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Abstract

This study employs the Technological Innovation System framework to analyze the development and diffusion
of gallium nitride technology in Malaysia. It investigates the role of key actors—government, industry, and
academia in shaping the "direction of search”" in advancing gallium nitride technology as a promising alternative
to traditional silicon technology. The research highlights the strategic role of government initiatives, such as
funding and incentives, in attracting industry investment and fostering university research aligned with market
needs. Collaborative Research in Engineering, Science, and Technology Center served as a critical intermediary,
facilitating stakeholder collaboration and accelerating innovation. The findings underscore the superior
properties and potential applications of gallium nitride in 5G communication and power devices. A bidirectional
relationship between government and industry, along with strong academia-industry partnerships, was essential
in driving the progress of GaN technology in Malaysia. This study demonstrates how targeted government
support and intermediaries can enhance technological capabilities in developing countries. By applying the TIS
framework to a developing nation, the research provides insights into how Malaysia’s approach to GaN
technology could serve as a model for promoting innovation and economic growth. Additionally, it contributes
to the broader understanding of the framework in developing nation contexts, offering valuable lessons for the
nations that seeking to strengthen their high-tech industries, particularly in alignment with Malaysia’s National
Semiconductor Strategy.
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1. Introduction

Technology is a key driver of economic development. Nations that prioritize technological
advancements are better equipped to enhance their competitive advantage and attract multinational corporations
to invest domestically (Chang and Hsu, 1998). Factors such as knowledge, workforce skills, and productivity are
pivotal in attracting and retaining foreign direct investment (Monaghan, 2012). Domestic innovation and
technology adoption shape long-term economic growth, with a country's investment in its own innovations
driving its progress (Jiménez and Ziesemer, 2024).

In Malaysia, the electronics industry has been the cornerstone of the country’s exports and as a
significant contributor to manufacturing value-added and employment since the 1970s. Multinational
corporations have largely dominated electronics production and exports in Malaysia (Rasiah, 2013). During the
2000s, Malaysia's Electrical and Electronics (E&E) sector experienced a downturn as labour-intensive
manufacturing operations relocated to neighbouring countries with larger economies of scale and lower
production costs, such as China, Vietnam, and the Philippines (Chin et al., 2018). The Malaysian government
recognized that the nation had reached a critical juncture in its economic development. With its traditional
economic growth engine showing significant deceleration over the past decade, there emerged a pressing need
for a new catalyst for growth (PEMANDU, 2010).

In response, the Malaysian government launched the Economic Transformation Program (ETP) in
2010, aiming to elevate the country to a high-income economy (NEAC, 2010). As part of the ETP, one of the
entry point projects focused on enhancing the front-end operation of light-emitting diodes (LEDs), particularly
in epitaxy, with gallium nitride (GaN) identified as a highly promising base material (EPU, 2014). In 2014, the
"GaN-on-GaN Program" was initiated as a research and development (R&D) endeavor to bring GaN technology
to Malaysia and reduce reliance on foreign suppliers for epitaxy (EPU, 2014).

GaN has emerged as one of the most promising semiconductor materials over the past two decades,
garnering significant attention for its exceptional properties (Lam et al., 2023). As a wide bandgap
semiconductor, GaN presents several advantages over conventional silicon, including higher breakdown voltage,
superior thermal conductivity, and enhanced efficiency at high frequencies (Green et al., 2014). These attributes
make GaN particularly suitable for power devices, which are critical across a range of applications, from
consumer electronics to industrial systems (Ueda, 2014).

In recent years, Malaysia has successfully attracted significant foreign direct investment (FDI) from
multinational companies, further cementing its position in the global semiconductor sector (Eltgen et al., 2020).
The introduction of the Malaysia’s National Semiconductor Strategy underscores the nation’s commitment to
strengthening its semiconductor industry and fostering innovation (Said and Tan, 2024).

This study applies the Technological Innovation System (TIS) framework, which was developed to
analyze the evolution and advancement of emerging technologies (Hekkert et al., 2007; Bergek et al., 2008b).
By adopting the systematic approach of the TIS framework, this research considers the actors, networks, and
institutions involved in the development and diffusion of GaN technology in Malaysia. Specifically, it explores
the factors influencing the "direction of search" in GaN’s technological advancement and dissemination. The
study also highlights the critical intermediary role of Collaborative Research in Engineering, Science, and
Technology Center (CREST), which accelerates the innovation process and enhances the effectiveness of the
TIS in Malaysia’s GaN technology ecosystem. Furthermore, this research identifies key roles played by
government, industry, and academia in shaping the direction of semiconductor technology. A deeper
understanding of these influencing factors enables the policymakers to engage the relevant stakeholders and
implement strategic measures in alignment with resource allocation, knowledge transfer, and skills
development. This, in turn, can enhance Malaysia’s technological capabilities, foster economic growth, and
position the country as a global leader in the semiconductor industry, in line with the recent announcement of
Malaysia's National Semiconductor Strategy.
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2. Literature review
2.1 Electrical and Electronics Industry in Malaysia

In 2010, the Malaysian government launched the ETP. with the aim of transitioning the country from a
period of economic stagnation to a high-income economy (Hassan et al., 2016). As part of the ETP, the E&E
sector was identified as one of the 12 National Key Economic Areas (NKEAs) crucial to Malaysia's economic
revitalization. Within this sector, a specific entry point project was designated to enhance the front-end
operations of LEDs (PEMANDU, 2010). GaN was highlighted as a critical semiconductor material for this
initiative, particularly due to its application in epitaxial layers for LEDs (EPU, 2014).

In 2014, the Malaysian government embarked on the "GaN-on-GaN Program," allocating RM72
million over five years to foster the domestic development of GaN technology and diminish the nation's reliance
on foreign epitaxy suppliers (Jacobs, 2017). This program was orchestrated by the CREST, a non-profit
knowledge institute. CREST was tasked with facilitating the transfer of GaN technology from the University of
California, Santa Barbara (UCSB) to local Malaysian universities (EPU, 2014).

In 2024, Malaysia unveiled its ambitious National Semiconductor Strategy, marking a significant
milestone in the nation's journey towards becoming a key player in the global semiconductor industry (Lee &
Teng). This comprehensive strategy aims to leverage Malaysia's established strengths in the E&E sector while
addressing the challenges of an increasingly competitive and technologically advanced market. The strategy
outlines a multi-pronged approach that includes investment in cutting-edge research and development,
enhancement of manufacturing capabilities, and the cultivation of a highly skilled workforce adept in
semiconductor design and fabrication (Said and Tan, 2024). Furthermore, the strategy emphasizes the
importance of public-private partnerships and international collaborations to foster innovation and ensure access
to global markets. With this strategic initiative, Malaysia aspires to not only fortify its position in the
semiconductor supply chain but also to drive sustainable economic growth and technological advancement
(Kaur, 2024).

2.2 Conceptual Framework

The TIS framework is employed to examine the development, diffusion, and adoption of new
technologies. It focuses on understanding the dynamics and processes that shape technologies innovation and
adoption of technologies within a specific context (Carlsson and Jacobsson, 1997; Hekkert et al., 2007; Bergek
et al., 2008b). The TIS framework considers the interactions among various actors, networks, institutions, and
infrastructures that drive technological advancements.

The key components of TIS are the actors, networks, institutions, and technological artifacts that
constitute the structural factors making up the system (Carlsson and Stankiewicz, 1991; Hekkert et al., 2007,
Bergek et al., 2008a). Actors are the individuals, organizations, and institutions involved in the development and
use of the technology. They include 1) firm: companies that produce, develop, or use the technology; 2) research
institutions: universities, research laboratories, and other entities engaged in technological R&D; 3) government
bodies: policymakers and regulatory agencies that create policies and regulations influencing the technology; 4)
non-governmental organizations (NGOs): groups that may advocate for or against the technology based on its
societal impacts; 5) users: end-users and consumers who adopt and utilize the technology. Networks are the
connections and interactions between actors that facilitate the exchange of information, resources, and
knowledge (Bergek et al., 2008b). Networks can include formal partnerships, collaborations, and informal
relationships. Institutions are the rules, norms, and regulations that govern the behaviour of actors within the TIS
(Bergek et al., 2008b). Institutions can be formal, such as laws and regulations, or informal, such as cultural
norms and practices (Hekkert et al., 2007; Bergek et al., 2008a). Technological artifacts are the physical and
knowledge-based components of the technology itself, including patents, prototypes, and technical standards
(Das and Van de Ven, 2000).
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The TIS framework identifies several key functions that drive the innovation process. These functions
help to assess the performance and development of the technological system. (Bergek et al., 2008a; Bergek et al.,
2008c; Hekkert et al., 2007; Jacobsson and Bergek, 2011; Johnson & Jacobsson, 2001). They are 1) knowledge
development and diffusion: the creation and dissemination of scientific and technical knowledge related to the
technology; 2) influence on the direction of search: factors that guide the focus and priorities of innovation
activities, such as market demand, societal challenges, and policy incentives; 3) entrepreneurial experimentation:
activities undertaken by entrepreneurs to explore and develop new applications and business models for the
technology; 4) market formation: the development of markets for the new technology, including creating
demand and establishing market structures; 5) resource mobilization: the allocation and deployment of financial,
human, and physical resources necessary for the development and diffusion of the technology; 6) legitimation:
the process of gaining social acceptance and support for the technology, including addressing regulatory and
societal barriers; 7) development of positive externalities: the generation of benefits beyond the immediate
application of the technology, such as the creation of new industries, job opportunities, and societal benefits
(Bergek et al., 2008a).

The TIS framework is widely used to analyze and facilitate the development of emerging technologies
across various sectors (Palm, 2022). By examining the components and functions of a TIS, policymakers,
researchers, and industry stakeholders can identify strengths, weaknesses, opportunities, and threats to the
innovation process (Wieczorek and Hekkert, 2012). This analysis can inform strategies to foster technological
innovation, enhance competitiveness, and achieve economic and societal objectives (Carlsson and Stankiewicz,
1991).

The TIS framework is a commonly used analytical tool for studying the development and diffusion of
emerging technologies (Hekkert et al., 2007). However, TIS research has largely focused on developed
countries, rarely being applied to developing countries. Notably, the TIS framework has limitations when
applied to developing countries unless it is modified in a way that better considers their specific contexts
(Edsand, 2019).

3. Methodology

This study employs a qualitative research methodology to examine the current status and development
of GaN technology in Malaysia, focusing on the “direction of search” function. A qualitative approach is
appropriate for capturing the complex and contextual factors (Birkinshaw et al., 2011) shaping GaN
technology’s evolution, providing in-depth insights into the interactions between key stakeholders (Yauch and
Steudel, 2003). Semi-structured interviews (Stake, 2005) were conducted with representatives from government
agencies, technology experts, university researchers, and representatives from industries involved in GaN
technology. Purposive sampling (Yin, 2009) was used to select participants with relevant expertise, including
those from government agencies, research institutions, industry associations, and leading semiconductor
companies. An interview guide with open-ended questions was developed to explore the “direction of search”.
This flexible format (Creswell, 2012). allowed for follow-up questions and deeper exploration of the topics
discussed. By using this qualitative method, the study captures the nuanced factors influencing GaN technology
development in Malaysia

4. Results and Discussions

In this paper, the focus is on one of the functions of the TIS: influence on the direction of search and
the role of "intermediaries" which makes the TIS framework applicable in the context of a developing country.

4.1 Influence on the Direction of Search

The influence on the direction of search within a TIS pertains to the ways in which various actors
within the system can guide technological R&D activities (Carlsson and Stankiewicz, 1991; Geels, 2004;
Hekkert et al., 2007; Suurs, 2009). This influence manifests in several forms, including the determination of
funding allocations, the fostering of collaborations and partnerships, the prioritization of research areas,
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responses to market demands, addressing societal needs, and capitalizing on technological opportunities (Bergek
et al., 2008a).

This section examines the factors that shape the direction of search in the context of developing and
diffusing GaN technology in Malaysia. These factors are influenced by the strategic decisions of various actors
within the innovation system, which can significantly impact the orientation of R&D activities. The data
analysis under the function of "influence on the direction of search" has revealed three main factors:

i. Technology Trajectory;
il. Mutual Influence Among the Government, Industry, and Local Universities;
iii. Emerging and Future Technologies

These factors collectively shed light on the intricate dynamics that have guided the trajectory of the
development and diffusion of GaN technology in Malaysia. As shown in Figure 1, longstanding technologies
have reached their limits for multiple applications, and the technology trajectory points to a shift toward the
development of new technologies—in this case, GaN technology. GaN technology has undergone its own
distinct development path. Emerging technologies have incorporated GaN as one of their base materials due to
its inherent advantages over traditional materials (e.g., silicon). In the context of the development and diffusion
of GaN technology in Malaysia, the influence of industry actors has been dominant, exerting influence on the
government and its “institutional and policy context” to invest in the technology and universities to build up the
country’s “scientific and technical knowledge.” The Malaysia government has offered significant incentives to
attract the industry to invest in GaN technology in Malaysia.
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Figure 1 Influence on the Direction of Search in the Context of Malaysia (Source: Author)
4.1.1 Technology Trajectory

In the context of the development and diffusion of GaN technology, all interviewees agreed that silicon
technology has reached its performance limits and unanimously recognized GaN as the next generation
semiconductor material. The wide bandgap nature of GaN was underscored, with its material properties
receiving particular emphasis. These properties include an expansive energy bandgap, elevated breakdown
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voltage, and enhanced capabilities for high-frequency switching when compared to silicon. Such characteristics
make GaN suitable for power devices and RF applications.

“Gallium nitride technology is an example of a compound semiconductor technology and, in many
ways, is one of the most advanced compound semiconductor technologies [...] [We are starting to] see
compound semiconductors start to take over many applications currently [occupied] by silicon or [to
be used] alongside silicon. [This is happening] because of reasons of speed, efficiency, plus the ability
to implement new functionality, which is not possible using silicon.” (Industry #1)

“Gallium nitride is enabling a new generation of power devices that can exceed the performance of
silicon-based devices due to its unique electronic properties.” (Academia #2)

“So, as companies move from silicon to gallium nitride [...] you can tell silicon technology—you can
consider it is fully mature right now, and [it] probably is approaching a limit [in terms of its] capability
already.” (Government #2)

“As we know, silicon technology is approaching its limit. So, gallium nitride technology has
demonstrated that capability to be [a] replacement technology for silicon semiconductors in power
conversion, RF, and analog applications.” (CREST #2)

In summary, the shift from silicon to GaN technology represents a significant transformation in the
semiconductor industry, driven by the limitations of silicon in certain applications. GaN’s superior properties—
such as higher breakdown voltage, greater thermal conductivity, faster frequency response, and higher power
density—make it a compelling alternative (Lam et al., 2023). This transition is not only technological but also
strategic, positioning Malaysia to lead in semiconductor innovation. The positive trajectory of GaN adoption
reflects a successful recognition of, and response to, these technological opportunities. However, the shift
toward GaN technology requires continuous monitoring and adaptation to emerging trends. Strategic
investments in GaN R&D could firmly establish Malaysia as a leader in the global semiconductor market.

4.1.2 Mutual Influence Among the Government, Industry, and Local Universities

This factor illustrates the significant collaborative efforts among industry, government, and university
stakeholders.

(i) Influence Between the Industry and Government

The industry plays a pivotal role in steering the prioritization of technologies for further development
(Fabbri et al., 2018). In the context of the development and diffusion of GaN technology in Malaysia, one
interviewee from the industry (Industry #1) highlighted the industry's proactive involvement in addressing the
semiconductor industry's gaps. However, the leadership in this search was provided by Malaysia’s Performance
Management and Delivery Unit (PEMANDU), established by the government in 2009 to oversee the execution
of national transformation programs. In the LED sector, consensus between industry and government officials
pinpointed epitaxy as a critical gap, despite its status as the most value-added segment of the LED supply chain.
Feedback from industry participants underscored the importance of epitaxy, prompting its strategic inclusion as
one of the 12 National Key Economic Areas (NKEAs) in the ETP, specifically under EPP #8: “Developing LED
Front-End Operations” (PEMANDU, 2010).
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“[In] the semiconductor world, there was a recognition that, although Malaysia was very strong in
assembly and the testing of opto semiconductors, it was weak at both ~ chip fabrication and what's called the
epitaxy level, which is the front side of the ~value chain of opto semiconductors [...] So, PEMANDU
recognized that there was a gap, an area [that would need to be addressed] if Malaysia wanted to
participate in the full value chain of optic semiconductors [...] So, something like the PEMANDU

group [needed to engage with the] industry and build roadmaps.” (Industry #1)

Furthermore, the government provided incentives to stimulate investment from industry stakeholders in
GaN technology within Malaysia. In response, foreign direct investment (FDI) has played a pivotal role in
Malaysia's remarkable economic expansion, contributing not only through capital growth but also via the
transfer of technology and expertise to the developing nation (Bakar et al., 2022; Hamood et al., 2018). The
strategic deployment of government incentives as a catalyst for introducing GaN technology to the country was
underscored by multiple interviewees.

“The incentives [that the] industry would get if it invests in Malaysia [...]. Yes, I do—of course,
speaking for my company specifically—yes. I believe others have also got that  opportunity. So, I believe the
door is open.” (Industry #1)

“It's been a challenge, but I think we made a big breakthrough through the fab of [the company],
[through which] they transferred the epi into Malaysia, and that is not a straightforward kind of
decision from [the company]. It went through a series of discussions with MIDA and we have to [hold
up] our offer and also incentives to make the deal.” (Government #1)

The factors that have steered the direction of search in the development and diffusion of GaN
technology in Malaysia are twofold: (1) the industry's pivotal role in pinpointing epitaxy as a strategic area,
thereby shaping government policy, and (2) the government's strategy of offering incentives to spur industry
investment in GaN technology. This dynamic illustrates a case of bidirectional influence, where both the
industry and the government exert mutual impact on each other's actions.

(ii) Influence Between the Industry and Local Universities

Collaborations between the private sector and universities are well-established in developed regions
such as Europe and North America, where universities possess comprehensive infrastructures capable of
conducting R&D to support industry needs (Roncancio-Marin, 2022). In Malaysia's development and diffusion
of GaN technology, the data suggests that local universities have not been the driving force; rather, it is the
industry that has been propelling universities to focus on GaN technology research through the GaN-on-GaN
Program. All three industry participants expressed the following:

“We have—Ilet me be blunt—we have forced the universities to stick with one topic and see it through
[...] for the first few years. They were not motivated or impressed by that because they felt there were
easier things to be done elsewhere. But I think now they see the value. So, the value is the quality of
their publications, the depth of their work, the international involvement they can have. I think they
really realize they have put hard work in their works.” (Industry #1)
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“That's why, in CREST, we have set up an industry steering committee. So, there are some people
overseeing the research [to ensure quality].” (Industry #2)

“If you look at the US, you can see that the model is quite successful because they can come to the
universities. They have people supporting this—for example, Silicon Valley—they have many
professors. When they ran into problems and so on, they know who to get, where to get help, and so on.
They also have those equipment builders, those materials companies in the US to provide that kind of
knowledge. Unfortunately, over here, we don't have that ecosystem. We are far from them, but we need
to work on that. We need to close the gap.” (Industry #3)

The collaboration between industry and local universities has underscored the necessity for academia to
revise its norms and practices in scientific research (Lam, 2010). This entails identifying and adhering to best
practices to forge and maintain such collaborations (Awasthy et al., 2020). The findings reveal that Malaysian
universities are predominantly responsive to the industry's guidance regarding the direction of GaN technology
research, necessitating close collaboration with industry partners in pertinent research domains.

(iii) Influence Between the Government and Local Universities

Government funding can act as a lever to influence and foster innovation (Song et al., 2022). In the case of GaN
technology's development and diffusion in Malaysia, the government allocated RM 72 million to enhance
knowledge and capabilities in GaN technology at Malaysian universities through the GaN-on-GaN Program.

“Let’s [look at] the academic perspective for the moment. So, you can imagine that when the
government has initiative in this aspect, the university will start to have professors or the academics
will start to look into this topic.” (Academia #1)

“I think the government has shown strong support for the technology through the gallium nitride-on-
gallium nitride national program, [through which] RM 72 million has been allocated to bring gallium
nitride-on-gallium nitride technology to this country.” (Academia #2)

“Funding from the government approved by EPU for the value-management lab report was RM 72
million.” (Government #2)

“We managed to raise from the government [ ...] about 72 million ringgits [...] as well as contributions
from the local companies as well as contributions from the universities to get this program started.”
(CREST #1)

Typically, government funding is a decisive factor in guiding the direction of research (Song et al.,
2022). The Malaysian government has bolstered the development and diffusion of GaN technology by financing
the establishment of laboratories at local universities, which included procuring new equipment, materials, and
access to fabrication and characterization services. This financial support has not only advanced GaN research at
these institutions but has also aligned with the needs of the industry.
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In summary, the bidirectional influence between industry and government plays a crucial role in
steering the direction of search. The industry's identification of epitaxy as a strategic area prompted government
incentives, which, in turn, spurred further industry investment in GaN technology. This symbiotic relationship
highlights the importance of collaboration and mutual responsiveness in driving technological advancements.

Similarly, the industry’s influence on local universities emphasizes the need for academia to adapt to
evolving industry demands. This responsiveness ensures that academic research remains relevant and aligned
with market needs, fostering both innovation and practical applications of GaN technology. The identification
and adoption of best practices in collaboration further strengthen these partnerships, enhancing the overall
innovation ecosystem.

Policies and incentives should be designed to promote sustained collaboration between government,
industry, and academia. Academic institutions must remain agile and responsive to industry needs to ensure the
continued relevance and impact of their research.

4.1.3 Emerging and Future Technology

GaN has emerged as the cornerstone material for an array of emerging and future technologies. Its
applications span across power devices (Zhong et al., 2022), 5G communication devices (Ding et al., 2022),
LiFi systems (Raring et al., 2022), UVC LEDs for the neutralization of the COVID-19 virus (Yao et al., 2022),
micro-LED displays (Smith et al., 2020), wireless charging units (Kumar et al., 2020), and heterogeneous
integration (Hsu, 2021), to name a few. The vast majority of study participants highlighted the significant
potential of GaN across these diverse domains.

“The opportunity is to bring these two technologies together, recognizing that gallium nitride can't do
everything but also [that] silicon can't do everything. [...] a combination of these technologies creates
new opportunities, new products, that address new market needs. So, that's a great opportunity. The
topic in general is called heterogeneous integration, the integration of these two different technologies.
That will become very hot in the next five to ten years.” (Industry #1)

“I think we are talking about 5G technology in communication. And [it] definitely is using gallium
nitride technology for this. And other than that, smartphones also now [use it for] facial recognition,
especially with this COVID-19, facial recognition, location tracing. All these need high-speed data and
big data. I believe gallium nitride technology can provide this. And other than that, we hope the
technology can also be used for agriculture, aquaculture, telecommunication, automotive, and also
biotechnology.” (Government #2)

“For communication, 5G is the fastest way now. But the laser LiFi is maybe five or six orders higher
than 5G. This LiFi will be very important for wireless communication [because] gallium nitride today
is a very, very important material for wireless communication, fiber communication, lighting, health,
etc.” (Academia #3b)

“The emerging areas that we are looking at [are] gallium nitride [for] power devices, gallium nitride
for communications devices—for example, 5G, microLED, lasers, UV LED, etc.” (CREST #1)
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In summary, GaN has been widely recognized as a fundamental material crucial to the advancement of
a wide range of emerging and future technologies (Lam et al., 2023). Its exceptional properties make it
indispensable for power devices, 5G communication, LiFi systems, UVC LEDs, micro-LED displays, wireless
charging, and more. These applications are central to the GaN technology roadmap, shaping the future of
innovation in this sector.

The study participants consistently emphasized the significant potential of GaN, particularly in driving
technological breakthroughs. Heterogeneous integration, which combines GaN with silicon, is expected to
create new opportunities and products, addressing evolving market needs over the next five to ten years. GaN's
role in high-speed communication technologies, such as 5G and beyond, is seen as transformative, with
applications extending into industries like agriculture, aquaculture, automotive, and biotechnology.

Furthermore, the potential of GaN in laser-based LiFi, which promises performance several magnitudes
faster than 5G, reinforces its importance in the future of wireless communication. The strong industry-
government-academia collaboration around GaN R&D is expected to play a critical role in sustaining the
momentum of innovation and establishing GaN as a cornerstone material for global technological
advancements.

4.2 Intermediaries

Intermediaries have emerged as significant players by accelerating the innovation process and
enhancing the effectiveness of the TIS. Intermediaries also act as catalysts in fostering collaboration among
multiple parties across various phases of the innovation process (De Silva et al., 2018). The adoption of
intermediaries in eco-innovation efforts has been observed in Sweden, Germany (Kanda et al., 2019), and the
United States (Gliedt, 2018).

In the context of the development and diffusion of GaN technology in Malaysia, CREST played an
intermediary role. This intermediary role is made clear which revealed how CREST formulated a proposal and
successfully secured funding from the Malaysian government. Moreover, CREST established an oversight
committee comprising industry, academia, and government representatives (as well as some from CREST itself)
with an industry expert assuming leadership. This strategic move by CREST facilitated effective communication
and collaboration among various stakeholders and entities engaged in the advancement and dissemination of
GaN technology, thereby promoting more efficient knowledge sharing and knowledge transfer. Furthermore,
CREST played a pivotal role in the establishment of research laboratory facilities at UM and USM.

“That is why, in CREST, we have set up an industry steering committee. So, there are some people who
oversee that the research is good.” (Industry #2)

“CREST put [...] together, and so on, and then got the EPU, which is the government, to go through. I
am happy that the government looked at it and approved [...] the funding for it.” (Industry #3)

“We managed to raise from the government [ ...] about 72 million ringgits [...] as well as contributions
from the local companies as well as contributions from the universities to get this program started.”
(CREST #1)

“We have two mirror labs from UCSB located at UM and USM. These two labs are equipped with full
capability for gallium nitride growth and characterization through the gallium nitride-on-gallium
nitride program.” (CREST #2)
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In summary, intermediaries like CREST play a pivotal role in driving innovation and fostering
collaboration. The CREST-led GaN-on-GaN Program has served as a collaborative platform through which
various stakeholders could collaborate to promote the development and diffusion of GaN technology in
Malaysia They build and enhance the networks of key actors—be they government entities, universities, or
companies—in TISs. As a result, they accelerate the development and diffusion of technologies, ultimately
advancing technological progress.

5.0 Conclusions

This study, through the application of the TIS framework, has provided valuable insights into the
development and diffusion of GaN technology in Malaysia. The findings reveal that the limitations of silicon
technology in certain applications served as a catalyst for the industry to identify GaN as a promising
alternative, prompting active government involvement. The government, primarily through initiatives like
PEMANDU, offered incentives to attract industry investment in GaN technology, reinforcing a mutually
beneficial relationship between the public and private sectors.

Key actors—government, industry, and academia. Each played distinctive roles in advancing GaN
technology, with universities responding to industry demands through research aligned with market needs. The
government’s financial support, particularly in the form of funding laboratories and providing resources,
facilitating the development of GaN technology in accordance with industry expectations. This support not only
strengthened Malaysia’s position in the semiconductor field but also ensured that the country remained
competitive in global technology markets.

A significant finding of the study is the role of intermediaries like CREST, which played a pivotal role
in accelerating innovation by fostering collaboration between government, academia, and industry. By
enhancing communication and cooperation among these key actors, CREST made substantial contributions to
the TIS, speeding up the development and diffusion of GaN technology.

The successful development and diffusion of GaN technology in Malaysia, as analyzed through the TIS
framework, serves as a valuable case study for understanding how emerging technologies can be nurtured in
developing countries. This research also highlights the importance of targeted government support, strong
industry-academic partnerships, and effective intermediaries in fostering technological innovation. The insights
gained from Malaysia’s experience with GaN technology offer important lessons for other developing nations
seeking to close the technological gap and position themselves as leaders in high-tech industries.

Furthermore, the study contributes to the broader understanding of TIS in developing countries.It
demonstrates how the framework can be applied to analyze technological advancement and innovation systems
in such contexts. The findings provide both theoretical and practical contributions, offering a model for
policymakers and stakeholders to enhance Malaysia’s technological capabilities and drive sustainable economic
growth, particularly in the semiconductor industry, in alignment with the country's National Semiconductor
Strategy.

7.0 Future Works and Limitations

While this study primarily focused on the early stages of GaN development and diffusion in Malaysia,
particularly emphasizing the "direction of search," it also highlighted the need for further research in several
other areas. The findings provide a foundation for future research endeavors. Specifically, while this study
examined the "influence on the direction of search" within the TIS framework, future research should explore
other critical functions, such as “resource mobilization”, “knowledge development and diffusion”,
"entrepreneurial experimentation," "market formation," "legitimation," and the "development of positive
externalities." A more comprehensive understanding of these functions could promote sustainable innovation,
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help bridge the technological gap in Malaysia, and ultimately contribute to the country’s economic growth and
development.
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