Building a Microelectronics
Research Group from the
Ground Up
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BUILDING A

MICROELECTRONICS
RESEARCH GROUP FROM

THE GROUND UP

Microelectronics are the minuscule components that power our

modern world, from your smartphone to the systems that keep jet

airliners in the sky. These essential components, such as transistors,

resistors, capacitors, and inductors are the building blocks of

microchips - the tiny computing units that process vast quantities

of binary information. However, the world around us isn’t binary.

Engineers must develop ways to translate between the analogue
world that we inhabit and the binary world of chips. Over the last
30 years, Professor Rui Martins of the University of Macau has
built a world-renowned research lab - the State Key Laboratory of
Analog and Mixed-Signal VLSI - focused on further bridging the gap

between analogue and digital.

A Small World

Microelectronics are the tiny chittering
components that fill your laptop,
phone and washing machine, and keep
planes in the air. This field has grown
exponentially over the last 50 years, but
the components that are developed
have been getting exponentially smaller.
The first computers were gargantuan,
but researchers and engineers have
shrunk each component by orders of
magnitude, allowing circuits to become
increasingly dense.

In 1965, Gordon Moore, an engineer
and founding CEO of Intel, suggested
that the density of transistors in

circuits doubles every 18 to 24 months.
Transistors are ubiquitous in modern
technology, and are mostly used to
store and process binary information

- they can be either ‘on’ or ‘off,
represented by a 1 or 0. Moore’s Law, as
it came to be known, has held true for

over half a century, leading to a world
where your pocket-sized smartphone
has orders of magnitude more
computing power than the room-sized
supercomputers of the 1960s.

However, Moore’s Law isn’t like the
laws of gravity or thermodynamics, but
itinstead describes the self-fulfilling
prophecy that research will find ever
more ingenious ways to achieve more
with less.

Research at SKL-AMSV

Based at the University of Macau, the
State Key Laboratory of Analog and
Mixed-Signal VLSI (SKL-AMSV) focuses
on the boundary between microscopic
binary processers, and the analogue
data that fills the macroscopic world
we’re familiar with.
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‘Macao Chip by Macao People’ - First
State Scientific and Technological
Progress Award for Macao.

Researchers at SKL-AMSV developed
novel Analog-to-Digital prototypes for
the incoming 5G and Internet of Things
(10T) rollout, achieving better energy
efficiency than most competitors. As

the microelectronics components of
Analog-to-Digital converters become
smaller, the efficiency of such devices
becomes more important, as the density
of circuitry leads to heat that must be

quickly dissipated to avoid overheating. v



University of Macau is awarded Macao’s first US patent in
microelectronics.

An Evolving University

The story of SKL-AMSV is a great case study into how to build a
world-renowned research laboratory from scratch, with limited
funding and resources. Through a decade of transformation,
re-aligned priorities, and the careful recruitment of teaching

and research specialists, the laboratory has grown dramatically.

Macao, a Special Administrative Region of China, has a unique
history as an erstwhile Portuguese territory that was transferred
to China in 1999. Since then, it has operated under the one
country, two systems principle, reflecting the region’s unique
development.

Established a decade before Macao’s transition from Portugal
to China, the University of Macau initially focused on
undergraduate teaching and employment-oriented courses,
with limited original research or opportunities for postgraduate
engineering projects. Fewer students were enrolling in science
and engineering subjects each year, and so the Faculty of
Science and Technology became interested in transforming its
approach to teaching and research.

To find solutions to this problem, higher education authorities
invited Professor Rui Martins who was working at Instituto
Superior Técnico, Technical University of Lisbon to come to
Macao. Soon after his arrival, Professor Martins prepared a
report that summarised his ideas on how to enhance the
research and teaching potential of the University of Macau. His
report contained proposals for how to adapt certain curricula,
and ideas for establishing research master’s and doctoral
programmes. The management at the University of Macau
used this report as a framework for developing a research and
teaching strategy for the coming decades.

While previous teaching at the University had covered the
basics of electronics, this field develops too quickly for such a
basic education to be globally competitive. Going forward, the
University fostered new research programs, and established
feedback cycles between research and teaching to ensure
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Lei Ka Meng receives Best Paper Award at the Fifth Asia
Symposium on Quality Electronic Design.

students studied state-of-the-art electronics. Master’s students
took a mandatory course titled Introduction to Research, which
motivated them to undertake their own original research.
Students were also given the option to specialise further than
had previously been supported.

The University then launched a project entitled UMCHIP - a
collaboration with Professor Martins” alma mater, the Technical
University of Lisbon. This new microelectronics project led to
the design of the first integrated circuit in Macao. Remarkably,
the whole circuit was built without specialised laboratory
equipment with a budget of just €4,000.

In addition to developing its research opportunities, the
University also launched an outreach program in high schools
to attract more students to engineering and technology, which
led to a significant increase in enrolment.

This was the start of a positive feedback cycle. In 1994, the
University had just two students enrolled in PhD programs.

This number grew to 22 in 2002, and by 2013, there were 455
students undertaking PhD projects at the University. This
dramatic increase in PhD students lead to over 500 publications
per year by 2013, in prestigious journals and conferences
around the world. The University began offering scholarships
for such students, covering tuition fees and providing a monthly
stipend. Now, in 2022, the University has over 1,800 PhD
students and will achieve over 3,000 publications and more
than 20,000 citations.

This change required the careful cultivation of the best
performing students, nurturing their education on the most
recent research, and encouraging their initial forays into
conducting research of their own. This led to more research and
better teaching, which attracted more students who arrived
with ever greater ambition.

These changes, as well as quality standards passed by the
government, led to Portugal recognising the University of
Macau’s engineering degrees in 1997, which fostered further
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collaboration between Macao and
Lisbon.

Establishing a World-Class Research
Group

By 1994, Professor Martins had become
the Dean of the Faculty of Science and
Technology at the University of Macau.
The faculty grew larger and more
diverse, as staff were recruited for new
positions such as teaching assistants
and dedicated lecturers. With a growing
staff and a greater focus on quality
teaching and research, this new system
led to more research, publications, and
recognition for the University and its
Faculty of Science and Technology.

iy 0 . In2003, the precursor to the SKL-AMSV
\ Laboratory was officially created by
\\ Professor Martins and his former local
N student Professor Ben U. Initially, the
D Laboratory was located in a garage
J N < oncampus, and later moved to two
\ rooms in another University building.
- In 2005, when the Macao Science and
Technology Development Fund was
. launched, Professor Martins successfully
applied for research funding for the
: new Laboratory, allowing its research
achievements to surge.

< In 2010, two papers from his research
group were selected to be presented
at the International Solid-State Circuits
Conference (ISSCC) in 2011 - the world’s
leading forum for presenting the latest
advances in microelectronics research.
Soon after, the Ministry of Science and
Technology of the People’s Republic of
China granted ‘State Key Laboratory’
~ ‘ status to Professor Martins’ lab, and
SKL-AMSV was officially established.

In 2014, the Laboratory moved to the
- University’s new campus in Henggin,
Macao, allowing it to grow further and
produce even more world-leading
research. Since then, dozens of papers
from SKL-AMSV have been selected
> for presentation at the International
Solid-State Circuits Conference (ISSCC).
At the 2019 conference, eight papers
= were selected, and the Laboratory
- was ranked second in the world for
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University of Macau team at the ISSCC 2019 in San Francisco.

its contributions to microelectronics
research, next only to Intel. Recently,
the results for the 70th edition of this
conference, ISSCC 2023, were revealed
and University of Macau (with SKL-
AMSV) is the leading institution in the
world, with 15 papers or chips accepted!

Interdisciplinary Specialisation

The growing body of published
research, including hundreds of
research papers, has established SKL-
AMSV and the University of Macau as
a centre for excellence in electronics
research.

The first research projects studied

data conversion and signal processing,
generating both fresh insights and novel
problems for students to pursue. This
natural specialisation allowed Professor
Martins and his team to find a niche
while they grew, without requiring a
long-term, strategic agenda. Instead,

a ground-up approach granted the
researchers with the freedom to make
the best use of the limited resources
that were available at each stage.

The team began to collaborate across
disciplines, leading to the study of a
particular specialism within SKL-AMSV
known as microfluidics, which was first
introduced to the Faculty of Science
and Technology by a visiting professor.
Specialising in the interdisciplinary field
of microfluidics allowed the SKL-AMSV
researchers to develop chips that

can process DNA samples, towards

-7“ 85.0‘. -8

> 2 2 » 7

providing fast disease diagnoses and
even measuring the resistance of certain
infectious diseases to antibiotics.

Recently, the team’s research has
branched out to develop bi-directional
transceivers that enable wireless
charging - using one phone to charge
another without wires. In fact, SKL-
AMSV researchers built the world’s

first fully integrated wireless charging
system, earning researcher Yan Lu the
ISSCC 2017 Takuo Sugano Award for
Outstanding Far-East Paper.

SKL-AMSV continues to grow and garner ——
international recognition, nurtured =
by the vision and strategic agency of
Professor Rui Martins. The State Key
Laboratory is now led by Professor
Elvis Mak, a local former PhD student
who graduated in 2006 and became
Full Professor in 2017. Professor Mak
has also served as the Overseas Expert

of the Chinese Academy of Sciences =40
(2018), IEEE Fellow (2019), and recently —_—

also received the Xplorer Prize from =
the Tencent Foundation (2022). Under \
his leadership, SKL-AMSV promises

to keep enhancing its approach to
teaching, and will continue to produce
world-renowned innovations in
microelectronics, microfluidics, and
beyond.
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dalhas ¢ Titulos Honorificos do Ano 2021
de Macau da Republica Popular da China

February 2022 - Professors Rui Martins, Ben U and Elvis
Mak with Mr Tong Chi Kin (Chairman of Macao Science and
Technology Development Fund in 2011).

Professor Rui Martins studied electrical engineering at the
Department of Electrical Engineering and Computers within the
Instituto Superior Técnico at the University of Lisbon, Portugal.
He received his PhD in 1992, and the Habilitation Degree

for Full-Professor in Electrical Engineering and Computers

in 2001. Professor Martins is the founder of the State Key
Laboratory of Analog and Mixed-Signal VLSI (SKL-AMSV) within
the Faculty of Science and Technology at the University of
Macau. The Laboratory has grown dramatically since it was
first established, becoming a world-renowned, state-of-the-art
research hub. Professor Martins is a prolific researcher, with
over 800 publications that have together received 10,000+
citations. From 1994 to 1997, he was the Dean of the Faculty of
Science and Technology, and he has been the University’s Vice-
Rector since 1997. Today, Professor Martins continues to guide
SKL-AMSV, developing both award-winning microchips, and
nurturing remarkable students working on multidisciplinary
research projects.

CONTACT

E: rmartins@um.edu.mo
W: https://rto.um.edu.mo/prof-rui-paulo-da-silva-martins/
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Laboratério de Referéncia do Estado em
Circuitos Integrados em Muito Larga Escala
Analégicos e Mistos

KEY COLLABORATORS

Instituto Superior Técnico, University of Lisbon, Portugal;
University of Pavia, Italy; Hong Kong University of Science

and Technology, Hong Kong, China; Tsinghua University,
Beijing, China; Fudan University, Shanghai, China; University of
Electronic Science and Technology of China, Chengdu, China;
Southern University of Science and Technology, Shenzhen,
China; University of Malaysia; University College Dublin, Ireland;
Interuniversity Microelectronics Centre, Belgium; Harvard
University, USA; Stanford University, USA; International Iberian
Nanotechnology Laboratory, Portugal; New University of
Lisbon, Portugal.

This work was supported by University of Macau and the Macao
Science and Technology Development Fund under Grant SKL-
AMSV(UM)-2020-2022.
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Instituto de Microelectrénica

State Key Laboratory of
Analog and Mixed-Signal VLSI

Institute of Microelectronics
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