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I .  BACKGROU ND

A fundamental responsibility of the 
leadership of a sovereign govern-
ment is to create policies that enable 
the overall wellbeing of its citizens. 
This responsibility has many dimen-
sions but certainly wealth generation 
through industrial competitiveness is a 
key component. Today a nation’s eco-
nomic strength rests not only on own-
ership of saleable natural resources 
but increasingly on the technical capa-
bilities and innovation capacities of its 
citizens. This is particularly true in an 
environment where technologies are 
constantly emerging to serve as the 
foundation for new industries. How 
does a relatively small nation-state, but 
with significant resources and aspira-
tions, compete and excel in this envi-
ronment? This article briefly describes 
an approach taken by the Abu Dhabi 
Emirate of the United Arab Emirates 
(UAE) to foster national competitive-
ness in selected emerging technologies 
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in which the nation had previously had 
very little presence.

It all began with a realization by 
the government of Abu Dhabi in the 
very early days of the 21st century that 
despite the substantial economic ben-
efits of its petroleum-based industry, it 
would be critically important to diver-
sify from this dominant economic base 
to other industries. In 2007, the Abu 
Dhabi Vision 2030 was cultivated to 
ensure the diversification and sustain-
ability of a healthy economy so that the 
citizens of the UAE and its inhabitants 
would continue to have access to a high 
quality of living and rewarding style of 
life. Abu Dhabi’s major global invest-
ment company, Mubadala, played a 
leadership role in implementing Vision 
2030 and began to invest strategically in 
the diversification of the economy.

Initially, Mubadala undertook to 
study the various success factors that 
had enabled small nation states such 
as Singapore and Ireland to success-
fully develop industries that were 
internationally competitive. Quanti-
tative metrics were developed which 
served as aspirational targets for 
the Emirate’s economic diversifica-
tion. The targets were developed to 
measure progress along a variety of 
dimensions including science and 
technology. Innovation in science and 
technology is no stranger to the Arab 
world. In the first millennium of the 
Common Era, Arab countries were a 
major contributor to breakthroughs in 
science and technology [1]. Scientists 
during this period built the founda-
tions of modern mathematics, astron-
omy, chemistry, medicine, optics, etc. 

A few examples of the contributions 
of the Arabic Golden Age are given in 
Box 1. It is instructive to compare the 
Arabic “East” and European “West” in 
terms of the total number of publica-
tions (which will be used in this study 
as a measure of intellectual produc-
tion). During 700–1000 a.d. the total 
number of manuscripts produced in 
the “West” is estimated to be around 
270 000 [2] (about 1200 unique titles), 
which is in contrast with the book pro-
duction in the “East,” which exceeded 
1 300 000 (about 6000 unique titles1). 
The driving force for the scientific and 
technological leadership was an active 
“patronage of scientific knowledge.” 

1The Catalog (Kitab al-fihrist) by Ibn 
al-Nadim published ca. 990 CE is an index of 
all books written in Arabic contains 5970 titles 
of books.
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ties. A tree that flourishes in one envi-
ronment may not see the light of day in 
another. For example, both Singapore 
and Ireland (two of the key benchmark 
nations) started from a different R&D 
baseline than Abu Dhabi.

Building on the lessons learned 
from the benchmarking analysis, 
and given the particular needs of 
Abu Dhabi, the strategy for R&D that 
emerged rests on the following prin-
ciples: 1) learn from other successful 
national endeavors, but leverage Abu 
Dhabi’s strong resources to acceler-
ate progress; 2) align R&D with pri-
ority areas of the economy; 3) bring 
industry, government, and academia 
together with unity of purpose; and 
4) give priority to local human capital 
development. The R&D strategy was to 
develop applied research focused on a 
select few industry pain points. It was 
to begin by establishing a critical mass 
of researchers and then building scale 
over time.

To be successful, an R&D strategy 
must be one that can be implemented 
effectively on the ground. Resources 
are critical, but successful implemen-
tation on the ground often requires 
building the right R&D culture and 
nurturing this culture so that it can 
be sustainable if the availability of 
resources fluctuates over time. A fail-
ing strategy is often blamed on lack of 
execution, but in fact a failing strat-
egy is most often one that is not well 
designed from the beginning because 
it failed to consider implementation 
realities. As one learns from bench-
marks of success (Singapore, Ireland, 
and others), one must also learn from 
benchmarks of failure.

To maximize the chances of suc-
cess, the strategy was built on areas of 
existing strength. One area of strength 
was a direct result of Mubadala’s bold 
decision to invest heavily in semicon-
ductor technology, beginning with the 
formation of Globalfoundries in 2008. 
Why this industry? There were several 
reasons but chief among them was the 
realization that semiconductor tech-
nology is the base upon which much of 
the burgeoning information technol-

II .  CH A LLENGES

Building innovation capacity in sci-
ence and technology (S&T) requires 
a full ecosystem of human capital 
development, R&D funding, a culture 
of entrepreneurship, and startup and 
commercialization pathways, enabled 
through both government and private 
sector support. Building and sustain-
ing such an ecosystem is an enormous 
undertaking not just for a young nation 
like the UAE, but for any nation. The 
challenges for Abu Dhabi included: 
attracting top human capital capacity 
in S&T; building local human capital 
capacity, aligning the output of higher 
education with the needs of the indus-
tries under development at the time; 
funding R&D on a larger scale; and 
developing pathways to productization 
and commercialization. Each of these 
challenges is major in itself, let alone 
considering all of them together. This 
resulted in yet another challenge: con-
vincing the key people and especially the 
prospective faculty that it can be done.

There were also additional chal-
lenges that developed over the course of 
the program. Many of them were typical 
challenges that any R&D program faces 
such as continuity of the research in the 
face of graduating students and typical 
faculty turnover. However, when build-
ing a program from scratch, combined 
with an insufficient pool of potential 
faculty to recruit locally, the challenges 
are exacerbated. A loss of even one 
faculty member would cause major 
delays for the program. Thus retention 
becomes even more of an issue and 
appropriate mechanisms must be in 
place to minimize turnover.

III .  STR ATEGY

In developing the strategy, it was 
important to learn from the experi-
ences of other nations but it was criti-
cal that such learning be done in the 
context of Abu Dhabi. It was recog-
nized early on that one cannot take a 
strategy that worked in one country 
and make it work in another with a dif-
ferent set of constraints and capabili-

Rulers and wealthy urban groups 
funded scientific output and also 
established libraries and other institu-
tions where scientific topics were stud-
ied, such as the House of Wisdom in 
Baghdad. This patronage was provided 
for both prestige and for the “practical 
benefits promised by the practition-
ers of medicine and astronomy and 
astrology and applied mathematics.” 
This direct patronage system is to 
some extent equivalent to the modern 
funding system of science by govern-
ments and private organizations. Yet 
over much of the 20th century, the 
Arab world had fallen seriously behind 
in science and technology. Back to 
back stunning reports by the United 
Nations Development Programme 
(UNDP) in 2002 and 2003 revealed 
how far behind the Arab world had 
lagged in human development and 
knowledge production. For example, 
the number of frequently cited papers 
of active researchers was below 0.1 per 
million people as opposed to 42 per 
million people in the United States [3]. 
The Arab countries in total had gener-
ated less than 500 patents registered 
in the United States as compared to 
over 16 300 for South Korea during a 
19-year stretch from 1990 to 1999 [4].

These UNDP reports truly shocked 
the Arab world and served as a wake-
up call for action. Many responded to 
the challenge and the UAE was at the 
forefront of developing the necessary 
systems and infrastructure for knowl-
edge production. In particular, Abu 
Dhabi’s Vision 2030 in 2007 set forth 
an important roadmap for reversing 
the downward trend of the region in 
science and technology.

The vision identified priority areas 
for economic development and set out-
put achievement targets for education, 
healthcare, and various economic sec-
tors. Abu Dhabi began a massive effort 
to build strong foundations in educa-
tion, beginning with major reforms in 
K-12 and higher education. The ulti-
mate goal was to diversify the economy 
through innovation and knowledge 
production.
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programs. The engagement of these 
TAB members in this process for UAE 
universities has been indeed exem-
plary. At each annual review, company 
evaluations are collected in several 
categories such as: 1) importance to 
my company; and 2) satisfaction with 
progress. Across the projects now 
funded in the UAE, the performance of 
researchers is now on par with the eval-
uation results obtained across the sev-
eral hundred projects operational at 
SRC at any given time. For example, 
one of the major Abu Dhabi SRC cent-
ers funded by Mubadala began with a 
TAB score of slightly below the U.S. 
average after its first year of operation 
in a category related to the importance 
of the research, but ended its third year 
with a score at par with the best SRC-
rated centers in the United States.

There are tangible results as well. 
For example, Table 1 demonstrates 
that overall scholarly productivity has 
substantially increased across key met-
rics that are especially relevant to the 
goal of increasing the UAE technical 
competence in the semiconductor sci-
ences and technologies. The impact on 
graduate student enrolment is obvi-
ously significant given the growth of 
the semiconductor program over the 
period 2010–2016.

Indeed, all the numbers across the 
various categories in Table 1 are sig-
nificant, but what is also noteworthy is 
the quality of the programs. Several of 
the research papers received best paper 
awards at major international confer-
ences, and one of the papers was the 
most downloaded paper of the IEEE 
TransacTIons on cIrcuITs and sysTEms 
in October 2016.

Finally, note that the two key uni-
versities involved in the semiconductor 
R&D programs were both very young 
universities in 2010 (for example, Mas-
dar Institute was founded in 2007) and 
both experienced significant growth 
in other areas of engineering. Table 2 
shows the overall growth in intellec-
tual productivity measured over two 
intervals: 2007–2010 and 2013–2016. 
When compared to Table 1, it is clear 

There was some initial skepticism 
among the faculty that SRC would 
actually fund university research 
programs; however, when solicita-
tions were offered, the response was 
dramatic (there were 48 proposals to 
the first solicitation and seven were 
funded). A second challenge to initi-
ating university research centered on 
the need to recruit UAE nationals to 
pursue graduate education in semi-
conductors. This was understandable 
since degrees related to, for example, 
the petroleum industry usually came 
with employment opportunities, 
whereas in the semiconductor indus-
try, future employment opportunities 
were unknown. Early on, therefore, 
the UAE universities were in a highly 
competitive environment for recruit-
ment of outstanding students. As a 
cultural and anecdotal observation, 
young UAE women seemed to respond 
very positively to opportunities for 
semiconductor education. In fact, 
contrary to what one might find in 
many other nations, women represent 
the majority of students in disciplines 
such as computer engineering at the 
federal universities. For example, in 
the 2016/2017 academic year, the total 
number of students enrolled in the 
College of Engineering at UAE’s flag-
ship federal university, The UAE Uni-
versity, was broken down as follows: 
847 male students and 1825 female 
students (this is the total number of 
students and not particularly the num-
ber in the semiconductor program) [5].

Finally, as an adjunct to the basic 
UAE-based research program, SRC 
endeavored to link UAE undergraduate 
scholarship students studying abroad 
to existing SRC research programs in 
international universities.

I V.  FINDINGS

The SRC operates by involving mem-
ber company engineers and scien-
tists as members of technical advi-
sory boards (TAB) to plan, select, and 
evaluate each of its university research 

ogy industry rests. The semiconductor 
industry has served as the enabler of the 
technology boom that has changed the 
world. From mobility to social media, 
the semiconductor industry is the very 
foundation for the digital and knowl-
edge revolutions that have touched the 
lives of people across the globe. How-
ever, in 2008, though the country was 
among the world leaders in deploy-
ing Information and Communication 
Technologies (ICT) infrastructure, 
scientific expertise in semiconductor 
technology, such as IC design and pro-
cess technology, was virtually nonexist-
ent in the UAE. To bridge the gap, and 
guided by the overarching R&D strat-
egy, a plan was developed to build local 
capacity in semiconductor technology. 
The plan involved several accelerated 
phases, including endowed chaired 
professorships, lab infrastructure, 
student fellowships, and partnership 
with Globalfoundries. It also included 
developing a special partnership with 
the Semiconductor Research Corpora-
tion (SRC). SRC, an industry-led con-
sortium of international companies, 
was engaged to organize and conduct 
a major Abu Dhabi university research 
program in semiconductor technolo-
gies, with a strong emphasis on engag-
ing UAE nationals. This was the first 
major undertaking by SRC outside the 
United States.

SRC personnel met with the lead-
ership and faculties of several of the 
larger universities, including Masdar 
University, Khalifa University, UAE 
University, NYU-Abu Dhabi, Ameri-
can University of Sharjah, and others 
to evaluate interest in semiconductor 
research. SRC also evaluated the exist-
ing curriculum in the UAE universities 
that was supportive of semiconductor 
technologies. There existed some sali-
ent courses but not very much depth 
in most universities. Another evalu-
ation dealt with the semiconductor-
related research output of UAE uni-
versities, and it was found that there 
was little international recognition as 
indicated by papers published, cita-
tions, patents, etc.
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focus at universities, the focus must 

shift toward solving real and practical 

industry problems. Third, the scale of 

coordination and collaboration among 

the three nodes of the triple-helix of 

government, industry, and academia 

must be very strong—even stronger 

than the coordination that exists in 

nations with highly developed R&D 

ecosystems.

subtle but important for rapid devel-
opment of the R&D ecosystem. First, 
nations developing green field R&D 
have to set very clear priorities and ini-
tially focus on only a few sectors of the 
economy. Second, funding should be 
mostly directed toward industry pain 
points where an upstart program can 
be differentiated at the global level. 
While fundamental research cannot be 
neglected and has been a traditional 

that much of the growth in citations 
can be attributed to the semiconductor 
R&D programs.

V. LESSONS LE A R NED

Box 2 summarizes the seven key mes-
sages and lessons learned for quickly 
developing a green field (from scratch) 
R&D ecosystem. We would like to 
emphasize three points that may be 

Table 1 Comparison of 2010 and 2016 Research Output by UAE University Researchers as Related to Semiconductor  

Technology R&D

Table 2 ªProductivityº Growth of Abu Dhabi Universities [6]
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launch of Globalfoundries and the deep 
involvement of the SRC. However, we 
should not lose sight of the people who 
made it happen: the students and fac-
ulty of the Abu Dhabi universities. By 
its nature, the semiconductor R&D 
program is multidisciplinary, bring-
ing together faculty from engineering 
and the sciences. Thus, the growth of 
the semiconductor program impacted 
several colleges and departments (elec-
trical engineering, computer engineer-
ing, computer science, and physics) 
and contributed significantly to the 
overall intellectual output of the Abu 
Dhabi Universities. 

U.S. dollars), less than that of Ghana 
at the time (source: World Bank data 
archive). However, even with no sub-
stantial natural resources, the nation 
was able to build its knowledge systems 
and, today, it stands tall as one of the 
world’s top manufacturing and knowl-
edge economies. A key message is that 
success requires having the right lead-
ership and the right innovation culture.

Abu Dhabi’s success in building its 
semiconductor technology R&D eco-
system was possible because several 
critical factors came together at the 
right time and in the right way—from 
the vision of the leadership, to the 

It may be argued that the UAE is 
uniquely positioned, given its resources.  
Whereas such resources are very 
important, leadership is critical. In 
fact, it is the most important dimen-
sion. There are many nations rich in 
natural resources around the world 
that have not been able to substantially 
develop their knowledge systems. In 
fact, one can argue that nations with-
out such resources but ones that have 
the right leadership and innovation 
culture can develop competitive econ-
omies through knowledge systems. 
For example, South Korea’s GDP per 
Capita in 1960 was $158 (in current 
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