
Bettotti
Paolo Bettotti

edited by
Nanodevices for Photonics and Electronics

Nanodevices for 
Photonics and Electronics

Advances and Applications

Photonics and electronics are endlessly converging into a 
single technology by exploiting the possibilities created by 
nanostructuring of materials and devices. It is expected that next-
generation optoelectronic devices will show great improvements 
in terms of performance, flexibility, and energy consumption: 
the main limits of nanoelectronics will be overcome by using a 
photonics approach, while nanophotonics will become a mature 
technology, thanks to miniaturization strategies developed in 
microelectronics.

Mastering such a complex subject requires a multidisciplinary 
approach and a solid knowledge of several topics. This book 
gives a broad overview of recent advances in several topical 
aspects of nanophotonics and nanoelectronics, keeping an eye 
on real applications of such technologies, and focuses on the 
possibilities created by advanced photon management strategies 
in optoelectronic devices.

Starting from pure photonic systems, the book provides several 
examples in which the interaction between photonics and 
electronics is exploited to achieve faster, compact, and more 
efficient devices. A large number of figures and tables also 
support each chapter. This book constitutes a valuable resource 
for researchers, engineers, and professionals working on the 
development of optoelectronics.

Paolo Bettotti is an assistant professor at the Nanoscience 
Laboratory of the University of Trento, Italy. He obtained his MSc 
in materials science from the University of Padova, Italy, and his 
PhD in physics from the University of Trento in 2002 and 2006, 
respectively. His research interests focus on the fabrication, 
functionalization, and characterization of porous nanomaterials 
for photonics and sensing applications. 

ISBN 978-981-4613-74-3
V463



Nanodevices for 
Photonics and Electronics





Paolo Bettotti
edited by

Nanodevices for 
Photonics and Electronics

Advances and Applications



November 12, 2015 17:8 PSP Book - 9in x 6in 00-Bettotti-prelims

Published by

Pan Stanford Publishing Pte. Ltd.

Penthouse Level, Suntec Tower 3

8 Temasek Boulevard

Singapore 038988

Email: editorial@panstanford.com

Web: www.panstanford.com

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

Nanodevices for Photonics and Electronics: Advances and
Applications

Copyright c© 2016 Pan Stanford Publishing Pte. Ltd.

All rights reserved. This book, or parts thereof, may not be reproduced in any
form or by any means, electronic or mechanical, including photocopying,
recording or any information storage and retrieval system now known or to
be invented, without written permission from the publisher.

For photocopying of material in this volume, please pay a copying

fee through the Copyright Clearance Center, Inc., 222 Rosewood Drive,

Danvers, MA 01923, USA. In this case permission to photocopy is not

required from the publisher.

ISBN 978-981-4613-74-3 (Hardcover)

ISBN 978-981-4613-75-0 (eBook)

Printed in the USA



November 12, 2015 17:8 PSP Book - 9in x 6in 00-Bettotti-prelims

Contents

Preface xi

1 Introduction 1
Paolo Bettotti

2 Photonic Crystals 11
Paolo Bettotti
2.1 Introduction 11

2.2 One-Dimensional PCs and Their Dispersion

Properties 15

2.3 Analogy with Quantum Mechanical Schroedinger

Equation 17

2.4 1D Defect Modes 22

2.5 Two-Dimensional Photonic Crystals 25

2.6 2D Defect Modes 29

2.7 Exploiting the 2D PC Dispersion Properties 34

2.8 2.5-Dimensional Photonic Crystals 38

2.9 Three-Dimensional Photonic Crystals 43

2.10 Nonlinear Optics 45

2.11 Conclusions 47

3 Engineering Aperiodic Spiral Order in Nanophotonics:
Fundamentals and Device Applications 57
Luca Dal Negro, Nate Lawrence, and Jacob Trevino
3.1 Introduction to Aperiodic Photonic Structures 58

3.2 Periodic and Aperiodic Order 59

3.3 Classification of Aperiodic Structures 61

3.4 Rotational Symmetry in Aperiodic Structures 66



November 12, 2015 17:8 PSP Book - 9in x 6in 00-Bettotti-prelims

vi Contents

3.4.1 Aperiodic Spiral Order: From Phyllotaxis to

Nanophotonics 69

3.4.2 Structural Properties of Vogel Spirals 74

3.5 Optical Resonances of Vogel Spiral Arrays 81

3.5.1 Multifractal Scaling of Vogel Spirals 84

3.5.2 Optical Mode Analysis of Vogel Spirals 89

3.6 Device Applications of Vogel Spirals 94

3.6.1 Absorption Enhancement in Thin-Film

Silicon 94

3.6.2 Radiation Engineering with Erbium-Doped

Vogel Arrays 98

3.6.3 Engineering the Orbital Angular Momentum

of Light 103

3.6.4 Diffracted Beam Propagation from Aperiodic

Chiral Spirals 107

3.6.5 Experimental Demonstration of OAM

Generation and Control 110

3.7 Outlook and Conclusions 115

4 Disordered Photonics 127
Francesco Riboli
4.1 Introduction 127

4.2 Diffusion 131

4.3 Light Transport: Microscopical Description 132

4.3.1 Single Scattering 134

4.3.2 Multiple Scattering 136

4.3.3 Transport of Intensity 139

4.4 Anderson Localization of Light 143

4.4.1 Localization of Light in Two Dimensions 145

4.4.2 Hybridization of Localized Modes 148

4.5 Light-Trapping Mechanism for Photovoltaic

Applications 150

4.5.1 Early Designs and the Problem of Collection

Efficiency 151

4.5.2 Recent Designs to Coherently Manage and

Trap the Flow of Light in Ultrathin

Dielectric Films 154

4.5.3 Conclusions 157



November 12, 2015 17:8 PSP Book - 9in x 6in 00-Bettotti-prelims

Contents vii

5 Nanowire Architecture for Fast Electronic Devices 163
Leonardo Viti, Alessandro Pitanti, and Miriam S. Vitiello
5.1 Introduction 163

5.1.1 Terahertz Detection 163

5.1.2 Detection Mechanism in FETs 166

5.2 Nanowire THz Detectors 167

5.2.1 Contacting the Nanowire 171

5.2.2 Radiation Coupling 175

5.2.2.1 Bowtie antenna 177

5.2.2.2 Log periodic antenna 178

5.2.3 Nanofabrication 179

5.2.4 Methods 181

5.2.4.1 Transport measurements 181

5.2.4.2 Optical measurements 185

5.2.4.3 Noise measurements 187

5.2.4.4 Responsivity and NEP 188

5.3 Homogeneous and Heterostructured Nanowire

FET Detectors 189

5.3.1 InAs-Based Nanowire FETs 189

5.3.1.1 Influence of doping level 189

5.3.1.2 Photodetection 194

5.3.2 InAs-/InSb-Based Nanowire FET 199

5.3.2.1 Electrical properties 201

5.3.2.2 Photodetection 203

6 Nano-Optomechanical Oscillators: Novel Effects and
Applications 209
Daniel Navarro-Urrios
6.1 Basic Concepts of Optomechanics 210

6.2 Nano-optomechanical Oscillators 214

6.3 Basic Properties of Optomechanical Crystals:

Case Study 216

6.3.1 Experimental Setup 217

6.3.1.1 Tapered fiber fabrication procedure 218

6.3.2 1D Silicon Optomechanical Crystals 220

6.3.2.1 Geometry of the structures 220

6.4 Optical and Mechanical Simulations 221

6.4.1 Optomechanical characterization 223



November 12, 2015 17:8 PSP Book - 9in x 6in 00-Bettotti-prelims

viii Contents

6.4.2 Tuning the Optical and Mechanical Properties

of the Optomechanical Crystal with Coupled

Optical Power 227

6.4.2.1 Effects of fiber loading on optical and

mechanical properties 232

6.4.2.2 Experimental observation of

dynamical back action 234

6.4.2.3 Mechanical amplification at 5.46 GHz 235

7 Quantum Dot–Based Nano-optoelectronics and
Photonics 239
Juan P. Martinez Pastor and Guillermo Muñoz Matutano
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Preface

The mastering of matter at the nanoscale level has enabled a

completely new paradigm of scientific development. The possibility

to tailor a material’s properties by mastering its structure at the

near-molecular level has greatly improved the overall quality of

synthesized materials. Nowadays the link between the properties

of a material and its structure is not only a way to describe the

material’s behavior but also a powerful tool to design improved and

innovative devices.

Electronics has heavily exploited this knowledge to push the level

of integration near the physical limit. But in the last two decades

photonics has also shown a fast evolution toward miniaturized

systems. It is reasonable to assume the two fields will somehow

fuse together in the near future and will complement each other to

overcome their own limits.

The field of nanostructured devices for photonics and electronics

is extremely broad and it cannot be reviewed within a single

monograph; thus this book addresses specific topics of particular

relevance for their scientific novelty and for their importance in

future technological development.

Chapters 2 to 4 describe the properties of photonic systems

as they move from perfectly periodic systems (as in the case of

photonic crystals in Chapter 2) toward aperiodic systems (as for

the bioinspired aperiodic spirals in Chapter 3) and, ultimately,

toward purely random systems described in Chapter 4. Each

chapter contains an introductory part describing the main physics

behind each topic, as well as applications of the photonic systems.

Chapter 5 covers the topic of detectors for the terahertz (THz)

region: this spectral range has a number of possible uses but it

lacks both compact sources and detectors. The use of nanowires
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xii Preface

to develop THz detectors is described here. Chapter 6 deals with

the topic of optomechanics and demonstrates how optical and

mechanical modes can exchange energy. In fact at the nanoscale the

frequency of mechanical modes approaches the gigahertz and can

be effectively coupled with optical modes. Nanodots are among the

most investigated nanostructures and their peculiar properties are

reviewed in Chapter 7, together with applications in optoelectronics

and photonics. The lack of an efficient silicon-based light source has

forced the development of hybrid integration of III–V materials in

silicon photonics: this is the topic reviewed in Chapter 8. Chapter 9

describes one of most investigated photonics research area: optical

biosensing using microresonators. Finally Chapter 10 describes

some recent advances in the development of transistors based on

organic semiconductors.

Writing a monograph treating such different types of correlated

topics would be hardly realized by a single person: I am grateful to

all the researchers who accepted the invitation to contribute to this

monograph.

Paolo Bettotti
Povo




