
Chapter 5 
Micro and Nanotechnology 

Chukwuka Bethel Anucha and Erwann Guénin 

Abstract Scale measurement is one of the frequently used approaches and tools for 
classifying micro, nano, and even macro technological application domains, despite 
the fundamentally significant variations in the chemical and physical mechanisms. 
Unit scales of macro, micro, and nano are used to understand and interpret better 
the size of objects in an associated and related manner at different level of scales in 
order to be able to understand the boundary-evading nature of materials fabricated 
at different levels for general and specialized fit-for-purpose applications. This book 
chapter focused on a relatively small portion of the larger and far-reaching field of 
micro/nanotechnology, which currently encompasses every aspect of science and 
engineering as well as anything we could possibly dream of or envision. 

Keywords Technological advancements · Nanofabrication · Microfabrication ·
Scale measurement · Biosensing 

The History of Micro and Nanotechnologies 

Historically, materials always have existed at different dimensional scales, and 
humans have used different particles and structures since the first ancient civilization. 
Whether they had been aware or not, the Romans and the Damascans demonstrated 
one of the most interesting technologies in the ancient world by respectively using 
nanoparticles to create iridescent glasswares and exceptionally sharp edge swords. 
Developmental traces of nanoscience in the time of ancient Greek philosophers like 
Democritus in the fifth century led scientist asked whether matter is a continuum, 
and therefore, indefinitely divisible into smaller portions, or made up of tiny, indi-
visible, and indestructible components which today’s scientists refer to as atoms [1]. 
This can only consolidate the belief that archaic artisans were nanotechnologists 
who had practically used nanoscience to develop historic artefacts [1]. As early as
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the fourth century, Roman artists had discovered that adding gold and silver to glass 
developed a remarkable effect of colour change with the glass appearing slate green 
when lit from outside and glowing red when lit from within [2–4]. The ceremonial 
Lycurgus cup is the most famous surviving example of this technique [1, 2, 4]. While 
nanoscience intermarries nanotechnology for its practical application, the same goes 
with the relationship between microtechnology and nanotechnology. Over the course 
of modern historical evolution of scientific and technological advancements, by scale 
measurement, micro and nanotechnological materials have progressed hand in hand 
and used in various application domains. In essence, nowadays, we can buy avail-
able precision technological processes workup materials at microscale or work them 
down to nanoscale, thus, the interwoven nature of both technologies exist at scale 
boundary line. 

In a historical precedence, groundbreaking discoveries and events continue 
to emerge in an evolutionary timeline fashion resonating the witnessed progress 
advancement of nanoscience and technology. For instance: Stained glass windows 
of cathedrals (500–1450 BC) [5], Iridescent/metallic clusters of the Derutta Poetry 
(1450–1600 BC) [5], colloidal rugby gold nanoparticles synthesis [6], light scat-
tering of nanoparticles (Mie 1908) [7], near field optical microscope [8], cathode ray 
oscilloscope (CRO) [9], field-ion electron microscope reporting the first surface atom 
visualization [10], Watson and Crick discovery of DNA [11], electron tunneling [12], 
etc.; are in a random mix, few of the huge achievements already recorded within the 
sphere of nanoscience and nanotechnology and has offered highly innovative solu-
tions to various scientific and technological domains tackling human challenges. 
Table 5.1 gives a more comprehensive overview of the evolutionary trend time-
line marking the events that has shaped historical progress in the advancement of 
nanoscience and nanotechnology to date. This timeline depicts premodern examples 
of nanotechnology, and in like manner, modern era discoveries so far reached as 
milestones.

Heralding the era of what today is referred to as modern nanotechnology, Amer-
ican Physicist and nobel laurate Richard Feynman, came up first with ideas and 
concepts behind nanotechnology in 1959 [1]. At this time and during the annual 
meeting of the American Physical Society held at California Institute of Technology 
(Caltech), Feynman presented a lecture titled “There’s Plenty of Room at the Bottom” 
[25]. Though not mentioning the word ‘nanotechnology’ in his lecture, Feynman 
posed the question: “why can’t we write the entire 24 Encyclopedia Britannica on 
the head of a pin”?, laying down the possibility of using machines to fabricate and 
construct smaller machines to molecular level scale [31]. From this point onward, a 
revolutionary trend in the manipulation of materials at different scale range levels of 
“micro” and “nano” erupted giving birth to the traverse being witnessed today in the 
diverse domains of science, engineering and technology for the development of best 
result outcome materials as a function of size, shape and functions entirely different 
from their bulk state.
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Definition of Microtechnology 

Micro and nanotechnologies are roughly related on scale basis; however do have 
significant differences underlying their physical and chemical mechanisms [77–79]. 
However, no hardline differences between these technologies, scientific and tech-
nology communities regimentally approach them differently [77–81]. Hence, the 
challenge of arriving to an all-inclusive and sufficient definition of these concepts 
transcending multiple disciplinary frontiers with no fit-in-one category exists. As 
particularly pervasive as they are, microtechnology extends into nanotechnology. 
Just as science and technology have always being heavily intertwined, impossible 
to discuss and indeed advance independently, such connection exists between micro 
and nanotechnology. In essence, both micro and nanotechnologies are about minia-
turizing and scaling materials down to produce other material products. Majority of 
material manufacturing processes which earlier were classified as microtechnolog-
ical processes have now further being scaled down and falling within the scope of 
nanotechnology. Microtechnology is the application of technological processes in 
the manufacture of miniaturized objects or systems at microscale [77–79]. Matter 
manipulation at this scale is within the range of 1micron (μm) or 10–6 m (in the 
equivalent of meter) or 10–3 mm (in the equivalent of millimeter) or even 103 nm (in 
the equivalent of nanometer scale). 

Definition of Nanotechnology 

Fifteen years later following the exploration of Feyman, the word “Nanotechnol-
ogy” was first used and defined as “a process comprising mainly of separation, 
consolidation, and deformation of materials by one atom or one molecule” by Norio 
Tanuguchi, a Japanese scientist [31]. In recognition of his inspiring contributions, 
Richard Feynman was credited and widely regarded today as the father of modern 
nanotechnology [1]. Following the discovery and insight into this new research 
field, scientists and researchers were highly illuminated with a trigger of huge 
interest, focus and concerted efforts. Such scientific research community approach 
has advanced findings with tremendous impact translating nanoscience capability 
of manipulating materials at nano and molecular scales to observing, measuring, 
manipulating, assembling, controlling and manufacturing matter at the nanometer 
scale [80]. In the light of the huge potential prompting the declaration of nanotech-
nology as one of the most promising technologies of the twenty-first century, the 
National Nanotechnology Initiative (NNI) in the United States of America (USA) 
defined nanotechnology as the science, engineering, and technology of manipulating 
materials at the nanoscale range of (1–100 nm) size, making it possible to leverage on 
their exhibited outstanding properties of sizes and shapes at this scale; for extensive 
novel application to variety of fields ranging from chemistry, physics, and biology 
to medicine/life sciences, engineering, and electronics [48]. Enshrined in the NNI
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definition of nanotechnology are the structural manipulation of materials based on 
sizes and shapes at nanoscale, and the inherent novelty taking advantage of materials 
manipulation at this scale where unique physical, chemical, and biological properties 
not obtainable at either smaller scales like atoms nor larger scales of millimeters/ 
inches frequently used in everyday life emerge [48]. 

Increased information capabilities, system miniaturization, new material science 
development with increased functionality and autonomy are some of natural conse-
quences in the advances of micro and nanotechnologies resultant effect of scaling to 
small size [77–81]. The definition of microtechnology do not completely border 
on categorized microscale dimension materials but could however also be clas-
sified based on manufacturing composition for instance microelectrionic material 
devices originally fabricated with microscale development processes [77, 81]. The 
transitional means in fabrication of micro and nanotechnologies offers material 
workability at both scales to meet need for specific applications. This interplay 
has led to revolutioned material advancement with robust and ultimate properties 
emerging at nanoscale [81]. Typically, apparent trends in microelectronics with 
component miniaturization, increased capability as per information density, reduced 
cost function, increased reliability and ruggedness etc., are improved features at the 
micro-nanotechnologies interface [77, 81]. 

In absolute sense, the two particularly pervasive themes of microtechnology with 
extension into nanotechnology lie interfacially at the convergence of science disci-
plines of chemistry, biology, physics, and material science and subsequently lay 
foundation for nanoscience. While nanoscience interwove with these principal core 
science disciplines, the technological application of the knowledge emerging from 
the involved nanoscience interconnectivity delivers the capability of measurement 
observation, manipulation, assemblage, control, and matter manufacturing at the 
scale of nanometer and micrometer. In accounting for a more regulated and laid 
out definition of micro and nanotechnologies, several organizations and regulatory 
bodies and agencies have provided explanation to scientific terms associated with 
research areas focusing on the understanding and manipulation of matter at atomic 
and molecular scales. The associative defined terms as relayed in Table 5.2, comple-
ments the capacity for the observation, measurement, manipulation, production and 
manufacturing of materials at nano scale to facilitate their integration and incorpora-
tion into miniaturized microsystems, components and subcomponents fit for variety 
of applications.

Differences Between Macro, Micro and Nano Scale 

Despite the underlying significant differences in the chemical and physical mecha-
nisms of micro, nano, and even macrotechnological application domains, one of the 
widely used approach and means for their classification is scale measurement [96]. In 
order to be able to come to terms with across the boundary evading nature of materials 
fabricated at different levels for general and specialized fit –for-purpose applications;
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Table 5.2 Nanotechnology and related terms definition by international regulatory bodies 

Regulatory body/ 
committee/organization 

Term Definition References 

British Standards 
Institution (BSI) 

Nanoscale Nanometer size 
measurement of range ~1 
to 100 nm 

[82] 

British Standards 
Institution (BSI) 

Nanoscience Study of the understanding 
of size and structure 
dependent features of 
nano-scaled matter and 
their comparison for 
related differences with 
individual atoms, 
molecules or bulk 
materials 

[82] 

Technical committee of 
the international standard 
organization- ISO/TC 
229: Nanotechnologies 

Nanotechnology Available scientific data/ 
information for the 
manipulation and control 
of nano-matter (100 nm) 
needed for the harnessing 
of its size- and specific 
structural properties 
different from its 
individually existing 
atoms/molecules, or bulk 
materials 

[83] 

European Patent Office 
(EPO) 

Nanotechnology Description of entities 
controlled at geometrical 
sizes of < 100 nm 
displayed by atleast one 
functional component of 
one or more dimensional 
exhibition with resultant 
effect to size-dependent 
physical, chemical, and 
biological responses 

[84] 

American National 
Standard Institute 
(ANSI)- Nanotechnology 
standards panel 

Nanotechnology Manipulation and control 
of matter in nanoscale (~1 
to 100 nm), at which point 
new properties emerge of 
materials and for new 
applications. A 
composition of nanoscale 
science, engineering and 
technology, in which 
nanomaterials are 
observed and imaged, 
measured, modelled and 
simulated, and 
manipulated 

[85]

(continued)
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Table 5.2 (continued)

Regulatory body/
committee/organization

Term Definition References

European Commission-
EC 

Nanomaterials Natural, incidental, or 
manufactured material 
including unbound, 
aggregated, or 
agglomerated particles 
with ≥ 50% of those 
population present in the 
1–100 nm size range. The 
≥ 50% threshold maybe 
replaced exactly at 1–50% 
by the reason of specified 
related environmental, 
health, safety concerns, or 
issues of competition with 
such materials. Fullerenes, 
graphene flakes, and 
single-walled carbon 
nanotubes (SWCNT) with 
one or even more external 
dimensions < 1 nm are by 
the EC regulations 
classified as nanomaterials 

[86] 

European commission for 
novel foods (Amending 
regulation regulation No 
258/97 (under 
harmonization) 

Nanomaterials Intensionally produced 
material within the 
dimension range (≥1– ≤ 
100 nm), or made up of 
distinct functional parts at 
the internal or surface of 
the material, many of 
which are of ≥ 1 nm to  ≤ 
100 nm in dimension. 
Aggregate or agglomerate 
structures of size > 100 nm 
but with nanoscale level 
specific properties are also 
included 

[86] 

European Commission
-EC: cosmetic product 
regulation 

Nanomaterials Intensionally produced 
insoluble or bio-persistent 
material with one or more 
external dimension or 
internal structure at the 
nanoscale size range of 
1–100 nm 

[87, 88]

(continued)
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Table 5.2 (continued)

Regulatory body/
committee/organization

Term Definition References

European Union scientific 
committee on consumers 
products 

Nanomaterials Nanoscale materials of 
one or more external 
dimension or internal 
structure within the ~1 to 
100 nm nanoscale size 
range with possible 
exhibition of newly 
acquired novel properties 
upon manipulation 
different from the same 
material not at the 
nanoscale 

[89] 

American chemistry 
council 

Engineered nanomaterials Intentionally produced 
materials with possible 
existence at 1, 2, or 3 
dimensions (1D, 2D, or 
3D) lying within 
1–100 nm size range. 
However, such materials 
might- (i) not exhibit any 
acquired new or novel 
properties compared to 
bulk materials, (ii) be 
soluble in water or 
relevant biological solvent 
media at the molecular 
size level, but with the 
exception of micelles and 
single-polymer 
compounds 

[90] 

British Standards 
Institution (BSI) 

Nanostructured materials Internal or surface 
nanostructured exhibiting 
materials 

[91] 

British Standards 
Institution (BSI) 

Nanostructures Materials with 
interconnected structural 
constituent parts within 
the nanoscale region 

[92] 

British Standards 
Institution (BSI) 

Nanocomposites Multiphase materials with 
atleast one phase within 
the nanoscale region 

[93] 

British Standards 
Institution (BSI) 

Nanofibres Nanomaterials with 
similar exterior nanoscale 
dimension different from 
the third dimension which 
is larger 

[94]

(continued)
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Table 5.2 (continued)

Regulatory body/
committee/organization

Term Definition References

British Standards 
Institution (BSI) 

Nanoparticles Nano-objects with 3 
different external 
nanoscale dimensions. 
Terms like nanorods, 
nanoplates, nanosheets are 
used to describe such 
nanoparticles with 
different dimensional 
lengths of the longest and 
shortest axis 

[95] 

British Standards 
Institution (BSI) 

Nano-objects Materials with atleast one 
or more external parts 
displaying nanoscale 
dimensions 

[96]

unit scales of macro, micro and nano are used to understand and interpret better size 
of objects in associated and related manner at different level of scales [77, 81]. The 
connection between size and scale in the understanding of the differences between 
macro, micro, and nano terminologies of size and scale can for a better insight be 
comparatively illustrated. Therefore, to draw a clear-cut line and make differences 
between objects within the macro, micro, and nano range, scale and size needs to be 
associated by correlation. While sizes of objects can be comparatively illustrated in a 
scale, scale itself defines the relationship of what object is being compared and how 
that relationship can be represented either numerically or visually. While objects 
within the macro, micro, and nano brackets can be numerically defined by scale, 
visual control has the restriction function of what the human naked eye can see, and 
objects at both the nano and to a point micro scale can only be visualized by machine-
aided visual devices. As a classic example, the human bone tissue for instance, is 
an open material constituent of different components that exist at different scale of 
measurement and sizes for its components [97]. 

Figure 5.1 shows the macro, micro, and nano scale measurements and the 
corresponding sizes within those three scale levels where the cortical and cancel-
lous bone, osteons with Haversian systems, lamellae, the collagen fibrous assem-
blages of collagen fibrils, bone mineral crystals (HA), collagen molecules, and 
non-collageneous protein layers lie [98]. Figure 5.1 example is a demonstration 
of translational manipulation of different sizes and at different scales by nature 
of the human bone tissue material composed of five-level hierarchical structures 
at the macro (10 mm to several cm), micro (10–500 μm), sub-nano (1–10 μm), 
and nano (<1 μm) scales [99, 100]. In a practical approach of the application of 
micro and nanotechnologies for instance in Biomedical/Tissue Engineering related 
deployments, bone tissue therapies effortlessy adopt this kind of scale-size related 
bone architecture to fabricate bone-mimicking scaffolds in the development of bone
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support materials. For a more generalized example, Fig. 5.2, depicts a comparative 
scale and size chart of various materials from minute objects at femto level to pico 
level to nano to micro, millimeter and to meter level at which point macro scale 
materials reside. By a conversion factor of X1000, the next scale level is obtained 
from the preceding one for scale region material size assignment (Fig. 5.2). 

Fig. 5.1 Hierachical Bone Tissue Structure Components showing: cortical and cancellous bone, 
osteons with Haversian systems, Lamellae, the collagen fibrous assemblages of collagen fibrils, bone 
mineral crystals (HA), collagen molecules, and non-collageneous protein layers at their different 
scale measurement residences and sizes [98] 

Fig. 5.2 Comparative size chart of materials from femtometer to meter scale range
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The exploration of the existing borderlines as a matter of differences between 
materials in the macro, micro, and nano scale and size measurements of materials 
will continue to find a balance in the combined application of micro and nanotech-
nologies for the now and future perspective. The miniaturization of things in effect 
of application of micro and nanotechnologies has for instance led to transistors going 
from macroscopic (~1-mm) junction length-devices to, (~90-nanometeter) gates in 
the recent commercial chips and to ~10-nm gates in laboratory devices in a linear 
fashion and will continue to reduce approaching the size of an atom ~ (0.2 nm) 
[96]. On the other hand, volumetric approach had equally resulted to new mate-
rials with reliance on different computing strategies allowing for the advancement 
of increased capabilities and function of electronic and storage devices at weight/ 
volume/power of electronics. In scale progression, there is the appreciation of the 
challenge in the control of the applicative technological tolerances at different levels. 
Scales at macro, micro and nano levels by virtue of material sizes have differences in 
application. Comparatively, macroscopic devices are smaller, lighter, more energy 
efficient, and fabricated with fewer materials than microscopic devices while by 
equivalence of application micro devices have edge over macro devices in terms of 
reliability, efficiency, selectivity, response time and energy consumption [77, 78, 81, 
96]. Applicatively, micro scale exist in microtechnology and in the production of 
microsystems and microsystem components. Microsystems are miniaturized inte-
grated systems in a small package or more specifically, micro sized components 
functioning together as a unit system and assembled into a package that fits on a 
pinhead [81, 96]. They are referred to as microsystems (MST) in Europe or micro-
electromechanical systems (MEMS) in the US and have been interchangeably used. 
Microsystems are microscopic scale level, integrated, self-aware, stand-alone prod-
ucts with sensory, thoughts, communication and action capabilities and have found 
application in areas of accelerometers, micro fluidic pumps, pressure sensor, spatial 
light modulators, lab on a chip, radio frequency (RF), mass storage devices etc. [77– 
81, 96]. The downscaling of microsystems where as they get smaller and smaller, 
their components correspondingly does eventually creates a meeting point between 
microtechnology and nanotechnology. Despite the transient tiny line difference that 
exist between macro, micro, and nano scale, their fabrication is another parameter 
that can be used to separate them. While microtechnology generally uses “top down” 
method type of fabrication, nanotechnology more often uses what is referred to as 
“bottom up approach” method of fabrication [20]. 

Micro and Nanotechnology: Size and Properties 

The manipulation of materials at the micro and or nano level of scale measurement 
have led to the creation and the use of structures, devices, and systems that have novel 
properties and functions because of their small and or intermediate size. Classically, 
dimensions as well as composition and structure impact material properties in micro 
and nano scale. The decrease in the dimension of an object from the macroscopic to
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micrometric scale properties is not the same. For instance, at the microscale and at the 
surface of a liquid, an insect is able to stay afloat as gravitational influence becomes 
negligible relative to surface tension. Scaling law dependence properties can also 
be seen in microfluidics where transition from laminar to turbulent flow given by 
the Reynolds number (Re) for the prediction of flow patterns, depend on the size of 
the tubing [101]. Low Re numbers favour flows dominated by laminar flow, while 
at high Re values turbulent flows dominate. However, due to their size in microfluidic 
systems, turbulence flow dominance disappears as flow properties become particular. 
The gecko’s ability to stand on a wall is due to micro and nano structuration of its 
leg. This micro and nano scale level structuration is a scale dependence property 
of the material found in the gecko’s leg which facilitates it’s locomotry function as 
friction and adhesion forces become prominent over gravity [102]. Properties and 
functions of micro and nanotechnological systems have not only being regulated by 
scale sizes but shape as well relatively. Enhanced surface to volume ratio as seen in 
materials for example tiny nanoparticles of single crystal structure have exhibited 
drastically different shape- and size dependent features (e.g.; thermal decomposition, 
melting, electrical/thermal conductivity, magnetism, optical behaviour, and catalytic 
and bioactivity properties, sensing and plasmonic features, steric features etc.) [103– 
105]. The size and shape control of materials have offered the needed leverage in 
the identification of critical sizes below which target properties of interest differs 
from the bulk material to be able to achieve simple, cost-effective, environmentally 
begin, and easily scalable production methods and processes [97]. Various synthesis 
methods and procedures have been used to adjust the properties of nanomaterials 
as per their target application of interest [97]. While Fig. 5.3 show size property 
dependence of micro/nano scale level systems structural function reliance, Fig. 5.4 
depicts combination of size/shape dependence for target application functions. 

The size and property phenomenon in the functionality of micro/nanoscale mate-
rials is as well predominant in the development processes of fabricating microelec-
tronics, and microscale devices, which are not only classified based on dimensional

Fig. 5.3 Image representation of size-dependent properties and features of micro/nano objects: 
a microscale effect on an afloat water insect, b laminar and turbulent flow restrictions in microfluidics 
system [101], c1, c2 micro and nano structuration of gecko’s leg [102], d a demonstration of surface 
interface display for enhanced surface/volume ratio
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Fig. 5.4 Size- and shape dependent properties of nanomaterials: (a–c) Changes in optical properties 
(colour) [106], (d) Integration by rolling graphite layer into single-walled and multi-walled carbon 
nanotubes [107], Self-assemblage of (e) and (f) proteins into complex nanostructures [108]

scale, but also their composition and manufacturer. The two distinct yet overlapping 
fields of microelectromechanical systems (MEMS) and nanosystems or nanotech-
nology share a common set of engineering design considerations unique from other 
more typical engineering systems distinguishing their existence, effectiveness, and 
development like in the area of micro-scale and nanoscale transducers from those of 
conventional scale [81, 96]. To achieve application target of these systems, physics of 
scaling and the suitability of manufacturing techniques and processes largely convey 
their function-based link of size property dependence. Just as molecular machines 
involve macrobiolgical molecules (e.g. Proteins, DNA etc.,), nanotechnology has 
equally played considerable role in the down sizing of these micro-scale devices 
for biomedical applications down to assembly of individual molecules to fabricate 
molecular machines. Nanoscale and its implication on medicine has equally showed 
that biological molecules are in size range of nanomaterials. Once again, the size 
property related function is at play here as representation of comparison existing 
between particularly the involved biological molecule and nanoparticle for a partic-
ular target application functionalization achieved via size property based interaction 
(Fig. 5.5) [109].

Preparation of Micro-nano Objects 

Unlike natural nanomaterials, micro and nano material objects are designed, fabri-
cated, and or processed in the laboratory/industry. During the manipulation and 
engineering of these objects, their size, morphology and composition are controlled
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Fig. 5.5 Relative size of nanoparticles and biomolecules, drawn to scale. Schematic representation 
of a nanoparticle with 5 nm core diameter, 10 nm shell diameter, with PEG molecules of 2000 and 
5000 g mol−1 (on the left, light grey), streptavidin (green), transferrin (blue), antibody (IgG, purple), 
albumin (red), single-stranded DNA (20mer, cartoon and space filling). Proteins are crystal structures 
taken from the Protein Data Bank (http://www.rcsb.org) and displayed as surfaces; PEG and DNA 
have been modelled from their chemical structure and space filling. Reused with permission of 
Sperling and Parak [109]

with high level of precision. The complexity involved in the fabrication of micro/nano 
scale level devices, have led to the progress sophistication of the processes and proce-
dures used in the realization of micro and nano material objects. Notwithstanding, 
nanomanufacturing/nanofabrication still adopt chemical processes that have been 
around for centuries as variety of archived nanomaterials under microscopic obser-
vation have shown their micro and or nano scale manifestation for expected or unex-
pected reasons of production at that time [110, 111]. Several techniques for the 
fabrication of nanomaterials in general have been reported, however the two main 
strategies used irrespective of the origin of the nanoparticle are “Bottom up and Top 
down approaches” [112, 113]. 

Bottom Up Method 

This method fabricates materials building blocks through the assembling of indi-
vidual atoms or molecules [112]. It involves the manipulation of atoms, ions,

http://www.rcsb.org
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molecules, or engage the unique property of nanoparticles self-assembly ability, 
their physico-chemical interactions (e.g. hydrogen and ionic bonds, van der Waals 
forces, and water-media generated hydrogen bond) to assemble fundamental building 
blocks into macroscopic structures [112, 114]. Theoretically, it ensures the perfect 
control over the production of nanomaterials with well defined size, shape and highly 
homogeneous size dispersion. As a chemical synthesis route, liquid synthesis (also 
known as wet synthesis) widely used for the preparation of inorganic nanoparticles 
is a typical example of bottom up approach [115]. This methodology also used in the 
industry nevertheless often suffer from a poor scalability. Several techniques can be 
employed in liquid synthesis depending on the precursors, the reactants and the nature 
of the expected end nanomaterial. The most common liquid syntheses abundantly 
described in the literature are chemical precipitation synthesis [116], solvothermal 
synthesis [117], and sol–gel synthesis [118]. However, the mechanisms of the nano-
object formation are widely studied such as the nucleation and growth mechanism 
described by Lamer [119]. The main challenges of these syntheses is the inability to 
effectively control the growth of the nanocrystals and afford a stable and homoge-
neous suspension in solution, and lack of the needed tools to effectively handle the 
seed atoms and molecules [1]. 

Top Down Method 

The top down procedure primarily involves the breaking down of bulk materials to 
get down to nanoparticles or the solid compartmentalization of uniformly distributed 
materials into smaller fractions for the formation of nanoparticles [1, 97]. Tech-
niques like advanced industry precision engineering and lithography, etching, etc.; 
are some of the reported suitable approaches of top down method for the produc-
tion of nanostructures [1, 97]. Others are ball milling, flame synthesis, laser ablation 
methods, and plasma technology. The superiority of application of top down method 
in the fabrication of electronic circuitry for their effect of integration and network 
interconnectivity has been highly recommended and thus, widely used in microelec-
tronic industry [113, 120]. Thin film synthesis and nanoparticles creation of size 
> 100 nm with unique properties acquisition relative to their bulk parent material 
analogues, are good credits endorsement for top down approach [1, 97]. Though 
the precision engineering support of top down approach has made it an established 
preferred fabrication choice technique for the creation of nanomaterials within the 
electronic industry, limitation in resolution remains a big challenge to overcome 
[121]. In tackling this challenge, the strategy of combining both the bottom up and 
top down fabrication methods have been adopted for improved product outcome. 
This combinative approach of bottom up and top down fabrication method has led 
to a third type of fabrication approach known as ‘hybrid approach’ developed and 
optimized to weather off bottom up and top down challenges and deliver fabrication 
improvements [1, 97].
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In the hybrid fabrication administration, there is the concurrent application of 
bottom up and top down methods where representative particles from these two 
methods can complement their fabrication process material outcome either as desired 
nanomaterial process result outcome or precursor fragment fit as a new source raw 
material for bottom up creation [97]. Lithographic methods e.g. photolithography, 
electron beam lithography, focused ion beam, soft lithography, neutral atomic beam 
lithography, nanoimprint lithography etc.; that can be used to realize 1D or 2D 
nanostructures, microtechnological materials etc.; is considered a hybrid fabrica-
tion process when combined with etching as the complementary top down tech-
nique, or with ion growth layering as the bottom up complementary method [122, 
123]. Other improvement approach geared towards better created product outcome 
include the use of advanced nanostructured diamond or boron nitride-based sensors 
capable of controlling size, coupled with numerical control and advanced servo-drive 
technologies [1]. Though the introduction of the hybrid system has dealt with fabri-
cated product outcome resolution; cost and the use of non-environmentally friendly 
chemicals, is still a setback and needs addressing. 

Figure 5.6, displays the fundamental concepts involved in the bottom up and top 
down fabrication methods for micro and or nanotechnological material development.

Objects in the Micro and Nano Scales 

Long before 1959 when the concept of nanotechnology was introduced by Richard 
Fenyman (Table 5.1, [25], and subsequently its definition in 1974 [31], variety of 
materials of either organic or inorganic origin and source that can be characterized 
by the concept terminology of nanotechnology were already in existence. The nano 
scale (nm) unit measurement of materials placed such a restriction in the sense that 
on the premise of a material size falling within 1–100 nm, it can only be classified 
a nanomaterial, otherwise it cannot. By this narrow definition, several biological 
materials of organic components fits within this nano scale range and have a long 
established history of medical benefits. For instance, the development and application 
Cowpox virus developed by Edwar Jenner in 1798 that helped with the saving of 
millions of lives from small pox and facilitate the eradication of such a deadly disease, 
underlines the impact nanotechnologies have already had in the history of the world 
[124]. Outside the walls of nanotechnology, the range of these biomedical materials 
and components is huge. As the concepts related to them continue to widen, the 
definition of nanotechnology in this area has been ceiled further a top and in the range 
of +100 nm to accommodate them. Therefore, from the viewpoint of biomedical 
applications and platforms, advances in nanomedicine including the emerging field 
of biologics where cellular size consideration in the range of (1–25 + μm) exist, 
ropes in the entire biomedical platforms and promote their inclusivity within the 
advancing micro-and nanotechnology.
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Fig. 5.6 Schematic illustration of top down and bottom up approaches applied in the fabrication 
of materials showing their synthesis methods and pros and cons [97]

Nanomedicine 

The development of nanotechnology gave rise to the nanomedicine concept where 
nanomaterials having new properties owing to their nanosize are able to be used in 
several medical science related domains. Micro and nanomaterial unique properties 
of increased surface to volume ratio, charge density, surface chemistry etc.; are among 
the various acquired new properties that facilitate desired interaction between the cell 
environment and the administered micro and nanotechnology platforms [125]. For 
example, nobel metal plasmonic properties can be used for sensors or phototherapy. 
Superparamagnetism obtained of several metal oxides at the nanoscale can be used 
for magnetic resonance imaging (MRI) or even developed as therapeutic tools for 
magnetic hyperthermia. There has been evaluation of vast majority of nanomate-
rials for drug delivery and vaccine with several of such systems already present, for 
instance COVID vaccines. Micro and nano objects application within the veils of
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nanomedicine are expanding into the micro and nano biomedical platform and are 
familiar to areas of imaging, drug delivery and vaccine therapy, biosensing etc. [126]. 

• Imaging 

Medical imaging has become a fundamental component in the field of biomedical 
research, clinical practise and diagnosis. Advancement made in medical imaging 
techniques have led to important breakthrough researches in clinical anatomy and 
forensic pathology. The emergence of new medical imaging technologies have served 
well and instrumentally too healthcare professionals with proper vision and under-
standing of the anatomy of the human body from different perspectives. Following 
the discovery of X-ray radiography in the nineteenth century, several progress 
advancement in diverse imaging modalities have been achieved. Prominent amongst 
the most advanced medical imaging modalities are magnetic resonance imaging 
(MRI), computed tomography (CT), positron emission tomography (PET), single 
photon emission computed tomography (SPECT), fluorescence, ultrasound imaging 
(sonography), etc. Spatial resolution, sensitivity, field strength, pulse sequence speed, 
absence of ionizing radiation, etc.; are among the various imaging capabilities used 
in the specification of the functional efficiency of these modalities and which can by 
combination present bundled features to leverage high performance level imaging 
applications. In order to obtain accurate imaging information that is representative 
of analysed cell tissue, contrast agents are utilized, to facilitate and make easy during 
imaging test the recognition by difference of a healthy cell tissue from a pathogenic 
one. Generally, contrast agents are small molecules or organometallic complexes, 
which by their presence manifest high toxicity, short life span blood circulation, and 
poor biodistribution. 

Nanomaterial acquisition of new and novel properties upon manipulation at 
nanoscale have presented huge opportunity for enhanced performance contrast agents 
for medical imaging lately [127]. Contrast agents of nanoparticulate nature as a 
benefit; deliver various advantages that can enhance their application as imaging 
media. Ability to manipulate and control the size features via synthesis parameteric 
variations ensure and guarantee uniformity in biodistribution. Additionally, blood 
circulation enhancement through size conjugation by enhanced permeability and 
retention (EPR) effect promotes passive targeting [128]. The possibility in regu-
lating the surface of the nanomaterials permits its tuning for the addition of new 
properties and features designed for improved functionalities of the contrast agents. 
The practicality in active targeting is effected by the addition of targeting molecules 
for increased spatial localization of pathologic tissue or the targeting of a specific type 
of cell with receptor suppression. Strategic modification of the chemical nature of the 
surface by charge alteration, covalent polymeric attachment with organic compounds 
like polyethylene glycol (PEG) possibly effects biodistribution, retention, and clear-
ance or blood-circulation half-life modification for a balanced stealth and echogenic
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contrast agent. Summarized introduction and mode of operation of the key medical 
imaging techniques as already mentioned will be focused in the below section. 

• Magnetic Image Resonance (MRI) 

Magnetic Resonance Imaging (MRI) is a nonivasive modality that supports the 
observation of anatomic structures, physiological functions and molecular tissue 
compositions. It functions based on Nuclear Magnetic Resonance (NMR) with 
production of multiplanar and true 3D invivo subject datasets, excellent soft tissue 
contrast of high spatial image resolution, and with no harmful ionizing radiation 
effect. It is commonly used for stroke and cancer pathology diagnosis. MRI are 
of two different modalities and the contrast agents are categorized into T1 or T2 
contrast agents in relation to the time of relaxation of the water proton. Bright 
contrast paramagnetic gadolinium (Gd3+) chelates belongs to T1 contrast agents and 
in the modern MRI used as the gold standard. However, concerns of low sensitivity 
and perception of toxicity has widen search for options. Iron oxide nanoparticle as 
an alternative with superparamagnetic behaviour and as a T2 black contrast agent 
have attracted an overwhelming interest towards the end of the last century [129]. 
Majority of such contrast agents approved by Food and Drug Administration (FDA) 
have already had market entry and administered for years. Market available ones 
with trademark names: Feridex®, Resovist®, Combidex®, Lumiren® are however, 
trailing with limitation issues of signal intensity identified with T1 contrast agents 
[130]. Considerably, manganese oxide nanoparticles are feasibly T1 contrast agent 
alternatives [131], as well as gadolinium oxide nanoparticles that boast a dual T1/T2 
modality. Recent advancement in size control, aqueous media stability, composition, 
and coating thickness permitted iron oxide nanoparticle as a MRI T1 contrast agent 
[132]. 

• Computed Tomography (CT) 

Computed tomography also referred to as computerized tomography or computed 
axial tomography (CAT) is a non-invasive medical examination or procedure that 
relies on specialized X-ray equipment to generate cross-sectional images of the body 
for variety of reasons ranging from diagnosis, treatment, screening, and interventional 
purposes for outpatient procedures. It is credited for its low cost of operation, fast 
result delivery and high image resolution. High x-ray attenuation need for contrast 
agents used in CT analysis have placed huge interest of consideration on some 
metallic nanoparticles like gold, tantalum or zirconium oxide [133]. The interest 
over gold (Au) nanoparticles hinges back on its ease of production and functional-
ization that facilitates targeting and enhanced biocompatibility. Commercialzed Au 
nanoparticle radiosensitizer for instance AuroVist™ though with no market entry 
yet, is potentially for invivo research. Though with long track record in clinical 
imaging, iodine based contrast agents with diverse limitation issues of lack of fast 
clearance, renal toxicity potential, blood pool distribution nonspecificity, and adverse 
effects/anaphylaxis documentations has been upgraded by the complementary vector
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platform support of nanoparticles, and therefore, continue to be administered for 
biomedical imaging applications. 

• Positron Emission Tomography (PET)/Single Photon Emission Computed 
Tomography (SPECT) 

Positron emission tomography (PET) is a nuclear medicine technology overly 
used and credited with high tissue penetration, high-sensitivity, and real-time quan-
titative imaging analysis. Single photon emission computed tomography (SPECT), 
similarly, is another imaging tool of nuclear medicine technology for the detection of 
abnormal biochemical functions prior to body anatomical alterations. Despite limi-
tations of high cost, radioactive exposure, and less image resolution in comparison 
to MRI, PET/SPECT continue to find application in molecular and early diagnostic 
imaging with the use of target specific radionuclide nanomaterials. Common radionu-
clides like 68Ga, 64Cu, for PET, and 67Ga, 99mTc for SPECT have been applied for 
the advantages of reasonably having longer half-life over the likes of Flourine-18 
with a half-life of about 109.8 min [133]. Direct introduction of radionuclides during 
nanoparticle preparations and incorporation of radionuclide tracers post syntheti-
cally are such methodologies adopted to circumvent short half-life issues during 
preparation and thus, for the improvement of cellular tissue material uptake for rapid 
diagnosis [134]. 

• Fluorescence 

Nanoparticle fluorescence imaging has been applied in research and the moni-
toring of real time therapeutic effects including gene detection, protein analysis, 
enzyme activity evaluation, element tracing/cell tracking, early stage disease diag-
nosis etc. Equipped with near-infrared fluorescence capability, fluorescence imaging 
technology offer highest spatial resolution for disease diagnosis on macroscopic level 
taking advantages of its near-infrared responsiveness for deeper tissue penetration, 
and less non-specific tissue auto-fluorescence in comparison to visible light oper-
ation mode [133]. Notwithstanding, low penetration depth, and auto-fluorescence 
with related scattering properties in some cellular tissues continues to hamper its 
outright clinical utility [135]. In this aspect, nanoparticles properties have been seen 
useful to subdue the limiting challenges of fluorescence imaging. The use of large 
number of dye molecules loaded onto nanoparticles for extra signal provision, struc-
tural modifications for counter potential quenching of near-infrared (NIR) when 
necessary, nanoparticle concentration lesion increase via active/passive protocols, 
upgraded circulation time for uptake enhancement in lesion regions, and lower 
energy to high energy conversion design for blink and photobleaching reduction 
effects, etc.; are some of the strategies directed towards the development of fluo-
rescent material-based nanoparticle [136–138]. Noteworthy still is the possibility in 
the combination of different imaging techniques for the execution of a hyphenated 
multimodal imaging agents beckoned on the versatility of nanomaterials to leverage 
coupled techniques (e.g.; PET/CT, PET/MRI, PET/US, CT/MRI, etc.;) for enhanced 
imaging therapeutic capabilities. Therapeutic capabilities of drug delivery systems 
(DDS), typified intrinsic physical property like photothermal therapy display of Au
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nanoparticles or magnetic hyperthermia of iron oxide nanoparticles, etc., are amongst 
the many accessible benefits of nanomaterials in such coupled/hyphenated medical 
imaging systems and have already received attention for potential dual exploitation 
of therapeutics and diagnosis in the recent emerging field of theragnostics [139]. 

• Ultrasound Imaging (Sonography) 

Ultrasound imaging is a well-established imaging technique for clinical anal-
ysis. Its mode of operation is based on the detection of reflected sound waves in 
the range of 2–12 MHz frequency. The degree of reflection largely depends of the 
material nature whereby molecules in the gas phase return higher image contrast 
than the ones residing in the biological tissue media. For a long time, gas core 
microbubbles and lipids, protein or polymer shell have continuously been deployed 
as contrast agents for disease diagnosis in the vascular space. Limitation in the 
extravasation of these microbubble contrast agents due to inherent issues of size 
(1–3 μm), and instability has hindered their extended use as contrast agents for diag-
nostic ultrasound imaging applications, and in particular for vascular anatomy and 
gastrointestinal tract (GIT) [140]. Nanosized formulations of hollow silica nanopar-
ticles, carbon nanotubes (CNT), nanobubbles based natural polymers or lipids, and 
gas vesicles of microbial origin has been studied as potential alternatives for ultra-
sound contrast agent fit for biomedical applications [141]. Dose-dependent ultra-
sound demonstration outcome so far has revealed microbial originated gas vesicles 
ability to diffuse into extracellular and intracellular environments due to their small 
size and waterproof-like gas-permeable protein shells. This biocompatibility feature, 
through their gene-coded form has given them a huge exploitable potential as ultra-
sound gene reporters in the same manner fluorescent proteins have served as optical 
reporters [141]. 

• Biosensing 

Biosensors are analytical devices operating on biological recognition element 
with the capability of generating short time interval quantitative or semi-quantitative 
information through the transduction of chemical reactions into quantifiable physical 
response. Categorically, they fall into two groups of: biological recognition elements 
such as DNA, enzymes, antibodies, microorganisms, tissues, cell receptors, etc.; and 
transduction principle system group such as optical, electrochemical and mass-based 
biosensors. There is high specificity and sensitivity in the mechanism of biosensors of 
the category of biologically recognized elements as macromolecules are for instance 
used to match antibody-antigen or enzyme substrate pairs. Biosensor development 
is overached by physiological modifications in biological fluids or the apparition 
of pathogenic molecules as early signal indicators for the detection and subsequent 
follow up on various disease outcomes. High costs, and long signal data treatment 
time are amongst some of the noticeable drawbacks limiting wider application of 
biosensors in majority of fields. Thus, the incorporation of nanomaterials into biosen-
sors has led to the emergence of bionanosensors delivering the possibility of new 
physico-chemical properties at nanoscale and increasing the possibility of surface 
coupling of biomolecules to nanomaterials [142]. Notwithstanding, the fabrication of
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diverse restructured material composites including nanomaterials open up the devel-
opment of wider spectrum window of medical health and services including point 
of personal care medicine and other improvement such as for example wearable 
electronic devices for healthcare monitoring [143]. 

Majority of nanomaterials based biosensing devices; compose of gold nanoparti-
cles [144]. As has been earlier stated, at the nanoscale, materials inherit new proper-
ties that are unique and different from its bulk material state. There is the exhibition 
of plasmonic effect by gold (Au) nanoparticle as a consequence of its small size 
acquisition at nanoscale, and that is completely absent with Au material at macro-
scopic level. This phenomenon is referred to as localized surface plasmon resonance 
(LSPR): an effect generated due to the collective oscillations of particle’s free elec-
tron at the surface of the metal nanoparticles. The enhancement of the near surface 
electromagnetic field by the surface plasmon resonance (SPR) of the plasmonic metal 
nanoparticle improves the detection capabilities of deployed bionanosensor and have 
been extended to detection application techniques such as surface enhanced Raman 
spectroscopy (SERS). Optical extinction display at maximum absorption wavelength 
of the plasmon resonance frequency is also a registered effect linked to the size, form 
or agglomeration state of the nanoparticles [145]. These properties are consequen-
tial effects of nanoscale material manipulation underlining the functional mode of 
operation in gold and other plasmonic metal biosensor nanomaterials. Many nano-
material biosensing applications have also been witnessed in the area of colorimet-
rics, Qdot tagged fluorescence, Förster resonance energy transfer (FRET), etc. [146, 
147]. Comparatively, surface enhanced Raman scattering (SERS) spectroscopy have 
recently gained more attention as one of the most effective detection techniques 
particularly due to its capability of single molecule detection. 

SERS is an analytical technique that functions based on plasmonic metallic 
colloids like Au, Ag, Pd, Pt etc., and using their surface roughness to detect target 
analyte samples. Plasmonic phenomenon properties and charge transfer between 
particle and the analyte generate Raman signal intensification signal of up to 106 

response in sensitivity value. Interest on SERS application has grown over the detec-
tion of small molecules, proteins, DNA [148], or even viruses [149], giving it a 
competitive advantage over other detection/sensing method protocols like dynamic 
light scattering and hyper-Rayleigh scattering-based sensing, Two-photon photo-
luminescence (TPPL)-based sensing, chiroplasmonic activity-based sensing etc. 
[150]. 

Property features applications in biosensor operations have equally found their 
way into the lateral flow Immunoassay strips test, which has been clinically, tested 
for different detection measurements [151, 152]. Amongst those test, human chori-
onic gonadotrophin (HCG) pregnancy test is well documented. The pink appearing 
colour for the pregnancy positivity test assurance is often due to the presence of gold 
nanoparticle in the sensor material. Lateral flow immunoassay based gold nanoparti-
cles kit analyzers have also been utilized for HIV detection and lately COVID tests. 
As a basic functioning principle, these tests are generally employing a detection 
strategy derived from the most used clinical technique for biomarker sample pres-
ence evaluation: enzyme-linked immunosorbent assay (ELISA). Usually, ELISA
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strips are coated with antibodies for the selected antigen with the incubation of the 
analyte performed with other antibodies bound to Horse Radish peroxidase (HRP) 
for the oxidization of the colour changing substrates, thereby helping to facilitate 
the manifestation. Nanomaterial-based architectural instruments have been used to 
enhance the detection capabilities of ELISA. Antibodies decorated nanoparticles are 
utilized for the elaboration of surface binding sites, which in turn allows improved 
selectivity for the detection of analyte. Catalytic properties of the nanoparticles can 
leverage visualization in combination with colour changing substrates. However, 
nanoparticles can also be directly used as the detected object owing to their plas-
monic properties for example gold nanoparticle or even due to their magnetic prop-
erties, and for example in the case of iron oxide-based immunoassays [153]. In the 
later scenario, such developed dedicated detector have been reported of high sensi-
tivity possession [154]. Displayed in Fig. 5.7 is the timeline evolution indicating first 
reported instances of micro and nanotechnology nanomedical therapeutic, vaccine, 
and imaging applications but to mention a few. 

Fig. 5.7 First report timeline of micro and nanotechnology used for therapeutic, vaccine and 
imaging applications [155]. *CAR T cells: chimeric antigen receptor T cells; NP: nanoparticle; PEG: 
polyethylene glycol; PEGlyation/PEGlyated: PEG covalently bound; PRINT: particle replication 
in non wetting templates
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Micro-nano Technology and 3D Printing 

The development of micro-electro-mechanical systems (MEMS): thanks to the cross-
border overlapping technological advancement at nano and micro scale of material 
and devices; have now unleashed the huge potential of this technology in the area 
of life science (biology and medicine) for diverse of applications. Interest on the 
extension and application of MEMS to applied biological domain has created a 
link and built a bridge across two words of biology or biomedical sciences and 
micro-electronic and mechanical systems to set us up with what is now referred 
to as “BioMEMS”. The huge potential embodiment of BioMEMS is unrivalled 
starting all the way from the two areas of biomedical and life sciences, stretching 
and encompassing diagnostics, therapeutics, drug delivery, biosensors, as well as 
tissue engineering [156]. The transformation witnessed now in those two areas of 
biology and medicine of the life sciences has drastically changed the way one is 
able to see and detect substances in the biological world [101, 157]. This tremen-
dous contribution has been registered in bioassay and instrumentation through micro 
and nanotechnology, and thus, bringing such an overwhelming development to the 
domain of biomedical sciences. This revolution of biological assays and instru-
mentation is made possible by the miniaturization of the current biological tests 
by combining different microtechnological tools like microfluidics, microactuators, 
and other micromachine processes [101]. These novel and advanced biomedical 
devices, now guarantee high performance throughput methodologies by running 
on robust and efficient biomedical device platforms like microarrays, organ-on-a-
chip, etc. [101, 157]. With all the outstanding progress achievements recorded so 
far in the wide domain world of science, engineering, and medicine through break-
through advancements in micro and nanotechnology; the contribution of additive 
manufacturing cannot but be commended. The many capabilities of additive manu-
facturing processes e.g. design alteration, rapid manufacturing, industry scale up cost 
effectiveness, ease of material integration, structure and functions, which are readily 
amenable to diverse technology processes are its uncommon blessing that has left it 
positioned in such a central indispensable role within the ever-dynamic micro and 
nanotechnology fabrication processes world (Grandviewresearch n.d.). 3D Printers 
(3DPs) are continuously evolving in terms of their capabilities and specification as 
the extrusion of multiple material is now possible with wide range printable materials 
due to diverse presence of specialized printers, and material science evolution. By 
the advances made in printing processes, scale of precision has been minimized to 
nano and micro scale level which relatively have effect on the material properties as 
well the application that can be targeted with such materials [158]. On this premise, 
precision fabrication type of micro/nano scale printing to achieve range of biomedical 
and electronic devices have diffused. Stereolithography printing, Two Photon Poly-
merization (TPP), Dip-Pen Nanolithography (DPN), Inkjet printing, Piezoelectric 
Inkjet Printing, Thermal Inkject Printing, Electrohydrodynamic (EHD) printing are 
all diverse kinds of 3D printing processes of different control/process parameters and 
other capabilities adopted for the micro/nano fabrication of various material target
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Fig. 5.8 A representative outlook of the many evolving printable materials for biomedical appli-
cation (a) [163, 164], and a narrow spectrum of the most deployed 3D printing process for the 
realization of different biomedical application materials at micro/nano level (b) [160] 

application purposes from biomedical, to electronics, to environmental, etc. [159, 
160]. Differently from the conventional 3D printing processes, lithography printing, 
ink-jet printing, and electrohydrodynamic (EHD) printing processes are specifically 
deployed for printing operations where precision is highly needed. They are suit-
able for biomedical and electronic device printing application where they transfer 
their capabilities of offering physical and chemical properties to printed materials, 
introduce with ease micro/nano structures, which remain unattainable with conven-
tional fabrication processes [158, 161, 162]. Figure 5.8 shows the possibility of 
arriving to micro/nano level by 3D printing processes to execute materials fit for 
different biomedical/other applications from tissue engineering, sensor, cell vessels 
to biomaterial for drug delivery system (DDS) [159]. 

Conclusion 

In this book chapter, we have covered five different sections of- the history of micro 
and nanotechnology where we looked at the definitions of both worlds and x-rayed 
their closely knitted differences. This section laid the foundation of this book chapter 
by looking at the dynamics and ever evolving world of micro and nanotechnology, 
while at the same time traced back to historic times, the origin of what today is 
driving innovation in science and engineering and that will continue to dominate in 
the coming years. In doing this, we spurred the curiosity, in the mind of the reader to 
ask questions of how emerging nanotechnology and ofcourse the microtechnology 
counterpart is; as historic evidence of fabricated archived premedivial, materials 
show nanometric proofs. The line difference between scale levels of materials is thin 
and transient. In differentiating nanomaterials or materials at nano and micro level, it
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should not only be a question of what the present scale is as per the materials in view 
at a point in time, but rather a holistic understanding of the material composition, 
target of application in mind before the fabrication and the manufacturer of such 
a material. As it is possible for a nanomaterial to exist at microscale theoretically, 
it is practical to build a micro matter from nano scale components like in micro-
electronics and mechanical systems (MEMS) devices. The pervasive world of micro 
and nanotechnology leaves no clear-cut line along the scale for instance where a 
certain device constituting of nano building unit in a micro content resides. In this 
case, various modalities in the conveyance of the function of the material and its 
composition gives the best insight into its level classification by scale. 

Section 5.2: Looked at the new acquired properties of materials due to their scale 
size level and established in a narrowed down fashion of what is a broad spectrum 
of diverse field of applications, a connection between different sizes and shapes of 
materials for particular and target material functions. 

Section 5.3: was about the two main fabrication protocols of micro and nanomate-
rials and the meaning of those approaches. For a more specialized material function, 
a combination of the bottom up and top down approach could result to improved 
material property for specialized function. 

Section 5.4: drew insight about the application of micro and nanotechnology in 
medical science, an overached field, presently designated as nanomedicine. In this 
chapter, we took a random look of the application of nanomedicine using micro and 
nano technological prowess to drive several medical diagnosis and treatments. 

Finally, Sect. 5.5 focused on the connection between micro and nanotechnology 
and 3D printing (3DPs). We looked at the best available technology (BAT) practices in 
printing fabrication processes to realize materials, which serve purpose in several 
application domains of biomedicine and electronics. 

Micro and nanotechnology is a huge and diversified field within nanoscience and 
nanotechnological application. The intricacies of both areas yet one for the sake of 
their service of purpose lies in their overlapping interlocking nature especially in 
systems where materials of differences in scale level occupy the same suit to serve 
target-particularized functions. 

This book chapter explored just about a narrow overlay of the wider and 
far-reaching world of micro/nanotechnology which now occupies everything and 
anything that we could ever think or imagine possible within science and engineering 
enclave. 
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