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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in
this documentation.

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

» Bold type is used for the following:

o Keyboard entries that should be typed in their entirety exactly as shown. For
example, “copy file1” means you must type the word copy, then type a space, and
then type file1.

° On-screen prompts and messages, names of options and text boxes, and menu
commands. Menu commands are often separated by greater than signs (>). For
example, “click HFSS > Excitations > Assign > Wave Port.”

o Labeled keys on the computer keyboard. For example, “Press Enter’ means to

press the key labeled Enter.
« |talic type is used for the following:

° Emphasis.

° The titles of publications.

o Keyboard entries when a name or a variable must be typed in place of the words in
italics. For example, “copy filename” means you must type the word copy, then
type a space, and then type the name of the file.

* 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,
while holding it down, press the F1 key also. You should always depress the modifier key

or keys first (for example, Shift, Ctrl, Alt, or Ctrl+Shift), continue to hold it/them down, and
then press the last key in the instruction.

Accessing Commands: Ribbons, menu bars, and shortcut menus are three methods that can
be used to see what commands are available in the application.

« The Ribbon occupies the rectangular area at the top of the application window and con-
tains multiple tabs. Each tab has relevant commands that are organized, grouped, and
labeled. An example of a typical user interaction is as follows:

"Click Draw > Line"

@ AL
O L.
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This instruction means that you should click the Line command on the Draw ribbon tab.
An image of the command icon, or a partial view of the ribbon, is often included with the
instruction.

* The menu bar (located above the ribbon) is a group of the main commands of an applic-
ation arranged by category such File, Edit, View, Project, etc. An example of a typical user
interaction is as follows:

"On the File menu, click the Open Examples command" means you can click the File
menu and then click Open Examples to launch the dialog box.

* Another alternative is to use the shortcut menu that appears when you click the right-
mouse button. An example of a typical user interaction is as follows:

“Right-click and select Assign Excitation > Wave Port” means when you click the right-
mouse button with an object face selected, you can execute the excitation commands
from the shortcut menu (and the corresponding sub-menus).

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 steps were
taken or what stages the simulation reached, including software files as applicable. This allows
more rapid and effective debugging.

Help Menu
To access help from the Help menu, click Help and select from the menu:
* [product name] Help - opens the contents of the help. This help includes the help for the
product and its Getting Started Guides.
* [product name] Scripting Help - opens the contents of the Scripting Guide.

« [product name] Getting Started Guides - opens a topic that contains links to Getting
Started Guides in the help system.

Context-Sensitive Help

To access help from the user interface, press F1. The help specific to the active product (design
type) opens.

You can press F1 while the cursor is pointing at a menu command or while a particular dialog
box or dialog box tab is open. In this case, the help page associated with the command or open
dialog box is displayed automatically.
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1 - Introduction

This document is intended as supplementary material to HFSS for beginners and advanced
users. It includes instructions to create, simulate, and analyze a dielectric resonator antenna.

What You Will Learn

By following the steps in this guide, you will learn how to perform the following HFSS tasks in
Ansys Electronics Desktop:

¢ Draw a geometric model

* Modify a model’s design parameters

» Assign variables to a model’'s design parameters

» Specify solution settings for a design

+ Validate a design’s setup

¢ Run an HFSS simulation

e Create a 2D X-Y plot of S-parameter results

» Create afield overlay plot of results

» Create a phase animation of results

Sample Project - Dielectric Resonator Antenna (DRA)

This antenna is cavity-backed with an annular-slot-fed hemispherical dielectric resonator. The
antenna feed is achieved by coaxial excitation across one side of an annular slot between the
cavity and the DRA dielectric. For this project, the engineering focus is on the behavior of the
antenna itself, not its feed. Therefore, the model will feed with a lumped port across an annular
slot. The design’s operating frequency is 3.5 GHz.

Note:
This project is also described and analyzed in the following IEEE publication:

e Leung, KW., So, K.K., “Annular-slot-Excited Dielectric Resonator Antenna with
a Backing Cavity,” IEEE Transactions on Antennas and Propagation,
August 2002.

A half-symmetry model of a Dielectric Resonator Antenna (DRA), designed in Ansys Electronics
Desktop as an HFSS design, is illustrated in the following figure:

Introduction 1-1
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Figure 1-1: Sample Project - Dielectric Resonator Antenna (DRA)

Finite Element Method

The geometry for the DRA described in this document appears in the following figure.

In HFSS, the model is automatically divided into a large number of tetrahedra. A tetrahedron is a
four-sided polyhedron with planar faces that are all triangular (also referred to as a triangular pyr-
amid). Unlike the pyramids of Egypt, the base is triangular, not rectangular, and there is one

Introduction 1-2
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fewer side. This collection of tetrahedra is referred to as the finite element mesh. The figure
below shows the automatically created mesh for the DRA.

Figure 1-2: The Mesh that Constitutes the Antenna

Dividing a structure into thousands of smaller, basic regions (elements) allows the system to
compute the field solution separately in each element. The computations at each individual ele-
ment are relatively simple, but together, the elements can represent a complex and otherwise
unsolvable structure. Generally, the smaller the system makes the elements, the more accurate
the final solution will be. The quality of the elements (aspect ratio, internal angles, and so on) is
also a consideration.

Overview of the Interface

This section provides an overview of the HFSS user interface. The following figure represents an
HFSS design of a dielectric resonator antenna within the Ansys Electronics Desktop.

Introduction 1-3
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential
information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with HFSS: Dielectric Resonator Antenna (DRA)

l ANSYS Electronics Desktop 2041 B2 - dra diel - HF330essgn - 30 Modeler - [dra_diel - HF330esagn1 - M - 0 X
U0 File Edit View Project Draw  Modeler HiSS Tooks Window Help -8

H 404 undo Select Objet - ¥ B s fan @, Fit A4:B@ NI O HMuoeE @ b-|d O 3Heid M E dod
A Copy (4Redo | (9 5elec by % % Girotte- Qrtseted G OO |@ AL S| FIFLE A @=-|) Dhie x - Eig oowe
- [ Paste X Delete ® S i orient - meh @ [\ |& ARl |8 Nl Be i - G| B
Desitop  View | Draw  Model  Simulation  Reswls  Aulomation  Ansys Minervs 0 ﬂ
Froject Manager 2 x {54 Made Component Libraries X
a2 (1 dra_diet® Al o zj :hds P JZ -
=) s HrssDesign1 (Driventiodal)* G / e 4 Mt Recerey Lsed
© D Cnpants 4P aivel S 2 HFSS Conpanerts
i Model B & oty e 5 (g Foserberges (Bea)
] Croust Boments 4 dra die T 15 Santec Conectons (et
] B Bousdaries [ & dn B 3 Anberrany
] ﬁ Exatations o Sheets [o3F | EMIEME
;H,ﬁdm -5 Lumped Port 3 Human Bl Eterons
& (L3 khansen
’ g~ ]
! g::‘m b bt £ 3 Madtcs 3 by
# = [ Mk Anderia
& optmetis (o B3 annular_ng 3 Rectangular Wavequde
& E Rl o] k Coardinate Systerns [ 3 Suface Mount Devices
-] Port Fekd Diplay o | @ Planes [ 3 TOK
5 ol @ Lists
Properies 3 x o
Nome [Vae| Wt | EvitedVahe | 1 @

8

i ¥

Meisage Managet

Vaaies [HFSS |
Hothing s seected t—o—b {17 Hide O Messages ||~ ide Frogress |

Figure 1-3: Overview of the Ansys Electronics Desktop Graphical User Interface

The following table describes the different options present in the user interface:

1 Project Manager Displays details of the design projects. Each project has
Window its own main branch of the project tree, which ultimately
includes various information and options (like the type of
design, boundaries and excitations, analysis setups, and
analysis results).
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Modeler Window Includes the drawing area of the active model and the His-
tory Tree (item 3).
History Tree Displays all operations and commands carried out on the

active model (such as information about the model’'s
objects, all actions associated with each object, and
coordinate system information).

Ribbon Contains various commands and options to create, man-
age, set up, analyze, and evaluate your designs and to
customize program options. These commands and
options are organized into related sets, with each logical
group on a separate tab. The ordering of the tabs is
designed to follow a left-to-right workflow. Certain popular
commands (such as Save and various View options)
appear on multiple tabs.

Not all of the available commands can be accessed via
the ribbon. Others are accessed from the Menu Bar (item
5) and shortcut menus that appear when you right-click.

Menu Bar Provides various menus that enable you to perform all of
the HFSS tasks (such as managing project files, cus-
tomizing the desktop components, drawing objects, and
setting and modifying all project parameters).

Properties Window | Displays the attributes of a selected object in the active
model (such as the object’s name, material assignment,
orientation, color, and transparency). This window also
displays information about a selected command that has
been carried out. For example, if a circle was drawn, the
information about the command includes its name
(CreateCircle), the type and name of the coordinate sys-
tem the circle was drawn in, the coordinates of the circle’s
center position, its axis, and its radius.

To differentiate this window from the similar Properties dia-
log box, it is typically referred to as the "docked Properties
window" within the Getting Started Guides.

Introduction 1-5
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Status Bar

Shows current actions and provides instructions.

Also, depending on the command being carried out, the
status bar can display the X, Y, and Z coordinate boxes;
the Absolute/Relative drop-down menu to choose
whether to enter a point’s absolute or relative coordinates;
a drop-down menu to specify points in Cartesian,
Cylindrical, or Spherical coordinates; and the active
model’s unit setting.

Message Manager
Window

Displays errors, warnings, and informational messages
for an active project.

Progress Window

Displays solution progress information.

Component Librar-
ies Window

This window is one of several that you can optionally dis-
play or hide via the View menu. It displays 3D com-
ponents that are stored in the SysLib and PersonalLib
directories. From here you can easily add 3D components
into your project.

Other windows you can display here contain Com-
ponents, Layers, and Nets information. Additionally, the
ACT Extensions window (supported on Windows plat-
forms only) has wizards to automate the creation of vari-
ous models.

11

Orientation Gadget

This gadget is a graphical tool for quickly and easily manip-
ulating the view orientation.

Introduction 1-6
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2 - Create the New Project

This chapter contains the following topics:

Launch the application and insert an HFSS design
Enable legacy view orientations

Set the units of measurement

Verify HFSS and modeler options

Select the solution type

Set the coordinate system

Launch EDT and Insert an HFSS Design

Launch the Ansys Electronics Desktop appplication and insert an HFSS Design in which to cre-
ate the dielectric resonator antenna (DRA). There are several procedures to complete prior to
beginning model construction.

Launch Ansys Electronics Desktop (EDT):

For convenience, a shortcut to the EDT application is placed on your desktop during program
installation. Optionally, you may want to pin the shortcut to your Windows Start Menu too.

@)
. Double-click B4 1l Ansys Electronics Desktop (or click the same shortcut on your

Start Menu) to launch the application.

Ansys Electronics Desktop opens.

. Ansys Electronics Desktop 2021 R2 - Project]
File Edit WYiew Project Tools Window Help

] ’-“f = | I |-ﬁ—h ! ™ |:__-_'H Save Archive L Cut Ind g rﬂﬁ
rad
A [# Restore Archive | Copy edo [

s

Mew ©Open  Open Save Save Close N ' HF55 Q3D
E}{amples .I'!'.S _l Fasie X DEIEtE - -
Desktop View Simulation Automation
Project Manager o =

-3 Project1

Figure 2-1: Ansys EDT Application Launched
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Note:

If a project is not listed at the top of the Project Manager, click j New on the

Desktop ribbon tab to include one. If the Project Manager window does not
appear after launching the application, go to the View menu and select the Pro-

ject Manager option.

Insert an HFSS Design:

2. On the Desktop ribbon tab, click % Insert HFSS Design.

HFSSDesignx appears in the Project Manager. Click + to expand the branch.

m Ansys Electronics Desktop 2022 R1 - Project] - HF55Design - 30 Modeler - [Project?

B File Edit View Project Draw Modeler HF5:  Tools Window Help
| I y Cut Undao Select: Ohject = * E; 4$0-F'ar1
=3 Copy Redo % Select by Mame = ‘-}-Rntate =
Save Zoom
4 Paste ¢ Delete o « ) crient -
Desktop View Drraw Model Simulation Results Automation
Project Manager 0 x @ #-]2, Coordinate Systems

=[] Project1*
-
é 30 Components
----- fiis Model
@ Circuit Elements
[ Boundaries
-5} Excitations

..... ﬁ Analysis

- [E Optimetrics

..... Results

----- Port Field Display
..... % Field Qverlays

..... Radiation

i1 Definitions

||

--@ Planes
-4 Lists

Figure 2-2: HFSSDesignx Inserted
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Note:

The Definitions folder includes materials, scripts, and other data stored under the
project name.

3. On the Desktop ribbon tab, click H Save As.

The Save As dialog box appears.

4. Browse for a location to store the file (such as D:\MyProjects), and then double-click the
folder's name. You can also create a new folder through this dialog box.

5. Type DRA in the File name text box and then click Save.

This operation saves the project in the specified location with the file extension aedt.
Notice that the project name at the top of the Project Manager has been updated too.

Enable Legacy View Orientations

This getting started guide was created based on standard view orientations that were in effect
for version 2023 R2 and earlier of the Ansys Electronics Desktop application. For consistency
between your experience and the views and instructions contained in this guide, select the
Enable Legacy View Orientation option in the 3D Ul Options dialog box, as follows:

1. From the menu bar, click View > Options.
The 3D Ul Options dialog box appears.

2. Select Enable Legacy View Orientation:

Create the New Project 2-3
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3D Ul Options x

General | 3D Modeler Graphics |

[T Stereomode  (Affects only the newly created windows)
I Drag Optimization
[+ Show Ansys logo

Default Color Key height 6 {Maxaimum number of values
displayed)

When there is a selaction
[+ Selection always visible
[+ Settransparency of selected objects 01

[+ Seltransparency of non-selecled objects 049

Default Rotation About

" ModelCenter (~ CumentAxis (# ScreenCenter ( Cursor

Middle Mouse Buton Drag

(@ Rotate (— Pan  Zoom
Gradual View Change
[« Animata

Animation Duration

} 500 msecs

[v" Enable Legacy View Ornientation |

OK | Cancel

3. Click OK.

Changing the view orientation option does not change the model viewpoint that was in
effect at the time.

4. On the Draw ribbon tab, click & Orient to change to the Trimetric view, which is the
default legacy view orientation.

You do not have to select Trimetric from the Orient drop-down menu. The default view
appears when you click Orient.

Although this option can only be accessed once a design is added to a project, itis a global
option. Your choice is retained for all future program sessions, projects, and design types that
use the 3D Modeler or that produce 3D plots of results.

At the end of this guide, you will be prompted to clear the Enable Legacy View Orientation
option, if you prefer to use the view orientation scheme implemented for 2024 R1 and newer ver-
sions going forward.

For a comparison of the legacy and current view orientations, search for "View Options: 3D Ul
Options"in the HFSS help. Additionally, views associated with Alt + double-click zones have

Create the New Project 2-4
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been redefined. The current orientations are shown in the help topic, "Changing the Model View
with Alt+Double-Click Areas."

Set the Units of Measurement
Set the units of measurement for drawing the geometric model to millimeters, as follows:
1. On Draw ribbon tab, click Units.
The Set Model Units and Max Extent dialog box appears.

2. Select mm (millimeters) from the Select units drop-down menu if it is not already selec-
ted.

Keep the Rescale to new units and Advanced options cleared.

8] set Model Units and Max Extent X

Select units =

[ Rescale to new unitz

[ Advanced

kaodel extents: -10000 ta 10000 rmm

All geometry zhould fit within these extents.

k. | Carnicel

Figure 2-3: Set Model Units Dialog Box
3. Click OK.

Verify HFSS and Modeler Options

Verify the relevant general options, as follows:

e —
1. Onthe Desktop ribbon tab, click General Options.
The Options dialog box appears.

2. Inthe options tree, expand the HFSS branch and select Boundary Assignment.
3. Ensure all Boundary Assignment options are selected, as shown below:

Create the New Project 2-5
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Options

General s
2D Extractor

Circuit Design

Circuit Metlist Design [v Duplicate boundaries/mesh operations with geometry

EMIT
= HFSs v Visualize boundaries on geometry

[+ Use Wizards for data input when creating new boundaries

General
Solution Type
Materials [+ Automatic PEC cap creation for wave port
Paost Processing

HFSS5 30 Layout

[v Auto-assign terminals on ports

Figure 2-4: Options Dialog Box — HFSS > Boundary Assignment Group

4. Inthe options tree, expand the 3D Modeler Options branch and select Drawing.
5. Ensure that the following two options are selected, as shown in the figure below:
« Automatically cover closed polylines
« Edit properties of new primitives

Note:

This option causes a Properties dialog box to appear when you create a
new primitive/object.

Options
Circuit Design ~ Drawing Data Entry Mode
Circuit Metlist Design ] .
EMIT {* Ppoint " Dialog
HF55 Use F3/F4 to switch between point and dialog entry mode
HFS5 30 Layout
Icepak Relative Coordinate System Creation Mode
Maxwell 20
Maxwel 30 " Axis/Position " Euler angle
Mechanical |Ise F3/F4 to switch between axis/position and Euler angle creation mode
Q3D
RMxprt Polyline Creation
Twin Builder
= 3D Modeler v Automatically cover dosed polylines  <lff———
Operation [v Show measure dialog during drawing
=nap ' ) .
Display v Edit properties of new primitives i ——
Group

Create the New Project 2-6
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Figure 2-5: Options Dialog Box — 3D Modeler > Drawing Group

6. Inthe options tree, select 3D Modeler > Operation.

7. Inthe Clone section, select Clone tool objects before intersecting.

Options
Circuit Design ~ Clone
Circuit Metlist Design [~ Clone tool objects before uniting
EMIT
HFSS [ Clone tool objects before subtracting
HFS5 30 Layout v Clone tool objects before intersecting i —
Icepak
Masewell 20 [ Clone tool objects before imprinting
Maxwell 30 [ Clone tool objects before projecting
Mechanical
Q3D :
RMxprt Coordinate System
Twin Builder [ Automatically switch to face coordinate system
= 3D Modeler
Drawing Model Edit
Snap Iv Delete invalid objects created during split operation
Display [ Automatically imprint wrapped sheets
Group
Figure 2-6: Options Dialog Box — 3D Modeler > Operation Group
Note:

This option instructs the 3D Modeler to always keep a copy of the first item selec-
ted when that object is intersected with one or more other objects.

8. Click OK.

Grid Settings

The grid displayed in the Modeler window is a drawing aid to visualize the location of objects and
to draw objects to prescribed size increments. The cursor snaps to grid point by default when
you click the mouse while drawing objects. The points on the grid are divided by their local x-, y-,
and z-coordinates, and grid spacing is set according to the current project’s drawing units.

For this antenna project, you do not need to edit any of the grid’s default properties.

Create the New Project 2-7
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Note:

To edit the grid properties, click the View menu and select Grid Settings. The Grid
Spacing dialog box appears. Use this dialog box to control the grid type (Cartesian or
polar), style (dots or lines), density, spacing, or visibility.

Select the Solution Type
To set the solution type:
1. From the menu bar, click HFSS > Solution Type.
The Solution Type dialog box opens.

2. Under Options, select Modal and also ensure that the remaining settings are as shown in
the following image:

Solution Type: DRA - DielectricRescnatorAntenna >

Salution Types
*+ HF55
" HFS5 with Hybrid and Arayps
" Tranzient
" SBR+
" Eigenmode
" Characteristic Mode

Options

& Metwork Analysiz 0 Composite Excitation

* Modal T Terminal

[ Auta-Open Fegion

| Save az default

k. | Caricel

Figure 2-7: Solution Type Dialog Box
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Note:
Since this antenna project is a mode-based problem, Modal is the appropriate
solution type option.

3. Click OK.

At this point you can start drawing the antenna geometry.

Set the Coordinate System

For this antenna problem, use the Global coordinate system (CS) as the working CS. This
coordinate system is fixed and is active by default. You can create other coordinate systems to
facilitate orienting new objects. The available CS types are summarized in the table below:

Global CS The fixed, default CS for each new project.

Relative CS | A user-defined CS. Its origin and orientation can be set relative to the global
CS, relative to another Relative CS, or relative to a geometric feature. This
type of CS enables you to easily draw objects that are located relative to
other objects.

Face CS A user-defined CS. Its origin is specified on a planar object face. This type of
CS enables you to easily draw objects that are located against another
object’s face.
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3 - Draw the Model

This chapter contains the following topics:
» Create the Spherical Cavity
° Modify the Cavity Attributes
o Verify Lighting Attributes
¢ Draw the Dielectric Resonator
* Create the Annular Feed Ring
¢ Draw the Feed Gap
e Create the Air Volume
« Split the Model for Symmetry

DRA Geometry:

The dielectric resonator antenna (DRA) model consists of five basic objects, with parameters as
listed in the table below:

Air Volume 30 mm radius and a height of 35 mm

Spherical Cavity 25 mm radius

Spherical Dielec- | 12.5 mmradius

tric
Annular Ring 5.8 mm outer radius and a width of 1.0 mm.
Feed Gap 1 mm thickness

Note:

All objects are centered at the global origin (0, 0, 0).

Create the Spherical Cavity

In order to create the antenna's spherical cavity, first draw a sphere and then splitit to generate a
hemispherical solid. The steps are listed below.

1. On the Draw ribbon tab, click @ Draw sphere.
2. Draw a sphere with the global origin as its center and with a radius = 25mm, as follows:
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a. Click on the Global Origin. The cursor becomes a black diamond to indicate snap-
ping points at the origin and all other grid points.

b. Press Tab to jump into the dX text box at the bottom of the EDT window. Specify the
following coordinates to define the Radius and then press Enter:

dX: 25,dY: 0,dZ: 0

Note:
Use the Tab key to navigate through the dX, dY, and dZ text boxes.

The sphere appears in the drawing region, and the Properties dialog box appears:

Command ],!-ﬂrihme ]
Mame | Value | Lt | Evaluated Value
Command CreateSphers
_Cn:u:nrdinate Sys... Global
| |Certer Postion 0 0.0 mm Omm , Omm , Omm
- |Radius 25 mm 25mm

Figure 3-1: Sphere Properties — Command Tab

. Ensure that the values in the Command tab of the Properties dialog box match the pre-
ceding figure.

. In the Attribute tab of the Properties dialog box, change the object Name to Cavity.

. Deselect Material Appearance, ifit's currently selected, to use your default object color
and transparency settings rather than those specified in the materials library.

. Click OK to close the Properties dialog box.
For now, keep the sphere selected.

. Press Ctrl+D to fit the sphere within the drawing region.
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=g Model
57 Solids
=4 vacuum
247 Cavity

m-lr, Coordinate Systems
-4 Planes
-2 Lists

[
0 15 30 (mm)

Figure 3-2: Sphere and History Tree in the Modeler Window

8. On the Draw ribbon tab, click B Split.

The Split dialog box appears.

9. Set all options on the Split dialog box as shown in the following figure and then click OK:

B spiit

pod

— Split methad

* Split uzing plane IW "I

™ Split uzing selection

— K.eep rezult

" Positive side ™ Megative side ¢ Both

— Split ohjects
& Spiit &l objects

™ Split objects crossing split plane

¥ Delete invalid objects created during operation

k. I Cancel

Figure 3-3: Split Dialog Box for Cavity
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The object Cavity is split, and only the negative half of the sphere remains.
10. Click in the Modeler window's background area to clear the current selection.

The color and transparency of your sphere may differ from the following image (depending
on your default appearance settings):

El-45 Model
7 Solids -
=4 vacuum

=P Cavity
-..{{» CreateSphere
.00 SplitEdit
m-lr, Coordinate Systems
#-4% Planes

-5 Lists

>

[
0 15 30 (mm)

Figure 3-4: Cavity after Splitting
Modify Cavity Attributes

On this page, you will learn about an alternative method of modifying the attributes of the Cavity
object (other than the Properties dialog box used in the last page).

1. Click Cavity in the History Tree to display its attributes in the docked Properties window.

Note:

You can enable this window by selecting View > Properties from the menu bar,
if it is not currently displayed.
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Atribute
MName | Walue | Lt | Evaluated Value
Mame Cavity
| Material "wacuum” "wacuum”
| | Solve Inside [v
| |Orientation Global
[ | Model v
N Group Madel
N Display Wireframe [
| Material Appearance [
- |color [ |
- |Transparent 04 |

Figure 3-5: Cavity Attributes

2. Ensure that the selected Material is "vacuum”, which is the initial default material for a
new HFSS design.

In the previous procedure, you ensured that the Material Appearance option was cleared.
In addition to assigning default color and transparency attributes, having this option
cleared enables you to override the default material appearance.

3. Click the color bar in the Value column of the Color row.
The Color palette appears.

4. Selectred (row 2, column 1 of the predefined colors), as shown below:
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| Color

Basic colors:

Custom colors:

N HEEEEEN
H HEEERERA]
N FMEAENER
0 HEEENEF
EN HEEEF

E

Reset Custom Colors to Defaults

et
i<
s

Hue:lﬂ—
Sat:lm Green:lﬂ_
Lum:lﬁ Ellue:lﬂ_

| Color

ok |

Cancel |

Add to Custom Colors

Figure 3-6: Color Pallette

Verify that the RGB values are Red: 255, Green: 0, Blue: 0 and then click OK.

5. Click the button in the Value column of the Transparent row.

The Set Transparency dialog box appears.

6. Enter 0.7 for the value of Transparency, as shown below, and click OK:

m Set Transparency

Pt

Opaque

o]

—

Transparent

Cancel |

Figure 3-7: Set Transparency Dialog Box

7. Click outside the object, on the Modeler window background, to deselect Cavity.

The object now has a translucent red appearance.
Verify Lighting Attributes
1. From the far right end of the View ribbon tab, click Modify Attributes > Lighting.

The Lighting Properties dialog box appears.
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Lighting Properties

™ Do not use lighting Armbignt Light Properties

I

Driztant Lights Yector

&dd

2 [-06 01 05 170538 -30 = Liznz
205 01 05 113099 -30 e
= Remowve
+ |02 0.4 1 3435 90 .
Orient Selected Point Light Dpnamically
" Spherical Wy Jl
{+ Cartesian Wy J|
Wz

Save az default Feszet from default k. | Cancel

Figure 3-8: Lighting Properties Dialog Box
2. Verify that the Do not use lighting option is cleared (not selected).
You can keep the remaining settings at their default values.
3. Click OK.

Your completed Cavity object should resemble the figure below:

Draw the Model 3-7
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting_; Started with HFSS: Dielectric Resonator Antenna (DRA)

Figure 3-9: The Cavity with Attribute Changes Applied
Draw the Dielectric Resonator
Now, draw another sphere, edit its attributes, and split it.

1. On the Draw ribbon tab, click @ Draw sphere.
2. Draw a sphere with its center at the origin and radius = 12.5 mm.

3. Ensure that the settings in the Command tab of the Properties dialog box match the fol-
lowing figure:

Command | Mttribute I

MName | Value | Iinit | Evaluated Value
Command Create Sphers
[ |Coordinate Sys... Global
| Certer Posttion |0.0.0 mm Omm , Omm , Omm
| Radius 125 mm  12.5mm

Figure 3-10: Properties for dra

4. Click the Attribute tab and type Dielectric in the Name text box.
5. From the Material drop-down menu, choose Edit.

The Select Definition dialog box appears.
6. Click Add Material.

The View / Edit Material dialog box appears.
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7. Specify the new material properties as follows:
a. Inthe Material Name text box, type dra_diel.
b. Inthe Value column of the Relative Permittivity row, specify 9.5.

B8] view / Edit Material

b aterial M ame

|u:|ra_u:|ie| - —

Froperties of the Material Wiew/Edit Material for

* Active Design

R elative Permittivity Simple

{" Achive Project

R elative Permeability Simple |1
Bulk Conductivity Simple |0 siemens m Al Properties
Dielectric Lozs Tangent | Simple |0 Physics:

Figure 3-11: View / Edit Material Dialog Box — Dielectric Material Properties

c. Click OK twice to close the View / Edit Materials and Select Definition dialog boxes.
8. Ensure that the Material Appearance option is not selected.

9. Change the Color to yellow (row 2, column 2 of the predefined palette colors: Red: 255,
Green: 255, Blue: 0).

10. Setthe Transparent value at 0.7.
11. Click OK but keep the Dielectric object selected for now.

=gl Model
-7 Solids

o4 dra_diel

. B}-oP Dielectric

: . CreateSphere

=8 vacuum

247 Cavity
-{_) CreateSphere

.00 SplitEdit
-1, Coordinate Systems
-4 Planes

- Lists

Figure 3-12: The Dielectric Object Added
12. On the Draw ribbon tab, click - Split.
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13.

14.

The Split dialog box appears.

Set all options on the Split dialog box as shown in the following figure and then click OK:

[ spiit X

— Split method

& Split using plane IW vI

" Split using selection

— Keep result

' Positive side { Megative side (" Both

— Split ohjects
& Split all objects

" Split objects crozsing split plane

v Delete invalid objects created during operation

F, I Cancel

Figure 3-13: Split Dialog Box for Dielectric

The object Dielectric is split into a hemispherical solid. Only the positive half of the original
sphere has been retained.

Clear the current selection. You model should look like the following figure:

B Model
547 Solids z
-4 dra_diel
: E||_FJ Dielectric
..... {_} CreateSphere
T OO SplitEdit
=4 vacuum
=P Cavity
..... {_} CreateSphere
..... OO SplitEdit
m-lr, Coordinate Systems
#-4% Planes
B4 Lists

i
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Figure 3-14: Dielectric after Splitting
Create the Annular Feed Ring

In this antenna model, the annular feed ring is the controlled aperture through which the E-fields
will radiate. Later on in the project, you will assign a perfect H boundary to the annular feed ring
to allow the E-fields to radiate through it. In this procedure, you will create the antenna’s annular
feed ring, which is the result of subtracting one circle from another. You will also specify the attrib-
utes of the new object.

Draw the Outside Circle:

1. On the Draw ribbon tab, click () Draw circle.

a. Click the global origin to indicate the center point. The cursor will become a filled
circle at the proper snapping point, since this point is the center of the two hemi-
spherical objects previously drawn.

b. Enter the following values in the coordinate text boxes at the bottom of the EDT win-
dow:

» dX: 5.8

o« dY: 0

e dZ: 0
c. Press Enter.

In the Properties dialog box that appears, verify that the properties under the Command
tab are as shown below:

Command lP-i‘triI:ul.rte ]

Mame | Value | Uit | Evaluated Value
Command CreateCircle
N Coordinate Sys... Global
| |Certer Postion 0 0.0 mm Omm , Omm , Omm
[ Avis z
- |Radius ha mm 5.8mm
- | Number of Seg... 0 1]

Figure 3-15: Outside Circle Properties — Command Tab
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Note:

Alternatively, you could have drawn a random circle and then edited its location
and radius in the Command tab of the Properties dialog box.

2. Onthe Attribute tab of the Properties dialog box, change the object Name to Annu-
larRing.

Note:

The object is not yet an annular ring, but it will be soon. Editing the attributes now
is more efficient than reselecting the finished ring later and editing the attributes
at that time.

3. Ensure that the Material Appearance option is not selected.

4. Change the object Color to dark blue (row 5, column 5 of the predefined colors; Red: 0,
Green: 0, Blue: 128).

5. Setthe Transparentto 0.5.
6. Click OKto close the Propetrties dialog box.

The outside circle of the annular feed ring has been added to the model and is currently
selected:

Z

Figure 3-16: Annular Feed Ring's Outside Circle Added to Model

Draw the Inside Circle:
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7. On the Draw ribbon tab, click () Draw circle.

a. Click the global origin to indicate the center point. The cursor will become a filled
circle at the proper snapping point, since this point is the center of the two hemi-
spherical objects and the previously drawn circle.

b. Enter the following values in the coordinate text boxes at the bottom of the EDT win-
dow:

o dX: 4.8

o dY: 0

e dZ: 0
c. Press Enter.

In the Properties dialog box that appears, verify that the settings under the Command tab
are as shown below:

Command lﬁi‘tril:u.rte ]

Mame | Value | Unit | Evaluated Value
Command CreateCircle
N Coordinate Sys... Global
| |Certer Postion 0 0.0 mm Omm , Omm , Omm
| z
- |Radiss 43 mm 4 8mm
N Mumber of Seq... 0 1]

Figure 3-17: Inside Circle Properties — Command Tab

8. On the Attribute tab of the Properties dialog box, change the object Name to ID_Circle.

Note:

Because you renamed the first circle AnnularRing, the second circle was auto-
matically named Circle 1 instead of Circle2. Renaming it to /D_Circle helps to
avoid confusion.

9. Click OKto close the Properties dialog box.

Subtract ID_Circle from AnnularRing:

10. Inthe History Tree, click AnnularRing to select it.
11. Holding Ctrl, click ID_Circle to select it also.
12. Inthe Draw ribbon tab, click k' Subtract.
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13. Inthe Subtract dialog box that appears, verify that the settings are as shown below and
then click OK.

B8] subtract >

Blark Parts - Tool Parts

AnnularBing ID_Circle

]
| |

[ Clone tool objects before operation

| k. | Cancel

Figure 3-18: Subtract Dialog Box
ID_Circle is subtracted from AnnularRing, and the resulting object is an actual annular ring
now.
Note:

The selection order determines which object is the Blank Part and which is the
Tool Part. However, you can move objects from one list to the other as needed
before performing the operation.

14. Clear the current selection.

You model should resemble the following figure:
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=g Model
H-(7 Solids
-4 dra_diel
. -5 Dielectric
..... {__} CreateSphere
I 00 SplitEdit
-4 vacuum
B4 Cavity
..... {__} CreateSphere
----- 00 SplitEdit
=3 Sheets
5-m Unassigned
E|I:I AnnularRing
..... i CreateCircle
..... I Coverlines
=03 Subtract
M- ID_Circle
#-l#, Coordinate Systems

Figure 3-19: AnnularRing Completed

Draw the Feed Gap

The feed gap is the object through which the excitation is fed. You will first draw a rectangle that
extends through the annular feed ring. You will then intersect the ring and rectangle to reduce
the gap to only the area where the two objects overlap each other.

Draw the Gap Rectangle:

1. Onthe Draw ribbon tab, click 1 Draw rectangle.
2. Click anywhere on the grid, move the mouse, and click again to draw a rectangle of any
arbitrary size and location.

As soon as you click the second point, the Properties dialog box appears.

3. Onthe Command tab of the Properties dialog box, specify the Position, XSize, and
YSize values, as shown in the following figure:
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Command l Dbt ]

MName | Value | Lt | Evaluated Value
Command CreateRectangle
_Ccucurdinate Sys... Global
| |Postion 04500 mm 0.5mm , Omm , ...
s z
- |¥Size 1 mm 1mm
- |Ysize 10 mm | 10mm

Figure 3-20: Rectangle Properties — Command Tab

4. On the Attribute tab of the Properties dialog box, change the object Name to Gap.
5. Ensure that the Material Appearance option is not selected.

6. Change the object Color to green (row 3, column 3 of the predefined colors; Red: 0,
Green: 255, Blue: 0).

7. Setthe Transparent value to 0 (opaque).
8. Click OK and then clear the current selection.

=gl Model
5P Solids Z

&

-4 dra_diel L

B Dielectric
..... {_} CreateSphere -

P L oo SplitEdit 7[
=4 vacuum

- Cavity
..... {_} CreateSphere
----- 00 SphtEdit
B3 Sheets
E|I:I Unassigned
I:I AnnularRing
E|I:I Gap
_I CreateRectangle
EI] Coverlines
H-l2, Coordinate Systems

Figure 3-21: The Gap Rectangle Drawn

Intersect the Gap Rectangle and Annular Feed Ring:

9. Inthe History Tree, select Gap.
10. Hold down Ctrl and also select AnnularRing.
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Note:

The selection order of these two objects is critical.

11. On the Draw ribbon tab, click (¥ Intersect.

The rectangle is trimmed to the two circles comprising the annular feed ring, forming the
completed Gap object. The extraneous portions of the feed rectangle are removed, and
the object AnnularRing remains.

Z
L]

Figure 3-22: Feed Gap Completed

The selection order determines which object is cloned and retained after the intersection
operation (specifically, the first item selected).

Note:

If the AnnularRing object is not retained after the operation, recheck the General
Options in the 3D Modeler > Operation group per the relevant instructions on
the Verify HFSS and Modeler Options page.

Create the Air Volume

To analyze radiation effects, create a virtual object that represents the radiation boundary. A
box-shaped area (rectangular prism) can also be created automatically, which is demonstrated
in other exercises. For this antenna model, you will manually create a radiation-transparent air
volume surface sufficiently far from the model. The shape will be an 18-sided regular polygon
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approximating a cylinder. The start position coordinates will be 30, 0, 0 mm and the height 35
mm.

Note:

The segmented quasi-cylindrical shape can help to produce a somewhat better quality
or more consistent mesh as compared to a smooth curved surface. Segmented planar
shapes are also very useful for visualizing the twist resulting from sweeping a face into
a solid when you specify a non-zero twist angle.

1. Onthe Draw ribbon tab, click [ Draw regular polyhedron.

2. Click the global origin (cursor turns to sphere at snapping point) to define the center of the
polygon base.

3. Click on two more randomly chosen points to set the initial diameter and height of the poly-
gon.

The Segment number dialog box appears as soon as you click for the third time.

B8] segment number >

Murnber of segments: =

Figure 3-23: Segment Number Dialog Box

4. Set Number of Segments to 18 and click OK.
The Properties dialog box appears.

5. Inthe Command tab of the Properties dialog box, enter the values as shown in the fol-
lowing figure:

At |

Mame Value | Lt | Evaluated Value
Command CreateRegularPolyhedron

| |Coordinate System Global
' |Certer Postion 000 mm Omm , Omm , Omm
| |Start Posttion o0 mm 30mm , Omm , Omm
[ Ads z
- |Height 5 mm 35mm
N Mumber of Segments |18 18
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10.
11.
12.

Figure 3-24: Polyhedron Properties — Command Tab

In the Attribute tab of the Properties dialog box, change the Name from Polyhedron1 to
AirVolume.

Set the Material to "air" as follows:

Choose Select from the Material drop-down menu, select "air" from the Select Definition
dialog box, and click OK to return to the Properties dialog box.

Ensure that the Material Appearance option is not selected.

Specify a bright blue-green Color (row 2, column 5 of the predefined palette colors; Red:
0, Green: 255, Blue: 255).

Set Transparent t0 0.9.
Click OK to accept the settings and close the Properties dialog box.

Press Ctrl+D if needed to fit the model to the display area and clear the current selection
to view the resulting color and transparency assignments.

E--fﬁj&s Madel
- Solids |
_'_'_,_,_,—'—'_'_'- h\_\-\_\_‘""-\-._\__

El! air /-’ \

E-07 AifVolume /
-4 dra_diel

_ -4 Dielectric
=4 vacuum
&P Cavity
-3 Sheets
=l Unassigned o
#-E3 AnnularRing
I:I Gap ></f
-1 Coordinate Systems vl
4% Planes

T
|/ il
- Lists T B
e

R

7

===,

v o

Figure 3-25: Air Volume Completed

13. H Save the project.
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Split the Model for Symmetry

This model, as constructed, is symmetrical about the YZ plane. Split the model along this plane
to take advantage of symmetry. The volume of the model is cut in half and, therefore, the number
of elements. The end result is a model that produces equally valid results but in a shorter time
and while consuming significantly less of the computer resources (that is, memory and hard disk
space).

1. Press Ctrl+A to select all objects in the model.
Alternatively, you can use the menu bar (Edit > Select All).
2. Onthe Draw ribbon tab, click E-Split.
The Split dialog box appears.

3. Select YZ from the Split using plane drop-down menu and Positive side as the Keep
result option:

B spiit ot

Split method

&+ Split using plane W -

" Split uzing selection

K.eep rezult

* Positive side © Megative side ¢ Both

Split ohjects
&+ Split all objects

(" Split objects crossing split plane

v Delete invalid objects created during operation

k. | Cancel

Figure 3-26: Split Dialog Box

4. Accept the defaults for the remaining options and click OK to split the entire model.
5. Clear the current selection.

Your final model should appear similar to the figure below:
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Figure 3-27: The Model After Split for YZ

6. H Save the project.

You are now ready to assign ports and boundaries to your antenna model.

Draw the Model 3-21
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting Started with HFSS: Dielectric Resonator Antenna (DRA)

4 - Setting Up the Problem

Now that you created the geometry and assigned the materials and other attributes for the
antenna problem, you are ready to define its boundaries and excitation ports.

This chapter contains the following topics:

» Define the boundary conditions, such as the location of the radiation boundary, the sym-
metry plane, and more.

+ Define the lumped port through which the signal enters the antenna and modify its imped-
ance multiplier to account for symmetry.

« Verify that you correctly assigned the boundaries and excitations to the model.

Boundary Conditions

Boundaries specify the behavior of magnetic and electric fields at various surfaces. They can
also be used to identify special surfaces, such as resistors, whose characteristics differ from the
typical boundaries.

The following four types of boundary conditions are used for this antenna problem:

Radiation

This type of boundary simulates an open region that allows waves to radiate
infinitely far into space, such as antenna designs. HFSS absorbs the wave
at the radiation boundary, essentially ballooning the boundary infinitely far
away from the structure. In this antenna model, the air volume object is
defined as a radiation boundary.

Perfect E

This type of boundary models a perfectly conducting surface in a structure,
which forces the electric field to be normal to the surface. In this antenna
model, the bottom face of the air volume object is defined as a perfect E
boundary.

Perfect H

This type of boundary forces the tangential component of the H-field to be
the same on both sides of the boundary. In this antenna model, the annular
feed ring is the aperture to which the Perfect H boundary is assigned.
Because the aperture is defined as a perfect H boundary, the E-fields will
radiate through it. If it were not defined as a perfect H boundary, the E-field
would not radiate through, and the signal would terminate at the aperture.

Symmetry

In structures that have an electromagnetic plane of symmetry, such as this
antenna model, the problem can be simplified by modeling only one-half of
the actual device and identifying faces along the symmetry plane as a per-
fect H or perfect E boundary. For this antenna problem, a perfect H sym-

metry boundary is used.
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Assign a Radiation Boundary to the Air Volume

The first boundary you will assign is a radiation boundary to the entire air volume object. This
boundary is defined first because the Perfect E, Perfect H, and Symmetry boundaries you will
apply later must override the radiation boundary at a total of two Air Volume faces. Wherever
they coincide, subsequently applied boundary conditions override those applied at an earlier
time. You could apply the radiation boundary later, but then you would have to select the many
individual outside faces of the air volume object (excluding the Perfect E and Symmetry faces),
which is far less convenient.

Note:

Boundaries accidentally applied in the wrong order can be reordered via the menu bar
command, HFSS > Boundaries > Reprioritize.

Radiation boundary model surfaces represent open space. Energy is allowed to radiate from
these boundaries instead of being contained within them. A radiation surface does not have to
be spherical, but it must be exposed to the background (that is, surrounding environment), con-
vex with regard to the radiation source, and located at least a quarter wavelen gth from the radi-
ating source. In some cases the radiation boundary may be located closer than one-quarter
wavelength, such as portions of the radiation boundary where little radiated energy is expected.

To assign a radiation boundary to the air volume object:

1. Select AirVolume from the History Tree.
2. From the menu bar, click HFSS > Boundaries > Assign > Radiation.

The Radiation Boundary dialog box appears.

3. Verify that Name = Rad1.
4. Click OK.

The resulting radiation boundary is applied to the object AirVolume and now appears as a
subentry under Boundaries in the Project Manager.

5. From the Draw ribbon tab, click @ Orient.
The default Trimetric view of the model is restored.

If the boundary visualization is not displayed, select Boundaries > Rad1 from the Project
Manager.
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Figure 4-1: Radiation Boundary Assigned to AirVolume

Note:

For this antenna problem, it is not necessary to edit any boundary’s visualization
default settings.

Tip:
To edit a boundary’s visualization settings:

1. From the menu bar, click HFSS > Boundaries > Visualization if you want to
show or hide boundaries. The Boundary Visualization Options window appears.

2. Deselect the View Geometry, View Name, or View Vector options of bound-
aries that you want to hide from view. Select the options you want to show in the
Modeler window. Visualization changes are applied immediately when a check-
box state is toggled.

3. Click Close when finished.
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Assign a Perfect E Boundary to the Air Volume

Next, you must define the intersection between the cavity and the air volume as a perfect E
boundary condition. The top of the cavity is a conducting layer, which is the ground plane of the
antenna. The area beyond the cavity radius continues to be a conducting layer. Therefore, you
will assign a perfect E boundary to the bottom face of the air volume object.

By default, all HFSS model surfaces without a user-defined boundary condition are assumed to
have perfectly conducting walls. The surfaces of all model objects that have been assigned per-
fectly conducting materials are automatically assigned perfect E boundaries. The electric field is
assumed to be normal to these surfaces. The final field solution must match the case in which
the tangential component of the electric field goes to zero at perfect E boundaries.

To assign a perfect E boundary to the bottom face of the air volume object:

1. Deselect the radiation boundary you just assigned.
2. Press F to begin the Face selection mode.
3. Select the bottom face of the object AirVolume as follows:

a. Select aface on the AirVolume object, taking care to click at a point where only the
bottom face is immediately behind the clicked point, as shown below:

Z
e S
_: =

[z L
7
‘“*-H Yaws

[

\

Nl

b. Press B (for select Next Behind), and the AirVolume bottom will become the selec-
ted face. (If the cursor was too high when you clicked, the selection may be of the
top face of cavity, the spherical face of the dielectric, or the back face of the air
volume.)
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Figure 4-2: Bottom Face of AirVolume Selected

4. Right-click in the Modeler window and choose Assign Boundary > Perfect E from the
shortcut menu.

The Perfect E Boundary dialog box appears.

5. Ensure that Infinite Ground Plane is cleared (not selected).

Note:

If selected, this option simulates the effects of an infinite ground plane. It only
affects the calculation of near- and far-field radiation during post processing. The
3D Post Processor models the boundary as a finite portion of an infinite, perfectly
conducting plane.

Perfect E Boundary

M ame:

[ Infirite Ground Plane

Figure 4-3: Perfect E Boundary
6. Click OK.
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The resulting perfect E boundary condition is assigned to the bottom face of the object
AirVolume:

Figure 4-4: Perfect E Boundary Applied
Assign a Perfect H Boundary to the Annular Ring

Next, assign is a perfect H boundary to the annular ring. Over the annular ring area, this bound-
ary will supersede the Perfect H boundary you just assigned to the annular ring. So, as you can
see again, the order of application of boundary conditions is important when they overlap.

A perfect H boundary represents a surface at which the tangential component of the H-field is
the same on both sides. For internal planes, such as the annular ring in this antenna model, this
assignment results in a natural boundary through which the field propagates. For planes on the
outer surface of the model, this assignment results in a boundary that simulates a perfect mag-
netic conductor, in which the tangential component of the H-field is zero.

From the previous operation, you should still be in the Face selection mode. To assign a perfect
H boundary to the face of annular ring:

1. Deselect the perfect E boundary you just assigned.
2. Onthe History Tree, select AnnularRing.
3. Right-click in the Modeler window and choose Assign > Boundary > Perfect H.

The Perfect H Boundary dialog box appears.
4. Click OK.
The Perfect H boundary is assigned:
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E‘““-h-___ _,-r”;
Figure 4-5: Perfect H Boundary Assigned
5. Clear the Perfect H boundary selection.

Assign a Symmetry Boundary to the Model

HFSS has a boundary condition specifically for symmetry planes. Instead of defining a perfect E
or perfect H boundary, you define a perfect E or perfect H symmetry plane.

When you are defining a symmetry plane, you must decide which type of symmetry boundary
should be used, Perfect E or Perfect H. In general, use the following guidelines to decide which
type of symmetry plane to use:

 If the symmetry is such that the E-field is normal to the symmetry plane, use a perfect E
symmetry plane.

 |fthe symmetry is such that the E-field is tangential to the symmetry plane, use a perfect H
symmetry plane.

The simple two-port rectangular waveguide shown below illustrates the differences between the
two types of symmetry planes. The E-field of the dominant mode signal (TE () is shown. The
waveguide has two planes of symmetry, one vertically through the center and one horizontally.

* The horizontal plane of symmetry is a Perfect E surface. The E-field is normal and the H-
field tangential to that surface.

« The vertical plane of symmetry is a Perfect H surface. The E-field is tangential and the H-
field normal to that surface.
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Figure 4-6: Electric Field and Symmetry planes
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Since the antenna model in this guide has a vertical plane of symmetry and the E-field is tan-
gential to the surface, apply a Perfect H boundary to the faces along the symmetry plane.

You will assign a perfect H symmetry boundary to the splitting plane faces of the objects
AirVolume and Cavity (about which the model is symmetrical).

Note:

You do not need to apply the symmetry boundary condition to the cut face of the object
Dielectric, because this object is fully encompassed by the AirVolume. Therefore, the
cut face of AirVolume includes the area corresponding to the cut face of Dielectric.
HFSS also includes logic to override, throughout a region of overlapping volumes, the
material properties of a larger object with the material properties of a smaller object that
it envelopes . So, it is also not necessary for you to subtract the Dielectric volume from
the AirVolume. However, if you did choose to subtract the Dielectric volume from the
AirVolume, then you would have to apply the symmetry boundary condition to the cut
face of the Dielectric too. (In that case, the cut face of the object AirVolume would no
longer encompass the Dielectric face.)

From the previous operations, you should still be in the Face selection mode. To assign a perfect
H symmetry boundary to the model’s symmetry plane:
1. From the Draw ribbon tab, click @ Orient > @ Back (+X).

2. Selectthe symmetry faces (that is, those along the YZ splitting plane) of AirVolume and
Cavity, as shown below:
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Z

Figure 4-7: Symmetry Faces Selected
3. From the menu bar, click HFSS > Boundaries > Assign > Symmetry.
The Symmetry Boundary dialog box appears.

4. Verify that the default name is Sym1.
5. Select Perfect H as the Symmetry type, and click OK.

The resulting perfect H symmetry boundary condition is assigned to the faces of the
objects AirVolume and Cavity.

If the boundary visualization is not displayed, select Boundaries > Sym1 from the Project
Manager.
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Figure 4-8: Symmetry Boundary Applied

6. Clear the current selection.

7. You have completed the boundary application phase. It's a good time to H Save the
model.

Next, you will apply excitations.

Excitation Conditions

Ports define surfaces exposed to non-existent materials (generally the background or materials
defined to be perfect conductors), through which excitation signals enter and leave the structure.
One lumped port will be defined for this antenna problem. Lumped ports are similar to traditional
wave ports, but can be located internally and have a complex user-defined impedance. Lumped
ports compute S-parameters directly at the port. A lumped port can be defined as a rectangle
from the edge of a trace to the ground or as a traditional wave port. The default boundary is per-
fect H on all edges that do not come in contact with a conductor.

Assign a Lumped Port Across the Gap

For this antenna problem, the engineering focus is on the behavior of the antenna itself, not its
feed. Therefore, the model will feed with a lumped port across the annular slot, or gap object.
Lumped ports are similar to traditional wave ports, but can be located internally and have a com-
plex user-defined impedance. Lumped ports compute S-parameters directly at the port. A
lumped port can be defined as a rectangle from the edge of the trace to the ground, as in this
antenna problem, or as a traditional wave port. The default boundary is perfect H on all edges
that do not come in contact with the metal.
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Note:

The setup of a lumped port varies slightly depending on whether the solution is modal
or terminal. As a reminder, the solution type for this antenna problem is modal driven.

To assign a lumped port across the gap object:

1. From the Draw ribbon tab, click ® Orient to restore the default Trimetric view orientation.
2. Inthe History Tree, click Gap to select it:

Note:

Recall that Gap is the rectangle you renamed (it's a planar sheet object with no
material assignment). You should look under Sheets > Unassigned.

3. Zoom in on the area where the gap object is located to see it clearly. The easiest way to do
so is to place the cursor at the center of the area of focus and roll the mouse wheel upward
(away from you). This moves the viewpoint camera closer to the model.

=g Model
27 Solids Z
E! air [
G- AifVolume
-4 dra_diel
._.,_f' Dielectric
=4 vacuum
H-47 Cavity
=3 Sheets
E|IZI Perfect H
- Annularfing
5. Unassigned

Nl Gap Y
#-l#, Coordinate Systems :
(- Planes

-5 Lists

Figure 4-9: Gap Selected
4. From the menu bar, click HFSS > Excitations > Assign > Port > Lumped Port.

The Lumped Port dialog box appears displaying the General step of the lumped port setup
process.
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Note:

The first time you assign a lumped port, HFSS walks you through the process
with a step-by-step wizard.

5. Enter the Name and Full Port Impedance values as shown in the following figure:

Lurnped Port: General

Name: |IJ.|m|:| Port1

Full Port Impedance: 50 ohm ﬂ

Impedance ::= resistance + 1i * reactance

Figure 4-10: Lumped Port : General Dialog Box
6. Click Next.

7. Inthe Lumped Port : Modes step, click in the Integration Line column of Mode 7 and

select New Line.

The cursor changes to a dotted line and the Measure Data and Create Line dialog boxes

appear.

8. Click the start point (0, 5.8, 0), as shown in the figure below. This is the vertex at the +Y

end of the long Gap edge that lies along the symmetry boundary. The cursor also
becomes a solid black square at the endpoints of the gap edges (snapping point).

m Measure Data ot

Reference coordinate system is Global

X Dlstance = III 25IZI 187825mm

Y Distance = -0,50795239649mm

Z Distance = Omm

Angle(P20 -P10) = 2. 70671083 2deg

Figure 4-11: Measure Data — Integration Line Start Point
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Note:
Use the Measure Data dialog box as reference as you move your cursor to reach

(0, 5.8, 0).

9. Click the end point (0, 4.8, 0) as shown in the following figure. This is the vertex at the -Y
end of the long Gap edge that lies along the symmetry boundary.

m Meazure Data o

Reference coordinate system is Global

Position2{Vertex_323) = [0, 4.8, 0]mm I
[SIEnce = Imm

¥ Distance = Omm

Y Distance = 1mm

Z Distance = Omm

Angle(P20 - P10) = Odeg

Figure 4-12: Measure Data — Integration Line Endpoint

Note:

The two points defines the direction and length of the integration line.

The Lumped Port dialog box reappears as soon as you click the second point.
10. Click Next.

The Lumped Port : Post Processing step appears.
11. Select Do Not Renormalize and click Finish.

The resulting lumped port is assigned across the object Gap.

12. Todisplay the lumped port and integration line visualization, select Excitations >
LumpPort1 in the Project Manager.
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Figure 4-13: Lumped Port Assigned

13. On the Draw ribbon tab, click == Fit All to fit the full model to the viewing area.
14. Click in the Modeler window's background area to clear the current selection.

Modify the Impedance Multiplier

Because you cut the full model in half and defined a symmetry plane, the computations must be
adjusted by specifying an impedance multiplier.

In cases such as this antenna problem, where a perfect H symmetry plane splits a structure in
two, only one-half of the power flow is seen by the system, but the full voltage differential is
present. Therefore, such half-symmetry models result in computed impedances that are twice
those of the full structure. To account for this effect, you must specify an impedance multiplier of
0.5.

To edit the impedance multiplier:

1. Right-click Excitations in the Project Manager and select Edit Port Impedance Mul-
tiplier from the shortcut menu.

The Edit Port Impedance Multiplier dialog box appears.

2. Enter 0.5 for the Set the port impedance multiplier for the design value:

Edit Port Impedance Multiplier >

Set the port impedance multiplier for the design; |05

| QK | Canizel |
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Figure 4-14: Edit Port Impedance Multiplier Dialog Box
3. Click OK.

Verify All Boundary and Excitation Assignments

Now that you have assigned all the necessary boundaries and excitations to the model, you
should review them in the solver view. When you verify boundaries and excitations in the solver
view, you review their locations as you have defined them for generating a solution (solving).

As you have seen previously, you can select specific Boundaries or Excitations in the Project
Manager to display their visualizations on the model. The Solver View of Boundaries identifies
the boundaries and excitations differently. It uses solid, user-customizable colors that remain vis-
ible as you select or deselect objects or manipulate the model view (as long as you leave the
Solver View of Boundaries dialog box open).

To check the solver’s view of boundaries and excitations:
1. From the menu bar, click HFSS > Boundary Display (Solver View).

HFSS runs an initial mesh and determines the locations of the boundaries and excitations
on the model.

The Solver View of Boundaries dialog box appears, which lists all the boundaries and
excitations for the active model in the order in which they were assigned (or the order spe-
cified in the Reprioritize Boundaries and Excitations dialog box. It also shows the default
boundary that is assigned automatically by the program to outer faces that lack a user-spe-
cified boundary condition.

Important:

The order of the boundary and excitations in this dialog box is important. If two
assignments overlap on the model (such as PerfE1, PerfH1, and LumpPort1),
the latter assignment overrides the former assignment. Be sure that the assign-
ments on smaller faces are not being overridden by the assignment of a larger
overlapping face, due to an error in the order of the boundaries and excitations.

2. Select the four checkboxes in the Visibility column indicated in the following figure:
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Sobver View of Boundaries

Name Type S olver Yisibility | Visibility | Col A
Radi Uzer Defined  Vizible to zolver.
PerfE1 User Defined  Visible to solver.
PerfH1 Uzer Defined  Vizible to zolver.

Syl dzer Defined Yizgible to zolwer.

LumpPortl [ User Defined  Wizible to solver.

avber Drefauilt Yizgible to zolwer.
£

1R RIRI R
vEETTF RN

Cloze |

Figure 4-15: Solver View of Boundaries Dialog Box

Notice that the four colors associated with PerfE1, PerfH1, Sym1, and LumpPort1 are all
visible on the model and that they are in the proper order to prevent any boundary or excit-
ation from being incorrectly overridden:
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N

Figure 4-16: Solver View of Boundaries — PerfE1, PerfH1, Sym1, and LumpPort1
Selected
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Note:

» Visible to Solver appears in the Solver Visibility column for each bound-
ary that is valid (that is, represented in the solution).

» Overridden will appear in the Solver Visibility column for any boundary
or excitation that is completely overridden by a boundary or excitation that
overlaps it (that is, not represented in the solution). LumpPort1 locally over-
rides a portion of PerfH1, and both of these two boundaries locally override
a portion of PerfE1. However, PerfE1 is not listed as "Overridden" because
itis still visible to the solver (therefore, it participates in the solution). Actu-
ally, the vast majority of PerfE1 is intact.

3. Verify that the boundaries or excitations you assigned to the model are being displayed as
intended for solving purposes. (See the preceding two figures.)

4. Modify the parameters or priority for those boundaries or excitations, if any, that are not
being displayed as intended.

5. Click Close, and then cIickH Save.

You are now ready to set up the solution parameters for this antenna problem and generate a
solution.
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5 - Generating a Solution

Now that you have created the geometry and set up the model, you are ready to generate a solu-
tion.

Your goals for this chapter are to:

¢ Set up the solution parameters
° Add a frequency sweep to the solution.

Define meshing instructions.

Validate the project setup.

Generate a solution.
View the solution data:

° Profile
o Convergence
°  Matrix

Add Solution Setup

Now, you will specify how HFSS will compute the solution by adding a solution setup to the
antenna project’s design.

To add a solution setup to the design:

1. On the Simulation ribbon tab, cIick& Setup > Advanced.
The Solution Setup dialog box appears:

2. Under the General tab, enter the values shown in the following figure:
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Driven Solution Setup *
Advanced ] Expression Cache ] Derivatives ] Defaults ]
General l Mesh/Solution Options ] Adaptive Options ]

Setup Mame |Setup'|

[+ Enabled [ Solve Ports Only
Adaptive Solutions

Solution Frequency: (' Single " Multi-Frequendies (" Broadband

Frequency | 3.5 |GH2 ﬂ

Maximurn Mumnber of Passes | 15
{+ Maximum Delta S | 0,005

{" Use Matrix Convergence

Figure 5-1: Driven Solution Setup Dialog Box — General Tab

3. Select the Mesh/Solution Options tab.

4. Inthe Initial Mesh Options section, deselect Use Default Value and enter the Lambda
Target value shown in the following figure:

Driven Solution Setup *
Advanced ] Expression Cache ] Dervatives ] Defaults ]
General Mesh/Solution Options ] Adaptive Options ]

Initial Mesh Options
[+ Do Lambda Refinement

Lambda Target: |0.25 [ Use Default Value

[ Use Free Space Lambda

Solution Options

Order of Basis Functions: First Order ﬂ

" Ao Select Direct/terative

(' Direct Solver

Figure 5-2: Driven Solution Setup Dialog Box — Mesh/Solution Options Tab
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5. Click OK.

The Edit Frequency Sweep dialog box opens automatically when you first add an
advanced solution setup to an HFSS design that already has at least one port assigned.
Leave this dialog box open and continue to the next page for instructions on defining the
sweep.

Add a Frequency Sweep to the Solution Setup

To generate a solution across a range of frequencies, add a frequency sweep to the solution
setup. HFSS performs the sweep after the adaptive solution.

For this antenna model, you will add a Fast frequency sweep to the solution setup. A Fast sweep
generates a unique full-field solution for each division within a frequency range. It is best for mod-
els that will abruptly resonate or change operation in the frequency band, and obtains an accur-
ate representation of the behavior near the resonance.

The Edit Frequency Sweep dialog box should already be open as a result of adding the solution
setup in the previous procedure.

Define a fast frequency sweep as follows:
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1. Enter the settings shown in the following figure:

Edit Frequency Sweep *

General l Defaults ]

Sweep Name: |Sweep [¥ Enabled

Sweep Type: |Fast ﬂ

Freguency Sweeps [251 points defined]

Distribution Start End

(M Linear Step . tep size

Add Above Add Below Preview ... |

30 Fields Save Options
v Save Fields

Time Domain Calculation... |

| Save radiated fields only (v
Generate fields at solve time r~
I (Al Frequencies)
[1 IMHz -]

| Ok | Cancel |

Figure 5-3: Edit Frequency Sweep Dialog Box

Note:

If you do not select Save Fields, the field solution will not be saved for each
solved point in the frequency sweep. Therefore, the field solutions will not be
available during post processing.

2. Optionally, click Preview to display each of the sweep values within the frequency range
at the 0.01 GHz step size increment you specified. Click Close when finished looking at
the 251 sweep points.

3. Click OK to add the sweep and close the dialog box.

Setup1 and Sweep1 appear under Analysis in the Project Manager:
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Figure 5-4: Setup1 and its Sweep Listed in the Project Manager

Define Mesh Operations

In HFSS, mesh operations are optional mesh refinement settings that you specify before a mesh
is generated. The technique of providing HFSS with mesh construction guidance is referred to
as “seeding” the mesh.

Since the fields in the annular feed ring are very important in this antenna model, you will provide
some meshing instructions at this object. Specifically, you will assign a length-based mesh
refinement to the annular feed ring. This refinement instructs HFSS to reduce the length of tet-
rahedral elements in the designated area until they are below a specified value. The length of a
tetrahedral element is defined as the length of its longest edge.

You can specify the maximum length of tetrahedra on faces or inside of objects. You can also
specify the maximum number of elements that are added during the refinement. The refinement
criteria you specify is used to guide the meshing process, affecting the size and number of ele-
ments generated.

To assign a length-based mesh refinement to the annular feed ring:

1. Select Annular_Ring under Sheets > Perfect H in the History Tree.

2. Using the menu bar, click HFSS > Mesh > Assign Mesh Operation > On Selection >
Length Based.

Note:

Applying the On Selection command refines every face of the selected object or
objects. However, in this case, Annular_Ring only has one face.

The Element Length Based Refinement dialog box appears.

3. Restrict the length of tetrahedra edges touching the faces, as detailed in the bullet points
and figure below:

* Ensure that Set maximum element length is selected.
« Enter 0.5 mm in the text box to the right of this option.
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Element Length Based Refinement >

M ame: |Length1 |+ Enable

R eztrict the length of elements

W Set maximurn element length; 0.5 |mm j

Reztnct the number of additional elements

[ Masimum number of additional elements: |'I 1]

Cancel

Figure 5-5: Element Length Based Refinement Dialog Box

Note:
HFSS refines the element edges touching the selected faces or faces until they

are equal to or less than the specified value.

4. Accept the default name Length1.
5. Ensure that Maximum number of additional elements is cleared (not selected.

Note:
If selected, this option restricts the number of elements added during the refine-
ment process, even if the size criterion has not been satisfied.

6. Click OK.

The Length1 refinement now appears under Mesh in the Project Manager.

7. H Save the changes you've made to your project.

Validate the Project Setup

Before you run an analysis on the antenna model, it is important to first perform a validation
check on the project. HFSS runs a check on all the setup details of the active project to verify that
the necessary steps have been completed and their parameters are reasonable.

To perform a validation check on the project DRA:
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1. On the Simulation ribbon tab, click J Validate.
The Validation Check window appears, and HFSS checks the project setup.

2. View the results in the Validation Check window:

Validation Check: DRA - DielectricResonatorfntenna >

" Design Settings

J DielectricR esonatorntenna & 3D Model

& Boundaries and Excitations
' Mesh Operations

¥ fnalyziz Setup

' Optimetrics

" Radiation

Walidation Check completed. Erors: 0 Warnings: b

See Mezsage "Window far details.

| Cloze |

Figure 5-6: Validation Check Window

Note:

For this antenna project, a warning triangle appears at Boundaries and Excit-
ations. There are several associated warnings in the Message Manager window
concerning overlapping boundaries. Using the solver view of the boundaries, you
have already verified that the solver will use the correct boundary for each face.
You can disregard the warnings and run the simulation.

3. Click Close.

4. H Save the changes you've made to your project.

Generate the Solution

Now that you have entered all the appropriate solution criteria and defined the mesh operations,
the antenna problem is ready to be solved.

When you set up the solution criteria, you specified values for an adaptive analysis. An adaptive
analysis is a solution process in which the mesh is refined iteratively in regions where the error is
high, which increases the solution’s accuracy. You set the criteria that control mesh refinement
during an adaptive field solution. Many problems can be solved using only adaptive refinement.
Others may require five, ten, or more iterations to converge. For this exercise, you also specified
that a minimum of two converged iterations are to be completed. The first time the convergence
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criterion is satisfied, an additional iteration will be executed, after which the adaptations cease
(assuming the additional iteration also satisfies the convergence criterion).

The following is the general process carried out during an adaptive analysis:

1. HFSS generates an initial mesh.

2. Using the initial mesh, HFSS computes the electromagnetic fields that exist inside the
structure when it is excited at the solution frequency. (If you are running a frequency
sweep, an adaptive solution is performed only at the specified solution frequency.)

3. Based on the current finite element solution, HFSS estimates the regions of the problem
domain where significant solution error exists. Tetrahedra in these regions are refined.

4. HFSS generates another solution using the refined mesh.

5. The software recomputes the error, and the iterative process (solve — error analysis —
refine) repeats until the convergence criteria are satisfied or the requested number of
adaptive passes are complete.

6. Ifafrequency sweep is being performed, HFSS then solves the problem at the other fre-
quency points without further mesh refinement.

To begin the solution process:

o
1. On the Simulation ribbon tab, click Analyze All. This command solves every solu-
tion setup in the design, though, in this design, there is only one solution setup.

HFSS computes the 3D field solution inside the structure.
The Progress window displays the solution progress as it occurs:

Progress o =

DR - Dielectrich esonatordntenna - Setupl: Adaptive Pass #3 - Solving single frequency for adaptive meshing ... on
] 4

Solving matris part 1 of 2
Figure 5-7: Progress Window While Solving

Note:

The results that you obtain should be approximately the same as the ones given
in this getting started guide. However, there may be a slight variation between
platforms and software versions.
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View the Solution Data

While the analysis is running, you can view a variety of solution data, as follows:

1. On the Results tab ribbon, click Solution Data.

Delete All Reports ;{”}L ] m Ernwse Solutions
# = A Clean Up Solutions

: Modal Solution  Fields Emission Solution ]
Data Report~ Report = Test Report - Data |""F"3"'t5‘3'|'-'t'°”5

ulation Results Automation

The Solutions window appears.

Note:
Subsequent topics describe the tabs that constitute the Solutions window:

» Profile

» Convergence
e Matrix Data

* Mesh Statistics

Leave the Solutions window open while reviewing the contents of each tab.
View the Profile Data

While the solution proceeds, examine the profile data, or computing resources, that were used
by HFSS during the analysis.

The profile data is essentially a log of the tasks performed by HFSS during the solution. The log
indicates the length of time each task took and how much RAM/disk memory was required.

To view the solution’s profile data:
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1.

In the Solutions window, select the Profile tab, if it's not already selected.

Convergence ] Matrix Data ] Mesh Statistics ]

Taszk

| Real Time | CPU Time | kdemany

Adaptive Pazs 4

Adaptive Refine 00:00:00 00:00:00
Simulation Setup 00:00:00 00:00:00
b atrix Azzembly 00:00:00 000003
b atriz Solve 00:00:01 00:a0:10
Field Recowver 00:00:00 000002
Data Tranzfer 00:00:00 00:00:00

Adaptive Mezhing

Frequency Sweep

298 M
f1.9M
133 M
E37 M
B37 M
903 M

Frequency: 3.5GHz

Tetrahedra: 13762, Cores: 1

Tetrahedra: 13762, Dizk: 5.5 KB

Tetrahedra: 13762, Lumped portz: 1, Disk: 75 Bytes

Tupe: DCS, Cores: 12, Matny zize: 35821, Matnx bandwidth
Excitations: 1, Disk: 535 KB

Adaptive Pazs 4

taw tMag. Delta 5: 0.00033

Elapzed Time: 00:00:20

Adaptive Pazses converged

Time: 10/18/2022 17:41:12
HPC: Enabled

Figure 5-8: Solutions Window — Profile Tab

Note:

To view the profile data if the Solutions window is not already open, right-click
Setup1 under Analysis in the Project Manager and choose Profile.

Notice that Setup1 is selected as the solution setup in the Simulation drop-down menu. By

default, the most recently solved solution is selected.

For the Setup1 solution, you can view the following profile data:

Task Lists the software module that performed a task during the solution
process, and the type of task that was performed.
For example, for the task mesh3d_adapt, Mesh3d is the software mod-
ule that adaptively refined the mesh.

Real Time The amount of real time (clock time) required to perform the task.

CPU Time The amount of CPU (Central Processing Unit) time required to per-
form the task.
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Memory The amount of RAM/virtual memory required of your machine to com-
plete the task. This value includes the memory required of all applic-
ations running at the time, not just HFSS.

Information | The number of triangles, tetrahedra, and matrices generated.

2. Keep the Solutions window open and proceed to the next topic.

View Convergence Data
Next, view the convergence data, as follows:

1. Inthe Solutions window, select the Convergence tab.

Profile Matrix Data | Mesh Statistics |

Mumber of Pazses Pazz Mumber | Solved Elements | tas bMag. Delta 5
Completed 4 1 E797 M A2

Mawimum 15 2 2840 001117

Minirmum 1 3 114594 0000207 44

Max Mag Delta 5 4 13762 [.00039065

Target 0.00%
Current  0.00039085

Yiew: ™ Table " Plat

Export...

CONYERGED -

Conzecutive Pazses
Target 2 -fe—
Current 2

Figure 5-9: Solutions Window — Convergence Tab
You can view the following convergence data while the solution is still running:

* Number of adaptive passes completed

* Number of tetrahedra created at each completed adaptive pass

» Setup data (such as the Maximum allowed Number of Passes and the Target num-
ber of converged Consecutive Passes)

« For solutions with ports, as in Setup1, you can view the maximum change in the
magnitude of the S-matrix coefficients between two consecutive passes, which is
the convergence criterion. This information is available after two or more passes
have been completed.
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When the solution is complete, you can view the total number of adaptive passes that
were performed and whether convergence was achieved. If the solution converged within
the specified stopping criteria, fewer passes than requested may have been performed.

The convergence data can be displayed in table format or on a rectangular (X - Y) plot.

2. Select Plot to see a graph of the convergence history.

0.1000

0.0100 —\

Max Mag. Delta 5

0.0010

DDDD1 T T T T | T T T T

Fass Number

Figure 5-10: Convergence Plot

3. Keep the Solutions window open and proceed to the next topic.

View Matrix Data

Next, view matrices computed for the S-parameters, impedances, and propagation constants
during each adaptive and sweep solution.

To view matrices:

1. Inthe Solutions window, select the Matrix Data tab.
2. Inthe second Simulation drop-down menu, choose Sweep.

This option displays the matrix data for a selected sweep frequency or for every frequency
in the sweep range.

3. Under the View subtab, select Display All Frequencies.
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4. Also under the View subtab, ensure that the S Matrix option is selected as the type of mat-
rix data you want to view.

5. Under the Format subtab, ensure that the Magnitude/Phase(deg) option is selected from
the pull-down list as the format in which to display the matrix information.

Your results should resemble the following image:

Simulation; | Setupl j | Sweep  — j

Dresign % ariation: |

Profile ] Convergence Mesh Statistics ]

Defosk (2 Custom 8 j G j r

| Magnitude/Phase(deg) j

View | Format | Passivity J Export ]

Freq | S:LumpPort1 |
LumpPaort1 [OE1738, 159

ChlEl s = LumpPart [ 052337, 15/]

LumpPaort1 [0.5333, 15E)
LumpPaort1 [ O.55022,  155]
LumpPaort1 [056014, 153

LumpPaort1 [ 056953, 152

Figure 5-11: Solutions Window — Matrix Data Tab
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Note:

You can display matrix data in the following formats:

Magnitude/Phase

Displays the magnitude and phase of the matrix
type.

Real/lmaginary

Displays the real and imaginary parts of the matrix
type.

dB/Phase Displays the magnitude in decibels and phase of the
matrix type.

Phase Displays the phase of the matrix type.

Real Displays the real parts of the matrix type.

Magnitude Displays the magnitude of the matrix type.

Imaginary Displays the imaginary parts of the matrix type.

dB Displays the magnitude in decibels of the matrix

type.

6. Alternatively, to show the matrix entries for one solved frequency, deselect Display All
Fregs. Then, use the drop-down menu to select the solved frequency for which you want

to view matrix entries.

For adaptive passes, only the solution frequency specified in the Solution Setup dialog

box is available. For frequency sweeps, the entire frequency range is available.

7. Keep the Solutions window open and proceed to the next topic.

View Mesh Statistics

Finally, view the mesh statistics for the DielectricResonatorAntenna HFSS solution, as follows:

1. Inthe Solutions window, select the Mesh Statistics tab to view data about the generated

tetrahedral elements.
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Profile Cunvergence] Matrix Data

Total number of elements; 13762

Figure 5-12: Solutions Window — Mesh Statistics Tab

Mum Tets | Min edge length ‘ Maw edge length ‘ RMS edge length | Min tet val Maw tet vl | Mean tetval | Std Devn [val]
Aitdolume | 2036 237529 175 7.87049 0472504 16301 22,8469 25,4535
Cavity 4270 (1178585 18,2755 39547 95627 2e05.. 198793 378343 12E171
Diglectic | 7456 0.180563 3.91086 1. 64877 h.8562e-05., 220271 . 263556 0.326009

The mesh statistics are listed separately for each part comprising the model, along with
the total number of elements (reported above the table). The following mesh statistics are

listed on this tab:

¢ Minimum, maximum, and RMS tetrahedra edge lengths
¢ Minimum, maximum, and mean tetrahedra volume
+ Standard deviation of the tetrahedra volume.

Note:

You can click and drag the column header borders to resize any column width.
You can also increase the Solutions window's overall size by clicking and drag-

ging its outside border.

2. Click Close to exit the Solutions window.

Once the analysis has finished successfully, you can evaluate the results, as described in the

next chapter.
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6 - Evaluating the Results

Now that HFSS has generated a solution for the antenna problem, you can display and evaluate
the results in many different ways. You can:

Plot field overlays (representations of basic or derived field quantities) on surfaces or
objects.

Create 2D or 3D rectangular or circular plots and data tables of S-parameters, basic and
derived field quantities, and radiated field data.

Plot the finite element mesh on surfaces or within 3D objects.

Create animations of field quantities, the finite element mesh, and defined project vari-
ables.

Scale an excitation’s magnitude and modify its phase.
Delete solution data that you do not want to store.

For this antenna problem, you will specifically:

Create Modal S-parameter reports.
Create a field overlay plot of the magnitude of E on the top face of the antenna’s cavity.
Create an animation of the mag-E plot.

It should take you approximately 1 hour to
work through this chapter.

Time

@

Create an S-Parameters Report

To generate a rectangular (2D) plot of S(LumpPort1,LumpPort1):

1.

\/\I.If
yl M\ ,'I I'
On the Results ribbon tab, click L~_1 Modal Solution Data Report>__ -—__12D.

The Report dialog box appears.
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Q Report: DRA - DielectricResonatorfntenna - Mew Report - Mew Trace(s) X
Sisn Trace l Families ] Families Display ]
Soton:
setupl @ Sweep hd Primary Sweep: |FFEE| j |F'||| J
Domain: S
| WEEP ﬂ X |+ Default |F|'E|:| J
Range
i ||:|B[5 (LumpPort1,LumpPort1)) Function...
Category: Quantity: ~ Function:
Variables P = (L umpPortl, LumpPort 1 Ryl ~
Qutput Variables ang_deg
Eh_ ang_deqg_val
¥ Parameter ang_rad
Z Parameter arg
VSWR. cang_deq
Gamma cang_deq_val
Port Zo cang_rad
Lambda R
Epsilan dB 10normalize
Update Report Group Delay dB20normalize
W Real time .?-E?:!'-.I'E 5 E‘arame?:er W 4 > FIEh: v
Cutput Variables. .. | Options. .. | Mew Report | | Close

Figure 6-1: Report Dialog Box — S Parameter Settings

2. Verify that Setup1 : Sweep is selected from the Solution drop-down menu.
3. Verify that Sweep is selected from the Domain drop-down menu.
4. Verify that the Default option (Freq) is selected for the X axis.

The remaining settings control the plotted Y values:

5. Specify the following information to plot along the y-axis:

Category S Parameter

This is the type of information to plot.

Quantity S(LumpPort1,LumpPort1)
This is the value to plot.

Function dB
This is the mathematical function of the quantity to
plot.

6. Inthe Families tab, ensure that the Sweeps option is selected.
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. Click New Report but leave the Report dialog box open. You will be adding another report
in the next topic.

The S Parameter Plot 1 report window appears and is listed under Results in the Project
Manager. A trace icon with a description of the plotted Y value is also listed under S Para-
meter Plot 1. A trace is a single line that connects the related data points on the graph. A

single graph can contain multiple traces.

S Parameter Plot 1 HFSSDesign|

Ansys
2023 R1

L
=

L
o

— dB({S({LumpPort! LumpPort1})
Setupl | Sweep

P
=

r
o

dB(S(LumpPort! LumpPort1))

()
b

(%)
o

.

=
[
i
=

Freg [GHz]
Figure 6-2: S Parameter Plot 1 — S(LumpPort1,LumpPort1), dB
Create a Z-Parameters Report

The Report dialog box should still be open from the previous plot generation procedure. If you

"\

)-(“}L Favl
accidentally closed it, click L=_1 Modal Solution Data Report > H'u 2D on the Results
ribbon tab. To generate a 2D report of Z(LumpPort1,LumpPort1) Real and Imaginary traces:
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1. Inthe Report dialog box, select the Trace tab.

Leave the Solution, Domain, Primary Sweep, and X axis settings as defined for the pre-
vious plot.

2. IntheY axis settings, add the first of two traces to a new plot, as follows:
a. Specify the values from the table below for the real trace:

Category Z Parameter
Quantity Z(LumpPort1,LumpPort1)
Function re

This is the real part of the complex number.

b. Click New Report, but do not click Close.

The Z Parameter Plot 1 report window appears with the real values plotted. The new plot
and trace are also listed under Results in the Project Manager.

3. IntheY axis settings, add the second of two traces to the plot just created, as follows:

a. Specify the function from the table below for the imaginary trace. Leave all other set-
tings as they are:

Function im

This is the imaginary part of the complex number.
b. Click Add Trace.
c. Close the Report dialog box.

The imaginary trace is added to Z Parameter Plot 1 and is also listed under Results in the
Project Manager.

Evaluating the Results 6-4
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting Started with HFSS: Dielectric Resonator Antenna (DRA)

Z Parameter Plot 1 HFSSDesign! ANSYS
’ R1
300
250
] — refZ(LumpPort1 LumpPort1))
g Setupl | Sweep
200 —
N im{ Z{LumpPort1 LumpPort1))
150 _: Setupl | Sweep
100
> ]
50 /\
0
50
-100
'15':' [ T T T T | T T T T | T T T T | T T T T |
250 3.00 3.50 4.00 4.50 £.00

Freg [GHz]

Figure 6-3: Z Parameter Plot 1 — Z(LumpPort1,LumpPort1), Real and Imaginary

Traces

Create a Mag E Field Overlay Plot

Now, you are ready to create and examine an E-field magnitude plot, overlaid on the bottom face

of the air volume object.

1. Use the Window menu to return to the Modeler window.

2. On the Draw ribbon tab, click H# Grid to toggle off the visibility of the drawing grid for a

cleaner view of the fields overlay.

3. Click in the Modeler window background and press F to ensure that you're in the Select

Faces mode.
4. Select the bottom face of the object AirVolume.
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Note:

As previously demonstrated, this selection can be made without changing the
model viewpoint. Click the cursor near the bottom of one of the rectangular
facets, and then press B to select the face that is Next Behind the clicked point on
the outer face.

5. Right-click Field Overlays in the Project Manager and select Plot Fields > E > Mag_E
from the shortcut menu.

The Create Field Plot dialog box appears:

[~ Specify Mame |MEEI_E1 Fields Calculatar ... |

™ Specify Falder  |E Field ~] Categary: |5tandaru:| -

Deszign: Dielectichezonatonrdnter [Iuantity [ Y alume

Contest :
~ | Cavity

Solution: | =] Complextdag_E Dielectric
Wector_E Airfalume
Mag_H i
Field Type: |Fizldz: J Sumple:-l:_lMag_H
ector
b ag_Jlzurf
Complestd ag_Jzurf
Wector_Jsurf
bdag_Jwal
Complestd ag_Jwval
Phaze ﬂ Wector_Jwol
kag_Im
Complextdag_Jm
YWectar_JIm
Save Az Default | AB5_0 [

Smooth(l v o

| Done | Cancel

Figure 6-4: Create Field Plot Dialog Box

[ntrinsic Y ariables

6. From the Solution drop-down menu, select Setip1 : Sweep.

7. From the Freq drop-down menu, select 3.45GHz, which is the approximate frequency at
which the minimum S-Parameter result occurs.
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Note:

This drop-down menu includes a list of all frequencies for which a field solution is
available. If Setup1 : LastAdaptive were selected as the Solution option, only the
adaptive frequency of 3.5 GHz would be available in the Freqg menu.

8. Verify that 0deg is selected from the Phase drop-down menu.
9. Select Mag_E from the Quantity list.

This result is the magnitude of the real part of the electric field E(x,y,z,t).
10. Select AllObjects from the In Volume list.

This option instructs HFSS to plot over the entire volume of the model.
11. Click Done.

The Mag_E1 field overlay cloud plot appears in the Modeler window and is now listed
under Field Overlays > E Field in the Project Manager.

Your field overlay plot should resemble the one shown below:
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E Field [V/m] Ansys
2023 R1
Max: 31263.040
32000
l 28800
25600 /
22400
19200
16000
12800
9600
5400
l 3200
0
Min. 0152

Figure 6-5: Initial E Field Overlay Plot
Modify the Mag E Plot Attributes

Now, you will modify the attributes of the Mag_E1 field overlay plot you just created to prepare it
for an effective animation.

1. Double-click within the E Field [V/m] plot legend rectangle.

A dialog box appears that has settings for the various plot and legend attributes.
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Color map lScaIe ] Marker/Amow | Deformation Scale] Plots ]

Type

" Unifam

" Ramp

* Spectrum

| Rainbow j

Figure 6-6: [DRA] DielectricResonatorAntenna -- E Field Dialog Box

2. Inthe Color map tab, specify the following settings:

Type

Real time
mode

Select Spectrum and Rainbow from the pull-down list.

Field quantities are plotted in multiple colors. Each field value is
assigned a color from the selected spectrum.

Select this option, which immediately applies changes to the plot’s
attributes as you define them.

3. Select the Scale tab, and then specify the following settings:

Use Limits

Min
Max

Linear/Log

Type
Width

Precision

Select this option.

Only the field values between the minimum and maximum values
will be plotted. Field values below or above these values will be
plotted in the colors assigned to the minimum or maximum limits,
respectively.

Enter 3.

Enter 30000.

Select Log.

Field values will be plotted on a logarithmic scale.
Choose Decimal from the drop-down menu.
Enter 10.

Enter 2.

4. Select the Plots tab, and then specify the following settings:
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IsoValType Select Tone from the pull-down list.
This isosurface display type varies color continuously between iso-
values.

Outline Select this option to outline the color bands corresponding to the

legend V/m increments.
Map transp. Clear this option, if it is selected.

If selected, the transparency of field values increases as the solu-
tion values decrease.

Note:

With Real Time Mode selected, most changes are applied immediately (as
entered) and the Apply button is grayed out.

5. Accept all the remaining default settings in this dialog box and click Close.

Your modified plot Mag_E1 should resemble the one shown below:
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Figure 6-7: Modified E Field Plot Overlay
Create a Phase Animation of the Mag E Plot

Next, you will create an animation of the field overlay plot of the magnitude of E to examine a
frame-by-frame, animated behavior of the plot.

To create a phase animation of the Mag E plot:

1. Right-click Mag_E1 under Field Overlays > E Field in the Project Manager and click Anim-
ate.

The Create Animation Setup dialog box appears.
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Create Animation Setup X

Mame: |Ariration] Description: |

Swept Variable(s) l Diesign Paint ]

|Single varizble | [

Start: |[‘.\:|eg
Stop:  |170deg
Steps: |-I 7

Figure 6-8: Create Animation Setup Dialog Box

. Accept the default name Animation1 in the Name text box.

. Optionally, type a description of the animation in the Description text box. If you do not
type a description, a default one will be added after you finish creating the animation.

. Under the Swept Variable tab, ensure that Single Variable and Phase are selected from
the two drop-down menus.

. Accept the remaining default settings in the Start, Stop, and Steps text boxes for the
phase values of the animation.

If the Start value is Odeg, the Stop value is 170deg, and the number of steps is 17, the
animation will display the plot for 17 phase increments between 0 and 170. Therefore, the
phase angle increment will be 10 degrees. The start value (0deg) will be the first frame dis-
played, and a total of 18 frames will comprise the animation.

. Click OK.

The animation begins in the Modeler window. The play panel appears in the upper-left
corner of the desktop, enabling you to stop, restart, and control the speed and sequence
of the frames.
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Figure 6-9: E Field Animation

7. Use the player controls to pause, restart, or reverse the animation and to adjust its play-
back speed.

8. Click Close when you're done viewing the animation.
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7 - Optionally, Restore Current View
Orientations

You have completed this getting started guide.

If you prefer to use the new view orientations implemented in version 2024 R1 of the Ansys Elec-
tronics Desktop application, clear the Use Legacy View Orientation option as follows:

1. From the menu bar, click View > Options.
The 3D Ul Options dialog box appears.
2. Ensure that Enable Legacy View Orientation is cleared:

30 Ul Options hd

General | 3D Modeler Graphics |

[T Stereomode  (Affects only the newly created windows)
[ Drag Optimization
[+ Show Ansys logo

Default Color Key height 1 {Maximum number of values
= YN |6 displayed)

When there is a selaction
[v Selection always visible
[v Setwansparency of salected objects 01

[+ Settransparency of non-selected objects 09

Default Rotation About

~ ModelCenter (~ CumentAxis (&8 ScreenCenter ( Cursor

Middle Mouse Bution Drag

(@ Rotate (— Pan  Zoom
Gradual View Change
[« Animata

Animation Duration

} 500 msecs

[~ Enable Legacy View Orientation |

OK | Cancel

3. Click OK.

The settings in the 3D Ul Options dialog box are global. Your choice is retained for all future pro-

gram sessions, projects, and design types that use the 3D Modeler or that produce 3D plots of
results.
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You can now save and close this project.

Optionally, Restore Current View Orientations 7-2
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I ndex assigning a symmetry boundary 4-7

editing visualization settings of 4-2

model-specific conditions 4-1

.hfss file 2-1 solver view of 4-15
verifying 4-15
3
3D Modeler window, defined 1-3 D
dialog boxes
A

Create Field Plot 6-5

adaptive solution 5-1 Edit Sweep 5-3

air volume 3-17 Element Length based refinement 5-6
assigning perfect E boundary Lumped Port wizard 4-10

to 4-3

assigning radiation boundary Portimpedance Multiplier 4-14

to 4-2 Setup Animation 6-11
animation Solution Setup 5-1
creating a phase animation 7-1 Split 3-1

animation, creating a phase anim- Symmetry Boundary 4-7

ation 6-11, 6-11

Traces 6-1
annular feed ring 3-11
drawing

annular feed ring, assigning perfect

H boundary to 4-6 the air volume object 3-17

the annular feed ring object 3-11

B
the DRA object 3-9
boundaries )
the feed gap object 3-15
about 4-1
assigning a perfect E E

boundary 4-3 E_fiold
asggntlg?,:dr:?;f e4c_t6H animating 6-11
assigning a radiation plotting 6-5

boundary 4-2 elements, meshing 1-2
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excitations
about 4-10
impedance multiplier 4-14
model-specific conditions 4-10
solver view of 4-15

verifying 4-15

feed gap 3-15

feed gap, assigning lumped port
to 4-10

field overlay plots

modifying attributes of 6-8
finite element method 1-2
frequency sweep

adding 5-3

defining the sweep 5-3

saving fields 5-3

G
geometric model

assigning symmetry boundary
to 4-7

fitting in drawing region 3-1
sample problem 1-1
solution parameters 5-1
splitting for symmetry 3-19

graphical user interface 1-3

H

HFSS, interface overview 1-3

history tree, defined 1-3

I
impedance multiplier
about 4-14
modifying 4-14

lighting
ambient 3-6
disable attributes 3-6
distant 3-6
lumped port 4-10
lumped ports

impedance multiplier 4-14

M
mag E
field overlay plots of 6-5
plotting 6-5
menu bar, defined 1-3
mesh
defining mesh operations 5-5
elements 1-3
example of 1-2,1-2
refining 5-5
seeding 5-5
mesh operations 5-5

restricting length 5-5
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Message Manager window,
defined 1-3

o
objects
air volume 3-17
annular feed ring 3-11
assigning lumped ports to 4-10
feed gap 3-15
splitting 3-1
splitting for symmetry 3-19

P
perfect E boundary
assigning 4-3
defined 4-1
perfect H boundary
assigning 4-6
defined 4-1
plots
animating 6-11, 6-11, 7-1

appearance in the project tree 6-
1, 6-3

creating a cloud plot 6-5
creating a mag E plot 6-5
modifying attributes of 6-8
profile data 5-9
Progress window
defined 1-3

displaying solution progress 5-7

project
creating 2-1
saving 2-1
validating 5-6, 5-6
Project Manager 2-2
Project Manager window, defined 1-3
project tree, introduction 2-1

Properties window, defined 1-3

R
radiation boundary
assigning 4-2
defined 4-1
reports

animating 6-11, 7-1, 7-1

appearance in the project tree 6-1, 6-3

creating a cloud plot 6-5

creating S11 6-1

creating Z11 6-3

generating 2D graphs 6-1
results

evaluating 6-1

S
S11, creating report of 6-1
simulation, running 5-7
solution
adding a fast frequency sweep 5-3

defining mesh operations 5-5
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results 6-1

viewing convergence data 5-11

viewing matrix data 5-12, 5-14

viewing profile data 5-9
solutions

adaptive 5-1

adaptive analysis 5-7

and setting parameters 5-1

frequency 5-1

setting solution parameters 5-1
status bar, defined 1-3
symmetry boundary

defined 4-1

T

toolbars, defined 1-3

\'

validation check 5-6

W

wave ports, impedance multiplier 4-
14

V4
Z11, creating report of 6-3
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