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Explore the cutting-edge application of femtosecond laser micromachining for precisely fabricating 
intricate photonic and microfluidic devices. This advanced technique enables the creation of complex 
3D structures within various transparent materials, offering unparalleled accuracy and minimal thermal 
damage crucial for high-performance optical and biological applications.
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Femtosecond Laser Micromachining

Femtosecond laser micromachining of transparent material is a powerful and versatile technology. In 
fact, it can be applied to several materials. It is a maskless technology that allows rapid device prototyp-
ing, has intrinsic three-dimensional capabilities and can produce both photonic and microfluidic devices. 
For these reasons it is ideally suited for the fabrication of complex microsystems with unprecedented 
functionalities. The book is mainly focused on micromachining of transparent materials which, due to the 
nonlinear absorption mechanism of ultrashort pulses, allows unique three-dimensional capabilities and 
can be exploited for the fabrication of complex microsystems with unprecedented functionalities.This 
book presents an overview of the state of the art of this rapidly emerging topic with contributions from 
leading experts in the field, ranging from principles of nonlinear material modification to fabrication 
techniques and applications to photonics and optofluidics.

Femtosecond Laser 3D Micromachining for Microfluidic and Optofluidic Applications

Femtosecond lasers opened up new avenue in materials processing due to its unique features of ultra-
short pulse width and extremely high peak intensity. One of the most important features of femtosecond 
laser processing is that strong absorption can be induced even by materials which are transparent to the 
femtosecond laser beam due to nonlinear multiphoton absorption. The multiphoton absorption allows 
us to perform not only surface but also three-dimensionally internal microfabrication of transparent 
materials such as glass. This capability makes it possible to directly fabricate three-dimensional 
microfluidics, micromechanics, microelectronics and microoptics embedded in the glass. Further, these 
microcomponents can be easily integrated in a single glass microchip by the simple procedure using 
the femtosecond laser. Thus, the femtosecond laser processing provides some advantages over 
conventional methods such as traditional semiconductor processing or soft lithography for fabrication 
of microfluidic, optofludic and lab-on-a-chip devices and thereby many researches on this topic are 
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currently being carried out. This book presents a comprehensive review on the state of the art and future 
prospects of femtosecond laser processing for fabrication of microfluidics and optofludics including 
principle of femtosecond laser processing, detailed fabrication procedures of each microcomponent 
and practical applications to biochemical analysis.

Springer Handbook of Glass

This handbook provides comprehensive treatment of the current state of glass science from the 
leading experts in the field. Opening with an enlightening contribution on the history of glass, the 
volume is then divided into eight parts. The first part covers fundamental properties, from the current 
understanding of the thermodynamics of the amorphous state, kinetics, and linear and nonlinear optical 
properties through colors, photosensitivity, and chemical durability. The second part provides dedicated 
chapters on each individual glass type, covering traditional systems like silicates and other oxide 
systems, as well as novel hybrid amorphous materials and spin glasses. The third part features detailed 
descriptions of modern characterization techniques for understanding this complex state of matter. The 
fourth part covers modeling, from first-principles calculations through molecular dynamics simulations, 
and statistical modeling. The fifth part presents a range of laboratory and industrial glass processing 
methods. The remaining parts cover a wide and representative range of applications areas from 
optics and photonics through environment, energy, architecture, and sensing. Written by the leading 
international experts in the field, the Springer Handbook of Glass represents an invaluable resource for 
graduate students through academic and industry researchers working in photonics, optoelectronics, 
materials science, energy, architecture, and more.

Micro- and Nanophotonic Technologies

Edited and authored by leading experts from top institutions in Europe, the US and Asia, this compre-
hensive overview of micro- and nanophotonics covers the physical and chemical fundamentals, while 
clearly focusing on the technologies and applications in industrial R&D. As such, the book reports 
on the four main areas of telecommunications and display technologies; light conversion and energy 
generation; light-based fabrication of materials; and micro- and nanophotonic devices in metrology and 
control.

Ultrafast Laser Processing

Over the past few decades, the rapid development of ultrafast lasers, such as femtosecond lasers and 
picosecond lasers, has opened up new avenues for material processing due to their unique features 
such as ultrashort pulse width and extremely high peak intensity. These techniques have become a 
common tool for micro- and nanoprocessing of a variety of materials and are now widely used for both 
fundamental researches and practical applications. This book is composed of 12 chapters covering 
relevant topics of ultrafast laser processing, including laser itself and novel beam manipulation methods 
for processing, fundamentals of ultrafast laser processing, nanomaterial synthesis, surface micro- and 
nanostructuring, micromachining, two-photon photopolymerization, internal modification/fabrication of 
transparent materials, applications to photonic devices and microchips for biological analysis, industrial 
applications, and so on. Each chapter is written by world-leading scientists in the related field so as to 
give comprehensive reviews in the field of ultrafast laser micro- and nanoprocessing.

Integrated Devices for Quantum Information with Polarization Encoded Qubits

Quantum information science has found great experimental success by exploiting single photons. To 
date, however, the majority of quantum optical experiments use large-scale (bulk) optical elements 
bolted down to an optical bench, an approach that ultimately limits the complexity and stability of 
the quantum circuits required for quantum science and technology. The realization of complex optical 
schemes involving large numbers of elements requires the introduction of waveguide technology 
to achieve the desired scalability, stability and miniaturization of the device. This thesis reports on 
surprising findings in the field of integrated devices for quantum information. Here the polarization 
of the photon is shown to offer a suitable degree of freedom for encoding quantum information in 
integrated systems. The most important results concern: the quantum interference of polarization 
entangled photons in an on-chip directional coupler; the realization of a Controlled-NOT (CNOT) gate 
operating with polarization qubits; the realization of a quantum walk of bosons and fermions in an 
ordered optical lattice and the quantum simulation of Anderson localization of bosons and fermions 
simulated by polarization entangled photons in a disordered quantum walk. The findings presented 



in this thesis represent an important step towards the integration of a complete quantum photonic 
experiment in a chip.

Laser Micro-Nano-Manufacturing and 3D Microprinting

This book provides a comprehensive overview of the latest advances in laser techniques for mi-
cro-nano-manufacturing and an in-depth analysis of applications, such as 3D printing and nanojoining. 
Lasers have gained increasing significance as a precise tool for advanced manufacturing. Written 
by world leading scientists, the first part of the book presents the fundamentals of laser interaction 
with materials at the micro- and nanoscale, including multiphoton excitation and nonthermal melting, 
and allows readers to better understand advanced processing. In the second part, the authors focus 
on various advanced fabrications, such as laser peening, surface nanoengineering, and plasmonic 
heating. Finally, case studies are devoted to special applications, such as 3D printing, microfluidics 
devices, energy devices, and plasmonic and photonic waveguides. This book integrates both theoretical 
and experimental analysis. The combination of tutorial chapters and concentrated case studies will be 
critically attractive to undergraduate and graduate students, researchers, and engineers in the relevant 
fields. Readers will grasp the full picture of the application of laser for micro-nanomanufacturing and 
3D printing.

Microfluidics and Nanofluidics

In the present book, various applications of microfluidics and nanofluidics are introduced. Microfluidics 
and nanofluidics span a broad array of disciplines including mechanical, materials, and electrical 
engineering, surface science, chemistry, physics and biology. Also, this book deals with transport and 
interactions of colloidal particles and biomolecules in microchannels, which have great importance to 
many microfluidic applications, such as drug delivery in life science, microchannel heat exchangers 
in electronic cooling, and food processing industry. Furthermore, this book focuses on a detailed 
description of the thermal transport behavior, challenges and implications that involve the development 
and use of HTFs under the influence of atomistic-scale structures and industrial applications.

Optical Fibre Sensors

The most complete, one-stop reference for fiber optic sensor theory and application Optical Fiber 
Sensors: Fundamentals for Development of Optimized Devices constitutes the most complete, compre-
hensive, and up-to-date reference on the development of optical fiber sensors. Edited by two respected 
experts in the field and authored by experienced engineers and scientists, the book acts as a guide 
and a reference for an audience ranging from graduate students to researchers and engineers in the 
field of fiber optic sensors. The book discusses the fundamentals and foundations of fiber optic sensor 
technology and provides real-world examples to illuminate and illustrate the concepts found within. In 
addition to the basic concepts necessary to understand this technology, Optical Fiber Sensors includes 
chapters on: Distributed sensing with Rayleigh, Raman and Brillouin scattering methods Biomechanical 
sensing Gas and volatile organic compound sensors Application of nanotechnology to optical fiber 
sensors Health care and clinical diagnosis And others Graduate students as well as professionals who 
work with optical fiber sensors will find this volume to be an indispensable resource and reference.

Advances in Ultrafast Optics

Being the most active field in modern physics, Optical Physics has developed many new branches 
and interdisciplinary fields overlapping with various classical disciplines. This series summarizes the 
advancements of optical physics in the past twenty years in the following fields: High Field Laser 
Physics, Precision Laser Spectroscopy, Nonlinear Optics, Nanophotonics, Quantum Optics, Ultrafast 
Optics, Condensed Matter Optics, and Molecular Biophotonics.

Ultrafast Laser Nanostructuring

Bringing together contributions from leading experts in the field, this book reviews laser processing 
concepts that allow the structuring of material beyond optical limits, and methods that facilitate 
direct observation of the underlying mechanisms by exploring direct structuring and self-organization 
phenomena. The capacity to nanostructure material using ultrafast lasers lays the groundwork for the 
next generation of flexible and precise material processing tools. Rapid access to scales of 100 nm and 
below in two and three dimensions becomes a factor of paramount importance to engineer materials 



and to design innovative functions. To reflect the dynamic nature of the field at all levels from basic 
science to applications, the book is divided into three parts, Fundamental Processes, Concepts of 
Extreme Nanostructuring, and Applications, each of which is comprehensively covered. This book will 
be a useful resource for graduate students and researchers in laser processing, materials engineering, 
and nanoscience.

Advanced Surface Engineering Research

Surface engineering has rapidly expanded in recent years as the demand for improved materials has 
increased. Surface engineering is a valuable tool for conceiving both surface and bulk properties, which 
cannot be achieved simultaneously either by the coating material or by the substrate material alone. 
The book is written on the current trends of surface engineering and relevant research. The applied 
and basic research as well as some worthy concepts of materials related to this area is explained 
clearly to understand the need for surface engineering in industrial applications. The different surface 
modification processes, properties, and their characterizations are discussed elaborately for future 
research and as a text book. Modification of surface properties by films or coatings is used in industrial 
applications. This is an area of interest to numerous fields: fabrication of parts, mechanics, transport, 
catalysis, energy, production, microelectronics, optoelectronics, the leisure industry, etc. The properties 
are considered for protection against corrosion, oxidation or wear, biocompatibility, wetting, adhesion, 
durability, catalytic activity, and toughness. The modern concept of engineering is discussed to ensure 
that the contributions of this subject minimize energy consumption. The book will be used as a state of 
the art for present and future researchers, industrial components design, and control.

Novel Optical Materials

The investigation on novel optical materials with unprecedented optical properties is of paramount 
importance for the development of advanced applications in many fields having a strong impact on 
our everyday lives such as biomedicine, food and agriculture security, optical communication and 
information technology, etc. Moreover, the interaction of light with matter in the past decades has 
allowed the quick growth of new disciplines such as biophotonics, covering all aspects of this inter-
action with biological materials; nanophotonics, investigating the optical behavior of nanostructures; 
opto-mechanics, going from optical manipulation of small objects to optical control of micro- and 
nano-robots.This book comprises timely contributions from active research groups covering several 
classes of materials and processes including nano-structured plasmonic and photonic materials, 2-D 
materials, photo-polymers, liquid crystals, photo-sensitive and opto-thermal, and other specially engi-
neered materials.Novel Optical Materials will serve as a useful reference for researchers, engineers, 
and optical and materials scientists in both industry and academia. It is also an excellent supplement 
and reference for graduate courses in materials science, physics, and optical engineering.

Ultrafast Nonlinear Optics

The field of ultrafast nonlinear optics is broad and multidisciplinary, and encompasses areas concerned 
with both the generation and measurement of ultrashort pulses of light, as well as those concerned with 
the applications of such pulses. Ultrashort pulses are extreme events – both in terms of their durations, 
and also the high peak powers which their short durations can facilitate. These extreme properties 
make them powerful experiment tools. On one hand, their ultrashort durations facilitate the probing 
and manipulation of matter on incredibly short timescales. On the other, their ultrashort durations can 
facilitate high peak powers which can drive highly nonlinear light-matter interaction processes. Ultrafast 
Nonlinear Optics covers a complete range of topics, both applied and fundamental in nature, within the 
area of ultrafast nonlinear optics. Chapters 1 to 4 are concerned with the generation and measurement 
of ultrashort pulses. Chapters 5 to 7 are concerned with fundamental applications of ultrashort pulses 
in metrology and quantum control. Chapters 8 and 9 are concerned with ultrafast nonlinear optics in 
optical fibres. Chapters 10 to 13 are concerned with the applications of ultrashort pulses in areas such 
as particle acceleration, microscopy, and micromachining. The chapters are aimed at graduate-student 
level and are intended to provide the student with an accessible, self-contained and comprehensive 
gateway into each subject.

Handbook of Laser Micro- and Nano-Engineering

This handbook provides a comprehensive review of the entire field of laser micro and nano processing, 
including not only a detailed introduction to individual laser processing techniques but also the funda-



mentals of laser-matter interaction and lasers, optics, equipment, diagnostics, as well as monitoring 
and measurement techniques for laser processing. Consisting of 11 sections, each composed of 4 
to 6 chapters written by leading experts in the relevant field. Each main part of the handbook is 
supervised by its own part editor(s) so that high-quality content as well as completeness are assured. 
The book provides essential scientific and technical information to researchers and engineers already 
working in the field as well as students and young scientists planning to work in the area in the 
future. Lasers found application in materials processing practically since their invention in 1960, and 
are currently used widely in manufacturing. The main driving force behind this fact is that the lasers 
can provide unique solutions in material processing with high quality, high efficiency, high flexibility, 
high resolution, versatility and low environmental load. Macro-processing based on thermal process 
using infrared lasers such as CO2 lasers has been the mainstream in the early stages, while research 
and development of micro- and nano-processing are becoming increasingly more active as short 
wavelength and/or short pulse width lasers have been developed. In particular, recent advances in 
ultrafast lasers have opened up a new avenue to laser material processing due to the capabilities 
of ultrahigh precision micro- and nanofabrication of diverse materials. This handbook is the first 
book covering the basics, the state-of-the-art and important applications of the dynamic and rapidly 
expanding discipline of laser micro- and nanoengineering. This comprehensive source makes readers 
familiar with a broad spectrum of approaches to solve all relevant problems in science and technology. 
This handbook is the ultimate desk reference for all people working in the field.

Laser Growth and Processing of Photonic Devices

The use of lasers in the processing of electronic and photonic material is becoming increasingly 
widespread, with technological advances reducing costs and increasing both the quality and range 
of novel devices which can be produced. Laser growth and processing of photonic devices is the first 
book to review this increasingly important field. Part one investigates laser-induced growth of materials 
and surface structures, with pulsed laser deposition techniques, the formation of nanocones and the 
fabrication of periodic photonic microstructures explored in detail. Laser-induced three-dimensional 
micro- and nano-structuring are the focus of part two. Exploration of multiphoton lithography, processing 
and fabrication is followed by consideration of laser-based micro- and nano-fabrication, laser-induced 
soft matter organization and microstructuring, and laser-assisted polymer joining methods. The book 
concludes in part three with an investigation into laser fabrication and manipulation of photonic 
structures and devices. Laser seeding and thermal processing of glass with nanoscale resolution, 
laser-induced refractive index manipulation, and the thermal writing of photonic devices in glass and 
polymers are all considered. With its distinguished editor and international team of expert contributors, 
Laser growth and processing of photonic devices is an essential tool for all materials scientists, 
engineers and researchers in the microelectronics industry. The first book to review the increasingly 
important field of laser growth and processing of photonic devices Investigates laser-induced growth of 
materials and surface structures, pulsed laser deposition techniques, the formation of nanocones and 
the fabrication of periodic photonic microstructures Examines laser-induced three-dimensional micro- 
and nano-structuring and concludes with an investigation into laser fabrication and manipulation of 
photonic structures and devices

Proceedings of the 2009 Annual Symposium of the IEEE Photonics Benelux Chapter

"This book contains the proceedings of the 2009 Annual Symposium of the IEEE Photonics Benelux 
Chapter. This is the yearly meeting of all scientists working in the field of optics and photonics in the 
Benelux countries (Belgium, the Netherlands, and Luxembourg). The book contains research articles 
on lasers, integrated optics, optical fibres, optical communication systems and devices, optical sensors, 
physics of novel materials, nonlinear optics, quantum electronics, and quantum optics."--Publisher 
description

Femtosecond Laser Microfabrication for Opto-microfluidic Devices in Glass

Provides an in-depth understanding of the fundamentals of a wide range of state-of-the-art materials 
manufacturing processes Modern manufacturing is at the core of industrial production from base 
materials to semi-finished goods and final products. Over the last decade, a variety of innovative 
methods have been developed that allow for manufacturing processes that are more versatile, less 
energy-consuming, and more environmentally friendly. This book provides readers with everything 
they need to know about the many manufacturing processes of today. Presented in three parts, 



Modern Manufacturing Processes starts by covering advanced manufacturing forming processes 
such as sheet forming, powder forming, and injection molding. The second part deals with thermal 
and energy-assisted manufacturing processes, including warm and hot hydrostamping. It also covers 
high speed forming (electromagnetic, electrohydraulic, and explosive forming). The third part reviews 
advanced material removal process like advanced grinding, electro-discharge machining, micro milling, 
and laser machining. It also looks at high speed and hard machining and examines advances in 
material modeling for manufacturing analysis and simulation. Offers a comprehensive overview of 
advanced materials manufacturing processes Provides practice-oriented information to help readers 
find the right manufacturing methods for the intended applications Highly relevant for material scientists 
and engineers in industry Modern Manufacturing Processes is an ideal book for practitioners and 
researchers in materials and mechanical engineering.

Modern Manufacturing Processes

Proceedings of SPIE present the original research papers presented at SPIE conferences and other 
high-quality conferences in the broad-ranging fields of optics and photonics. These books provide 
prompt access to the latest innovations in research and technology in their respective fields. Proceed-
ings of SPIE are among the most cited references in patent literature.

Femtosecond Phenomena and Nonlinear Optics III

Microfluidic Biosensors provides a comprehensive overview covering the most recent emerging tech-
nologies on the design, fabrication, and integration of microfluidics with transducers. These form various 
integrated microfluidic biosensors with device configurations ranging from 2D to 4D levels. Coverage 
also includes advanced printed microfluidic biosensors, flexible microfluidics for wearable biosensors, 
autonomous lab-on-a-chip biosensors, CMOS-base microanalysis systems, and microfluidic devices 
for mobile phone biosensing. The editors and contributors of this book represent both academia 
and industry, come from a varied range of backgrounds, and offer a global perspective. This book 
discusses the design and principle of microfluidic systems and uses them for biosensing applications. 
The microfluidic fabrication technologies covered in this book provide an up-to-date view, allowing 
the community to think of new ways to overcome challenges faced in this field. The focus is on 
existing and emerging technologies not currently being analyzed extensively elsewhere, providing a 
unique perspective and much-needed content. The editors have crafted this book to be accessible 
to all levels of academics from graduate students, researchers, and professors working in the fields 
of biosensors, microfluidics design, material science, analytical chemistry, biomedical devices, and 
biomedical engineering. It can also be useful for industry professionals working for microfluidic device 
manufacturers, or in the industry of biosensors and biomedical devices. Presents an in-depth overview 
of microfluidic biosensors and associated emerging technologies such as printed microfluidics and 
novel transducers Addresses a range of microfluidic biosensors with device configurations ranging 
from 2D to 4D levels Includes the commercialization aspects of microfluidic biosensors that provide 
insights for scientists and engineers in research and development

Microfluidic Biosensors

Advances in Laser Materials Processing: Technology, Research and Application, Second Edition, pro-
vides a revised, updated and expanded overview of the area, covering fundamental theory, technology 
and methods, traditional and emerging applications and potential future directions. The book begins 
with an overview of the technology and challenges to applying the technology in manufacturing. Parts 
Two thru Seven focus on essential techniques and process, including cutting, welding, annealing, 
hardening and peening, surface treatments, coating and materials deposition. The final part of the 
book considers the mathematical modeling and control of laser processes. Throughout, chapters 
review the scientific theory underpinning applications, offer full appraisals of the processes described 
and review potential future trends. A comprehensive practitioner guide and reference work explaining 
state-of-the-art laser processing technologies in manufacturing and other disciplines Explores chal-
lenges, potential, and future directions through the continuous development of new, application-specific 
lasers in materials processing Provides revised, expanded and updated coverage

Advances in Laser Materials Processing

Photonic devices lie at the heart of the communications revolution, and have become a large and 
important part of the electronic engineering field, so much so that many colleges now treat this as 



a subject in its own right. With this in mind, the author has put together a unique textbook covering 
every major photonic device, and striking a careful balance between theoretical and practical concepts. 
The book assumes a basic knowledge of optics, semiconductors and electromagnetic waves. Many 
of the key background concepts are reviewed in the first chapter. Devices covered include optical 
fibers, couplers, electro-optic devices, magneto-optic devices, lasers and photodetectors. Problems 
are included at the end of each chapter and a solutions set is available. The book is ideal for 
senior undergraduate and graduate courses, but being device driven it is also an excellent engineers' 
reference.

Photonic Devices

This book is open access under a CC BY 4.0 license.This book presents results relevant in the manu-
facturing research field, that are mainly aimed at closing the gap between the academic investigation 
and the industrial application, in collaboration with manufacturing companies. Several hardware and 
software prototypes represent the key outcome of the scientific contributions that can be grouped 
into five main areas, representing different perspectives of the factory domain:1) Evolutionary and 
reconfigurable factories to cope with dynamic production contexts characterized by evolving demand 
and technologies, products and processes.2) Factories for sustainable production, asking for energy 
efficiency, low environmental impact products and processes, new de-production logics, sustainable 
logistics.3) Factories for the People who need new kinds of interactions between production processes, 
machines, and human beings to offer a more comfortable and stimulating working environment.4) 
Factories for customized products that will be more and more tailored to the final user’s needs and sold 
at cost-effective prices.5) High performance factories to yield the due production while minimizing the 
inefficiencies caused by failures, management problems, maintenance.This books is primarily targeted 
to academic researchers and industrial practitioners in the manufacturing domain.

Factories of the Future

Bioactive Glasses and Glass-Ceramics Fundamentals and Applications A Comprehensive and Critical 
Overview of Bioactive Glasses and Glass-Ceramics Bioactive glasses and glass-ceramics are a 
versatile class of biocompatible materials that have an astonishing impact in biomedicine. Bioac-
tive Glasses and Glass-Ceramics: Fundamentals and Applications presents topics on the functional 
properties, processing, and applications of bioactive glasses and glass-ceramics. The primary use of 
bioactive glasses and glass-ceramics is to repair bone and dental defects; however, their full potential 
is yet to be fulfilled. Many of today’s achievements in regenerative medicine and soft tissue healing 
were unthinkable when research began. As a result, the research involving bioactive glasses and 
glass-ceramics is highly stimulating and continuously progresses across many different disciplines 
including chemistry, materials science, bioengineering, biology, and medicine. Topics relating to these 
disciplines and covered within the work include: Fundamentals on bioactive glasses and glass-ceram-
ics, bioactive glasses in today’s market, and improvements and challenges for the future Scalability 
and other issues when taking bioactive glass from lab to industry/commercialization applications, plus 
clinical challenges Trending topics such as bioactive glass porous scaffolds, additive manufacturing of 
bioactive glasses, and nano-engineering of bioactive glasses The various bioactive glass compositions 
which have been developed as medical products in an expanding range of forms and applications 
Bioactive Glasses and Glass-Ceramics: Fundamentals and Applications serves as a comprehensive 
and complete reference work on bioactive glasses and glass-ceramics for research and development 
(R&D) materials scientists, surgeons, and physicians, and leadership at glass and medical companies. 
Students and professors in fields of study pertaining to the aforementioned disciplines will also derive 
value from the work.

Bioactive Glasses and Glass-Ceramics

Comprehensive Materials Processing, Thirteen Volume Set provides students and professionals with 
a one-stop resource consolidating and enhancing the literature of the materials processing and man-
ufacturing universe. It provides authoritative analysis of all processes, technologies, and techniques 
for converting industrial materials from a raw state into finished parts or products. Assisting scientists 
and engineers in the selection, design, and use of materials, whether in the lab or in industry, it 
matches the adaptive complexity of emergent materials and processing technologies. Extensive tradi-
tional article-level academic discussion of core theories and applications is supplemented by applied 
case studies and advanced multimedia features. Coverage encompasses the general categories of 



solidification, powder, deposition, and deformation processing, and includes discussion on plant and 
tool design, analysis and characterization of processing techniques, high-temperatures studies, and 
the influence of process scale on component characteristics and behavior. Authored and reviewed by 
world-class academic and industrial specialists in each subject field Practical tools such as integrated 
case studies, user-defined process schemata, and multimedia modeling and functionality Maximizes 
research efficiency by collating the most important and established information in one place with 
integrated applets linking to relevant outside sources

Comprehensive Materials Processing

Mid-Infrared Fibre Photonics: Glass Materials, Fibre Fabrication and Processing, Laser Sources and 
Devicess combines the latest glass chemistry, fibre fabrication and post processing techniques to 
provide a comprehensive reference on the fundamental science and latest research in fibre photonics 
for the mid-infrared range. The book systematically reviews the key glass materials systems including 
fluorides, chalcogenides, and oxides. Each materials chapter includes discussion of composition, 
structure, thermal, optical and mechanical properties, extrinsic and intrinsic loss mechanisms, ma-
terials preparation and purification techniques. Then Mid-Infrared Fibre Photonics: Glass Materials, 
Fibre Fabrication and Processing, Laser Sources and Devicess covers the most relevant fabrication, 
post-processing, and spectroscopy techniques. Fibre sources are also addressed including fibre 
sources for continuous wave emission, pulsed emission, and broadband emission. The book concludes 
with a brief overview of important medical, sensing and defence applications. Systematic coverage 
of the most relevant materials for mid-infrared fibre photonics including discussion of composition, 
structure, thermal, optical and mechanical properties, loss mechanisms, materials preparation and 
purification techniques Reviews the key fabrication and processing techniques of mid-infrared fibre 
technologies Addresses the important medical, sensing and defence applications

MID-INFRARED FIBER PHOTONICS

This book describes the application of ultrafast laser science and technology in materials and 
processing relevant to industry today, including ultrafast laser ablation where fundamental studies 
have led to the development of the world's first femtosecond photomask repair tool. Semiconductor 
manufacturing companies worldwide use the tool to repair photomask defects, saving hundreds 
of millions in production costs. The most up-to-date ultrafast laser technologies are described and 
methods to generate high harmonics for photoelectron spectroscopy of industrially important materials 
are covered, with an emphasis on practical laboratory implementation. Basic device physics merged 
with photoemission studies from single- and polycrystalline materials are described. Extensions to 
new methods for extracting key device properties of metal-oxide-semiconductor structures, including 
band offsets, effective work functions, semiconductor band bending and defect-related charging in a 
number of technologically important gate oxides are detailed. Polycrystalline photovoltaic materials 
and heterostructures as well as organic light emitting materials are covered. This book describes both 
the history, and most recent applications of ultrafast laser science to industrially relevant materials, 
processes and devices.

Industrial Applications Of Ultrafast Lasers

Microtechnology has changed our world since the last century, when silicon microelectronics rev-
olutionized sensor, control and communication areas, with applications extending from domotics 
to automotive, and from security to biomedicine. The present century, however, is also seeing an 
accelerating pace of innovation in glassy materials; as an example, glass-ceramics, which successfully 
combine the properties of an amorphous matrix with those of micro- or nano-crystals, offer a very 
high flexibility of design to chemists, physicists and engineers, who can conceive and implement 
advanced microdevices. In a very similar way, the synthesis of glassy polymers in a very wide range 
of chemical structures offers unprecedented potential of applications. The contemporary availability of 
microfabrication technologies, such as direct laser writing or 3D printing, which add to the most common 
processes (deposition, lithography and etching), facilitates the development of novel or advanced 
microdevices based on glassy materials. Biochemical and biomedical sensors, especially with the 
lab-on-a-chip target, are one of the most evident proofs of the success of this material platform. Other 
applications have also emerged in environment, food, and chemical industries. The present Special 
Issue of Micromachines aims at reviewing the current state-of-the-art and presenting perspectives of 



further development. Contributions related to the technologies, glassy materials, design and fabrication 
processes, characterization, and, eventually, applications are welcome.

Glassy Materials Based Microdevices

Miniaturization and high precision are rapidly becoming a requirement for many industrial processes 
and products. As a result, there is greater interest in the use of laser microfabrication technology to 
achieve these goals. This book composed of 16 chapters covers all the topics of laser precision pro-
cessing from fundamental aspects to industrial applications to both inorganic and biological materials. 
It reviews the sate of the art of research and technological development in the area of laser processing.

Laser Precision Microfabrication

This book is a collection of five original research articles on silicon photonics. The discussed issues are 
organized into two parts. Part 1 describes the science behind the silicon photonics emphasizing the role 
of photonic circuits on silicon, and Part 2 describes applications in waveguide and optical transmissions. 
This book should be of interest to academic researchers and engineers. The chapters included are fun-
damental science and applications of silicon photonics, optical properties of thin nanocrystalline silicon 
films, microporous silicon in gas sensing, Mach-Zehnder interferometer cell-based silicon waveguide, 
experimental study of porous silicon films, and integrated optical switches and their applications.

Applications of Silicon Photonics in Sensors and Waveguides

This book is an overview of replication technology for micro- and nanostructures, focusing on the 
techniques and technology of hot embossing, a scaleable and multi-purpose technology for the 
manufacture of devices such as BioMEMS and microfluidic devices which are expected to revolutionize 
a wide range of medical and industrial processes over the coming decade. The hot embossing 
process for replicating microstructures was developed by the Forschungszentrum Karlsruhe (Karlsruhe 
Institute of Technology) where the author is head of the Nanoreplication Group. Worgull fills a gap in 
existing information by fully detailing the technology and techniques of hot embossing. He also covers 
nanoimprinting, a process related to hot embossing, with examples of actual research topics and new 
applications in nanoreplication. *A practical and theoretical guide to selecting the materials, machinery 
and processes involved in microreplication using hot embossing techniques. *Compares different 
replication processes such as: micro injection molding, micro thermoforming, micro hot embossing, 
and nanoimprinting *Details commercially available hot embossing machinery and components like 
tools and mold inserts

Hot Embossing

This book covers various aspects of lasers in materials science, including a comprehensive overview 
on basic principles of laser-materials interactions and applications enabled by pulsed laser systems. 
The material is organized in a coherent way, providing the reader with a harmonic architecture. While 
systematically covering the major current and emerging areas of lasers processing applications, the 
Volume provides examples of targeted modification of material properties achieved through careful 
control of the processing conditions and laser irradiation parameters. Special emphasis is placed 
on specific strategies aimed at nanoscale control of material structure and properties to match the 
stringent requirements of modern applications. Laser fabrication of novel nanomaterials, which expands 
to the domains of photonics, photovoltaics, sensing, and biomedical applications, is also discussed 
in the Volume. This book assembles chapters based on lectures delivered at the Venice International 
School on Lasers in Materials Science which was held in Isola di San Servolo, Venice, Italy, in July, 
2012.

Lasers in Materials Science

This book presents recent advances in the design, fabrication and implementation of flexible printed 
sensors. It explores a range of materials for developing the electrode and substrate parts of the 
sensors, on the basis of their electrical and mechanical characteristics. The sensors were processed 
using laser cutting and 3D printing techniques, and the sensors developed were employed in a 
number of healthcare, environmental and industrial applications, including: monitoring of physiological 
movements, respiration, salinity and nitrate measurement, and tactile sensing. The type of sensor 
selected for each application depended on its dimensions, robustness and sensitivity. The sensors 



fabricated were also embedded in an IoT-based system, allowing them to be integrated into real-time 
applications.

Printed Flexible Sensors

This book contains the scientific contributions to the Special Issue entitled: "New Trends and Appli-
cations in Femtosecond Laser Micromachining". It covers an array of subjects, from the basics of 
femtosecond laser micromachining to specific applications in a broad spectra of fields such biology, 
photonics and medicine.

New Trends and Applications in Femtosecond Laser Micromachining

Nonlinear optical studies of periodic dielectric structures have blossomed in the past two decades. New 
fabrication techniques are producing fiber grating and multidimensional photonic crystals in materials 
where the refractive index can be varied by light pulses and beams. Gap solitons that can propagate 
at any velocity from zero to the speed of light and spatial solitons that prevent the diffractive spread of 
light in waveguide arrays are two examples of the new phenomena described in this book. Many new 
materials and structures are being developed that will impact new optical devices with applications in 
optical communications and optical data processing. All the above topics are addressed in detail in this 
book.

Nonlinear Photonic Crystals

Expensive, delicate, and difficult to operate, femtosecond lasers have already won two Nobel Prizes 
and created multi-billion dollar industries. As these lasers break out of laboratories for use in real-world 
large-scale applications, the number of people using them increases. This book provides a fresh 
perspective on femtosecond lasers, discussing how they are soon to become a universal light source, 
spanning any timescale and generating any wavelength of light. Starting from the basics of light itself, 
this book presents in an everyday manner, with clear illustrations and without formulas, what makes 
this class of lasers so versatile and the future of many more applications. Many of the subjects covered 
in this book are described in plain words for the first time.

Femtosecond Laser Shaping

New, significant scientific discoveries in laser and photonic technologies, systems perspectives, and 
integrated design approaches can improve even further the impact in critical areas of challenge. Yet this 
knowledge is dispersed across several disciplines and research arenas. Laser and Photonic Systems: 
Design and Integration brings together a multidisciplinary group of experts to increase understanding of 
the ways in which systems perspectives may influence laser and photonic innovations and application 
integration. By bringing together chapters from leading scientists and technologists, industrial and 
systems engineers, and managers, the book stimulates new thinking that would bring a systems, 
network, and system-of-systems perspective to bear on laser and photonic systems applications. The 
chapters challenge you to explore opportunities for revolutionary and broader advancements. The 
authors emphasize the identification of emerging research and application frontiers where there are 
promising contributions to lasers, optics, and photonics applications in fields such as manufacturing, 
healthcare, security, and communications. The book contains insights from leading researchers, 
inventors, implementers, and innovators. It explains a variety of techniques, models, and technologies 
proven to work with laser and photonic systems, their development, design, and integration. Such 
systems are of growing interest to many organizations, given their promise and potential solutions of 
grand societal challenges. Lastly, the book helps you leverage the knowledge into exciting new frontiers 
of successful solutions.

Laser and Photonic Systems

This book attempts to give a discussion of the physics and current and potential applications of the 
self-focusing of an intense femtosecond laser pulse in a tra- parent medium. Although self-focusing 
is an old subject of nonlinear optics, the consequence of self-focusing of intense femtosecond laser 
pulses is totally new and unexpected. Thus, new phenomena are observed, such as long range lam- 
tation, intensity clamping, white light laser pulse, self-spatial ltering, self-group phase locking, self-pulse 
compression, clean nonlinear uorescence, and so on. Long range propagation at high intensity, which 
is seemingly against the law of diffraction, is probably one of the most exciting consequences of this 



new sub- eld of nonlinear optics. Because the intensity inside the lament core is high, new ways of doing 
nonlinear optics inside the lament become possible. We call this lamentation nonlinear optics. We shall 
describe the generation of pulses at other wavelengths in the visible and ultraviolet (UV) starting from 
the near infrared pump pulse at 800 nm through four-wave-mixing and third harmonic generation, all 
in gases. Remotely sensing uorescence from the fragments of chemical and biological agents in all 
forms, gaseous, aerosol or solid, inside the laments in air is demonstrated in the labo- tory. The results 
will be shown in the last part of the book. Through analyzing the uorescence of gas molecules inside 
the lament, an unexpected physical process pertaining to the interaction of synchrotron radiation with 
molecules is observed.

Digital Micromirror Devices and Femtosecond Laser Pulses for Rapid Laser Micromachining

Femtosecond Laser Filamentation
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