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Types of Electromagnetics Modeling

Static Low Frequency Transient High Frequency
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radiation may or may not be in time, energy transfer
significant. Objects can be moving. | is via radiation.
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High Frequency Modeling

A Electromagnetic Waves formulation solves for the electric and magnetic
fields with Frequency domain and Eigenfrequency (resonant mode) analysis

" Substrate Integrated WaveguideT ( . n ( Automotive
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TransientModeling

A Transient electromagnetics solves for nonlinear wave phenomena
A For transient phenomena such as signal propagation as a function of time

Coaxial Cable Transien* ‘ Second Harmonic Generatioﬁ ‘ Dispersive Drudkeorentz media
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A
AdditionalFormulations:
Transmissiohine Equations

A The Transmission Line Equation
formulation solves for the electric )
potential along transmission lines ¢ | ¥V o= ==¢ 0 2

A For fast prototyping of Z,
transmission line circuits
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Feature Overview: Material Models

A All material properties can be:
i Constant or nonlinearly dependent upon the fields
i Isotropic, Diagonal, or Fully Anisotropic
I Realor complex properties (losses
i Btdirectionally coupled to any other physics, e.g. Temperature, Strain
I Fully UseiDefinable
A RF Module supports loss tangents and dispersion models
i DrudeLorentz, and Debydispersion

D=geE B=mmH
D=gE+P B =mH +mM J=sE
D=¢geE+D, B=mmH +B,
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e
Modeling of Conductiv&eometries

A Geometrically very thin, highly conductive, electrically thittlaer skindepth
T Perfect Electric Conductor (PEC) Boundary Condition, losslegenmeirable
A Geometrically very thin, conductive, and lossy
i Transition Boundary Condition, lossy, slepth dependent penetration, modeled in 2D
[ A Conductive, electrically much thicker than sképth ]

T Impedance Boundary Condition, lossy,penetrable

' Thin copper layer modeled

Very thin silver layer modeled via
as PEC at 1.6 GHz

Transition Boundary Condition at 428 THz

Copper rod represented by
Impedance Boundary Conditio
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Feature Overview: Boundary Conditions

To Do To To Io Io o Do Do

Voltage source, Current source, & Insulating surfaces

Thick volumes of electrically resistive, or conductive, material
Thin layers of electrically resistive, or conductive, material
Perfectly conducting boundaries

Periodicity conditions

Connections to external circuit models

Lumped, Coaxial, and other Waveguide fgeds
Electromagnetic wave excitations

Absorbing (Radiating) boundaries
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Feature Overview: Domain Conditions

A Background Field excitation for scattering problems
A Perfectly Matched Layer for modeling of free space

WAV

i\

. PEC Sphere illuminated b;T
~ abackground plane wave|

Halfwave dipole antenna, surrounded
by Perfectly Matched Layer
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Feature Overview: Data Extraction

A Impedance, Admittance, ar@parameters eSl S a
A Smithplot S
A Touchstone file export 3321 S50
A Farfield plots for radiation ,,

Lumped Parameters \

#GHz 5 MA R 50

2.0000 0.058933797960767496
0.03765980464082293 -
0.9259133092646515

Smith Plot ‘ FarField Radiation Pattern‘
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Waveguides and Transmission Lines

A Any structure that guides electromagnetic % , _
waves along its structure can be consider P° 7 (P E)- k(g - js/we)E=0
a waveguide E=E(x,y)exp(/z)

A COMSOL can compute propagation /| =-jb-d,
constants, impedance;&rameters

A COMSOL also solves the tihr@@monic
transm|SS|on line equation for the electric L& 1 Wwao _ B
potential for electromagnetic wave — ——g- (G+iwC) =0
. ; . IX ¢ +iwlL X =
propagation along ondimensional
transmission lines.

Coaxial cable

UYfpleE! @Etl s Optical fibers and waveguides
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A
Impedance of a Parallel Wire Transmission Lin:

A The impedance of a parallel wire transmission line has an analytic solution
A A crosssectional model is used to find the fields

A The transmission line is unshielded, so the fields extend to infinity,
associated modeling issues are addressed

A The computed impedance agrees with the analytic solution

]_ .uO I'd
ZO. analytic = E E‘.U_S.aCOSh r—)
r a
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H-bend Waveguide 2D & 3D Model

A The transmission of a fEvave through a 98bend in a waveguide
iIs modeled
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A
Passive Devices Example Models

A Passive devices like couplers, power dividers, and filters can be realized by
combining resonant structures and transmission lines. COMSOL calculates
the fields distribution, impedance, angp&ameters

D2 m'(0* E)- Ki(e - js/we)E=0

eS; S, - S,@
é u
g = S, N
é: Do u
é u
&Sy - - Sal

3dB Couplers and Power Dividers

Typical examples Bandpass Filters
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e
Coaxial Cable to Waveguide Coupling

A A model of a coaxial cable feed that excites a propagating wave inside a
rectangular waveguide

A Sparameters for transmission and reflection are computed

- ‘
-
0
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Wilkinson Power Divider

A A Wilkinson power divider is a thrpert lossless device and outperforms
a Tjunction divider and a resistive divider

A Computed $arameters show good input matching aBdB evenly split
output

A 100 Ohm resistor modeled via lumped element feature

http://mww.comsol.com/showroom/gallery/12303/ W COMSOL
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Coplanar Waveguide (CPW) Bandpass Filter

A Excite and terminate two slots equally using rrelément uniform
lumped ports

A Combination of interdigital capacitors (IDCs) and stimstiited stub
inductors (SSIs)

http://Awww.comsol.com/showroom/gallery/12099/ W COMSOL



Antenna Example Models

A Antennas transmit and/or receive radiated electromagnetic energy.
COMSOL can compute the radiated energy, far field patterns, losses, gain,
directivity, impedance and@rameters by solving the linear problem for
the Efield

D2 m'(B3E)- ki(e - js/weg)E=0
=~ % fAn® E- dry® (02 H)]exp(jkr ,)ds
Microstrip Patch Antenna

Typical examples Vivaldi Antenna
Dipole Antenna
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A
Corrugated Circular Horn Antenna

A Designed using a 2D axisymmetric model

A Low crosgolarization at the antenna aperture by combining TE mode
excited at the circular waveguide feed and TM mode generated from the

corrugated innesurface

http://ww.comsol.com/showroom/gallery/15677/ W COMSOL
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Corrugated Circular Horn Antenna Simulator

http://www.comsol.com/showroom/gallery/22101/

A Enhance cross polarization ratio at the
antenna aperture

A Various result analyses, simulation report,
and documentation

A Very fast 2D axisymmetric simulation
A Customized intuitive GUI

Y| COMSOL



