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Why Simulate Wave Optics?

* Understand
« Verify

* Optimize
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The Multiphysics Approach
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Simulating with COMSOL Multiphysics

* Electrical, Mechanical, Acoustical, Fluid, and Chemical
* Multiphysics — Coupled phenomena

* Single physics in one integrated
environment

* Cross-disciplinary product development

intensity radlation from a vented loudspeaker cobinet
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All Inclusive Interactive Modeling Environment

COMSOL Desktop®
Straightforward to
use, it gives full

insight and control
over the modeling

process

Model Builder
Provides instant
access to any part of
the model settings

* CAD/Geometry

* Materials

* Physics

* Mesh

* Solve

* Results
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Graphics
Ultrafast graphic presentation, stunnipme
visualization, and multiple plots
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Product Suite — COMSOL 4.4

COMSOL Multiphysics®
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Uivelink™ Uvelink™
for MATLAS® for Excel®
CAD Imgort ECAD Import
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Livelink™ LiveLink™
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Livelink™ Fie Import
for Sebd Edge” for CATIA®VS
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Wave Optics

* Electromagnetic wave simulations at optical frequencies
(wavelengths from nm to pum)

* Optical components are often much larger than the
wavelength
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Coming up: Mach-Zehnder Modulator Demo
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50/50 Mach- 50/50
Dircctional Zchnder Dircctional
Coupler Interferometer Coupler
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Applications

* Integrated optics * Multiphysics
— Waveguides and couplers — Sensors

« Fiber optics — Optoelectronics
— Photonic crystal fibers — Laser heating

— Fiber Bragg gratings

Nonlinear optics
— Frequency mixing
Scattering

— Surface scattering

— Scattering from nanoparticles
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Applications: Integrated Optics

* Waveguides
* Filters
* Modulators

E-fleld in dielectric siob woveguide
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Applications: Fiber Optics

* Photonic crystal fibers
* Fiber Bragg gratings
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Applications: Nonlinear Optics

* Frequency mixing
* Second harmonic generation

Nd': YAG faser in nonfinear crysto)
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Applications: Scattering

* Scattering from nanoparticles

VLAV

VWA

Scattering off gold nanosphers
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Applications: Scattering

* Scattering from nanoparticles
* Surface scattering

Gald nancparticie on substrate
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Applications: Scattering

* Scattering from nanoparticles
* Surface scattering
* Periodic structures

Wire groting on substrate
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Resolving the Wave

* Example: Microwave waveguide
— ~ 6 second order elements per wavelength

Well resolved

_—"—
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Resolving the Wave

* Example: Microwave waveguide

— ~ 2 second order elements per wavelength

Poorly resolved
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Optical Waveguides

* Optical wavelengths typically < 1 um
* Devices often 1 mm or longer o
* Need to model thousands of wavelengths -
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Model the Cross Section

* Step-Index Fiber
* Find modes, propagation constants
* Requires invariance in out-of-plane direction
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Beam Envelope Method

Electric field, E(x) / Electric field envelope, E,(x)

/
/‘
/
W

E(x) = E,(x)exp(-jk,x)
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Beam Envelope Method

Electric field, E(x) / Electric field envelope, E,(x)

E(x) = E,(x)exp(-jkx)
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Beam Envelope Method

* Helmholtz equation

VX |[u'VxE] —kje,.E=0 (1)
« Substitute E(r) = E{(r)exp(—jk; ' 1)

(V — k) X [u7'(V — ky) X Eq] — k§e . cE; =0 (2)

* (2)is not an approximation of (1)!
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Beam Envelope Method

* Unidirectional « Wave Vectors
— E(r) =E,(r) - exp(-k, T) —— '
— One main propagatlon Type of phase specification:
direction |Wave vector v
Wave vector, first wave:
Aewbe.ko X
* Bidirectional a: (8 1 radim

— E(r) = E,(r) - exp(-/k,r) +
E,(r) - exp(-jk,-r)
— Use in models with
reflective surfaces
* Fabry-Perot Cavities —=>| = |—

« Beam Splitters . -
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Beam Envelope Method

* User defined
— Specify your own local phase

v Wave Vectors

Number of directions:
i Uniderectional |

Type of phase specification:
User defined v

Phase, first wave:

¢ my_local_phaselxy,z) rad
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Demo: Mach-Zehnder Modulator

* Static electric field in upper interferometer arm modifies
refractive index

* Interference in second coupler

V()

50/50 Mach- 50/50
Directional Zchnder Directional
Coupler Interferometer  Coupler
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Demo: Mach-Zehnder Modulator

* Ports find and transmit propagating modes
* Calculate S21 and S31 as functions of V,

"R COMSOL
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Demo: Mach-Zehnder Modulator

* Energy density at V,=0
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Example: Beam Splitter

* Thin silver layer between two glass prisms

* |ncident Gaussian beam gets split in two
« Use transition boundary condition to model silver layer

“m COMSO0L
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Example: Self-focusing Beam

» BK-7 optical glass: Refractive index increases with intensity
* Diffraction counteracted, Gaussian beam focuses itself

=

Compressed view of electric field, refractive index isosurface
— N COMSOL
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Example: Step-Index Fiber Bend

* 2D cross section of a curved fiber
* Study mode shape, radiation losses
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Example: Metamaterial Lens

* Convex lens, yet diverging beams

* Permittivity distribution defined on rectangular frame and
mapped to lens shape

Permittivity distribution Pawer flow, efectric field norm

“n COMSOL




Example: Scattering off a Gold Sphere

* Gold sphere illuminated by 400-700 nm light
* Symmetry reduces problem size
* Perfectly Matched Layer (PML) truncates model domain

* Gold modeled with negative, complex-valued permittivity
* Far fields, losses in sphere computed

N COMSOL
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Example: Stress-Optical Effect

* Ridge waveguide

* Structural stress causes birefringence

» Solve for local stresses

* Apply anisotropic stress-dependent refractive indices
* Find out how modes, propagation constants change

. COMSOL




Feature Overview: Material Models

* Material properties can be

— Constant or nonlinearly dependent on the fields

— |sotropic, diagonal, or fully anisotropic

— Defined via rule-of-mixtures models

— Bi-directionally coupled to any other physics, e.g. temperature, strain
— Fully user-definable

* Loss tangents and dispersion models supported
— Drude-Lorentz

— Sellmeier D=¢:¢E B=uuH
— Debye dispersion D=¢E+P B=uH+uM J =0k
D=¢,6 E+D, B=uuH+B,

— User-defined

N COMSOL



Feature Overview: Boundary Conditions

* Thick volumes of electrically resistive or conductive materials

* Thin layers of electrically resistive or conductive materials
» Perfectly conducting boundaries

* Periodicity conditions, with optional phase shift

* Waveguide feeds

* Electromagnetic wave excitations

* Absorbing (radiating) boundaries

N COMSO0OL
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Try COMSOL Multiphysics

* North America * Europe

— New Brunswick, NJ  — Innsbruck, Austria
— Lausanne, Switzerland

— Laramie, WY . '
_ University Park; PA — Villeneuve d'Ascq, France
— Hannover, Germany
— lIthaca, NY — Eindhoven, Netherlands
— Lubbock, TX — S¢nderborg, Denmark
— Los Angeles, CA — Palermo, Italy
— Boulder, CO
— Burlington, MA * Register to our free hands-
— Auburn, AL on workshops at
— Tampa, FL www.comsol.com/events
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LOCATIONS
P | per—— Join the Leaders in Multiphysics Simulation

SRt J|_2e8l ) at the COMSOL Conference 2014

| CURITIBA.BR = | BANGALORE, IN

Oct23-24 | | NowI3-14 »Hands on Minicourses
| » Keynote Talks and User Presentations
TOKYO, JP BEJING, CN S ,
Dec.4-5 Yo be anncunced » Exhibition and Poster Session
» Demo Stations
SHANGAI, CN SEOUL, KR . .
»
03 | | Nouss Receptions and Networking Events
TAIPEI, TW

REGISTER TODAY!

www.comsol.com/conference

Nowv |
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Contact Us

e www.comsol.com  info@comsol.com
— Product News — General inquiries
— Videos e support@comsol.com
— Model Gallery — Technical support
— User Stories
— DiscussSion FOrUm  wcommo.  men mm s st e =
— Blog B wmpot W @rsvat | puuuige™ oo | ML

Browse

Verify and Optimize your designs
with COMSOL Multiphysics

RODUCT SUITE
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