
comsol optical waveguide simulation
**Unlocking the Potential of COMSOL Optical Waveguide Simulation**

comsol optical waveguide simulation has become an essential tool for engineers and researchers
working in photonics and integrated optics. As optical technologies advance, the need for precise
modeling of light propagation in waveguides grows significantly. COMSOL Multiphysics offers a
versatile platform that allows users to simulate complex optical waveguide structures, providing
valuable insights into their behavior before physical fabrication. If you’re venturing into the world of
optical waveguides or looking to enhance your simulation workflow, understanding how COMSOL can
help is key.

Why Choose COMSOL for Optical Waveguide
Simulation?

Optical waveguides form the backbone of many modern communication systems, sensors, and
quantum devices. Simulating their performance accurately requires sophisticated software capable of
handling the physics of light propagation, material properties, and boundary conditions. COMSOL
excels in this area due to its multiphysics approach and customizable environment.

Unlike traditional optical simulation tools that might be limited to specific scenarios, COMSOL
integrates electromagnetic wave propagation with other physical phenomena, such as thermal effects
or mechanical stress. This flexibility is crucial when designing waveguides that must operate reliably
under varying environmental conditions.

Key Features for Waveguide Modeling in COMSOL

- **Electromagnetic Waves, Frequency Domain Module**: This module allows for solving Maxwell’s
equations in complex geometries, ideal for simulating light behavior in waveguides.
- **Customizable Geometry and Materials**: You can model waveguides with arbitrary shapes and
assign anisotropic or nonlinear material properties, essential for cutting-edge photonics research.
- **Mesh Adaptivity**: Accurate simulations require fine meshing around waveguide interfaces, which
COMSOL handles efficiently, balancing accuracy and computational cost.
- **Coupling with Other Physics**: Simulate multiphysics scenarios, such as thermo-optic effects or
piezoelectric tuning, providing a holistic view of device performance.

Getting Started with Optical Waveguide Simulation in
COMSOL

If you’re new to COMSOL, the thought of simulating optical waveguides might seem daunting.
However, the software provides various tutorials and built-in examples that make it accessible.



Defining the Waveguide Structure

The first step is creating the geometric model of your waveguide. Whether it’s a simple planar
waveguide, a rib waveguide, or a complex photonic crystal structure, COMSOL’s CAD tools or
imported geometries from other software can be utilized.

During this stage, it’s important to specify the dimensions accurately, as waveguide behavior is highly
sensitive to geometric parameters like width, height, and length. For instance, slight changes in core
thickness can drastically impact mode confinement and propagation losses.

Specifying Material Properties

Materials play a crucial role in optical simulations. You need to input refractive indices, absorption
coefficients, and possibly nonlinear parameters if you’re modeling effects like second-harmonic
generation.

COMSOL’s material library includes many common photonic materials such as silicon, silica, and
various polymers. Additionally, you can define custom materials to reflect experimental data or novel
compounds.

Applying Boundary Conditions and Ports

To simulate light propagation, boundary conditions must be set carefully. Typically, perfectly matched
layers (PMLs) are used to absorb outgoing waves and prevent artificial reflections, mimicking an open
domain.

Input and output ports define where light enters and exits the waveguide, allowing for mode analysis
and transmission studies. Setting these ports correctly is critical for obtaining meaningful simulation
results.

Exploring Waveguide Modes and Propagation

One of the primary goals of optical waveguide simulation is to analyze the supported modes and how
light propagates through the structure.

Mode Analysis

COMSOL enables eigenmode analysis to identify guided modes, their effective refractive indices, and
field distributions. This information helps designers understand mode confinement and coupling
efficiency.

By visualizing the electric and magnetic fields, users can assess whether the waveguide supports



single-mode or multimode operation, which is crucial for applications like fiber optics or integrated
photonics.

Propagation Studies

Beyond static mode calculations, COMSOL can simulate light propagation over a distance, capturing
effects like dispersion, attenuation, and modal interference.

This dynamic simulation is valuable for predicting device performance in real-world scenarios, such as
in waveguide bends or splitters where losses and mode distortion occur.

Advanced Applications of COMSOL Optical Waveguide
Simulation

The versatility of COMSOL allows users to tackle a wide range of advanced photonic problems beyond
simple waveguide design.

Nonlinear Optical Effects

For researchers interested in nonlinear optics, COMSOL can incorporate nonlinear material responses,
enabling simulations of phenomena like self-phase modulation, four-wave mixing, or frequency
conversion within waveguides.

Thermo-Optic and Stress Effects

Real devices often experience temperature changes or mechanical stress, which can alter optical
properties. COMSOL’s multiphysics capabilities allow coupling electromagnetic simulations with heat
transfer or structural mechanics modules to predict these effects.

Such simulations help in designing robust waveguides stable under operational conditions.

Photonic Crystal Waveguides and Metamaterials

COMSOL supports the complex geometries and periodic boundary conditions needed to simulate
photonic crystal waveguides or metamaterials, which exhibit unique light manipulation properties.

This opens doors for designing novel devices like slow light waveguides, superprisms, or negative-
index materials.



Tips for Optimizing COMSOL Optical Waveguide
Simulations

To get the most out of your simulations and reduce computational overhead, consider these practical
tips:

Start with Simplified Models: Begin with 2D simulations before moving to full 3D to save
time and gain quick insights.

Use Adaptive Meshing: Focus mesh refinement where the field intensity changes rapidly,
such as at interfaces.

Leverage Symmetry: If your waveguide structure is symmetric, simulate only half or a quarter
of it to reduce computation.

Validate Against Analytical Solutions: For simpler waveguides, compare COMSOL results
with analytical or published data to ensure accuracy.

Utilize Parameter Sweeps: Automate variation in waveguide dimensions or material
properties to explore design spaces efficiently.

Integrating COMSOL Optical Waveguide Simulation into
Research and Industry

COMSOL’s flexibility makes it a favorite among academics and industry professionals alike. In
research, it accelerates prototyping of novel waveguide designs, enabling quick iteration and
hypothesis testing.

In industry, optical waveguide simulation with COMSOL supports the development of components for
telecommunications, sensors, and emerging quantum technologies. By predicting device performance
early, companies reduce costly fabrication cycles and improve reliability.

Moreover, COMSOL’s ability to combine optics with thermal, mechanical, and electrical physics allows
for comprehensive device modeling, supporting system-level integration efforts.

---

Exploring optical waveguide simulation with COMSOL reveals a powerful frontier where physics,
engineering, and computational science converge. Whether you’re modeling a simple silicon
waveguide or a complex photonic crystal, mastering COMSOL’s tools unlocks deeper understanding
and innovation in photonics design. As optical technologies continue to evolve, leveraging simulation
platforms like COMSOL ensures you stay at the cutting edge of this dynamic field.



Frequently Asked Questions

What is COMSOL Multiphysics used for in optical waveguide
simulation?
COMSOL Multiphysics is used to model and simulate the propagation of light in optical waveguides,
allowing researchers to analyze waveguide modes, losses, dispersion, and nonlinear effects with high
precision.

How can I simulate the modes of an optical waveguide in
COMSOL?
To simulate optical waveguide modes in COMSOL, use the Electromagnetic Waves, Frequency Domain
interface, set up the waveguide geometry, define material refractive indices, apply appropriate
boundary conditions, and compute the eigenmodes to analyze mode profiles and effective indices.

What physics interfaces are suitable for optical waveguide
simulations in COMSOL?
The Electromagnetic Waves, Frequency Domain (ewfd) interface is commonly used for optical
waveguide simulations. Additionally, the Wave Optics Module provides specialized tools for modeling
waveguides, photonic crystals, and integrated optics.

How do I model material dispersion in COMSOL optical
waveguide simulations?
Material dispersion can be modeled in COMSOL by defining wavelength-dependent refractive indices
using the Materials node or by importing experimental data. This allows accurate simulation of
wavelength-dependent behavior like chromatic dispersion in the waveguide.

Can COMSOL simulate nonlinear optical effects in
waveguides?
Yes, COMSOL can simulate nonlinear optical effects such as Kerr nonlinearity, two-photon absorption,
and third-harmonic generation by including nonlinear constitutive relations or using the Wave Optics
Module with appropriate nonlinear material models.

How do I set boundary conditions for optical waveguide
simulations in COMSOL?
Boundary conditions like Perfectly Matched Layers (PML) are used to absorb outgoing waves and
prevent reflections. Scattering boundary conditions or periodic boundary conditions can also be
applied depending on the simulation setup to model open or periodic structures.



What are common challenges when simulating optical
waveguides in COMSOL?
Common challenges include meshing fine features to capture evanescent fields, accurately modeling
material dispersion and losses, setting appropriate boundary conditions to avoid artificial reflections,
and managing computational resources for large or complex waveguide structures.

How can I validate my COMSOL optical waveguide simulation
results?
Validation can be done by comparing simulated mode profiles, effective refractive indices, and
transmission losses with analytical solutions, experimental data, or results from other simulation tools
like FDTD or BPM to ensure accuracy and reliability.

Additional Resources
**Unlocking the Potential of Photonics: A Deep Dive into COMSOL Optical Waveguide Simulation**

comsol optical waveguide simulation represents a pivotal tool in the realm of photonics and
optical engineering, enabling researchers and engineers to model, analyze, and optimize waveguide
designs with remarkable precision. As integrated optics and photonic circuits continue to advance, the
demand for sophisticated simulation platforms that can accurately capture complex electromagnetic
behaviors grows. COMSOL Multiphysics, with its dedicated wave optics module, emerges as a
comprehensive solution for simulating optical waveguides, providing invaluable insights into light
propagation, mode analysis, and device performance.

Understanding COMSOL Optical Waveguide Simulation

COMSOL’s approach to optical waveguide simulation leverages finite element analysis (FEA) to solve
Maxwell’s equations within complex geometries and material environments. Unlike purely analytical
methods or simpler numerical techniques, COMSOL allows for full-vectorial modeling that accounts for
anisotropic materials, nonlinearities, and intricate boundary conditions. This capability is essential
when dealing with modern waveguide structures, such as photonic crystal fibers, silicon photonic
waveguides, or plasmonic waveguides, where approximations could lead to significant inaccuracies.

The software’s wave optics module incorporates multiple physics interfaces, including frequency
domain and time domain simulations, enabling users to examine steady-state electromagnetic fields
as well as transient phenomena. Through this versatility, COMSOL optical waveguide simulation
supports a broad spectrum of applications from mode profile calculations and effective index
extraction to scattering analysis and coupling efficiency studies.

Key Features Driving Waveguide Simulation Accuracy

COMSOL distinguishes itself by offering a suite of features tailored for optical waveguide analysis:



Full-Vectorial Mode Analysis: COMSOL accurately computes guided modes by solving
vectorial eigenvalue problems, ensuring polarization effects and mode coupling are properly
captured.

Material Dispersion and Anisotropy: The software allows for frequency-dependent
refractive indices and supports anisotropic permittivity tensors, critical for materials like lithium
niobate or liquid crystals.

Nonlinear Optics Modeling: Users can simulate nonlinear effects such as Kerr nonlinearity,
second-harmonic generation, and Raman scattering within waveguide structures.

Coupling and Scattering Simulations: COMSOL enables analysis of mode coupling between
waveguides, imperfections, and scattering losses, essential for optimizing device performance.

Multiphysics Integration: The platform’s hallmark is its ability to couple electromagnetic
simulations with other physics like heat transfer, structural mechanics, and fluid dynamics,
providing a holistic view of waveguide behavior under realistic operating conditions.

The Simulation Workflow for Optical Waveguides in COMSOL

Successfully simulating optical waveguides using COMSOL involves several methodical steps:

Geometry Creation: Define the waveguide cross-section or full 3D structure, including core,1.
cladding, and substrate layers.

Material Assignment: Assign refractive indices, including dispersive or anisotropic properties2.
as needed.

Physics Setup: Select the wave optics module, specify boundary conditions such as perfectly3.
matched layers (PML) to absorb outgoing waves, and set up excitations like port modes or
dipole sources.

Mesh Generation: Generate a finite element mesh refined in regions with high field gradients4.
to ensure numerical accuracy.

Study Configuration: Choose eigenfrequency or frequency domain solvers depending on the5.
analysis goal — modal analysis or transmission spectrum, for example.

Postprocessing: Visualize electric and magnetic field distributions, calculate effective indices,6.
propagation constants, and analyze mode profiles or scattering parameters.



Comparative Insights: COMSOL Optical Waveguide
Simulation vs. Other Tools

When assessing COMSOL against other optical waveguide simulation tools such as Lumerical MODE
Solutions, RSoft BeamPROP, or CST Studio Suite, several distinctions emerge. COMSOL’s primary
advantage lies in its multiphysics environment, enabling researchers to couple optical simulations
with thermal, mechanical, or electrical effects seamlessly. This holistic approach is not typically
offered in specialized photonics simulation packages focused solely on electromagnetic analysis.

However, dedicated photonics tools often provide faster simulations for specific tasks like mode
solving or beam propagation due to tailored algorithms and meshing strategies. For instance,
BeamPROP uses beam propagation methods optimized for waveguide bends and tapers, whereas
COMSOL relies on finite element methods which may require longer computational times but yield
higher accuracy in complex geometries.

Moreover, COMSOL’s flexibility to model non-standard waveguide structures and incorporate custom
physics models makes it particularly attractive for cutting-edge research and novel device
development. Its graphical user interface and scripting capabilities support both novice users and
advanced modelers, enhancing workflow efficiency.

Advantages and Limitations of COMSOL Optical Waveguide
Simulation

Advantages:

Extensive multiphysics coupling enabling comprehensive device simulation.

Accurate full-vectorial finite element modeling suitable for complex geometries.

Support for anisotropic, nonlinear, and dispersive materials.

Customizable via COMSOL’s LiveLink for MATLAB and scripting interfaces.

Limitations:

Computationally intensive compared to specialized photonics tools for large-scale
waveguide arrays.

Steeper learning curve for users unfamiliar with multiphysics modeling paradigms.

Licensing costs can be higher relative to single-purpose photonics simulation packages.



Applications Leveraging COMSOL Optical Waveguide
Simulation

The versatility of COMSOL’s waveguide simulation capabilities finds applications across various
sectors:

Integrated Photonics and Silicon Photonics

Designing compact, efficient silicon waveguides and photonic circuits requires precise modeling of
submicron features and high-index contrast interfaces. COMSOL’s ability to simulate mode
confinement, bending losses, and coupling between waveguide components supports optimization of
modulators, filters, and multiplexers in integrated photonics platforms.

Optical Fiber and Specialty Waveguides

Simulations of photonic crystal fibers, microstructured fibers, and specialty fibers benefit from
COMSOL’s capability to handle complex cross-sectional geometries and anisotropic materials.
Understanding modal dispersion and confinement in novel fiber designs aids in telecommunications
and sensing applications.

Nonlinear and Active Waveguides

COMSOL facilitates exploration of nonlinear effects within waveguides, such as soliton propagation,
harmonic generation, and optical switching. Additionally, active waveguide devices incorporating gain
materials or modulators can be modeled by coupling optical physics with electronic or thermal effects.

Sensor Design

Waveguide-based sensors, including biosensors and refractive index sensors, rely on accurate
simulation of evanescent fields and interaction with surrounding media. COMSOL’s multiphysics
integration allows for simultaneous modeling of optical fields and fluidic or biochemical environments.

Optimizing Simulation Accuracy and Efficiency

Achieving reliable results in COMSOL optical waveguide simulation depends on careful model setup
and parameter choices. Mesh refinement is crucial near material interfaces and within the waveguide
core to resolve steep field gradients. Deploying perfectly matched layers (PMLs) effectively minimizes



artificial reflections, ensuring physically meaningful outcomes.

Utilizing symmetry when applicable can reduce computational resources by modeling only a portion
of the waveguide structure. Furthermore, exploiting COMSOL’s parametric sweep and optimization
modules enables systematic exploration of design spaces to identify optimal waveguide dimensions
and material properties.

Integration with Experimental Data and Prototyping

COMSOL supports importing experimental refractive index data or measured material parameters,
enhancing simulation realism. Post-simulation, results can guide fabrication processes by predicting
tolerances and identifying critical parameters affecting device performance. This synergy between
modeling and experimentation accelerates the development cycle of optical waveguide devices.

As photonics continues to evolve rapidly, tools like COMSOL optical waveguide simulation remain
indispensable for pushing the frontiers of optical device design. Their capacity to model the interplay
of multiple physical phenomena with high fidelity empowers engineers and scientists to innovate with
confidence and precision.

Comsol Optical Waveguide Simulation

  comsol optical waveguide simulation: Optical Waveguides and Devices Modeling and
Visualization Using COMSOL Multiphysics Volume 1 Hee Lim, 2018-10-19 This pictorial
manuscript is a step-by-step graphical illustrations for waveguides and devices modeling and
computational physics simulation using COMSOL Multiphysics with Ray Optics, Wave Optics and
AC/DC Electrostatics modules. All the example models investigated and visualized with the help of
Finite Element Analysis are referenced from the standard USA undergraduate text on Optical
Guided Waves and Devices by Richard Syms and John Cozens. The simulations include the use of
geometrical ray tracings for point source and full electromagnetic waves source employing the
Maxwell's wave equations for plane wave input. Both 2D and 3D simulation results will help in
visualize the electromagnetic field propagating inside the waveguides and devices. Readers without
fundamental handle on optics modeling are suggested to read the Optics Modeling and Visualization
with COMSOL Multiphysics: A step by step graphical instruction manuscripts for detailed discussion.
These models may be expanded to post-graduate research and industrial photonics waveguides and
devices development. There are 46 chapters of different 2D and 3D optical waveguides & devices
structures modeled and simulated in Volume 1 and 2. Volume 1 models include 3D single mode
optical fiber, planar waveguide, channel waveguide, longitudinal and transverse phase modulator,
surface plasmon, optical square waveguide, tapered waveguide, FTIR beamsplitter in ray tracing
and electromagnetic wave solvers, full prism coupler, halved prism coupler, plano convex overlay
lens, overlay Luneburg lens, geodesic lens with control setup for resulted electric field comparison,
corrugated gratings, transmission and reflection gratings, chirped grating lens, beam expander
grating, grating coupler, chirped grating coupler, buried channel waveguide. Volume 2 models
continue with the ridge channel waveguide, strip loaded channel waveguide, GaAs GaAlAs planar
waveguide, GaAs GaAlAs heterostructure waveguide, radiation leaks at fiber bend, radiation leaks at
waveguide bend, c-axis Calcite polarizer waveguide, integrated optic normal reflector, horn channel
waveguide, Y-Junction waveguide, optical phase modulator, cut off modulator, electro optic
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Mach-Zehnder interferometer waveguide, parallel coupling waveguide, electro optic directional
coupler, single polished fiber directional coupler, double polished fiber directional coupler,
tunable-coupling strength of polished double fiber coupler, cross sectional coaxial fiber coupler, 2D
directional coupler with tapered coupling, corrugated reflection gratings, optical fiber grating on
half polished fiber coupler, and track-changing reflector with grating assisted-coupling fiber.
  comsol optical waveguide simulation: Optical Waveguides and Devices Modeling and
Visualization Using COMSOL Multiphysics Volume 2 Hee Lim, 2018-10-20 This pictorial manuscript
is a step-by-step graphical illustrations for waveguides and devices modeling and computational
physics simulation using COMSOL Multiphysics with Ray Optics, Wave Optics and AC/DC
Electrostatics modules. All the example models investigated and visualized with the help of Finite
Element Analysis are referenced from the standard USA undergraduate text on Optical Guided
Waves and Devices by Richard Syms and John Cozens. The simulations include the use of
geometrical ray tracings for point source and full electromagnetic waves source employing the
Maxwell's wave equations for plane wave input. Both 2D and 3D simulation results will help in
visualize the electromagnetic field propagating inside the waveguides and devices. Readers without
fundamental handle on optics modeling are suggested to read the Optics Modeling and Visualization
with COMSOL Multiphysics: A step by step graphical instruction manuscripts for detailed discussion.
These models may be expanded to post-graduate research and industrial photonics waveguides and
devices development. There are 46 chapters of different 2D and 3D optical waveguides & devices
structures modeled and simulated in Volume 1 and 2. Volume 1 models include 3D single mode
optical fiber, planar waveguide, channel waveguide, longitudinal and transverse phase modulator,
surface plasmon, optical square waveguide, tapered waveguide, FTIR beamsplitter in ray tracing
and electromagnetic wave solvers, full prism coupler, halved prism coupler, plano convex overlay
lens, overlay Luneburg lens, geodesic lens with control setup for resulted electric field comparison,
corrugated gratings, transmission and reflection gratings, chirped grating lens, beam expander
grating, grating coupler, chirped grating coupler, buried channel waveguide. Volume 2 models
continue with the ridge channel waveguide, strip loaded channel waveguide, GaAs GaAlAs planar
waveguide, GaAs GaAlAs heterostructure waveguide, radiation leaks at fiber bend, radiation leaks at
waveguide bend, c-axis Calcite polarizer waveguide, integrated optic normal reflector, horn channel
waveguide, Y-Junction waveguide, optical phase modulator, cut off modulator, electro optic
Mach-Zehnder interferometer waveguide, parallel coupling waveguide, electro optic directional
coupler, single polished fiber directional coupler, double polished fiber directional coupler,
tunable-coupling strength of polished double fiber coupler, cross sectional coaxial fiber coupler, 2D
directional coupler with tapered coupling, corrugated reflection gratings, optical fiber grating on
half polished fiber coupler, and track-changing reflector with grating assisted-coupling fiber.
  comsol optical waveguide simulation: Methods and Applications for Modeling and
Simulation of Complex Systems Fazilah Hassan, Noorhazirah Sunar, Mohd Ariffanan Mohd Basri,
Mohd Saiful Azimi Mahmud, Mohamad Hafis Izran Ishak, Mohamed Sultan Mohamed Ali,
2023-10-12 This book constitutes the refereed proceedings of the 22nd Asia Simulation Conference
on Methods and Applications for Modeling and Simulation of Complex Systems, AsiaSim 2023, held
in Langkawi, Malaysia, during October 25–26, 2023. The 77 full papers included in this book were
carefully reviewed and selected from 164 submissions. They were organized in topical sections as
follows: Modelling and Simulation, Artificial intelligence, Industry 4.0, Digital Twins Modelling,
Simulation and Gaming, Simulation for Engineering, Simulation for Sustainable Development,
Simulation in Social Sciences.
  comsol optical waveguide simulation: Optical Communication Narottam Das, 2012-10-03
Optical communication is very much useful in telecommunication systems, data processing and
networking. It consists of a transmitter that encodes a message into an optical signal, a channel that
carries the signal to its desired destination, and a receiver that reproduces the message from the
received optical signal. It presents up to date results on communication systems, along with the
explanations of their relevance, from leading researchers in this field. The chapters cover general



concepts of optical communication, components, systems, networks, signal processing and MIMO
systems. In recent years, optical components and other enhanced signal processing functions are
also considered in depth for optical communications systems. The researcher has also concentrated
on optical devices, networking, signal processing, and MIMO systems and other enhanced functions
for optical communication. This book is targeted at research, development and design engineers
from the teams in manufacturing industry, academia and telecommunication industries.
  comsol optical waveguide simulation: Active and Passive Plasmonic Devices for Optical
Communications Melikyan, Argishti, 2018-02-14 A short introduction to the theory of surface
plasmon polaritons (SPPs) is given. The application of the SPPs in on-chip signal processing is
discussed. In particular, two concepts of plasmonic modulators are reported, wherein the SPPs are
modulated by 40 Gbit/s electrical signals. Phase and Mach-Zehnder modulators employing the
Pockels effect in electro-optic organic materials are discussed. A few micro-meter long SPP
absorption modulator based on a thin layer of indium-tin-oxide is reported.
  comsol optical waveguide simulation: Computational Nanophotonics Sarhan Musa,
2018-10-08 This reference offers tools for engineers, scientists, biologists, and others working with
the computational techniques of nanophotonics. It introduces the key concepts of computational
methods in a manner that is easily digestible for newcomers to the field. The book also examines
future applications of nanophotonics in the technical industry and covers new developments and
interdisciplinary research in engineering, science, and medicine. It provides an overview of the key
computational nanophotonics and describes the technologies with an emphasis on how they work
and their key benefits.
  comsol optical waveguide simulation: Integrated Ring Resonators Dominik Gerhard Rabus,
Cinzia Sada, 2020-12-04 The optical filter is resonator based. The required passband shape of ring
resonator-filters can be custom designed by the use of configurations of various ring coupled
resonators. This book describes the current state-of-the-art on these devices. It provides an in-depth
knowledge of the simulation, fabrication and characterization of ring resonators for use as example
filters, lasers, sensors.
  comsol optical waveguide simulation: Optical and Wireless Technologies Manish Tiwari, Ravi
Kumar Maddila, Amit Kumar Garg, Ashok Kumar, Preecha Yupapin, 2021-09-01 This book comprises
select proceedings of the 4th International Conference on Optical and Wireless Technologies (OWT
2020). The contents of this volume focus on research carried out in the areas of Optical
Communication, Optoelectronics, Optics, Wireless Communication, Wireless Networks, Sensors,
Mobile Communications and Antenna and Wave Propagation. The volume also explores the
combined use of various optical and wireless technologies in next generation applications, and their
latest developments in applications like photonics, high speed communication systems and networks,
visible light communication, nanophotonics, wireless and MIMO systems. This book will serve as a
useful reference to scientists, academicians, engineers and policy-makers interested in the field of
optical and wireless technologies.
  comsol optical waveguide simulation: The 25th European Conference on Integrated Optics
Jeremy Witzens, Joyce Poon, Lars Zimmermann, Wolfgang Freude, 2024-06-15 This volume presents
peer-reviewed and selected papers from the 2024 European Conference on Integrated Optics
(ECIO), held on 17-19 June, 2024, and organized by RWTH Aachen University, Germany, in
collaboration with Max-Planck Institute of Microstructure Physics, Technical University of Berlin,
Leibniz Institute for High Performance Microelectronics, and Karlsruhe Institute of Technology. In
the 25th edition of this conference, internationally recognized experts share their latest research
and showcase their products and services in the field of integrated optics, optoelectronics, and
nano-photonics. The conference focuses on leading-edge research and its broad application scope
ranges from tele/datacom, optical interconnects, and (bio) optical sensing to more disruptive areas
such as quantum computing and programmable photonics.
  comsol optical waveguide simulation: Sensor Systems Simulations Willem Dirk van Driel,
Oliver Pyper, Cornelia Schumann, 2019-06-18 This book describes for readers various technical



outcomes from the EU-project IoSense. The authors discuss sensor integration, including LEDs, dust
sensors, LIDAR for automotive driving and 8 more, demonstrating their use in simulations for the
design and fabrication of sensor systems. Readers will benefit from the coverage of topics such as
sensor technologies for both discrete and integrated innovative sensor devices, suitable for high
volume production, electrical, mechanical, security and software resources for integration of sensor
system components into IoT systems and IoT-enabling systems, and IoT sensor system reliability.
Describes from component to system level simulation, how to use the available simulation
techniques for reaching a proper design with good performance; Explains how to use simulation
techniques such as Finite Elements, Multi-body, Dynamic, stochastics and many more in the virtual
design of sensor systems; Demonstrates the integration of several sensor solutions (thermal, dust,
occupancy, distance, awareness and more) into large-scale system solutions in several industrial
domains (Lighting, automotive, transport and more); Includes state-of-the-art simulation techniques,
both multi-scale and multi-physics, for use in the electronic industry.
  comsol optical waveguide simulation: State-of-the-Art Laser Spectroscopy and its
Applications : Volume II Yufei Ma, Qun Hao, Karol Krzempek, 2023-02-09
  comsol optical waveguide simulation: Lithium Niobate Photonics James E. Toney,
2015-07-01 This new resource presents the concepts, technologies, and design techniques for
devices based on the electro-optic effect in lithium niobate. It bridges from the theory of photonics
and electro-optics, to the practice of electro-optic device design and application. There is an
emphasis on practical analysis using modern modeling tools. The book explains the fundamental
physics of the electro-optic effect, classes of electro-optic materials, electro-optic properties of
lithium niobate, and the physics and uses of ferroelectric domain inversion. Readers are also
provided with the principles of operation, performance measures, and design considerations for the
most common types of electro-optic devices: beam deflectors, intensity and phase modulators,
including quasi-phased matched devices.
  comsol optical waveguide simulation: Electroabsorption Mechanisms in Germanium
Quantum Well Material Rebecca Kayla Schaevitz, 2011 One possible solution to make viable
optoelectronic modulators that meet strict targets down to the scale of on-chip communication is to
use germanium-rich materials. Ge/SiGe quantum wells grown on silicon substrates provide the
strongest mechanism, the quantum-confined Stark effect (QCSE), and thereby can meet the strictest
requirements for optical interconnects, including CMOS-compatibility. Using such a strong effect,
Ge-based modulators can be ultra-compact, ultralow-power, large bandwidth and high-speed,
making them a strong contender for the future of optoelectronic device integration to solve the
bottleneck problem. In this thesis, we will discuss the physical properties of the Ge and SiGe
material system then present designs of optoelectronic modulators at the important 1310 nm and
1550 nm communication wavelengths using a program we developed called the Simple Quantum
Well Electroabsorption Calculator (SQWEAC). SQWEAC takes the important physical mechanisms
present, such as QCSE and indirect absorption, to predict the electroabsorption profile of Ge-based
quantum wells. QCSE was experimentally determined on a wide range of samples to show the
predictive powers of SQWEAC. Additionally, indirect absorption was also experimentally determined
to optimize the physical model for these Ge quantum well devices. In being able to design both 1310
nm and 1550 nm devices using this Ge material system, we provide a platform for designing
optoelectronic devices that are Si CMOS compatible and operate over a wide range of wavelengths.
These modulators have the capability of providing the large density of information at very low
energies per bit required for future interconnect technologies.
  comsol optical waveguide simulation: Advanced Materials Ivan A. Parinov, Shun-Hsyung
Chang, Vitaly Yu. Topolov, 2015-12-14 This proceedings volume presents selected and peer reviewed
50 reports of the 2015 International Conference on “Physics and Mechanics of New Materials and
Their Applications” (Azov, Russia, 19-22 May, 2015), devoted to 100th Anniversary of the Southern
Federal University, Russia. The book presents processing techniques, physics, mechanics, and
applications of advanced materials. The book is concentrated on some nanostructures, ferroelectric



crystals, materials and composites and other materials with specific properties. In this book are
presented nanotechnology approaches, modern piezoelectric techniques, physical and mechanical
studies of the structure-sensitive properties of the materials. A wide spectrum of mathematical and
numerical methods is applied to the solution of different technological, mechanical and physical
problems for applications. Great attention is devoted to novel devices with high accuracy, longevity
and extended possibilities to work in a large scale of temperatures and pressure ranges, aggressive
media, etc. The characteristics of materials and composites with improved properties is shown, and
new possibilities in studying of various physico-mechanical processes and phenomena are
demonstrated.
  comsol optical waveguide simulation: Silicon Photonics Design Lukas Chrostowski, Michael
Hochberg, 2015-03-12 From design and simulation through to testing and fabrication, this hands-on
introduction to silicon photonics engineering equips students with everything they need to begin
creating foundry-ready designs. In-depth discussion of real-world issues and fabrication challenges
ensures that students are fully equipped for careers in industry. Step-by-step tutorials,
straightforward examples, and illustrative source code fragments guide students through every
aspect of the design process, providing a practical framework for developing and refining key skills.
Offering industry-ready expertise, the text supports existing PDKs for CMOS UV-lithography foundry
services (OpSIS, ePIXfab, imec, LETI, IME and CMC) and the development of new kits for
proprietary processes and clean-room based research. Accompanied by additional online resources
to support students, this is the perfect learning package for senior undergraduate and graduate
students studying silicon photonics design, and academic and industrial researchers involved in the
development and manufacture of new silicon photonics systems.
  comsol optical waveguide simulation: Dual-Mode Electro-photonic Silicon Biosensors José
Juan Colás, 2017-07-18 This highly interdisciplinary thesis reports on two innovative photonic
biosensors that combine multiple simultaneous measurements to provide unique insights into the
activity and structure of surface immobilized biological molecules. In addition, it presents a new
silicon photonic biosensor that exploits two cascaded resonant sensors to provide two independent
measurements of a biological layer immobilized on the surface. By combining these two
measurements, it is possible to unambiguously quantify the density and thickness of the molecular
layer; here, the approach’s ability to study molecular conformation and conformational changes in
real time is demonstrated. The electrophotonic biosensor integrates silicon photonics with
electrochemistry into a single technology. This multi-modal biosensor provides a number of unique
capabilities that extend the functionality of conventional silicon photonics. For example, by
combining the complementary information revealed by simultaneous electrochemical and photonic
measurements, it is possible to provide unique insights into on-surface electrochemical processes.
Furthermore, the ability to create electrochemical reactions directly on the silicon surface provides a
novel approach for engineering the chemical functionality of the photonic sensors. The
electrophotonic biosensor thus represents a critical advance towards the development of very
high-density photonic sensor arrays for multiplexed diagnostics.
  comsol optical waveguide simulation: CMOS-Compatible Key Engineering Devices for
High-Speed Silicon-Based Optical Interconnections Jing Wang, 2018-11-23 This book discusses some
research results for CMOS-compatible silicon-based optical devices and interconnections. With
accurate simulation and experimental demonstration, it provides insights on silicon-based
modulation, advanced multiplexing, polarization and efficient coupling controlling technologies,
which are widely used in silicon photonics. Researchers, scientists, engineers and especially
students in the field of silicon photonics can benefit from the book. This book provides valuable
knowledge, useful methods and practical design that can be considered in emerging silicon-based
optical interconnections and communications. And it also give some guidance to student how to
organize and complete an good dissertation.
  comsol optical waveguide simulation: Computational Photonics Salah Obayya, 2011-06-20
This book explores the state-of-the art in computational modelling techniques for photonic devices In



this book, the author provides a comprehensive coverage of modern numerical modelling techniques
for designing photonic devices for use in modern optical telecommunications systems. In addition
the book presents the state-of-the-art in computational photonics techniques, covering methods such
as full-vectorial finite-element beam propagation, bidirectional beam propagation, complex-envelope
alternative direction implicit finite difference time domain, multiresolution time domain, and finite
volume time domain. The book guides the reader through the concepts of modelling, analysing,
designing and optimising the performance of a wide range of photonic devices by building their own
numerical code using these methods. Key Features: Provides a thorough presentation of the
state-of-the art in computational modelling techniques for photonics Contains broad coverage of
both frequency- and time-domain techniques to suit a wide range of photonic devices Reviews
existing commercial software packages for photonics Presents the advantages and disadvantages of
the different modelling techniques as well as their suitability for various photonic devices Shows the
reader how to model, analyse, design and optimise the performance of a wide range of photonic
devices by building their own numerical code using these methods Accompanying website contains
the numerical examples representing the numerical techniques in this book, as well as several
design examples (http://www.wiley.com/go/obayya_computational) This book will serve as an
invaluable reference for researchers, optical telecommunications engineers, engineers in the
photonics industry. PhD and MSc students undertaking courses in the areas of photonics and optical
telecommunications will also find this book of interest.
  comsol optical waveguide simulation: Frontiers in Guided Wave Optics and
Optoelectronics Bishnu Pal, 2010-02-01 As the editor, I feel extremely happy to present to the
readers such a rich collection of chapters authored/co-authored by a large number of experts from
around the world covering the broad field of guided wave optics and optoelectronics. Most of the
chapters are state-of-the-art on respective topics or areas that are emerging. Several authors
narrated technological challenges in a lucid manner, which was possible because of individual
expertise of the authors in their own subject specialties. I have no doubt that this book will be useful
to graduate students, teachers, researchers, and practicing engineers and technologists and that
they would love to have it on their book shelves for ready reference at any time.
  comsol optical waveguide simulation: Integrated Nanophotonic Devices Zeev Zalevsky,
Ibrahim Abdulhalim, 2014-06-18 Nanophotonics is a newly developing and exciting field, with two
main areas of interest: imaging/computer vision and data transport. The technologies developed in
the field of nanophotonics have far reaching implications with a wide range of potential applications
from faster computing power to medical applications, and smart eyeglasses to national security.
Integrated Nanophotonic Devices explores one of the key technologies emerging within
nanophotonics: that of nano-integrated photonic modulation devices and sensors. The authors
introduce the scientific principles of these devices and provide a practical, applications-based
approach to recent developments in the design, fabrication and experimentation of integrated
photonic modulation circuits. For this second edition, all chapters have been expanded and updated
to reflect this rapidly advancing field, and an entirely new chapter has been added to cover liquid
crystals integrated with nanostructures. - Unlocks the technologies that will turn the rapidly growing
research area of nanophotonics into a major area of commercial development, with applications in
telecommunications, computing, security, and sensing - Nano-integrated photonic modulation
devices and sensors are the components that will see nanophotonics moving out of the lab into a new
generation of products and services - By covering the scientific fundamentals alongside
technological applications, the authors open up this important multidisciplinary subject to readers
from a range of scientific backgrounds
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