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Conventions Used in this Guide

Please take amoment to review how instructions and other useful information are presented in this
guide.

l Procedures are presented as numbered lists. A single bullet indicates that the procedure
has only one step.

l Bold type is used for the following:
l Keyboard entries that should be typed in their entirety exactly as shown. For example,
“copy file1” means the word copymust be typed, then a spacemust be typed, and
then file1must be typed.

l On-screen prompts andmessages, names of options and text boxes, andmenu
commands. Menu commands are often separated by carats. For example, “click
HFSS>Excitations>Assign>Wave Port.”

l Labeled keys on the computer keyboard. For example, “PressEnter” means to press
the key labeledEnter.

l Italic type is used for the following:
l Emphasis.
l The titles of publications.
l Keyboard entries when a name or a variablemust be typed in place of the words in
italics. For example, “copy file name” the word copy must be typed, then a space
must be typed, and then name of the file must be typed.

l The plus sign (+) is used between keyboard keys to indicate that you should press the keys
at the same time. For example, “Press Shift+F1” means to press the Shift key and the F1
key at the same time.

l Toolbar buttons serve as shortcuts for executing commands. Toolbar buttons are displayed
after the command they execute. For example,

“On the Draw menu, click Line ” means that you can click the Draw Line toolbar button
to execute the Line command.

Getting Help: ANSYS Technical Support

For information about ANSYS Technical Support, go to the ANSYS corporate Support website,
http://www.ansys.com/Support. You can also contact your ANSYS account manager in order to
obtain this information.

All ANSYS software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what stepswere taken or
what stages the simulation reached, including software files as applicable. This allowsmore rapid
and effective debugging.

Help Menu

To access online help from themenu bar, clickHelp and select from themenu:
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l HFSS Contents - click here to open the contents of the online help.
l HFSS Search - click here to open the search function of the online help.

Context-Sensitive Help

To access online help from the user interface, do one of the following:

l To open a help topic about a specificmenu command, pressShift+F1, and then click the
command or toolbar icon.

l To open a help topic about a specific dialog box, open the dialog box, and then pressF1.
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An Introduction to HFSS

Overview of High Frequency Structure Simulator (HFSS)

Figure 1-1 HFSS Designs and Electric Field Plots

High Frequency Structure Simulator (HFSS) is a 3D electromagnetic (EM) simulation tool used to
design a broad range of high frequency products such as antennas, filters, and IC packages.
HFSS has advanced 3D electromagnetic field solvers based on finite elements and other integral

Fundamentals of HFSS 1-2
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equationmethods supported by high performance computing technology that enable engineers to
perform rapid and accurate design of high-frequency and high speed electronic components.

The figure below contains results showing electric field plots on some sample designs created and
solved in HFSS. These designs include:

l coaxial resonator model using Eigenmode solver
l driven terminal design of a complex package
l drivenmodal design of a coax-fed helical antenna with a dielectric support on a finite ground
plane

l a waveguide combiner used to combine output power of two 20GHz solid state power
amplifiers

Figure 1-2 Sample HFSS designs with results

Fundamentals of HFSS 1-3
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Mathematical Method Used in HFSS
The numerical technique used in HFSS™ is the Finite Element Method (FEM). In thismethod a
structure is subdivided intomany small subsections called finite elements. In HFSS these finite
elements are in the form of tetrahedra. The entire collection of tetrahedra constitutes the finite
element mesh. A solution is found for the fields within these tetrahedra. These fields are
interrelated so that Maxwell’s Equations are satisfied across inter-element boundaries yielding a
field solution for the entire original structure. Once the field solution is found, the generalized S-
matrix solution is determined. The figure below shows the geometry, mesh, field results, and the S-
matrix results of a bandpass cavity filter in HFSS.

Fundamentals of HFSS 1-4
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Figure 1-3 A sample HFSS model with mesh plot and results

Subject to excitation and boundary conditions, HFSS solves for the electric fieldE using the
following equation:

Fundamentals of HFSS 1-5
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An Introduction to HFSS

where

are the relative permittivity and permeability respectively and c is the speed of light in
vacuum.

Note is used to represent any source.

HFSS calculates themagnetic fieldH using the following equation:

The remaining electromagnetic quantities are derived using the constitutive relations.

From the quantities used in equations (1) and (2) it’s clear that a problem in HFSS is considered in
terms of electric andmagnetic fields rather than in terms of voltages and currents. Consequently, it
is important that an HFSS simulation includes a volumewithin which electric andmagnetic fields
exist. These volumes generally comprise of dielectrics and conductors (including air, that surround
the conductors).

HFSS derives a finite element matrix using the field equations to calculate the fields and S-matrix
associated with a structure excited with ports.

The procedure to solve the problem in HFSS can be briefly described as follows:

1. A geometric structure is represented by a finite element mesh using tetrahedral elements.
2. Testing functionsWn are defined for each tetrahedron, resulting in thousands of basis

functions.
3. The field equation ismultiplied byWn and integrated over the solution volume

This procedure yields thousands of equations for n=1,2,…,N.

After manipulating these N equations and using Green’s theorem and the divergence theorem the
following equation is obtained:

for n=1,2,…,N writing,

rewrites (3a) as,

Fundamentals of HFSS 1-6
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for n=1,2,…,N

Equation (5) then has the form

or

In thismatrix equation, A is a knownNxN matrix that includes any applied boundary condition
terms, while b contains the port excitations, voltage and current sources and incident waves.

E can be calculated when equation (7) is solved for x.

In HFSS the shape functions or testing functionsWn (appearing in the above equations) are
vectors. They are curl conformwhich essentiallymeans that the tangential continuity of the E field
ismaintained. They are also hierarchical with variable polynomial order. In other words the higher
order polynomial shape functions are appended to the lower order polynomial shape functions.
Different orders of basis functions employ different interpolation schemes for interpolating field
values from the nodal values. This property is imperative for the iterative solver.

Figure 1-4 Hierarchical vector basis functions

The field solution process utilized byHFSS is iterative. In other words, HFSS uses the above
process repeatedly by refining themesh in an intelligent manner, until the correct field solution is
found. This repetitive process is known as the adaptivemesh refinement process that yields highly
accurate results.

For example, consider a simple waveguide structure. Initially, HFSS computes themodes on the
cross-section of the waveguide. Thesemodes serve as port excitations for the waveguide. HFSS

Fundamentals of HFSS 1-7
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uses a two dimensional FEM solver to calculate thesemodes. This initial calculation is referred to
as the “port solution.” Once the port modes are known, they are used to specify the bmatrix.

After the right hand side of equation 7 is determined, HFSS computes the full three-dimensional
electromagnetic fields within the solution volume using the adaptive solution process.When the
final fields are calculated, HFSS derives the generalized S- matrix for the entire model.

Note: The gamma results and characteristic wave impedance Zo that HFSS displays in amatrix
data for a given simulation are essentially the transmission line properties of themodes of the wave
port.

Adaptive Solution Process and its Importance to HFSS
HFSS uses the automatic adaptivemesh refinement process to solve an EMproblem. Automatic
adaptivemesh refinement is a critical part of the overall solution process and the key to producing
accurate results. Thismeshing technique helps you focus on setting up your design efficiently
rather than spending time in determining and creating the best mesh. To set up the design, you
need only to create the geometry and specifymaterial properties, boundary conditions, excitations,
and the solution frequency.

Note: For more information about how to set up a design, see "Modeling Practice in HFSS" on
page 5-4.

In the adaptivemesh refinement process, themesh is refined iteratively and is localized to regions
where the electric field solution error is high. This iterative refinement technique increases the
solution’s accuracywith each adaptive solution. The refinement process continues until HFSS
converges to an accurate solution. Convergence is determined bymonitoring a parameter from
one adaptive pass to the next. Themost common convergence criterion is to ensure that the
difference in the S-parameter value between two consecutive solves is less than the specified
magnitude.

Fundamentals of HFSS 1-8
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Figure 1-5 Simplified Flow Chart of Adaptive Refinement

The adaptive process can be summarized as follows:

1. HFSS generates an initial geometrically conformal mesh.
2. Using the initial mesh, HFSS computes the electromagnetic fields that exist inside the

structure when it is excited at the solution frequency.
3. Based on the current finite element solution, HFSS determines the regions of the problem

domain where the exact solution has a high degree of error. A predefined percentage of
tetrahedra in these regions is refined. Themesh is refined by creating a number of smaller
tetrahedra that replace the original larger element.

4. HFSS generates another solution using the refinedmesh.
5. HFSS recomputes the error, and the iterative process (solve -> error analysis -> refine)

occurs until the convergence criteria are satisfied or the requested number of adaptive
passes is completed.

Fundamentals of HFSS 1-9
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Note: If a frequency sweep is being performed, HFSS solves the problem at other frequency
points without further refining themesh.

The above process creates an appropriatemesh for any arbitrary HFSS simulation ensuring an
accurate result for a given simulation.

Mathematically, the error is computed along the following lines.

Let be the solution to step 2 above. This value is inserted in the following equation

(8)

yielding

(9)

For each tetrahedron in themesh, the residue function is evaluated. A percentage of the tetrahedra
with high residue values are selected and refined.

The following figures illustrate the automated adaptivemesh refinement solution process that is
used byHFSS for the simulation of a patch antenna.

Fundamentals of HFSS 1-10
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Figure 1-6 Adaptive mesh refinement example

Computational Volume and its Parts
A computational volume or solution space is the volumewithin which HFSS explicitly calculates the
electromagnetic fields.

Fundamentals of HFSS 1-11
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Figure 1-7 Computational volume containing a connector

A computational volume essentially consists of all the regions and objects inside which you want to
determine the electromagnetic fields. The outermost surfaces of the computational volume are
generally referred to as outer faces or outside boundaries. These faces are the outermost
boundaries of themodel, and HFSS explicitly calculates all fields within the solution space that
these boundaries define. All field quantities that are calculated byHFSS outside the computational
volume are derived from the fields within the solution space.

Solution Types
Before creating the design, youmust specify the type of solution that you want HFSS to calculate.
The following solution types are available:

1. DrivenModal
2. Driven Terminal
3. Transient
4. Eigenmode

For most HFSS simulations, the DrivenModal solution type is used. For simulations that deal with
signal integrity, Driven Terminal solution type is preferred; such problems generally include
transmission lineswith single aswell asmultiple conductors.

Simulations that use the drivenmodal solution type yield S-matrix solutions that are expressed in
terms of the incident and reflected powers of transmission linemodes. The S-matrix that is
produced by the driven terminal solution type, however, is expressed in terms of terminal voltages
and currents.

For example, if HFSS is used tomodel a pair of coplanar, parallel microstrip transmission lines, a
drivenmodal solution yields results in terms of the even and oddmodes that propagate on the

Fundamentals of HFSS 1-12
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structure whereas a driven terminal mode solution generates the common and differential mode
results.

The design below represents a driven terminal problem of a differential pair via model with a pair of
lines that transition through the vias to a pair of striplines on a lower layer. The twomicrostrip lines
and the striplines are each assigned a terminal in the coupledmicrostrip port. The conductors are
copper and a radiation boundary is applied to the air box. The design was solved at 4.38 GHz and
the electric field plots on the surfaces of the wave ports with terminals are shown in the figure
below.

Figure 1-8 Driven Terminal Problem of a Differential Pair Via Model

The figure below represents a drivenmodal problem of a connector between a coaxial and
microstrip line.

Fundamentals of HFSS 1-13
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Figure 1-9 Connector between coaxial and microstrip line

The eigenmode solver provides results in terms of eigenmodes or resonances of a given structure.
This solver provides the frequencies of the resonances aswell as the fields at a particular
resonance.

The Transient solution is used for calculating problems in the time domain. They are applicable for
simulations involving pulsed excitations for example, lightning strikes.

The following figure demonstrates a 3D finite element transient simulation of a lightning strike on a
helicopter. Large currents flow through the aircraft skin generating electromagnetic field with the
potential to damage sensitive equipment within. By using a transient simulation such challenges
can be predicted early in the design phase saving costly empirical testing.

Fundamentals of HFSS 1-14
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Figure 1-10 Lightning strike simulation on a helicopter

Network Analysis and Composite Excitations
Network analysis and Composite Excitations are used with drivenmodal, terminal, and transient
problems. These options determine how excitations are applied byHFSS on a design during the
adaptive refinement solution process. If you select the Network analysis option, HFSS solves the
design by exciting the ports individually and loading the remaining ports bymatched characteristic
impedances. Therefore the number of solutions that HFSS calculates is equal to the number of
ports on a design. For Composite excitations all the existing ports in a design are excited at the
same time so HFSS needs to solve the design just once. The solution generated byComposite
excitations ismuch faster than Network analysis. However, the Network Analysis guarantees the
most accurate solution whereas the accuracy of the Composite excitations depends upon the
weighted combination of the excitation pattern. If the Composite excitations are properly estimated,
it’s as accurate as the Network analysis.

Fundamentals of HFSS 1-15
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2 - HFSS Boundaries
l "The Purpose of Boundaries in HFSS" below
l "The Different Boundary Conditions in HFSS" on page 2-4
l "Anisotropic Impedance" on page 2-6
l "Finite Conductivity" on page 2-8
l "Impedance" on page 2-9
l "Layered Impedance" on page 2-9
l "LumpedRLC" on page 2-10
l "Master/Slave" on page 2-11
l "Perfect Electric Conductor" on page 2-13
l "Perfect H" on page 2-14
l "Radiation Boundary" on page 2-14
l "Symmetry" on page 2-15
l "PerfectlyMatched Layer (PML)" on page 2-17
l "How to Apply Boundary Conditions" on page 2-18
l "Auto-Open Region" on page 2-20
l " Create Open Region" on page 2-21

The Purpose of Boundaries in HFSS
The purpose of using boundary conditions in HFSS is to define the behavior of the electromagnetic
field on the object interfaces and at the edges of a problem region. Defining boundary conditions
reduces the electromagnetic or geometric complexity of themodel.

A closedmodel represents a structure or a solution volumewhere no energy escapes except
through an applied port. For an Eigenmode simulation, this closedmodel represents a cavity
resonator and for a drivenmodal or terminal solution, themodel can be a waveguide or some other
fully enclosed structure.

An electromagnetically openmodel allows energy to emanate or radiate away. Common examples
include an antenna, a printed circuit board, or any structure that is not enclosed within a closed
cavity.

By default HFSS treats any givenmodel as closed since all outer surfaces of the solution space are
covered with a perfect electric conducting boundary. In order to create an openmodel, youmust
specify a boundary on the outer surfaces that overwrites the default perfect electric conducting
boundary.

Boundary conditions are assigned on 2D sheet objects and surfaces of 3D objects.

An Introduction to HFSS
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An Introduction to HFSS

Every HFSSmodel that you create uses boundaries on the outer surfaces of the solution space.
Depending upon the type of boundary specified any given HFSSmodel has a conducting,
radiation, or a perfectlymatched layer (PML) boundary condition on all outer surfaces. Conducting
boundaries are the perfect electric conductor (PEC), finite conductivity, or impedance boundary.

Note: For more information about a complete list of boundary conditions see the section The
Available Boundaries in HFSS.

HFSSBoundaries 2-2
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Figure 2-1 Sample HFSS electromagnetic structures

HFSSBoundaries 2-3
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The Different Boundary Conditions in HFSS
Boundaries specify the behavior of magnetic and electric fields at various surfaces in themodel.

Figure 2-2 Available boundaries in HFSS

The following types of boundary conditions are available in HFSS:

Anisotropic Impedance

Anisotropic impedance boundary condition represents a sheet with different impedance values
from different tangential directions taking the polarization of the incident field into account.

Screening Impedance

Screening impedance boundary condition is an anisotropic boundary condition where the
impedance values come from external unit cell models of two orthogonal tangential
directions; this boundary condition allows creation of large screens or grids.

Finite Conductivity

Finite Conductivity boundary condition allows creation of single layer conductors. Finite
conductivity boundaries represent imperfect conductors and is valid only if the conductor
beingmodeled is a good conductor.

Impedance

An impedance boundary condition represents a resistive surface; it allows creation of ohm per
squarematerial layers.

HFSSBoundaries 2-4
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Layered Impedance

Layered impedance boundary is used tomodel multi-layered conductors and thin dielectrics.

Lumped RLC

LumpedRLC allows creation of ideal circuit components. It represents any combination of
lumped resistor, inductor, and/or capacitor in parallel on a surface.

Master

Master represents a surface on which the E-field at each point ismatched to another surface
(the slave boundary) within a phase difference. It’s used with slave boundary tomodel infinitely
large repeating array structures.

Perfect Electric Conductor (PEC)

PEC is the default HFSS boundary representing a perfectly conducting surface that fully
encloses the solution space and creates a closedmodel.

Perfect H

Perfect H represents a surface where the tangential component of H is zero.

Radiation

A radiation boundary is used to create an openmodel. It represents an open boundary byway
of an absorbing boundary condition ABC that absorbs outgoing waves.

Slave

Slave represents a surface on which the E-field at each point has been forced tomatch the E-
field of another surface (themaster boundary) within a phase difference. It’s used with master
boundary tomodel large infinitely repeating array structures.

Symmetry

Symmetry boundary represents a perfect E or perfect H plane of symmetry.

Perfectly Matched layer (PML)

A PML is used to create an open boundary condition using several layers of specialized
materials for absorbing outgoing waves. PML boundary conditions are preferred for antenna
simulations.

All these different types of boundary conditions are discussed in detail in the following sections.

HFSSBoundaries 2-5
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Anisotropic Impedance
Anisotropic impedance boundary is a special impedance boundary which can be applied when the
relationship between the electric field andmagnetic field depends upon the direction. The
relationship has to be defined in two orthogonal directionswhich form themain axes x and y.

This boundary condition is described by a 2 by 2matrix as shown below:

The example shown below demonstrates the anisotropic impedance boundary condition. The
following Zmatrix was applied for a parallel plate waveguide with different E field polarizations.

In effect this Z matrix represents a short circuit for E field polarization along the x direction and open
circuit for E field polarization along the y direction. This is illustrated in the following figures.

Z matrix can be expressed in analytical form or can be imported from another external design. This
is called the screening impedance boundary condition. The external design is usually a unit cell
model of a periodic structure, which shows different electromagnetic behavior in different
directions.
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Figure 2-3 Parallel plate waveguide showing the effects of assigning anisotropic
impedance
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Finite Conductivity
The Finite Conductivity boundary is used tomodel conductors as 2D sheet objects. This boundary
condition is used whenmodeling planar antennas or traces on a PCB where the thicknesses are
very small but larger than the skin depth. Finite conductivity boundary condition efficientlymodels
signal traces, ground planes, or a radiating element. The following figure illustrates amicrostrip
filter with apertures. Since the thickness of the trace and the ground plane is small but larger than
the skin depth they can be replaced by sheet objects with finite conductivity boundary conditions
assigned to them.

Figure 2-4 Filter model showing Finite Conductivity boundary applied to the trace and
the ground plane

This boundary is also known as finite conductivity boundary condition of finite thickness.When an
object cannot be replaced by a sheet, HFSS automatically takes the effective thickness into
account known asDC thickness boundary condition. Finite conductivity is also applied to replace
large conducting objects by assigning a sheet boundary condition on the surface. This boundary
condition is called Finite Conductivity Boundary of infinite thickness or classical skin impedance and
is applicable only when the skin depth ismuch smaller than the size of the object. Finite conductivity
boundary condition also allows you to specify the surface roughness of the conducting object on
which it is assigned.
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Impedance
The Impedance boundary condition represents a resistive or reactive surface or both. It’s
commonly used to simulate thin materials that have an ohms per square characterization or thin
film resistors. Impedance boundary condition is complex and in some cases it’s frequency
dependent.

Figure 2-5 Smartphone showing the Impedance Boundary applied to a specific inner
surface in order to model conductive paint

Layered Impedance
The Layered Impedance boundary condition is used tomodel structures that are composed of
layers of conducting and/or dielectricmaterials. This boundary condition is commonly used to
model thin multiple plating layers of metallic objects with thin dielectric coatings. Layered
impedance boundary conditionmodelsmultiple layers in a structure as a single equivalent
impedance surface. If desired, this boundary can also take into account the conductor surface
roughness. Layered impedance is extremely useful since it eliminates the need tomesh thin layers,
which in turn, reduces the complexity of the problem and simulates a structure quickly and
efficiently. This boundary condition can be specified either on internal or outer surfaces. If it’s
defined on internal sheet objects (that are two sided) there is an option to use shell elements. Shell
elements are advanced layered impedance boundary conditions duplicating the electric field on the
sheet objects. Byway of this the tangential electric field can be discontinuous. Shell elements
model shielding effects of conducting layers accurately and efficiently.
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Figure 2-6 Connector model (some parts hidden for clarity) showing the Layered
Impedance Boundary applied to surfaces of the connector female center pin

Lumped RLC
The LumpedRLC Boundary is used tomodel ideal lumped elements like resistors, inductors or
capacitors. This boundary can be used tomodel single elements or multiple R, L, or C in a parallel
combination. The figure below shows a capacitor microstrip model showing the RLC boundary
applied to a plane internal to the capacitor body.
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Figure 2-7 Lumped RLC boundary example

LumpedRLC boundary is amodified impedance boundary. Unlike the Impedance boundary
LumpedRLC can be used to directly specify a resistor, inductor, or capacitor value in an HFSS
simulation. Once the values of R, and/or L, and/or C are specified, HFSS determines the
impedance per square of the lumpedRLC boundary at each frequency, effectively converting the
RLC boundary to an impedance boundary.

A parallel combination of RLC components is obtained by simply specifying values for either two or
all three lumped components within the same boundary dialog. To create series circuits, the RLC
boundariesmust be applied to two adjoint 2D objects arranged end–to-end. This is shown in the
graphic below.

Figure: Microstrip model showing the RLC
Boundary applied to a 2D sheet object in order to
model a single inline resistor, or inline parallel
combination of lumped components.

Figure: Microstrip model showing the RLC
Boundary applied to two end-to-end 2D
sheet objects to model a series combination
of inline resistor and capacitor.

Master/Slave
The combination of Master and Slave boundaries is useful whenmodeling large repeating or
periodic structures. Commonly these boundaries are used tomodel infinite antenna arrays or
frequency selective surfaces.
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Figure 2-8 Master/Slave Boundary pair on opposite faces of a unit cell of an infinite array
of Vivaldi antennas

Unit cell of an infinite array of Vivaldi antennas showing aMaster/Slave Boundary pair applied to
opposite faces of the unit cell.

In Detail

When using amaster and slave pair, the E-field on the slave surfacematches the E-field on the
master surface within a phase difference.

Master/slave boundary pairs can only be assigned to outer faces of the solution space. These faces
should be planar. Additionally, the geometry in contact with themaster boundarymust be identical
to the geometry in contact with the slave boundary. If the geometries on themaster/slave pair are
not identical, the design cannot be solved.

Eachmaster and slave boundary needs a coordinate system that you specify to define the plane on
which the boundary exists. These coordinate systemsmust match each other. If they do not match
each other, HFSS automatically transposes the slave boundary tomatch themaster boundary. If
the resultingmaster/slave surfaces do not have the same relative position, an error occurs.
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Perfect Electric Conductor
Assigning a perfect electric boundary condition on a surface of an object causes the tangential
component of the electric field to be zero. This type of boundarymodels a perfectly conducting
surface in a structure that forces the electric field to be normal to the surface.

Since no electromagnetic field exists inside 3D objects with pecmaterial, HFSS treats the surfaces
of these objects as PEC boundaries. You can define PEC boundary on 2D sheet objects to
represent lossless conductors such as transmission line traces or patch antenna elements. When
assigning a PEC boundary on a surface that represents the “ground” plane of a radiating structure,
select the Infinite Ground Plane option if you want to model an infinite ground plane.

In HFSS, PEC is a default boundary condition on all outer surfaces of the computational domain.

The PEC boundary can also be used to create a symmetry plane in amodel. In this type of
symmetry the E field components are normal to the plane. In the dielectric resonator antenna
model shown below, the bottom face of the air volume object is defined as a perfect E boundary.

Figure 2-9 Perfect E boundary assigned on the bottom surface of the air volume object
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Perfect H
The Perfect H Boundary can be used to create a natural boundary through which fields propagate,
or it can be used tomodel a perfect magnetic conductor.

Figure 2-10 Slotted waveguide antenna array with slots assigned perfect H boundary

The Perfect H boundary can be applied either internally to amodel or at an outer face of the
solution space. If is it applied internally, this boundary forces the tangential components of the H
field to be identical on both sides of the surface to which it was applied. If this surface is a
conducting body, then the perfect H boundary creates an aperture through which energy can
propagate.

If this boundary is applied to an outer face of the solution space, it is equivalent to a perfect
magnetic conductor, where the tangential H field is zero.

Radiation Boundary
TheRadiation Boundary is used to create an open problem in HFSS that allows electromagnetic
waves to radiate infinitely far into space as in the case of antenna designs. HFSS absorbs the wave
at the radiation boundary, essentially ballooning the boundary infinitely far away from the structure.
Radiation boundary is applied only on outer faces of the solution space.When simulating an
antenna place the radiation boundary approximately at a quarter wavelength away from any
radiating surface.

The following example shows a probe feed patch antenna design. Radiation boundary is assigned
on all outer surfaces of the air box enclosing the antenna except the bottom face, which is a
conductor in the real model.

HFSSBoundaries 2-14

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

Figure 2-11 Sample HFSS model of a probe feed patch antenna showing radiation
boundary

The radiation boundary condition is an approximation of free space. The accuracy of the free-
space approximation depends on the distance between the boundary and the closest
radiation/scattering object.

Symmetry
The Symmetry Boundary can be used to reduce the overall size of amodel by applying it along a
plane of geometric and/or electrical symmetry. The symmetry boundary are of two types: the E
symmetry and H symmetry.
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Figure 2-12 Pyramidal horn antenna model showing the perfect H Symmetry Boundary
applied to symmetry plane

Symmetry boundaries represent perfect E or perfect H planes and enable you tomodel only part of
a structure, which reduces the size or complexity of the design and shortens the solution time.
When a symmetry boundary is applied, the electromagnetic field is forced to be either tangential or
normal to the symmetry plane. If an E-symmetry plane is used, the electric field is forced to be
normal to the symmetry plane; in other words the tangential component of the electric field is zero.

An H-symmetry plane forces themagnetic field to be normal to the plane of symmetry; in other
words the tangential component of themagnetic field is zero.

Symmetry planes can be applied only to outer faces of the solution space. The symmetry plane
must be planar. For an HFSS simulation, amaximumof three orthogonal symmetry planes can be
used.

Note: Symmetry boundary conditions are nothing other than perfect E and perfect H boundary
condition.
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When calculating far field the post processor mirrors the solution according to the symmetry
conditions.

Two common examples of a symmetry boundary are shown below. (Only themodeled halves are
shown.)

This boundary is not available for models using the Driven Terminal Solution type.

Perfectly Matched Layer (PML)
The PerfectlyMatched Layer or PML Boundary is also used to create an openmodel. Like the
Radiation Boundary, it should be applied only on the outer faces of the solution space. It is also the
preferred boundary condition when simulating antennas.
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Figure 2-13 Radar cross section with Perfectly Matched Layer Boundary

Perfectlymatched layers, though not boundaries in a strict sense, are fictitiousmaterials that
absorb the electromagnetic fields impinging upon them. Thesematerials have complex and
anisotropicmaterial properties.

PerfectlyMatched Layers (PMLs) are the preferred boundary when simulating antennamodels
and they aremore appropriate than radiation boundaries for antenna simulations. PMLs can
reduce the solution volume since they can be positioned at a distance 1/10 times the wavelength
close to any radiating structure. For modeling antennas, it is recommend to keep the PML a quarter
of a wavelength away from any radiating structure.

Perfectlymatched boundaries are automatically generated with the aid of the PMLWizard. This
wizard guides you through the creation of the PML objects/materials.

How to Apply Boundary Conditions
Boundary conditions are applied either on 2D sheet objects or one or more faces of 3D objects
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Figure 2-14 Applying boundaries

To apply a boundary condition on amodel, perform the following steps.

1. Press the F key to enter the face selectionmode.
2. Select a single surface of themodel or select multiple surfaces of themodel to apply a

boundary.

Note: If you want to assign a boundary condition on all surfaces of themodel, select a face on
themodel and right-click to selectAll Object Faces.

3. Right-click and selectAssign Boundaries and click the appropriate boundary condition
from the short-cut menu.

This command brings up the dialog box of the selected boundary type. After you define the
appropriate boundary condition settings in the dialog box that appears, the boundary condition gets
assigned on a single face, multiple faces or on all object faces depending upon your selection.
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Alternatively click the surface or multiple surfaces to apply boundary, select themenu itemHFSS
and go toBoundaries > Assign > and select the appropriate boundary.

Auto-Open Region
TheAuto-Open Region option appears on theSolution Type dialog box and it is used with a
drivenmodal, terminal or a transient design.

For an open problem such as an antenna array design, the air volume enclosing the outer radiating
surfaces ismodeled by a surrounding object. On the outer surfaces of this object, boundary
conditions such as radiation boundary, PML, or FEBI are assigned to absorb all outgoing waves.

If you select theAuto-Open Region option, HFSS automatically creates an invisible bounding
region with the default absorbing boundary conditions (ABC) on the outer surfaces of this region.
This command eliminates the need tomanually create an air box or define a region and assign
radiation boundary conditions on the outer surfaces of the air box or the region.

If you want to override the default radiation boundary with a FEBI boundary for a drivenmodal or
terminal problem, select the FEBI option under theAuto-Open Region check box.

In addition to creating the region object, theAuto-Open Region command also automatically
adds a solution setup with a default frequency of 1 GHz. Depending upon your requirements you
can adjust the solution frequency; as a result the invisible region object is automatically resized.

Generally theAuto-open Region command is used when you are interested in viewing the
radiation pattern of a device such as an antenna. S-parameters are also obtained. The figure
below shows the radiation pattern for a five element array of flared dipole antennaswith a trough
reflector solved using the default settings of theAuto-Open Regionmode.
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Figure 2-15 Planar dipole antenna array solved using auto-open region

Note: SeeCreate Open Region for an alternativemethod for treating open problems in HFSS.

Create Open Region
TheCreate Open Region command automatically creates an open region tomodel the air
volume enclosing the design and assigns boundary conditions on the surface of the region
depending upon your selections. You can select a radiation boundary (ABC), FEBI or PML
boundary condition on theCreate Open Region dialog box. You can also choose an infinite
ground plane.

The padding for the region is determined by the operating frequency. This operating frequency is
the same as the frequency defined in the solve-setup. If there is no solve-setup defined, the
operating frequency defaults to 1 GHz.

If you adjust the adaptive frequency on the solve setup, you can update the operating frequency on
the Update Open Region dialog box. The padding (PD) for the region is determined by the
following rules:

PD = Min [L/2, Lambda/3] for radiation boundary (or ABC)

PD =Min [L/2, Lambda/8] for FEBI
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PD =Min [L/2, Lambda/4] for PML

where L is the diagonal of the bounding box. Lambda = c/f where f is the operating frequency and c
is the speed of light in vacuum.

For a design with multiple solve-setups, you only need to create the region once and update the
operating frequencies accordingly to ensure the appropriate region padding.

The figures below show themodel of a planar flared dipole array antenna and the total gain of the
antenna array using the Create Open Region commandwith PML boundary. The samemodel
was also solved in theAuto-Open Region modewith ABC and from the plots it is clear that
results agree.

Figure 2-16 Planar Flared Dipole Antenna Array

Note: You cannot create an open region if theAuto-Open Region option is checked. If theAuto-
Open Region mode is active and you clear theAuto-Open Region check box, then the bounding
box along with the ABC or FEBI boundary becomes visible.
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3 - HFSS Excitations
l "Excitations in HFSS" below
l "Wave Ports" on the next page
l "Wave Ports for Terminal Solutions" on page 3-4
l "Lumped Ports" on page 3-5
l "Difference between Lumped Ports andWave Ports" on page 3-8
l "Floquet Ports" on page 3-9
l "IncidentWaves" on page 3-10
l "Linked Fields" on page 3-10

Excitations in HFSS
In HFSS excitations are sources of electromagnetic fields in a design. There aremany types of
excitations in HFSS. They are listed below:

l Wave Ports
l Lumped Ports
l Floquet Ports
l Terminal
l IncidentWave
l Linked Fields
l Current Sources
l Voltage Sources
l Magnetic Bias Sources

All excitation types provide field information, but only the wave port, lumped Port, and Floquet port
provide S- parameters. The use of themagnetic bias source allows you tomodel amagnetic bias
acting on a ferrite material.

An Introduction to HFSS
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Figure 3-1 Bandpass filter with ports

By assigning excitations you define sources of electromagnetic fields. Themost commonly used
types of excitations are ports. They are of two types: wave ports and lumped ports. They provide S,
Y, Z parameters and field information. Additionally, wave impedance and propagation constant
that is gamma are obtained if you assign a wave port. Gamma andwave impedance are related to
the transmission line structure represented by the wave port. Depending upon the solution type,
wave ports and lumped ports can be either modal or terminal. Terminal wave ports or terminal
lumped ports are used for signal integrity problems.

For periodic structures defined bymaster-slave boundaries Floquet ports are used.

There are several types of analytically defined incident field excitations of which plane wave is the
most common. Linked field come from other designs by using data link and/or measurements.

Wave Ports
Wave ports are used to excite transmission lines likemicrostrip, stripline, coplanar waveguides,
and hollow waveguides. A wave port represents the region through which electromagnetic energy
enters or exits the solution space. In HFSS awave port is treated as if it were a semi infinitely long
waveguide or transmission line of the exact same cross section attached to themodel where it’s
excited.

Wave ports yield S,Y,Z parameters, characteristic wave impedance, and the propagation constant
gamma. The S-parameters generated by a wave port are normalized to thematched loads and
can also be normalized to any constant complex impedance.

S-parameters can be de-embedded into or out of a port. This operation subtracts or adds
transmission line length to themodel changing the S-matrix accordingly.

A wave port excitation should be applied only to an outer face of the solution space. HFSS first
calculates a 2D solution for the wave port and subsequently uses that solution as the source for the
3D model. HFSS treats each wave port as if it were connected to a semi-infinite waveguide or
transmission line that has the exact same cross-section andmaterial properties as the port. Initially,
2D fields in this semi-infinite waveguide that are solved. Those same fields are impressed onto the
port region of the 3D model to obtain a solution to the 3D model.

HFSS generates a solution by exciting each wave port individually, wherein each desired incident
mode contains 1Watt time-averaged power. To find a solution to a given port, the desired port is
energized with 1 watt of power while all other ports havematched loads.

When creating a wave port in the drivenmodal solution type, youmust specify the number of
modes desired. For signal integrity problems, the number of modes should be set equal to the
number of signal traces that are enclosed within the given wave port. For example, in the case of a
co-planar pair of microstriplines enclosed within a single wave port, twomodes should be specified.
In the final solution, these twomodes represent the even and oddmodes of propagation.
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Some examples of commonly used wave ports are shown below.

The following figure represents differential pair via model with a pair of lines transitioning through
the vias to a pair of striplines on a lower layer. Wave ports have been defined as shown below on
the differential pair via model. There are four terminals at the intersections of the conducting
objects with the port face.

Figure 3-2 Differential via pair model showing wave ports and terminals

Wave ports assigned on waveguide structures are naturally defined by the cross-section of the
waveguides. For transmission lines (i.e. microstrip, coplanar waveguides, slotline etc.) ports should
be defined carefully. Also, placement of a wave port is critical since it can affect the accuracy of the
solutions.

Note: For more information see the topicsWave Port Size andWave Port Placement in the online
help.

Additional examples of models with appropriate wave port dimensions are shown below.
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For a wave port in the driven terminal solution type, the location and number of modes needed is
automatically determined byHFSS.

Wave Ports for Terminal Solutions
Terminals are the ends of signal traces that intersect the plane of a port. To fit circuit theory HFSS
has options for assigning terminals and expressing the relationship between currents and voltages.

Terminals are especially useful when you are dealing with circuit simulators since the S-
parameters obtained in terms of currents and voltages are in a format that is compatible with most
circuit simulators. The terminals for the transmission line below are T1, T2, T3, T4.
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Figure 3-3 Transmission line examples

Lumped Ports
Lumped Ports are commonly used excitation types in HFSS. A lumped port is analogous to a
current sheet source and can also be used to excite commonly used transmission lines. Lumped
ports are also useful to excite voltage gaps or other instanceswhere wave ports are not applicable.
Generally they are applied internally to the solution space.

Shown below are examples of commonly used lumped ports on amicrostrip model applied
between the signal traces and the ground plane.
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Figure 3-4 Lumped ports excitations

( region represents the lumped port.)

HFSSExcitations 3-6

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

Port is internal to the solution Space.
The 2D port rectangle touches the
signal trace with one edge and the
opposite edge touches the ground
plane.

Port is internal to Solution Space. The
2D port rectangle touches the signal
trace with one edge, and the opposite
edge touches user-drawn PEC objects
(gray.)

Port is internal to
Solution Space.
Port is an annular
ring around BGA
Ball.

Lumped ports yield S,Y,Z parameters and fields, but they do not yield any gamma or wave
impedance information. The results of a lumped port cannot be de-embedded but can be
renormalized. Unlike wave ports, lumped ports can support only a singlemode. A lumped port can
be defined on any 2D object that has edges in contact with two conducting objects. The boundary
that is applied to all edges that do not touch a conductor is a perfect H, which ensures that the
normal electric field is equal to zero on those edges.

The complex impedance Zs defined when the port was created, serves as the reference
impedance of the S-matrix of the lumped port. The impedance Zs has the characteristics of a wave
impedance; it is used to determine the strength of a source, such as themodal voltage V andmodal
current I, through complex power normalization.

It should also be noted that when the reference impedance is a complex value, themagnitude of
the S-matrix is not always less than or equal to 1, even for a passive device.
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Difference between Lumped Ports and Wave Ports
Wave ports are applied at outer faces, yield S, Y, Z parameters, fields, wave impedance, gamma,
and can be deembedded.

Generally lumped ports are applied internally, yield S,Y, Z parameters and fields. Both can be
renormalized to a specific real impedance.

Themain differentiator between lumped ports and wave ports is the location of where they are
applied to themodel. Wave ports should only be applied at outer faces of the solution volume,
whereas the lumped port should only be used internally to the solution volume.

Another key difference is that wave ports are specifically suited to sourcing ideal transmission lines,
while lumped ports are well suited to sourcing structures that are not ideal transmission lines such
as BGA balls, bondwires, etc.

Lumped ports are also called gap ports. This is because the height of the lumped port is small when
terminating feeding non-ideal transmission lines.
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Floquet Ports
A Floquet port in HFSS is exclusively used for planar-periodic structures. Typical examples are
planar phased arrays and frequency selective surfaceswhen thesemay be idealized as infinitely
large. The analysis of the infinite structure is accomplished by analyzing a unit cell. When you
define a Floquet port, a set of modes known as Floquet modes represent the fields on the port
boundary. The Floquet modes are plane waveswith propagation direction set by the frequency,
phasing, and geometry of the periodic structure.

To illustrate a unit cell of an infinite phased array of vivaldi antennas can be simulated using linked
boundaries and a Floquet port. The upper face of the unit cell is terminated in a Floquet port as
shown in the following figure.

Figure 3-5 Floquet Ports example on a unit cell
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Incident Waves
An incident field is the electromagnetic field in the absence of any scatterers. Incident fields are of
the following types:

l PlaneWave
l Hertzian-DipoleWaves
l Gaussian Beam
l Linear AntennaWave
l CylindricalWave

Themost commonly used incident wave is the plane wave. For example, incident plane wave
source excitations can be used to see the scattering from a standard radar cross sectionmodel of a
conducting ogive.

Figure 3-6 Incident plane wave on an aluminum ogive

Linked Fields
Linked fields are of two types:

l Far FieldWave
l Near FieldWave

A far field wave originates at a distance several wavelengths from the computational domain. Far
field values are defined on the surface of a unit sphere. When you use a Far Field link, the origin of
the global coordinate system of the source project should be in the phase center of the antenna.
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A near field wave source is close enough to the design, typically within one wave length. The
radiation surface of the near field source project cannot coincide with the surface of the target
project where the incident field pings in.

The following design of a dish antenna fed by a circular horn antenna can be used with near field
sourcing to run a range of analyses.

Figure 3-7 Near Field example of a dish antenna

Both the near and far field link establishes a one-way link. The feedback from the target to the
source is neglected.
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4 - HFSS Solution Setup
l "Driven Solution Setup" below
l "General Tab" on page 4-3
l "Solution Frequency Setting" on page 4-3
l "Adaptive Solutions" on page 4-3
l "Options Tab" on page 4-5
l "Initial MeshOptions" on page 4-6
l "Adaptive Options" on page 4-6
l "Solution Options" on page 4-6
l "Adaptive Options" on page 4-6
l "Initial MeshOptions (Advanced)" on page 4-7
l "Port Options" on page 4-7
l "IE Solver Options" on page 4-7
l "Fields" on page 4-7
l "Expression Cache Tab" on page 4-8
l "Defaults Tab" on page 4-8
l "Transient Solution Setup" on page 4-8
l "Transient Solver" on page 4-9
l "Input Signal" on page 4-10
l "Duration" on page 4-11
l "Save Fields" on page 4-11
l "Radiated Fields" on page 4-11
l "HPC and Analysis Options" on page 4-11
l "Domain Decomposition" on page 4-12
l "TheMaximumNumber of Passes andMaximumRefinement Per Pass" on page 4-13
l "Frequency Sweeps" on page 4-13
l "Differences between Local, Remote and DSOsolutions" on page 4-16

Driven Solution Setup
A driven solution setup is defined for amodal or a terminal project. Defining a solution setup
enablesHFSS to compute a solution for a design. You can definemultiple solution setups for the
same design. As illustrated in the figure below if you right-click Analysis on theProject Manager
window and select theAdd Solution Setup option from the short cut menu, theSolution Setup
window appears. You can specify the settings on theSolution Setup window for computing a
solution for a design.

An Introduction to HFSS
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Figure 4-1 Driven Solution Setup window (General tab) for a driven modal or a driven
terminal design

If you want HFSS to quickly compute only the 2D excitation field patterns, impedances, and
propagation constants at each port, select the optionSolve Ports Only. If you select the Solve
PortsOnly check box, the Adaptive Solutions panel disappears from theGeneral tab. If you clear
the check box, the Adaptive Solutions panel gets reinstated. Some of the options appearing on
various tabs for the driven solution setup are discussed below.
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General Tab

General is the first tab of the Driven Solution Setupwindow. You can use this tab to define the
operating frequency for simulating your design and specify convergence criteria for the simulation.
From this tab you can also bring up theHPC and Analysis Options dialog box.

Initially, theGeneral tab has default values of 1GHz for the solution frequency, 6 for themaximum
number of passes and 0.02 for maximumdelta S. These fields are editable. You can also enter a
suitable solve-setup name.

The different options and fields available on theGeneral tab are described below.

Solution Frequency Setting

The solution frequency is used byHFSS to determine themaximum initial tetrahedra size and is
the frequency at which HFSS explicitly solves the givenmodel.

The solution frequency is the frequency at which HFSS performs the adaptive refinement process,
which continues until the solution converges.

The solution frequency is the frequency at which HFSS explicitly solves a given simulation. It is also
at this frequency that the adaptive solution operates, and it is the fields at this frequency that are
used to determine whether amodel has converged or not.

In general the solution frequency should be set to the operating frequency of the device being
simulated. To generate a solution across a range of frequencies, define a frequency sweep and set
the solution frequency to either the device operating frequency, the center frequency of the sweep,
or a frequency that is between 60 and 80 percent of themaximum frequency desired. The
frequency that is used depends on what type of frequency sweep will be used.

For most antenna simulations, the solution frequency should be set to the operating frequency of
the antenna. For simulations of filters, the solution frequency should be set to the center of the
bandpass frequency.

The solution frequency is also the frequency that should be used for any calculations the user
performswhen creating amodel that depend on a frequency. Examples of these types of
calculations are air region size for antenna problems, skin depth calculations, PMLwizard input,
etc.

Adaptive Solutions

Adaptivemesh refinement is an important feature of HFSS that automatically generates accurate
solutions. Adaptive Solutions is a panel on theGeneral tab of theSolution Setupwindow where
you can set the convergence criteria of the adaptive refinement process for solving a design.
Convergence is determined bymonitoring a parameter from one adaptive pass to the next. The
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most common convergence criterion is to ensure that the difference in the S-parameter value
between two consecutive solves is less than the specifiedmagnitude.

The following options exist on the Adaptive Solutions panel for amodal and terminal project:

l MaximumNumber of Passes
l MaximumDelta S
l UseMatrix Convergence

Themain control parameter used byHFSS is Delta-S to determine whether a solution has
converged or not.

Because of the direct relationship between the electromagnetic fields and the S- matrix, the
convergence of the simulation is presented to a user via the delta-S value. The value of delta-S is
the change in themagnitude of the S-parameters between two consecutive passes. Delta-S
represents the change in the electromagnetic energy between successive solutions. Once the
magnitude and phases of all S- parameters change by less than the delta-S value that you specify,
the analysis stops and is considered converged. Conversely, in electric field terms, once the
electromagnetic energy is no longer changing in the givenmodel, the field solution has converged
and is correct. If the desired delta-S parameter is never reached, HFSS continues until the
requested number of passes is completed. Themaximumdelta-S is defined as

where: i and j cover all matrix entries.N represents the pass number.

Delta-S should be set between 0.005 and 0.01 for most HFSS simulations. A typical convergence
plot for MaxMagDelta S across different adaptive passes for a simulation is shown in the following
figure.
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Figure 4-2 Convergence Plot for the Max Mag Delta S

The Maximum Number of Passes option is themaximumnumber of adaptive iterations that
HFSS can perform during a simulation. This parameter is the stopping criterion for a simulation.

TheUse Matrix Convergence command allows you to define a different stopping criteria for
specific entries in the S-matrix. The adaptivemesh refinement process continues until the
magnitude and phase of the entries in the S-matrix change by an amount that is less than the
specified criteria from one adaptive pass to the next or until the requested number of passes is
completed. TheMatrix Convergence Criteria include settings for all matrix entries,
diagonal/diagonal-off matrix entries, or specific individual matrix entries.

Options Tab

Options is the second tab of theDriven Solution Setupwindow. This tab includes settings for
the initial mesh options for lambda-based refinement and adaptive options for controllingmesh
growth by the refinement per pass and theminimumnumber of passes aswell as theminimum
number of converged passes. In addition to these settings, you can also specify the solution options
for the type of solver and the type of Basis functions you want to use for a particular problem.

The settings appearing on theOptions tab are described below.
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Initial Mesh Options

The initial mesh options panel consists of lambda refinement settings. The settings are described
below.

Lambda Refinement

The initial mesh is based on the 3D solid geometrical model only. It has no bearing on the electrical
performance of the device that is being simulated. The lambda refinement process involves refining
the initial mesh until most of themesh elements are approximately a quarter wavelength for air and
one third wavelength for dielectrics. A wavelength is based on the single frequency value entered
in theSolution Frequency field. For almost all cases, lambda refinement should be used. For
most problems, it is recommended to accept the default values.

Use Free Space Lambda

The Use Free Space Lambda option forces the lambda refinement to target amesh size that is
approximately one-quarter of a wavelength for air. If you select this option, thematerial properties
of objects are ignored. This option can be useful in applications that have dielectrics with very high
conductivities. Brain tissue or salt water are examples of materials that produce very highmesh
counts even though the RF penetration into thematerial is limited to a region very close to the
surface.

Adaptive Options

This panel deals with adaptive refinement settings andminimumnumber of adaptive passes and
converged passes. TheMaximum Refinement Per Pass option is themaximumpercentage of
tetrahedra that are added to themesh in each adaptive pass. By defaultMinimum Number of
Passes is 1. Regardless of whether a solution reaches convergence, it will not stop unless the
minimumnumber of passes that you specify is completed. The optionMinimum Converged
Passes causes the adaptive analysis to continue until convergence criteria is satisfied for the
number of passes that you specify in this field. The default is 1. For example if you specify 3 in this
field, the analysis runs until the convergence criteria is satisfied for at least 3 adaptive passes.

Solution Options

This panel provides the options for guiding HFSS with the type of solver and the order of basis
functions to use for solving a particular problem.

Note: For more information see theBasis Functions in HFSS in theHFSS Technical Notes.
See also Fundamentals.
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Advanced Tab

TheAdvanced tab is where the really advanced settings for solution setup appear. In most
circumstances, you should not change any of the settings on this tab. It is highly recommended that
you accept the default settings.

Initial Mesh Options (Advanced)

If you want you can reuse the last adaptivemesh of an existing source design as the initial mesh for
a target design. To do this, you can select the Import Mesh check box and enter the appropriate
settings on the Setup Link dialog box to import this solvedmesh by linking the solution setup of the
source design to that of the target design. For example, this feature can be used if you want to
reuse the last adaptivemesh of a unit cell and repeat it for simulating a finite antenna array. In this
example, the unit cell is the source design and the solved final mesh of the unit cell is reused as the
initial mesh and repeated for the target design of the finite antenna array upon linking the two
designs. This approachmakes efficient use of the computational resources.

Port Options

ThePort Options panel appears on theAdvanced tab of the Driven Solution Setupwindow
when your designs include wave port excitations. Port options are the convergence criteria for the
port solver. It is recommended that you accept the default settings. Refining themesh at the ports
causesHFSS to refine themesh for the entire structure aswell. This occurs because it uses the
port field solutions as boundary conditionswhen computing the full 3D solution. Themesh for each
model port is adaptively refined until it includes theminimumnumber of triangles. Refinement then
continues until the port field accuracy or themaximumnumber of triangles is reached.

IE Solver Options

This panel contains the options of using theAuto setting,ACA solver orMLFMMSolver. If you
selectAuto, HFSS picks either theACA or MLFMMsolver depending upon the characteristics of
the problem being solved. For solving a design with FEBI boundary condition, IE domains or arrays
Direct and Iterative solvers are not supported. For such problems,ACA orMLFMM solver
should be used along with the Domain Decomposition setup.

Fields

TheSave Field option is selected by default. If you are interested in the far field only, then select
the optionSave radiated fields only.
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Expression Cache Tab

If you want to specify additional convergence criteria by using output variables or other
expressions, click theAdd button and enter the appropriate settings on theAdd To Expression
Cache dialog box.

Defaults Tab

TheDefaults tab allows you to save the current settings as the defaults for future solution setups
or revert the current settings to the standard setting.

Transient Solution Setup
Transient solution setup is defined for solving problems in the time domain. The settings on the
Transient Solution Setup window depend upon your choice of the driven option on theSolution
Type dialog. If you selectNetwork Analysis, the Transient Solution Setup includes the Input
Signal tab (shown in the following figure). ForComposite Excitation, the Input Signal tab is not
present on this window. The signal settings for a composite excitation are on the Terminal dialog
box. You can launch this dialog by double-clicking the terminal associated with a port under
Excitations on the project tree. This arrangement is because for network analysis all excitations
use the same input signal. However, for composite excitation, each source requires its own time
profile. The transient solution setup for composite excitation can be specified for modeling a device
that hasmultiple sources/ports active simultaneously but each port has its own distinct time profile.
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Figure 4-3 Transient Solution Setup For Network Excitations

Some of the options on the Transient Solution Setupwindow for bothNetwork Excitations
andComposite Excitations are described below.

Transient Solver

This panel appears on theGeneral tab. You can select either theHybrid solver or the Implicit
solver depending upon the problem. The hybrid solver is based on the explicit-implicit
discontinuousGalerkin time domainmethod. Implicit solver usesmorememory than the Hybrid
solver. If you have a graphics processing unit or GPU, you can take advantage of it to speed up
simulation. For Hybrid solver GPU acceleration is enabled.When theGPU is enabled, only the
explicit part of the hybrid solver is running and being accelerated byGPUs. GPU acceleration in
HFSS Transient has been developed for Nvidia cards and is officially supported with the Tesla
series. Nvidia Tesla are cards recommended for the best performance when using several cards
on onemachine to solve either multiple variations or excitations (HPC) in parallel.

HFSSSolution Setup 4-9

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

Figure 4-4 Graphical Processing Unit can be enabled for Hybrid Solver

Input Signal

On the Input Signal tab you can specify the time profile for all sources in the Transient Network
analysis. The time profile specifies the pulse used to excite a transient design. You can select either
Broadband Pulse or TDR as the profile function. For Broadband pulse, define theminimumand
maximum frequencies and number of frequency points to be extracted. This type of pulse excitation
is used if you want to extract the S-parameters within a frequency range. Depending upon your
minimumandmaximum frequencies the upper plot of the signal shows the excitation of interest.
The lower plot is the corresponding energy spectrum.

For TimeDomain Reflectometry or TDR pulse, the time profile is specified by the rise time which is
defined as the time for a pulse signal to rise from 10% to 90% of the peak value. TDR midpoint is
the time where the input TDR is at 50% of the peak value. Selecting theSync check box
automatically synchronize the signal midpoint and rise time such that minimumallowedmidpoint is
used for a given rise time or themaximum rise time for a givenmidpoint. If you clear this check box
you can specify a different valid delay. TDR pulse can be used for problemswhere you want to
detect a fault in a transmission line such as a coaxial cable, twisted pair wire etc. or if you want to
find discontinuities in signal integrity devices like connectors, printed circuit boards etc.

For Composite excitations, the input signal specifications for exciting a source occur on the
Transient tab of the Terminal dialog box. For each port youmust specify a unique time profile.
You can select Broadband pulse, harmonic, smooth pulse, or dataset options. Dataset is a custom
time profile. For Broadband pulse in addition to the frequency settings you need to also define the
delay and themagnitude of the pulse to excite a port. For Harmonic function displayed as a regular
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sine wave, define the ramped periods, frequency, delay andmagnitude and for smooth pulse,
define the pulse width, delay, andmagnitude.

Duration

This tab allows you define the stopping criteria for a transient simulation.

Save Fields

Youmust create object lists and/or face lists for which the transient fields are to be calculated. Save
Fields tab allows you to select the list that you want to save the fields for. You can define the start
time at which to save the fields, the interval, and themaximumnumber of samples.

Radiated Fields

On this panel you can save the radiated fields for the frequencies defined on the Input signal tab.
Suppose you define a broadband pulse of with aMin andMax frequency of 1MHz to 200MHz
respectively, and Frequencies extracted as 201 on the Input tab, then on the Radiated Fields tab
you can save frequency domain radiated fields for the frequency points extracted between 1MHz
to 200MHz.

HPC and Analysis Options
High performance computing (HPC) enables a range of different technologies in HFSS that allows
efficient simulation of extremely large and complex problems. HPC leveragesmultiple cores
throughmatrixmultiprocessing, distributed frequency points (called spectral decomposition
method or SDM), domain decomposition (DDM), parallel hybrid FEM/IE solving or the finite
antenna array DDM. In addition hierarchical HPC solving is possible where frequency points can
be distributed with each frequency point usingmultiple cores or machines for large scale DDM
analysis at each frequency point, all in parallel. HFSS intelligently determineswhich jobs are to be
performed and how to distribute them for the simulation. It automatically apportions the jobs during
the simulation process andmakes optimum use of the available resources. This computing
technology enables generating accurate solutions for large, complex, higher-fidelitymodels. For
example, the figure below illustrates an HFSS solution powered with HPC and Parametrics to
solve an antenna on a helicopter launching from stern of a ship. Automatic adaptivemeshing
providesmesh for each parametric instance.
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Efficient simulation of large, complex problems by using HPC, HFSS provides enhanced insight
that would be difficult or impossible to obtain any other way. HFSS software has these very
powerful capabilities that take advantage of multi-core and/or networked computers. These new
and enhanced features allow organizations to leveragemulti-core/ multi-machine environments
and compute clusters. This ability to simulate large, time-consuming problems in a highly efficient
manner allows for further, higher-fidelity insight into a company’s design.

Domain Decomposition
A unique feature in HFSS is the Domain DecompositionMethod that can efficiently and quickly
solve large scale electromagnetic problems. In DDMa large problem domain is partitioned into
small sub-domains. A largemesh is broken down into small sub-meshes, and each sub-mesh or
sub-domain is solved in a separate core or a set of shared cores. These separate cores either
reside on a single computer or can be spread acrossmultiple computers in a network. DDM
performs the simulation by apportioning the domains acrossmany networked computers or
different cores in a single computer. Once simulations are complete, an iterative procedure
combines the separate results into a single solution that gives the complete response for the entire
model. DDM is extremely scalable with the ability to show in some cases super linear performance
with respect to a single core analysis.

For finite periodic structure such as antenna arrays or frequency selective surface the domain
decomposition technique is further enhanced by leveraging the repeating nature of the geometry,
mesh andmatrix. This results in a technique that significantly reduces thememory requirement and
simulation time while delivering a comprehensive analysis of the structure including edge effects.

The following figure illustrates a large and complex problem of solving an antenna and its
interactions in presence of a vehicle and an full size adult human body using Domain
DecompositionMethod.
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Figure 4-5 Domain Decomposition Method providing large scale electromagnetic
solution

The Maximum Number of Passes and Maximum
Refinement Per Pass
Refinement percentage and number of adaptive passes are both used in the adaptive solution
process. The refinement percentage specifies the largest number of tetrahedra that can be
subdivided per adaptive pass.

Themaximumnumber of adaptive passes is themaximumnumber of timesHFSS will refine the
mesh in order to try and converge to an answer.

The adaptive solution process uses the delta-S, maximum refinement per pass, andmaximum
number of passes to converge to the correct answer. The delta-S andmaximumnumber of passes
determine when HFSS will stop the adaptive solution process. If convergence is reached before
themaximumnumber of passes has been performed, the solution process stops. HFSS will stop if
convergence is not reached, but themaximumnumber of passes has been reached. In such cases,
it is recommended to increase the number of passes so that HFSS can reach convergence.

Frequency Sweeps
HFSS has three sweep types: the discrete sweep, the fast sweep, and the interpolating sweep.
Depending on the needs of a user, a particular sweep typemay be preferred. Generally, the
solution times required for a frequency sweep type increase in the following order: fast,
interpolating, and discrete.

For solutions that require field information at only a few (less than five) discrete frequency points,
the discrete sweep can be faster than either of the other two.
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For solutions that require field information discrete or fast frequency sweeps are used.

The fast sweep is useful whenmany frequency points are desired over a limited frequency range
and it also yields the field information. The interpolating sweep ismost useful when solving
problems fromDC to a high frequency; however, interpolating sweep does not provide field
information.

For both the interpolating and fast sweeps, the number of displayed frequency points is not related
to the time it takes to generate the frequency sweep results. Both of these sweeps, in essence,
generate a pole-zero transfer function, and it is the generation of this function that requires the
majority of the solution time. Once the “transfer” function has been generated, S-parameter data is
rapidly calculated.

Figure 4-6 Edit Frequency Sweep window

If you use discrete sweep, the field solutions are generated at all the points in the specified
frequency sweep. A discrete sweep solution time is directly proportional to the number of
frequency points defined in the sweep. Discrete sweep uses the same convergedmesh obtained
from the adaptive refinement process for solving all frequency points. The results generated by
using a discrete sweep are available only those specific points within the sweep.

HFSSSolution Setup 4-14

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

The discrete sweep generates field solutions at specific frequency points in the desired frequency
sweep. The discrete sweep solution time is directly dependent on the number of frequency points
desired. Themore frequency steps a user requests, the longer HFSS needs to complete the
frequency sweep. The explicit field solution is obtained by substituting the desired frequencies into
thematrix equation that was created during the adaptive solution process. Each frequency solution
is therefore explicitly based on the adaptive solution, and not interpolated via a numerical method
like the fast and interpolating sweeps. Arguably, therefore, the discrete sweep is themost accurate
sweep available. It, however, is also the sweep that requires themost time to generate frequency
sweep results whenmany frequency steps are desired.

Unlike discrete sweep, the fast sweep generates the field solutions for arbitrary points in the
specified frequency sweep. If you use fast sweep, the solver determines the frequency points
within the defined sweep and creates a reduced order model based on the Eigen values of the
problem. The results from a fast sweep are available in arbitrary frequency points due to the
interpolating property of the reduced order model. Fast sweep is suitable for problemswith sharp
resonances. Fast sweeps can accurately determine the electromagnetic behavior of a structure
even near resonances.

The fast sweep generates a full-field solution within the specified frequency range. The fast sweep
is best suited for simulations that have a number of sharp resonances. A fast sweep is highly
accurate in determining the behavior of a structure near a resonance.

The fast sweep works by using the center frequency of the sweep to create an Eigen value
problem that is used in an Adaptive Lanczos-Padé Sweep (ALPS) procedure to determine all the
field solutions in the requested frequency range.

Because the fast sweep uses the results of the adaptive process to generate the Eigen value
problem, it is efficient to set the solution frequency to be equal to the center sweep frequencywhen
using the fast sweep.

A key benefit of the fast sweep is that it allows a user to post-process and display fields at any
frequency and at any location within the frequency sweep.

The interpolating sweep generates a solution for the S-matrix over the defined frequency range.
The solver chooses the appropriate frequency points at which the field solution is calculated HFSS
does this by choosing appropriate frequency points at which to solve for the field solution. HFSS
continues to choose frequency points until the full sweep solution lies within a given error tolerance.

Similar to the fast sweep the interpolating sweep also creates a reduced order model but just for
the SYZ parameters. These parameters are available at arbitrary frequencies.

The interpolating sweep is best suited for very broadband frequency sweeps. The interpolating
sweep uses lessRAM than a fast sweep. A key benefit of the interpolating sweep is that it can
easily determine the frequency sweep response fromDC to any desired high frequency. The
interpolating sweep, however, has only the solution frequency field data available for post-
processing. Field data for other frequencieswithin the interpolating sweep range are therefore not
available.
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Differences between Local, Remote and DSO solutions
A Local Simulation is performed on the local computer (the user’s computer).

A Remote Simulation is one where a user does not solve a given HFSS simulation locally. The user
sends the simulation to be performed on another computer on the local network.

A DSO, or Distributed Solution Option, is a simulation where a user sends a given HFSS
simulation to be solved in parallel on a number of different computers. DSOcurrently works only for
single simulations that have discrete or interpolating sweeps or simulations that use one of the
Optimetrics™ features such as parametric sweeps.

Historically, all HFSS simulations have been local simulations. However, in many enterprise
environments, there are select computers that are optimized for maximumRAM, speed, etc. The
remote solve capability allows a user to pre- and post-process a given HFSS simulation on the
local machine but also have the computationally intensive solution performed on a different,
possiblymore powerful, computer.

The remote solve capability allows an engineer to still be productive on the local machine doing
other tasks, while the intensive number crunching is done on another machine.

The Distributed Solve Option is extremely beneficial for simulations that involve a large number of
discrete frequency steps, an interpolating sweep, or for performing a parametric, optimization,
statistical, or sensitivity analysis. For the cases of the discrete or interpolating sweep, the required
frequency steps are solved in parallel on a number of different computers. If, for instance, a total of
100 discrete frequency steps are desired in a given simulation, DSOcan solve all 100 frequency
points in parallel provided 100 separate processors are available. This reduces the total simulation
time by almost a factor of 100.

For the simulations involving theOptimetrics™ capabilities, the same general concept applies. For
instance, if a parametric sweep with 20 variations is desired, the DSOoption can take this
parametric simulation and solve it in parallel on 20 different computers. Employing the DSOgreatly
reduces the total computation time required for a parametric simulation.

HFSSSolution Setup 4-16

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



5 - HFSS Modeling GUI Basics
l "The HFSS 3D Modeling GUI" below
l "Modeling Practice in HFSS" on page 5-4
l "The VariousHotkeys" on page 5-6
l "Snapping to a Point" on page 5-9
l "Assigning Boundaries in the GUI" on page 5-10
l "Assigning DrivenModal Solution Excitations in the GUI" on page 5-12
l "Assigning Driven Terminal Solution Excitations in the GUI" on page 5-13
l "Assigning and CreatingMaterials" on page 5-15
l "Creating Variables" on page 5-18

Click below to watch a video onmodeling practices in HFSS

The HFSS 3D Modeling GUI
The following illustration shows the HFSS 3D modeling graphical user interface of the ANSYS
Electronics Desktop and some elements and windows that appear on it. These elements, which
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include controls and commands are presented in various graphical forms, such asmenus, toolbars,
dialog boxes etc.
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Figure 5-1 HFSS GUI

TheMenu bar is located near the top of the GUI. They consist of a group of menu commands
arranged by category such as File, Edit, Project, Draw, Modeler, HFSS, Tools etc. The Standard
toolbar contains buttons for basic tasks such as opening a new file or project, saving a project etc.
TheQuick Access Toolbar is a customizable toolbar that contains buttons representing a set of
commands that are used frequently. You can add or remove buttons from this toolbar. Commands
for all operations in HFSS are accessible from the items and buttons on themenu bar and toolbars.
You can also right-click on the appropriate window to perform some desired operations.

For example, to excite a design with a wave port select the appropriate face on the design, click the
HFSSmenu item and go toExcitations > Assign > and clickWave Port. This command brings
up the wave port wizard where you can enter the settings to apply the wave port.

Alternatively, select the appropriate face on the design, right-click and selectAssign Excitation
and click Wave Port from the submenu.

There are six distinct windows that can be active within the HFSS GUI:

l Project Manager
l CommandHistory Tree
l 3D Modeler
l Properties
l MessageManager
l Progress

Each of the windows serves a unique purpose during the creation and simulation of a given HFSS
design.

3D Modeler Window

On the 3D Modeler, you can create the objects to be simulated. Depending upon the type of object
you can select a basic solid, sheet, or line type from theQuick Access toolbar or from the available
commands under theDrawmenu item. For example, to create a boxwith the grid plane XY being
active perform these simple steps:

1. Select the Draw box command from theQuick Access toolbar.
2. Click anywhere in themodeler window to create a point, drag the cursor along the XY plane

and click again to create the point diagonally opposite to the first point.
3. Drag the cursor along the Z axis and click again to create the box.
4. SelectCreateBox in the History tree and edit the fields on the Properties window to specify

the coordinates, and the dimensions of the box.
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Properties Window

The properties window displays the properties of an object or an option that is selected in the 3D
Modeler window, History tree, or Project Manager. For instance if you select a box object in the 3D
Modeler window the Properties window displays the attributes of the box object such as its name,
material, color etc.

Project Manager Window

The project manager window serves is a important commandwindow that helps youmanage your
design and setups for simulation. Within this window, all pertinent simulation setup information is
displayed. All pertinent preprocessing information is shown, such as boundaries, excitations,
solution setup, frequency sweep, mesh operations, 3D components etc. Information about various
Optimetrics setups appear here. All post-processing items, such as results, field plots, and antenna
setup are also contained in the project manager window.

History Tree

The history treewindow contains themodel’s structure and grid details. History of the operations
on a geometry right from creating it, performing Boolean operations etc are recorded in this
window. It displays a number of items such as solids, sheets, lines, points, coordinate systems,
planes, Lists, 3D components etc one below the other.

Message window

Themessage window displays all messages pertinent to a simulation. They can be warning
messages, error messages, or messages that notify normal completion of a simulation.

Progress window

The progresswindow displays the progress of a given simulation being performed on the local
machine, on a remotemachine, or on a distributed network of machines using the Distributed
Solve Option available with HFSS. It displays the number and information about an adaptive pass
that is running. It also displays information about a frequency sweep that is running.

Modeling Practice in HFSS
Typical modeling practice of creating and simulating a 3D model in HFSS involves the following
steps:

1. Createmodel/geometry
2. Assign boundaries
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3. Assign excitations
4. Assign solution setup
5. Validate and analyze
6. Perform post-processing operations

Figure 5-2 Modeling Practice in HFSS

Every HFSS simulation involves, to some degree, all six of the above steps. It is not mandatory to
follow these steps in the exact order, however, they constitute a goodmodeling practice.

The steps are described here.

1. Create Geometry

On the 3D Modeler, create the geometrical model that you want to analyze. The 3D modeler in
HFSS has advanced features that enable you to parameterize a structure by creating variables
and assigning values to themwhile defining geometric dimensions andmaterial properties. A
parameterized structure is very useful especially, when the final dimensions are not known or
when the design needs to bemodified for performance improvements.

You can also import 3D structures frommechanical drawing packages, such as SolidWorks®,
Pro/E® or AutoCAD®. However, imported structures do not retain any history of how they
were created so theywill not be parameterizable upon import. Youmust manuallymodify an
imported geometry, if you want to parameterize the structure.

2. Assign Boundaries

Assign boundary conditions in the next step. Boundaries are defined on 2D (sheet) objects
specifically created for this purpose or on surfaces of 3D objects. Boundaries have a direct
impact on the generated solutions. Depending upon the problem, HFSS offers different types of
boundary conditions including Perfect E, Perfect H, Radiation, Master, Slave, Impedance,
Finite Conductivity, PML, Layered Impedance, Anisotropic Impedance, and LumpedRLC.
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Note: For more information about boundary conditions, see the chapter Assigning Boundaries
in HFSS in the ANSYS Electronics Desktop help.

3. Assign Excitations

Excite the geometry by assigning excitations. Excitations are sources of electromagnetic fields
in the design. HFSS has various options to generate incident fields that interact with a structure
to produce the total fields. Some of these excitations are local sources residing within the
structure such aswave ports and voltage sourceswhile other excitations such as plane waves
are created from local sources away from the structure. Excitations available in HFSS include
wave port, lumped port, terminal, Floquet ports, incident wave, voltage source, current source,
magnetic bias. There are several convenient rules that you can follow for proper creation and
use of excitations to obtain highly accurate results in HFSS.

Note: For more information about excitations and the guidelines for defining them, see the
chapter Assigning Excitations for HFSS in the ANSYS Electronics Desktop online help.

4. Assign Solution Setup

The next step is to create a solution setup. In this step, specify a solution frequency, the desired
convergence criteria which include themaximumnumber of adaptive passes and the
magnitude of maximumdelta S. To generate a solution across a range of frequencies, define a
frequency sweep.

5. Validate and Analyze

After performing the above four steps, themodel can be validated and then analyzed if it passes
the validation check. The time required for an analysis depends upon themodel geometry, the
solution frequency, and available computer resources. HFSS also comeswith advanced High
Performance Computing capability for accelerated performance and for solving large problems.

6. Post Processing

Perform post processing once the simulation runs to completion. Any field quantity or S,Y,Z
parameter can be plotted in the post-processor. Additionally, if a parameterizedmodel has been
analyzed, families of curves can be created. For example, you can examine the S-parameters
of the devicemodeled, far fields created by an antenna, or plot the electromagnetic fields in and
around the structure.

The Various Hotkeys
A hotkey is a specific key or a combination of keys that, when pressed at one time performs a task
more by quickly than by using amouse. For example if you want to fit view of an object in the 3D
Modeler window you can simply do Ctrl+d, which performs this operation quickly rather than select
the object and use themouse and other commands from theGUI.
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Common hot keys are used to perform pan, rotate, and zoom operations. Additionally, hotkeys can
be used to produce planar XY, YZ, XZ, and the standard isometric views of objects in themodeling
window.

To drag an object press SHIFT + click Left Mouse Button.

To rotate amodel press Alt + click Left Mouse Button.

To zoom in/out press Alt + SHIFT + click Left Mouse Button.

Holding the <ALT> key and double-clicking the left mouse button orients objects in the drawing
window according to the figure below.

Colored box shows double-click location

There are a number of additional hotkeys. They are broken down into two groups: general hotkeys
and 3D Modeler hotkeys.
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General Hotkeys

F1 Help

F2 Rename an option on the project manager window.

F1 + Shift Help on Context

F4 + CTRL CloseModeler

CTRL + C Copy

CTRL + N New Project

CTRL + O Open

CTRL + S Save

CTRL + P Print

CTRL + V Paste

CTRL + X Cut

CTRL + Y Redo

CTRL + Z Undo

CTRL + 0 Cascade windows

CTRL + 1 Tile windows horizontally

CTRL + 2 Tile windows vertically

3D Modeler Hotkeys

B Select face/object behind current selection

F Face selectionmode

O Object selectionmode

E Edge selectionmode

V Vertex selectionmode

U Submodel selectionmode

M Multi-selectionmode (eg. to select an edge and a vertex)

CTRL + A Select all visible objects

CTRL + SHIFT + A Deselect all objects

CTRL + D Fit view

CTRL + E Zoom in, screen center
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CTRL + F Zoom out, screen center

CTRL + Enter Shifts the local coordinate system temporarily

SHIFT + Left Mouse Button Drag

Alt + Left Mouse Button Rotatemodel

Alt + SHIFT + Left Mouse
Button

Zoom in/out

F3 Switch to point entrymode (i.e., draw objects bymouse)

F4 Switch to dialogue entrymode

(i.e., draw object solely by entry in command and attributes
box)

F6 Render model wire frame

F7 Render model smooth shaded

Snapping to a Point
TheHFSSmodeling UI employs a visual feedback system that allows you to “snap” to a particular
location on an object. The cursor changes shape when it ismoved over a specific location, thus
indicating that any drawing object created will be snapped to that specific location.

Figure 5-3 Simple 3D object showing various “snap” locations and the location-specific
icon.

By default, the selection point and graphical objects are set to “snap to,” or adhere to, a point on the
grid when the cursor hovers over it. The coordinates of this point are used, rather than the exact
location of themouse. The cursor changes to the shape of the snapmodewhen it is being
snapped.
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The cursor in the HFSSmodeling UI is usually a small diamond. However, the diamond shape
changes into a circle, triangle, pie slice, or rectangle, depending on whether the cursor ismoved
into close proximity with a face center, mid edge, quarter edge, or corner vertex, respectively. Once
the cursor has changed shape, a drawing object is “snapped” to the location that corresponds to
the cursor shape. For example, if you want to draw a cylinder that is centered on a face of a cube,
simplymove the cursor over the center of the face until the cursor changes to a circle. Once it has
changed shape to a circle, click to set the start location of the cylinder and the cylinder center will be
snapped to the center of the cube face.

You can follow the above procedure and snap to any convenient point when creating anymodel
objects.

Snap locations can be activated and deactivated at your discretion. To do this, a user can simply
select which snap to have active by selecting the appropriate icon. Alternatively, a user can vary the
snap selection by selectingmodeler in the tool bar and choosing snapmode.

Assigning Boundaries in the GUI
Boundaries are assigned to 2D object in amodel or on the surfaces of 3D objects.
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Figure 5-4 Perfect E Boundary assignment

To assign a boundary to a 2D object or 3D face, press the F key to enter face selectionmode and
select the appropriate 2D object or 3D face. Once all the desired faces have been selected, simply
right-click and selectAssign Boundary. Finally, select the desired boundary. Alternatively, once
all the faces have been selected, a user can click themenu itemHFSS near the top and go to
Boundaries> Assign > and select the desired boundary.

Note: If you want to assign a common boundary tomultiple faces, first select themultiple faces by
holding the CTRL key and in the sameway assign the boundary.
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Assigning Driven Modal Solution Excitations in the GUI
Excitations are assigned to 2D object in an HFSSmodel or on the surfaces of 3D objects. You can
assign appropriate excitations on a design based on the solution type. The steps for assigning
wave ports for a drivenmodal project are shown below.

Figure 5-5 Wave Port assignment for a modal project

To assign an excitation to a 2D object or 3D face, press F to enter face selectionmode and select
the appropriate 2D object or 3D face. Multiple faces can be selected if a common excitation is to be
applied to them. Once all the desired faces have been selected, right-click and go to select Assign
Excitation and click the desired excitation from the submenu. Alternatively, select all the faces and
click theHFSSmenu item on themenu bar near the top, and go to Excitations > Assign > and
click the desired excitation on the submenu.
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A user should ensure that the port area is of the proper dimension. For reference, see the section
on ports. While it is not necessary to create an integration line when creating a wave port, it is good
modeling practice and is, therefore, strongly encouraged.

Assigning Driven Terminal Solution Excitations in the
GUI
Excitations are assigned to specifically created 2D object in an HFSSmodel or to specific faces of
3D objects. To assign an excitation to a 2D object or 3D face, simply change to the select faces
mode and select the appropriate 2D object or 3D face. Multiple faces can be selected if a common
excitation is to be applied to them. Once all the desired faces have been selected, right-click, select
Assign Excitations, and choose the desired excitation. Alternatively, once all the faces have
been selected, you can click on HFSS in the top-level menu bar, select excitations, choose assign,
and select the desired excitation.
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Figure 5-6 Terminal Solution Excitations on a Connector
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HFSS can automatically associate terminals with the ports whether you assign the ports first and
then define the terminals or vice versa. You can define terminals from the Excitations level (in the
Project Manager window) when the ports already exist. Regardless of the order in which they are
assigned, a terminal is associated with the port containing the signal and reference conductors that
define the terminal.

Assigning and Creating Materials
All 3D objects in HFSSmust have amaterial property assigned to them. Objects are assigned a
default material during the 3D object creation process. Thematerial assigned to a given object can
be changed at any time after the object is created.

Figure 5-7 Material Assignment process

You can also define or change thematerial property of an object, from the Edit Librarieswindow.
To bring up this window, go to the Toolsmenu and select the Edit Libraries > Materials. Select
thematerial from the database and clickOK to assign the desiredmaterial on the object.

There are other methods to assignmaterials. After you create an object theProperties window
appears. ThePropertieswindow is also docked with the Project Manager window. Upon
creation of a new object, go to theAttribute tab on the Properties window. From theMaterials
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drop-downmenu select Edit and open theSelect Definition window and specify the desired
material from the database.

If you double-click the object name in the command history tree, the Attribute dialog box appears
where you can change thematerial.

If a particular material is not found in the default HFSSmaterial database, a custommaterial can be
created. Frequency-dependent material can also be created if needed.

To add amaterial to the database, simply access thematerials database and click on the Add
Material button at the bottom of the dialog. Simply enter a name along with the desiredmaterial
properties and close the dialog by clicking OK. The createdmaterial is automatically assigned to
the 3D object.

Frequency-dependent materials can be based on four distinct definitions: Piecewise-linear, Debye,
Djordjevic-Sarkar, or as a collection of data points. Eachmethod creates amaterial that has
specificmaterial properties as a function of frequency.

ThePiecewise Linear and Frequency-Dependent Data Pointsmodels apply to both the electric
andmagnetic properties of thematerial. However, they do not guarantee that thematerial satisfies
causality conditions, and so they should be used only for frequency-domain applications.
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Figure 5-8 Custom material creation

The Piecewise linear model defines amaterial that has three distinct regions. The first region has a
flat constant dielectric property, the second has a linear slope, and the last section is flat again. You
can specify the break frequencies between sections one and two and sections two and three.

The Debye and Djordjevic-Sarkar models apply only to the electrical properties of dielectric
materials. Thesemodels satisfy the Kramers-Kronig conditions for causality, and are preferred for
applicationswhere HFSS results, both S-parameter and equivalent circuit, will be used in a time-
domain simulation.

TheDebyemodel is a single polemodel for the frequency dependency of a lossy dielectric. You
can specify the two frequencies along with the dielectric constant and loss tangent at those
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frequencies. If desired, you can also specify the permittivity at an optical frequency and DC
conductivity and constant relative perme- ability.

For theDjordjevic-Sarkarmodel, you can specify the permittivity and loss tangent at a single
frequency. Additionally, youmay enter the conductivity and permittivity at DC. Thismodel was
specifically developed for materials that are commonly used in printed circuit board and package
designs.

Creating Variables
You can create variables for any dimensional or material property, or output value. Variables can
be Design variables or Project variables. Once a variable has been created, parametric sweeps,
optimization, sensitivity and statistical analysis can be performed.

Figure 5-9 Variable Creation

When you specify a variable in the Properties window for a particular dimension the Add Variable
dialog appears. In this dialog you can define theValue, Unit, and the Unit Type for the variable.

HFSSModeling GUI Basics 5-18

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

You can also define variable as you create the object. For example, suppose you want to create a
box and variables for the length, breadth, and height of the box. To do this, enter the variable name
for the different dimensions. For each variable name you enter, the Add Variable dialog box
appears prompting you to specify a value for the defined variable.

There are two types of variables in HFSS: design variables and project variables.Project variables
can be assigned to any parameter value within the HFSS project where it was created. By
contrast, design variables can be assigned only to a parameter value within the design where it
was created. A project may contain many designs, so depending on how often a variable is used
and where you can determine what type of variable to use.

Regardless of the type of variable, it always represents a numerical value, mathematical
expression, or mathematical function that can be assigned to a design parameter in HFSS.
Variables are very useful in situationswhere a parameter value is changed often, if it is desired to
perform a parametric analysis, perform an optimization, or intend to create an output variable to
which HFSS is desired to converge to.
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6 - HFSS Post-Processing
l "Plotting S-parameter results" below
l "Exporting Touchstone Files" on page 6-3
l "Advanced Plotting of Results" on page 6-4
l "Plotting Antenna Results" on page 6-5
l "Plotting Field Results" on page 6-7
l "Creating Animations" on page 6-8

Plotting S-parameter results
One of themost important outputs fromHFSS is the S-parameter. Once a simulation has finished,
S-parameters can be plotted at a single frequency or over a frequency sweep.

An Introduction to HFSS
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Figure 6-1 Creation of S-parameter plots

To create an S-parameter plot, right-clickReports on the Project manager window and select
the optionCreate Modal Solution Data Report > Rectangular Plot. This command opens the
Report dialog box. Select the desired Solution under the Context panel and then from the
Category, Quantity, and Function panels, select the S-data to be plotted.

HFSS generates S-parameters with matched loads. Matched load essentiallymeans that the port
is loaded by its characteristic port impedance. S-parameters of thematched loads can be
renormalized by loading the ports with arbitrary impedance.When comparing HFSS wave port
results to measured data, it is important to re-normalize the HFSS results to the loading
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impedanceswhen themeasurement was performed. If a given S-parameter is based on a lumped
port, the S-parameters are normalized to the value of Zo specified when the port was created.

Exporting Touchstone Files
HFSS allows exportation of any of the quantities that it calculates in touchstone format.A common
use of exported touchstone files is in circuit simulators. Touchstone files are easily exported by
following the steps.
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Figure 6-2 Exporting touchstone files

The steps for exportingmatrix data in touchstone format is straightforward. Right-clickResults
from theProject Manager window and select the optionSolution Data from the sub-menu. This
command opens theSolution Datawindow. Go to theMatrix Data tab and select the button
Export Matrix Data. This option lets you export the calculated quantities in touchstone format.
Browse to your desired folder to save the file in touchstone format.

Advanced Plotting of Results
In addition to S-parameters, HFSS can plot a number of additional quantities of interest in
RF/microwave/SI design using the Results Editor. A partial list of these quantities include gamma
information, Y and Z parameters, TDR results, VSWR data, andGroup Delay.

Figure 6-3 Report dialog box

Some of the options appearing on the Results dialog box are described below.

Domain: Plot time-domain responses for a given simulationmodel by selecting TIME as the
sweep variable in the drop-down dialog in the upper left of the New Report Dialog. Once the TIME
variable has been selected, the TDR options button becomes active and a user can choose to plot
a time-based system response such as a TDR plot.
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Families: For a parametric sweep, the data families are available to be plotted if you select the
Families tab in the top center of the New Report Dialog. The Families tab allows you to access
parametric data.

Output Variables: To generatemathematically based output quantities, select theOutput
Variables button. The standard output quantities can be enhanced by creating output variables
based onmathematical expressions. These output variables can be created by clicking on the
Output Variables button in the lower right-hand corner of the New Report Dialog.

Category: Select the appropriate Category depending upon the quantity of interest that you want
to plot.

Function: This option allows you to choose a proper function type for your quantity. For example,
you can select dB for plotting S-parameters.

Note:Reports can also be generated by clicking HFSS in themenu bar, selecting results, and
selecting createmodal (or terminal) reports. In the new report dialog, you can specify what data is
to be plotted (as shown above).

Plotting Antenna Results
Far field antenna patterns are easily generated byHFSS using theReports Editor. The procedure
is similar to plotting the standard circuit parameters. But themodel should include either Radiation
or PML boundaries, and a Far Field Setupmust be defined before Far Field quantities can be
plotted.
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Figure 6-4 Far field radiation sphere setup

The specified far field radiation sphere setup is selected from theGeometry drop downmenu of
theReport dialog box. This report dialog box is generated by right-clickingResults in theProject
Manager window and selectingCreate Far Fields Report > Radiation Pattern.
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Figure 6-5 Creation of Far Fields Radiation pattern

WhenHFSS generates far field data, the field values on the radiation surfaces are used to
compute the fields in the space surrounding themodeled structure, outside of the solution volume.
This space is broken down into the near field and far field regions, where the near field is the region
close to the solution volume.

Plotting Field Results
HFSS can produce a plot of any standard electromagnetic quantity, such as the electric field,
magnetic field, Poynting vector, or current density. Generally, fields are displayed on 2D objects,
faces of 3D objects, or on coordinate system planes. Plots can be scalar quantity plots or vector
quantity plots.

Specific quantities based onmathematical operations on the basic field quantities can also be
plotted by use of the fields calculator.
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Figure 6-6 Example of an E-field plot on the XZ plane of a pillbox antenna

Field plots or, more specifically, field overlays, are representations of the basic or derived field
quantities on specific surfaces of objects or within an object for the current design variation.

A field overlay’s appearance can be changed bymodifying the settings in the Plot attributes dialog
box. This dialogmodifies a plot folder and all field overlays contained within that folder will use the
same attributes.

Field overlays can also be created by the use of the field calculator. The field calculator allows you
to createmathematical operations on the basic field quantities. These results can be plotted or
exported depending upon your needs. Once amathematical operation has been created in the
calculator, it can be added to theNamed Expressions stack. After adding, this quantity can be
plotted by selectingPlot Fields > Named Expressions dialog.

Alternatively, you can simply right-click in themodeler window, and selectCopy Image. This
operation places the contents of the window into the “clipboard,” and you can paste the field
overlay into a document such asWord or PowerPoint.

Creating Animations
HFSS allows the animation of any field overlay plot. Field overlays can be animated with respect to
excitation phase or any other variable that is part of the HFSS design, including user-created
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variables.

Only existing field overlays can be animated.

An animated plot is a series of frames that displays a field, mesh, or geometry at varying values. To
create an animated plot, you can specify the values of the plot that you want to include. Each value
is a frame in the animation. You can specify the number of frames to include in the animation.
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7 - Component Modeling
l "3D Components" below
l "3D ComponentsWorkflow" below

3D Components
In HFSS, you can create 3-D components and integrate them into larger assemblies. HFSS 3-D
components also comeswith optional encryption and password protection features that allow
component creators to control their access and use.

This 3D component modeling approach facilitates the creation of large communications systems,
and becomes especially useful as these systems becomemore andmore complex. Consider the
creation of an aircraft communication system in which a number of blade antennas operate on a
single helicopter. The component modeling approach enables the antenna engineer to create the
blade antenna once and turn it into a 3D component. They can also create copies of this
component in order to make them shareable with the system integrator. For the system integrator it
is very efficient and convenient if these blade antennas exist as 3D components so that they can
simply add these simulation-ready components onto the helicopter body. If the creator of the
antenna chose to protect their model by encryption, a password or an internal key is needed; when
the blade antennas are placed on the body of the helicopter the end user needs the password or
the internal key to place the component on themodel and run the simulation.

This results in an accurate, fully coupled 3-D simulation that accurately characterizes the antenna
performance in the context of the entire communication system.

This component design flow saves time and effort since you only need to create a component once,
and then canmake it available for use while designing several different communication systems. It
also enhances collaboration among engineers and allows each to focus on their area of expertise
thereby improving workforce productivity.

Simulation-ready 3-D components can be created and stored in library files that can be simply
added to larger system designswithout the need to apply excitations, boundary conditions and
material properties. All these internal details are already incorporated in the original design of the 3-
D components.

3D Components Workflow
This section describes the typical workflow involved in creating a 3D Component, hiding the
internal details of the component, encrypting the component and then adding it to a target design.
To illustrate the workflow, a blade antenna design is used. The blade antenna is turned into a 3D
component and placed on the top of a helicopter model. The process of creating the 3D component
and integrating it to a larger assembly is described below.

An Introduction to HFSS

Component Modeling 7-1

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

l Press theO key to enter object selectionmode in HFSS, and select the entire antenna.
l Right-click and select theCreate 3D Component option from the sub-menu. This
command brings up the Create 3D Component dialog boxwhich contains the following
tabs: Info,Model,Boundaries, Excitations,Mesh Operations,Coordinate Systems,
Parameters, Encryption,Hybrid Regions, and Image.

l The Info tab is populated with the default component name (in this case,Blade Antenna),
its owner, date, and other details. The fields appearing on the Info tab are editable. You can
enter text in theNotes field if needed; if you want you can also enter your organization’s
name in theCompany field.

l If you want to display your company logo when the component is used, select the check box
Display image in 3D modeler window whenever this component is used, and click
theBrowse button to locate the appropriate graphic and include it.

l All properties of the blade antenna are encapsulated in the component. The properties on
the various tabs cannot bemodified directly in the target design. However, you can define
parameters in the component. The user of the component canmodify these parameters in
the target design. If the creator of the component edits its properties and saves the changes,
the user of the component has the option to update the instance in the target design.

l The Image tab gives the preview of the 3D component that the user will see when selecting
the component.

l 3D components also comewith the encryption and password protection features that allow
the user of the component to control their access and use. These features are optional.
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Figure 7-1 Encryption tab of the Create 3D Component dialog box

l Another important feature is that the creator of the component can also hide its internal
details. By default all objects of the 3D component are hidden. You can select the objects
that you want to hide from the user of the component. Depending upon your preference you
can alsomake all or some of the objects in the component visible. For example, you can
make the component outline visible along with some geometry details to help the user of the
component with its placement and the post processing operations. The objects that you
want to hide or make visible in the target design can be specified in theModel tab.

l To encrypt the component you can configure a user password or an internal key.
l After you specify the various options accordingly on the Create 3D Component dialog box,
clickingOK brings up the Export Filewindow.

l You can store the component in any location. UserLib or PersonaLib directories are also
provided for storing the components. The first 3D Component that you save in one of these
directories generates a folder named 3D Component under that directory. These UserLib
and PersonaLib locations are for any libraries of definitions includingmaterials, circuit
components, and 3D components. Their usage is based on convention. Userlib is a central
library in the installation directory that ismeant to be shared bymultiple users whereas
Personalib, located in the project directory, ismeant to be used by individual users. For this
example, store the component in the UserLib so that the blade antenna can be shared with
many users.

Component Modeling 7-3

ANSYSElectromagnetics Suite 18.0 - © SAS IP, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



An Introduction to HFSS

Figure 7-2 Encrypt the component by configuring a password or internal key

l At this point the 3D component with hidden content is created and becomes shareable with
the user or the system integrator who can add the component to the target design.

l To add the component, right-click 3D Components option on the Project Tree and from the
sub-menus select Insert Instance > UserLib > Blade Antenna. Since the component is
stored in UserLib, it appears as a selection.

Note: Blade Antenna is the default component name.

l If the 3D component was encrypted, an internal key or user password is required depending
upon the type of protection configured by the creator.

l The Insert 3D Component dialog box appears. The Image tab accordingly hides the
internal details as specified by the creator of the component. If you define the correct
coordinate system for the placement of the component on the platform and clickOK, the 3D
component is added to the target design at the appropriate location.

l In this example, the blade antenna component gets placed on the top of the helicopter body.
l The system is now ready for simulation. The antenna details remain encapsulated in the 3D
component and do not become a part of the helicopter model, but they are passed to the
solver for simulation. This results in an accurate, fully coupled, 3D simulation of the entire
system. Fields from the antenna induce currents on the helicopter body, and reflected fields
from the helicopter may also interfere with the antenna performance. HFSS uses efficient
hybrid simulation techniques to efficientlymodel the interaction between the structures, and
to apply the appropriate solutionmethods to each.
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Figure 7-3 3D simulation of the entire system after Blade Antenna 3D component is
added on the top of a helicopter body

Click below to watch a video on creating 3D components in HFSS
.
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