 5: Relative global connectivity of both Samsung’s companies in the technology generation of lithium rechargeable batteries, in the period 2007-2016.

Note: Korea’s patent applications reflect the required individually or with other organizations in the country.
Source: European Patent Office (2019). Own elaboration.
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Regarding the technology generation and the connectivity of Sam-
sung Electronics and Samsung SDI, in relation to graphene at the 
institution level, in the period 2007-2016 (Figure 6), it is observed 
that the first company applies to almost 33 times more patent than 
the second one. In turn, both organizations together are related to 
universities in 80% and companies in 20%. Although, Samsung Elec-
tronics is connected to 9 institutions (8 universities or similar) and 
Samsung SDI to a single firm (Robert Bosch GMBH)9. In line with 
the foregoing, both companies of the Samsung group, by considering 
the distribution of patent applications, are in 91.07% connected to 
universities or similar and 8.93% with other companies (including 
Samsung Corning Precision Materials belonging to the same group), 
in spite of these numbers are almost exclusively from Samsung Elec-
tronics. On the other hand, it is observed that there is no connectivity 
between Samsung Electronics and Samsung SDI, and only a syste-
matization can be deduced in the link between Samsung Electronics 
and Sungkyunkwan University, since there are 31 patent applications 
between both organizations on this topic —supported by the website 
of this university that establishes that there is a formal alliance since 
1996 (Sungkyunkwan University, 2019).

In a reference to the technology generation and connectivity of Sam-
sung Electronics and Samsung SDI, regarding the lithium rechargea-
ble batteries at the institutional level, in the period 2007-2016 (Figure 
7), it is observed that the second company applies approximately 5.6 
times to more patents than the first one. In turn, both organizations 
together are related to universities or similar in 68.75% of the time 

9Company founded by Robert Bosch when the “Workshop for Precision Mechanics and Electrical Engineering” was held in Stuttgart, in 1886. Today, it is in approximately 60 
countries around the world. This firm is dedicated to the production of engineering goods and services (Bosch, 2019).

and with companies in 31.25%, although Samsung Electronics is con-
nected to 13 institutions (11 universities or similar) and Samsung SDI 
to 6 firms. In line with the foregoing, both companies of the Sam-
sung group, by considering the distribution of patent applications, 
are connected in 68.15% with universities or similar, in 8.60% with 
other companies (including Samsung Corning Precision Materials 
and Samsung Fine Chemicals, belonging to the same group), and in 
23.25% among them. Specifically, for the previous, a systematized link 
between Samsung SDI and Samsung Electronics, and Samsung SDI 
and Bosch is observed because they jointly request a large number 
of patent applications. The first case, it is probably due to the high 
participation in shares of the first company in the second one; while 
the second case, because there was a joint venture between the two 
companies from 2008 to 2012.

By comparing Figures 6 and 7, it can be deduced that while Samsung 
Electronics, both in graphene and lithium rechargeable batteries, is 
connected to organizations linked to science (such as universities 
or similar), Samsung SDI is connected only to other companies in 
the indicated period. This explains that possibly the high connecti-
vity between Samsung SDI and Samsung Electronics in lithium re-
chargeable batteries is due to the fact that the second company has 
dynamic capabilities in basic sciences related to raw materials such 
as graphene, which allows the batteries to recharge quickly and, con-
sequently, improve the quality of the batteries purchased by Samsung 
Electronics from Samsung SDI —which means approximately 50% of 
the revenue of the latter company (K. Lee and He, 2009).

Figure 6: Technology generation and connectivity of Samsung Electronics and SDI, related to graphene, in the period 2007-2016.

Source: European Patent Office (2019). Own elaboration.
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Figure 7: Technology generation and connectivity of Samsung Electronics and SDI, related to lithium rechargeable batteries, in the period 2007-2016.

Source: European Patent Office (2019). Own elaboration.

After considering the review of the literature, methodology and results. 
The discussion and conclusions of the study are presented below.

Discussion and Conclusions

This research allows us to know that the technology generation of gra-
phene, and lithium rechargeable batteries have a polynomial growth 
of 3 degrees for the molecule and 2 degrees for batteries, in the period 
2001-2016. However, in the case of the main companies of the Sam-
sung group, regarding the patent applications of these technological 
goods, the evolution has been different since 2012, because the tech-
nology generation of lithium rechargeable batteries decreased in the 
case of Samsung SDI for reasons that indicate that the company was 
affected by the term of the joint venture that it had with Bosch since 
2008, and because Samsung Electronics has given greater importance 
to its technological innovation capabilities to better relate these bat-
teries to topics such as semiconductors, digital media, telecommuni-
cations networks, among others. In turn, the patent applications of 
Samsung Electronics, related to graphene, declined since 2012, be-
cause it was possibly time to slowly advance the benefits and applica-
tions with this molecule, among several reasons, to carry out applied 
studies, since the company was in a period of great uncertainty and 
might need liquidity to face and pay the costs of legal claims effectua-
ted by Apple, for the improper use of the  features of applications and 
devices, which are protected by industrial property rights.

Regarding the technology regimes, as happened at the country level 
in the study by Fan et al. (2017), it can also be induced that the Sam-
sung group is notoriously influenced by them to carry out connec-
tions with other organizations in matters related to the technology 
generation, although generally only for individual projects, as occurs 
throughout the global value chain of lithium batteries, in which coun-
tries operate with other economies on very specific occasions.

In line with the foregoing, specifically, this study shows that the Sam-
sung group is linked to universities or similar institutions, when the 
technology generation is science-based; and to companies, when it 
is technology-based. In the first case, mainly thanks to the connec-
tivity of Samsung Electronics with Korean organizations. While in 
the latter case, by the joint venture between Samsung SDI and Bosch, 
which shows that the link between South Korea and Germany in 
the global value chain of lithium batteries —seen in Moreno-Brieva 
and Marin (2019)— is not due to the fact that there is an agreement 
between both countries, which has been maintained for a long time, 
but because it is the result of an alliance between two companies that 
only lasted 4 years (2018-2012), which represents approximately 87% 
of patent applications linked between both countries, in relation to 
lithium rechargeable batteries for more than a century.1

As a limitation, this type of study is limited to the institutions that 
generally apply for patents and which coincidentally tend to be from 

10 115 years is the time analyzed by Moreno-Brieva, F. and Marin, R. (2019).
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developed countries or from China. On the other hand, this research 
opens a method to analyze the influence of technological regimes on 
the real connectivity of the technological generation of this or other 
global or regional value chains (even at the level of the International 
Patent Classification), through the analysis of other business groups, 
universities or institutions. Even, positioning studies and possible 
alliances or confrontations in terms of technological generation can 
be carried out to understand the dynamics in which the institutions 
studied are inserted.
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