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Preface

Over the past few decades, biological microelectro-mechanical systems (BioMEMS)
have been commonly designed, fabricated, and used for a wide range of applica-
tions including cell studies, therapeutics, tissue engineering, drug delivery, implantable
devices, and biosensors, among others. BioMEMS are portable, low-cost, rapid, and
robust platforms designed to automate one or more analysis steps such as mixing,
separation, sedimentation, etc. into onemonolithic device. BioMEMShave proven to be
excellent candidates for biosensing applications. Such devices act as miniaturized lab-
oratory systems that can be used in remote and/or rural areas for detection of multiple
analytes with minimal human involvement, which, in turn, makes the detection proce-
dure offatal diseases safer for laboratory technicians. This book is dedicated to the latest
advancements of BioMEMS in biosensing applications. Different detection strategies
including colorimetric, fluorescence, luminescence, bioluminescence, chemilumines-
cence, biochemiluminescence, and electrochemiluminescence are thoroughly reviewed
in this book, and different types of BioMEMSdesigned and fabricated for thementioned
detection strategies are presented with recent examples. These BioMEMS devices
include paper-based, microfluidics such as lab-on-chip (LOC), lab-on-compact-disk
(LOCD) systems and interesting alternative techniques that offer new solutions. This
book also provides an overview on the history of BioMEMS and the pioneered devi-
ces in the history of science which were designed and fabricated for different purposes.
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Chapter 1
History of Bio-microelectromechanical
Systems (BioMEMS)

Ricardo Garcia-Ramirez and Samira Hosseini

1.1 Introduction

MEMS are miniaturized devices that transduce signals in different domains
using semiconductor manufacturing techniques to produce non-electrical elements
(Council 1998). The acronym MEMS was coined in the United States before the
start of the 1990s by Professor Roger Thomas Howe, along with other scientists,
after microscale fabrication was established as a growing engineering field (Maluf
and Williams 2004). The first conference regarding MEMS was held in Berlin in
1988 as part of the International Conference on Micro, Electro and Optomechanical
Systems and Components (Madou 2011).

MEMS’ potentials arose with microelectronics, as these complex devices became
more sophisticated. Their materials and designs were enhanced in order to perform
better on fixed tasks needed in the microelectronics industry (Madou 2011; Folch
2016; Saliterman 2006). As time and research advanced, biological applications
were added to the domain of their use. Currently, the MEMS industry has
several established milestones in the microfabrication technologies, such as micro-
molding, photolithography, 3D structure assembly, among others (Borenstein 2008).
Since MEMS could also contain mechanical components including cantilevers or
membranes, they are ideal for fulfilling sensing (pressure and flow sensors) and/or
actuation (optical-beam handling) tasks (Council 1998).

Biomedical or Biological Micro-Electro-Mechanical Systems, more commonly
referred to as BioMEMS, are defined as micro or nano-scaled devices or systems that
are used for processing, delivering, manipulating, or analyzing biological and chem-
ical entities for biological or biomedical applications (Bashir 2004). Even though
its name suggests the incorporation of both electronic and mechanical elements, it
shouldbe acknowledged that these devices donot necessarily integrate all functions in
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2 R. Garcia-Ramirez and S. Hosseini

every single device. Despite the fact that BioMEMS are a trend nowadays, the origin
of micro systems used in life sciences, such as biology and/or neurology, are surpris-
ingly old. Figure 1.1 shows a timeline with some of the most important BioMEMS
milestones. Although many authors (Madou 2011; Folch 2016; Saliterman 2006)
have reported the origins of BioMEMS in the late 1980s and early 1990s, preceding
studies had already created BioMEMS technology without the use of such term.
Table 1.1 demonstrates the first BioMEMS platforms in chronological order in great
detail.

1.2 BioMEMS

1.2.1 Advantages of BioMEMS

BioMEMS offer various advantages over traditional methods that are worthwhile
exploring, including a small device dimension and sample volume, portability,
reliability in replication, high throughput performance, multifunctionality, possible
automation, among others. The small device dimension provides obvious advantages
as these devices possess a potential for miniaturization, whether in-vivo or in-vitro,
including reduced manufacturing costs for devices as µTAS (micro-total-analysis
systems) and LOC (lab-on-a-chip) devices. The smaller devices also benefit from
the small sample size and reagents, in order to perform the same reaction that bulkier
devices would need. The physical space they require and ease of portability is another
advantage that BioMEMS have in contrast to their counterpart large pieces of lab
equipment. Furthermore, BioMEMS devices provide multifunctionality that allows
individual instruments to be integrated within one single device. This, in turn, facil-
itates automation, a feature that plays vital role in such devices. Fully integrated
and automated devices can run the analysis with least human intervention. This is
of great importance particularly when facing unknown or newly known dangerous
illnesses. Considering the portability and the lightweight of such devices, they make
great candidates for extreme point of care (EPOC) in remote and/or rural settings
where there are no centralized laboratories. Equipment-free readouts, mass transfer
of data, and/or readouts via smart phones and devices are the alternative analytical
strategies linked to BioMEMS.

Nowadays, BioMEMS are one of the fastest growing fields in the world, because
of the implications that it could create in multiple industries including the health
sector, in particular in hospitals and healthcare facilities (Experts 2019). The current
research regarding BioMEMShas increased at an accelerating rate. Since the first use
of the termBioMEMS in the 1990s, there has been a constant increase in publications
regarding this field. According to Clarivate Analytics the number of cites per year
containing BioMEMS as a keyword has increased from less than 100 in the year 2000
to over 1600 in 2018. The global BioMEMS Market stood at 2.45 billion dollars in
2014 and predictions suggest it will grow above 25% by 2024, mostly due to the
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