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Conventions Used in this Guide

Please take a moment to review how instructions and other useful infor-
mation are presented in this guide.

Alternate methods or
tips are listed in the left
margin in blue italic
fext.

Procedures are presented as numbered lists. A single bullet indicates

that the procedure has only one step.

Bold type is used for the following:

- Keyboard entries that should be typed in their entirety exactly as
shown. For example, “copy filel” means to type the word copy, to
type a space, and then to type filel.

- On-screen prompts and messages, hames of options and text boxes,
and menu commands. Menu commands are often separated by car-
ats. For example, click HFSS>Excitations>Assign>Wave Port.

- Labeled keys on the computer keyboard. For example, “Press
Enter” means to press the key labeled Enter.

Italic type is used for the following:

- Emphasis.

- The titles of publications.

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

The plus sign (+) is used between keyboard keys to indicate that you

should press the keys at the same time. For example, “Press

Shift+F1” means to press the Shift key and the F1 key at the same

time.

Toolbar buttons serve as shortcuts for executing commands. Toolbar

buttons are displayed after the command they execute. For example,

“On the Draw menu, click Line i means that you can click the

Draw Line toolbar button to execute the Line command.
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Getting Help
Ansoft Technical Support

To contact Ansoft technical support staff in your geographical area,
please log on to the Ansoft corporate website, http://www.ansoft.com,
click the Contact button, and then click Support. Phone numbers and e-
mail addresses for the technical support staff are listed. You can also
contact your Ansoft account manager in order to obtain this information.
All Ansoft 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 online help from the HFSS menu bar, click Help and select from
the menu:

* Contents - click here to open the contents of the online help.

* Seach - click here to open the search function of the online help.

* Index - click here to open the index of the online help.

Context-Sensitive Help

To access online help from the HFSS user interface, do one of the follow-

ing:

* To open a help topic about a specific HFSS menu command, press
Shift+F1, and then click the command or toolbar icon.

* To open a help topic about a specific HFSS dialog box, open the dia-
log box, and then press F1.


http://www.ansoft.com
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Introduction

This Getting Started guide is written for HFSS beginners as well as
experienced users who are using version 12 for the first time. This
guide leads you step-by-step through creating, solving, and analyzing
the results of a dielectric resonator antenna problem.

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

v 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.

Create a 2D x-y plot of S-parameter results.
Create a field overlay plot of results.

Create a phase animation of results.

€ €« K K K K K
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The Sample Problem

The Sample Problem

This manual describes how to get started with HFSS by guiding you
through the setup, solution, and analysis of a dielectric resonator
antenna. The antenna is cavity-backed with an annular-slot-fed hemi-
spherical 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 problem, the engineering focus is on the behav-
ior of the antenna itself, not its feed. Therefore, the model will feed
with a lumped port across an annular slot. The design’s operating fre-
quency will be 3.5 GHz.

This problem is also described and analyzed in the following:

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

The geometry for this antenna model is shown in the figure below:

2
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General Procedure

General Procedure

The general procedure for creating and analyzing a project is summa-
rized in the following list:

1 Create a project for HFSS.

a. Open a new project.
b. Add an HFSS design into the new project.
2 Draw the geometric model; in this case, a cavity-backed, dielectric
resonator antenna (DRA).
a. Set up the drawing region.
b. Create the objects that make up the antenna model.
c. Assign materials to the objects.
3 Set up the problem:
a. Set up boundary conditions.

b. Set up excitatons, which are the sources of electromagnetic fields and
charges, currents, or voltages on objects or surfaces.

4 Generate a solution:
a. Set up the solution criteria and (optionally) refine the mesh.
b. Generate the solution.
c. View the results.

5 Analyze the solution results.
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Finite Element Method
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Finite Element Method

The geometry for the dielectric resonator antenna problem (DRA)
described in this manual appears below. The 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 more information on this
model, see “The Sample Problem™ on page 1-2.

In HESS, the geometric model is automatically divided into a large num-
ber of tetrahedra, where a single tetrahedron is basically a four-sided
pyramid. This collection of tetrahedra is referred to as the finite ele-
ment mesh. The figure below shows the mesh that was created for the
dielectric resonator antenna.

B
i

V\‘)

Dividing a structure into thousands of smaller regions (elements) allows
the system to compute the field solution separately in each element.
The smaller the system makes the elements, the more accurate the final
solution will be.
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Results for Analysis

After setting up the antenna problem and generating a solution, you will:

* Create Modal S-parameter reports.

* Create a field overlay plot of the magnitude of E for the antenna cav-
ity’s face.

* Create an animation of the mag-E field overlay plot.

Time It should take you approximately 3 hours to work through this manual.
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Creating the New Project

This guide assumes that HFSS has already been installed as described
in the Installation Guide.

Note If you have not installed the software or you are not yet set up to run
the software, STOP! Follow the instructions in the Installation Guide.

Your goals in this chapter are as follows:
v Create a new project.
v Add an HFSS design to the project.

Time It should take you approximately 15 minutes to work through this
chapter.
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Overview of the Interface

Overview of the Interface
Below is an overview of the major components of the HFSS version 12.
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History
tree

Menu bar

Uruwmnww»wuﬁmkw:w
|I1|§U 4 B (& Ko

Toolbar
_>I':.'k‘? |lpomoate=ok

las |5 [P =l e & N

8 Ansull HFSS Inlernal Release - dra_diel - HFSSModell - 30 Modeler - [dra_diel - HPSSModel] - Modeler]

Fivn leem(or s [Moc2zalealad

3D Modeler

window

a|s sx88|~.22¢|0co;
ol &= == Fl a2 @ m Joned s | badP ik | S |[emn =] | Mo 7] |4 % e

(=]
=18] x|

it = x| [EF w
=0 d_dhel d ; o
= offs HFSSModell [Diivesdodal] i g
P Model o
b Boundades B & ot
Project - o
&F Ban oo
Manager—>] &% s
- = 8 Evchations & g(
window G Lioront o
& Meth Opershions oo
o il = Shests
3 Upteetincs O Lupsd |
1 [F] Henaz ];- 1 Perfect |
i#1-E£13 Powt Fiedd Display B Coordnate £
[y Fiekd Crvmilags 1 -:; clnhal
= -nw :::. =] ue:”
@ Defribons
Properties ol oo | =
i Hame (-1
window T
Sobvr Inaide [
Onevitahon  Global
Mudsl Il
Displawwie.. [~ E
Status b nse

bar —— P L oblects ore seected

A wml

2-2 Creating the New Project

Message Manager
window

Progress
window



Project Manager
window

Message Manager
window

Progress window

Properties window

3D Modeler window

History tree

Overview of the Interface

Displays details about all open HFSS projects. Each project
has its own project tree, which ultimately includes a
geometric model and its boundaries and excitations,
material assignments, analysis setups, and analysis results.

Displays error, informational, and warning messages for the
active project.

Displays solution progress information.

Displays the attributes of a selected object in the active
model, such as the object’s name, material assignment,
orientation, color, and transparency.

Also displays information about a selected command that
has been carried out. For example, if a circle was drawn,
its command information would include the command’s
name, the type of coordinate system in which it was
drawn, the circle’s center position coordinates, the axis
about which the circle was drawn, and the size of its
radius.

Displays the drawing area of the active model, along with
the history tree.

Displays all operations and commands carried out on the
active model, such as information about the model’s
objects and all actions associated with each object, and
coordinate system information.
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Overview of the Interface

Menu bar

Toolbars

Status bar

2-4 Creating the New Project

Provides various menus that enable you to perform all of
the HFSS tasks, such as managing project files, customizing
the desktop components, drawing objects, and setting and
modifying all project parameters.

Provides buttons that act as shortcuts for executing various
commands.

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 pull-down list to enter a point’s
absolute or relative coordinates, a pull-down list to specify
a point in cartesian, cylindrical, or spherical coordinates,
and the active model’s unit setting.
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Create the New Project

The first step in using HFSS to solve a problem, is to create a project in
which the data associated with the problem can be saved. By default,
when you run HFSS 12, it creates a new project named projectn and
inserts a design named HFSSDesignn.

If you already have an HFSS window open, you can add a new project
manually.

Optionally, Add the New Project

To add a new project HFSS:
* Click File>New.

A new project is listed in the project tree in the Project Manager win-
dow. It is named projectn by default, where n is the order in which the
project was added to the current session. Project definitions, such as
boundaries and material assignments, are stored under the project name
in the project tree.

Optionally, Insert an HFSS Design

The next step for this antenna problem is to insert an HFSS design into
the new project.

To insert an HFSS design into the project, do one of the following:

e Click Project > Insert HFSS Design.

* Right-click on the project name in the Project Manager window, and
then click

Creating the New Project 2-5



Create the New Project

Insert >Insert HFSS Design on the shortcut menu.

A 3D Modeler window appears on the desktop and an HFSS Design icon is
added to the project tree, as shown below:

| Project Manager - x| [2-1, Coordinate =
- R Global
Elﬁl Project23 . _ EE‘ Enes
E--ﬁﬁ HFS50esignT [Driventd odal] : L Globali
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- Boundaries L sz Globaly:
- #0 Encitations E@ Lists
----- BF Mesh Operations % Allobject
----- S Bnalysiz
@ Optimetrics
----- Rezultz
----- [T Port Field Display
[i Figld Overlays
----- Radiation
=1 Definitions
E||:| M aterials
43P vacuum

Add Project Notes

Next, enter notes about your project, such as its creation date and a
description of the device being modeled. This is useful for keeping a run-
ning log on the project.
To add notes to the project:
1 On the Edit menu, click Edit Notes.

The Design Notes window appears.

2 Click in the window and type your notes, such as a description of the
model and the version of HFSS in which it is being created.

3 Click OK to save the notes with the current project.

To edit existing project notes, double-click on Notes in the project tree.
The Design Notes window appears, in which you can edit the project’s
notes.

Save the Project
Next, save and name the new project.
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It is important to save your project frequently. You can set an option to
autosave at specified intervals, by using Tools>Options to open the
Geneal Options Dialog. The autosave option is controlled on the Project
Options tab. Saving frequently helps prevent the loss of your work if a
problem occurs.

To save the new project:

1 On the File menu, click Save As.

2 Use the Save As window to find the directory where you want to save
the file.

3 Type the name dra_antenna in the File name text box.

4 In the Save as type list, click .hfss as the correct file extension for
the file type.
When you create an HFSS project, it is given an .adsn file extension
by default and placed in the Project directory. Any files related to
that project are stored in that directory.
Some common HFSS file extensions are listed below:

hfss HFSS version 10-12 projects
pjt Pre-version 9.0 HFSS projects
.anfp Ansoft PCB neutral file

5 Click Save.

HFSS saves the project to the location you specified.

Note For further information on any topic in HFSS, such as coordinate
systems and grids or 3D Modeler commands or windows, you can view
the context-sensitive help:

* Click the Help button in a pop-up window.

* Press F1. The cursor changes to a ?. Click on the item on which you need
help.
Use the commands from the Help menu.

Now, you are ready to draw the objects for the antenna problem.
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Creating the Model

This chapter shows you how to create the geometry for the antenna
problem described earlier. Your goals are as follows:

v Select the solution type.
v Set up the drawing region.

v Create the objects that make up the antenna model, which
includes:

¢ Drawing the objects.
* Assigning color and transparency to the objects.
* Assigning materials to the objects.

You are now ready to start drawing the geometry.

Time It should take you approximately 1 hour to work through this chapter.
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Select the Solution Type

Select the Solution Type

Before you draw the antenna model, first you must specify a solution
type. As you set up your model, available options will depend on the
design’s solution type.

To specify the solution type:
1 Click HFSS>Solution Type.
The Solution Type window appears.

2 This antenna project is a mode-based problem; therefore, select the
Driven Modal solution type.

The possible solution types are described below.

Driven Modal For calculating the mode-based S-parameters of passive,

high-frequency structures such as microstrips, waveguides,
and transmission lines, which are “driven” by a source.

Driven Terminal For calculating the terminal-based S-parameters of passive,

high-frequency structures with multi-conductor
transmission line ports, which are “driven” by a source.
Results in a terminal-based description in terms of voltages
and currents.

Eigenmode For calculating the eigenmodes, or resonances, of a

3-2 Creating the Model

structure. The Eigenmode solver finds the resonant
frequencies of the structure and the fields at those
resonant frequencies.

3 Click OK to apply the Driven Modal solution type to your design.
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Set Up the Drawing Region

The next step is to set up the drawing region. For this antenna problem,
you decide the coordinate system, and specify the units and grid set-
tings.

Overview of the 3D Modeler Window

The area containing the model is called the drawing region. Models are
drawn in the 3D Modeler window, which appears on the desktop when
you insert a design into the project.

As shown below, the 3D Modeler window consists of a grid and a history
tree. The grid is an aid to help visualize the location of objects. For more
information about the grid, see “Grid Settings” on page 3-4.

The history tree displays all operations and commands carried out on the
active model. For more information about the history tree, see “History
tree” on page 2-3.

I [Project1] 3D Madeler - HfssDesignl =10l

200 Pairks

€2 Lists

~«— Grid
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3-4 Creating the Model

Coordinate System Settings

For this antenna problem, you will use the fixed, default global coordi-
nate system (CS) as the working CS. This is the current CS with which
objects being drawn are associated.

HFSS has three types of coordinate systems that let you easily orient new
objects: a global coordinate system, a relative coordinate system, and a
face coordinate system. Every CS has an x-axis that lies at a right angle

to a y-axis, and a z-axis that is perpendicular to the xy plane. The origin
(0,0,0) of every CS is located at the intersection of the x-, y-, and z-axes.

Global CS The fixed, default CS for each new project. It cannot be
edited or deleted.
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. Relative CSs enable
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. Face CSs enable you to easily draw objects
that are located relative to an object’s face.

Units Settings

Now, specify the drawing units for your model. For this antenna problem,
set the drawing units to millimeters.

To set the units:

1 Click Modeler>Units.

The Set Model Units dialog box appears.

2 Select mm from the Select units menu. Make sure Rescale to new
units is cleared.

If selected, the Rescale to new units option automatically rescales
the grid spacing to units entered that are different than the set draw-
ing units.

3 Click OK to accept millimeters as the units for this model.

Grid Settings

The grid displayed in the 3D Modeler window is a drawing aid that helps
to visualize the location of objects. The points on the grid are divided by



Set Up the Drawing Region

their local x-, y-, and z-coordinates and grid

spacing is set according to the current project’s drawing units.

For this antenna project, it is not necessary to edit any of the grid’s
default properties.

To edit the grid’s properties, click Grid Settings on the View menu to
control the grid’s type (cartesian or polar), style (dots or lines), density,
spacing, or visibility.
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Create the Geometry

Create the Geometry
The geometry for this dielectric resonator antenna (DRA) model consists
of the five basic objects listed below with their dimensions:
Air volume 30 mm radius and a height of 35 mm
Spherical Cavity 25 mm radius
Spherical DRA 12.5 mm radius
Annular ring 5.8 mm outer radius and a width of 1.0 mm.
Feed gap 1mm thickness

Draw the Cavity
The first object you will draw is the antenna’s cavity, which is created by
first drawing a sphere and then splitting it into a hemispherical solid.
Draw the Sphere
To draw the sphere:
1 Click Draw>Sphere, or click the Draw sphere button _3 on the tool-
bar.

2 Select the center point of the sphere by entering the following values
in the coordinate boxes:

X coordinate 0
Y coordinate 0
Z coordinate 0

3 Press the Tab key to move to the next coordinate text box.

To delete the selected point and start over, press Esc.

The status bar now prompts you to enter a radius for the sphere.
Press Enter to accept the centre point.

Tab into the X box and enter 25.

Press Enter to accept the radius value.

The Properties window appears. Click OK.

The sphere appears in the drawing region.

Press Ctrl+D to fit the sphere in the drawing region.

N O

o
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Create the Geometry

Your sphere should resemble the one shown below:

I [dra_antenna] 3D Modeler — HfssDesigni =10] x|
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Note In HFSS 12, objects are automatically selected immediately after being
drawn so that you can instantly view the selected object’s default
attributes in the Properties window.

Rename the Sphere

Next, change the default name of the sphere to specify that it is the
antenna’s cavity.

To modify the sphere’s name:

1 Under the Attribute tab of the Properties window, click the default
name (Spherel) in the Name row.

2 Type cavity to rename the sphere, and then press Enter to accept
the new name.

3 Click OK to close the window.

Split the Cavity
Next, split the cavity into a hemispherical solid.
To split cavity:
1 Select the object cavity by either clicking on it in the 3D Modeler
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Create the Geometry

window or clicking its name in the history tree.

2 Click Modeler>Boolean>Split.
The Split dialog box appears.

3 Select XY as the split plane that will be used to split the object cav-
ity.

4 Select Negative side as the object fragments you want to keep. This
keeps the selected object fragments on the negative side of the xy

plane.
5 Click OK.
The object cavity is split into a hemispherical solid, as shown below:
Il [dra_antenna] 3D Modeler — HfssDesign1 N (=14
= 6_7 Model F
-7 cavity
@ CreateSphers
o0 splitEdic
|z, Coordinate Systems
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000 Poinks
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Note In the above image that actions are added to the model history tree as
they are accomplished, such as the SplitEdit entry, which corresponds
to the split operations you performed.

Modify the Cavity’s Attributes

The next step in drawing the cavity is to modify its default attributes
that are displayed in the

Properties window, which include assigning a color and transparency,
and verifying the current material assignment.
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Create the Geometry

Assign a Color to the Cavity
To assign a color to the cavity:
1 Select the object cavity, if still not selected.
2 Under the Attribute tab of the Properties window, click Edit in the
Color row.
3 The Color palette appears.

4 Select the basic color red (RGB settings 255, 0, 0) from the Color pal-
ette, and then click OK to assign the color to cavity.

Assign a Transparency to the Cavity

To assign a transparency level to the cavity:

1 Select the object cavity, if it is not already selected.

2 Under the Attribute tab of the Properties window, click O in the
Transparency row.
The Set Transparency window appears.

3 Move the slider to the right to increase the transparency level, stop-
ping on the 8th mark.
The Transparency is now set to .07.

4 Click outside the object, on the grid background, to deselect cavity
and view the resulting color and transparency assignments.

Verify Lighting Attributes are Disabled
To verify if the lighting attributes are disabled:
1 Click View>Modify Attributes>Lighting.

The Lighting Properties dialog box appears.

2 Verify that the Do not use lighting option is disabled. Clear this
option if it is selected.
If you want, you can change the default ambient and distant light
source properties at this time, though it is unnecessary for this
antenna problem.

3 Click OK.

Verify the Cavity’s Material

By default, all new objects created in HFSS 11 are assigned the material
vacuum.
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Create the Geometry

For this antenna problem, the object cavity will keep the default mate-
rial assignment. Therefore, the next step is to simply verify that the cav-
ity’s material assignment is vacuum.

To verify the cavity’s material assignment:
1 Select the object cavity if it is not already selected.
2 Click the Attribute tab of the Properties window.

3 Verify that vacuum is the current material assignment, which is dis-
played in the Material row.

This will be the permanent material assignment for cavity.

Note HFSS 11 lets you assign materials to objects at any time.

Your completed object cavity should resemble the one shown below:
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Draw the DRA
Now, draw the dielectric resonator (DRA) object.
Draw the Sphere

To draw the sphere:

1 Click Draw>Sphere, or click the Draw sphere button on the toolbar.

2 Select the center point (0, 0, 0) of the sphere by typing the values in
the X, Y, and Z coordinate boxes.

3 Press Enter to accept the center point.

4 Tab into the dX box and enter 12.5 as the radius for the sphere.

5 Press Enter to accept the radius value.
The sphere appears in the drawing region.

Alternatively, after clicking Draw Sphere, you can click any arbitrary
center point, and drag the mouse to an arbitrary radius and click
again to draw a sphere. You can then edit the properties for Center
Position to 0, 0, 0 and Radius to 12.5.

The sphere should appear in your model as shown below:
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=-£7 Model z
PR cavity

| B¢ Spheret

L% CreateSphere
-1, Coordinate Systems
= Planes

-2 Points

@ Lists

Rename the Sphere

Next, change the default name of the sphere to specify that it is the
dielectric resonator antenna (DRA) object.
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To modify the sphere’s name:

1

Under the Attribute tab of the Properties window, click the default
name (Spherel) in the Name row.

2 Type dra to rename the sphere, and then press Enter to accept the

new name.
Split the DRA

Next, split dra into a hemispherical solid.

To split dra:

1 Select dra, if not already selected.

2 Click Modeler>Boolean>Split.

3 Select XY as the split plane and Positive side as the keep fragments.
This keeps the selected object fragments on the positive side of the
Xy plane.

4 Click OK.
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The object dra is split into a hemispherical solid, as shown below:

Modify DRA’s Attributes

3-12 Creating the Model

The next step in drawing the dra is to modify its color, transparency, and

material default attributes that are displayed in the Property window.
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Assign a Color to the DRA
To assign a color to dra:

1
2

3

Select dra, if not already selected.
Under the Attribute tab of the Properties window, click Edit in the
Color row.

Select the basic color yellow (RGB settings 255, 255, 0) from the
Color palette, and then click OK.

Assign a Transparency to the DRA
To assign a transparency level to the dra:

1

2

3
4

Under the Attribute tab of the Properties window, click the default
value 0 in the Transparency row.

Move the slider to the right in the Set Transparency window, stop-
ping to set the level to .07.

Click OK.

Deselect dra to view the resulting color and transparency assign-
ments.

Create and Assign a New Material to the DRA

The current default material assignment for the object dra is vacuum.
Next, you will create a new material and assign it to dra.

To create and assign a new material to the dra:

1
2

Select dra, if not already selected.

Under the Attribute tab of the Properties window, click the material
name in the Material row.

The Select Definition window appears, which lists all of the materials
in Ansoft’s global material library and the project’s local material
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I|brary
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3 Click Add Material.
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The View/Edit Material dialog box appears:

. view / Edit Material x|
aterial Namne
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— - - - Validate Material |
M agretic 5aturation Simple i} Tesla
Lande G Factor Simple 2
DelaH Simple 1} A_per_meter
Set Frequency Dependency .. | ICaIcuIate Froperties for: j
Feset | ak. I Cancel |

4 Type dra_diel in the Material Name text box to name the new mate-
rial.

In the Relative Permittivity row, type 9.5 in its corresponding Value
box, then press Enter to accept the value.

Click OK.

The material dra_diel now appears in the material browser.

To return to the 3D Modeler window, click OK.

The new material dra_diel is now assigned to the object dra.

10 Click File>Save, or click the Save a project button on the toolbar,

)]

O 0 3O
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to save the geometry.

Warning Be sure to save geometric models periodically; HFSS does not
automatically save models. Saving frequently helps prevent the loss
of your work if a problem occurs.

The completed object dra should appear in your antenna model as
shown below:

I [dra_antenna] 3D Modeler - HfssDesignl - |I:||z|
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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 Chapter 4, “Setting
Up the Problem™, you will assign a perfect H boundary to the annular
feed ring to allow the E-fields to radiate through it.

Next, you will create the antenna’s annular feed ring, which is the result
of subtracting one circle from another.
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Draw Circlel

To draw Circlel:

1 Click Draw>Circle, or click the Draw circle button ¢ on the toolbar.

2 Select the center point (0, 0, 0) of the circle by typing the values in
the coordinate boxes or by clicking the point on the grid.

3 Press Enter.

4 Tab into the X box and enter 4.8 as the radius.

5 Press Enter to accept the value.
The Properties window appears.
Circlel now appears in the model.

Draw Circle2
To draw Circle2:
1 Click Draw>Circle, or click the Draw circle button {* on the toolbar.
2 Select the center point (0, 0, 0) of the circle by typing the values in
the coordinate boxes or by clicking the point on the grid.
3 Tab into the dX box and enter 5.8 as the radius.
4 Press Enter to accept the radius value.

Note You can also draw both circles arbitrarily and edit their Center Position
and Radius properties on the Command tab.

Circlel and Circle2 should now both appear in your model, as shown
below:

Cavity
DRA

Circle2
Circlel
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Subtract Circlel from Circle2

Next, subtract Circlel from Circle2, which will result in the 1 mm wide
annular feed ring.

To subtract Circlel from Circle2:

3-18 Creating the Model

1

Select Circle2 either by clicking it in the 3D Modeler window or click-
ing its name in the history tree. Circle2 will be the blank object —
the object from which subtraction will occur.

Press and hold down the Ctrl key to also select Circlel. Circlel is the
tool object—the object to be subtracted from the blank object.

Circlel and Circle2 should now both be selected. To verify, both
objects should be highlighted in the model history tree, and the sta-
tus bar should indicate that the number of objects selected is two.

Deselect Clone before intersect.

Click Modeler>Boolean>Subtract or click the Subtract button
4 from the toolbar.

The Subtract window appears:
i Subtract x|

Blank Partz - Tool Parts

CircleZ Circlel
- |

|
| |

[T Clone tool objects befare subtract

| (] I Cancel | Help

Verify that Circlel is in the Tool Parts list and Circle2 is in the Blank
Parts list.

Click OK to perform the subtraction.
Circlel is subtracted from Circle2, resulting in a 1 mm wide flat
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annulus or ring, as shown below:
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Note In the above image that the model history tree has automatically re-
sorted to reflect the subtraction performed. Circlel is now a sub-entry
of Circle2.

Rename Circle2

Next, change the name of Circle2 to specify that it is the antenna’s
annular feed ring.

To modify the name of Circle2:
1 Under the Attribute tab in the Properties window, click Circle2 in
the Name row.

2 Type annular_rng to rename the circle, and then press Enter to
accept the new name.

Modify the Annular Feed Ring’s Attributes

The next step to drawing the annular feed ring is to modify its color and
transparency.

The annular feed ring is a sheet object, which has surface area but no
volume. Since the material parameter is a volumetric assignment, the
annular feed ring will not have a material assignment.
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Assign a Color to the Annular Feed Ring

To assign a color to the annular feed ring:
1 Under the Attribute tab in the Properties window, click Edit in the
Color row.

2 Select the basic color dark blue (RGB settings 0, 0, 128) from the
Color palette, and then click OK.

Verify Annular Feed Ring’s Transparency

3-20 Creating the Model

The annular feed ring object will keep the default transparency assign-

ment. Therefore, you simply have to verify its default transparency

assignment.

To assign a transparency to the annular feed ring:

1 Under the Attribute tab in the Properties window, click O in the
Transparency row.

2 Move the slider to the right in the Set Transparency window and stop
at the 2nd mark to set the level at .09.

3 Click OK.
Deselect annular_rng to view the resulting color and transparency
assignments.
The completed annular_rng object should appear in your model as
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shown below:

[ dra_antenna - HfssDesignl - 3D Modeler ;Iglﬁl

Draw the Feed Gap

Next, draw the feed gap object, which is the object through which the
excitation is fed.

Draw the Rectangle
To draw the rectangle:

1

2

Click Draw>Rectangle, or click the Draw rectangle button on the
toolbar.

Tab into the coordinate boxes and enter the following values to spec-
ify the rectangle’s origin:

X coordinate -0.5
Y coordinate 0
Z coordinate 0

Press Enter to accept the values.
Press Tab to return to the X box, and then enter the following values
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to specify the end point:

dX coordinate 1
dY coordinate 10
dZ coordinate O

5 Press Enter to accept the values.
The Properties window appears.

Note You can also draw an arbitrary rectangle and edit the Command tab
properties for the Position as -0.5, 0, 0, the XSize as 1 and the Ysize as
10.

The rectangle appears in the model as shown below:

2
&

/\

Rectangle

Intersect the Rectangle and the Annular Feed Ring

Next, you will intersect the rectangle and the annular feed ring to pro-
duce the antenna’s feed gap.

To intersect the rectangle and the annular feed ring:
1 Click Tools > Options > Modeler Options.
The 3D Modeler Options dialog box appears.
2 Click the Operation tab.
3 Under Clone, select Clone tool objects before intersecting, and
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then click OK to activate.

This option instructs HFSS to always keep a copy of the original
objects that intersect the first object selected.

4 Select the object Rectanglel, if not already selected.
5 Press and hold down Ctrl to also select the object annular_rng.

The objects Retanglel and annular_rng should now both be
selected.

6 Click Modeler > Boolean > Intersect, or click the Intersect button
from the toolbar, to perform the intersection.

As a result of the intersection, the feed gap is produced without
deleting the annular slot it is intended to feed, as shown below:

//—\

Feed gap

Rename the Rectangle
Next, change the name of Retanglel to specify that it is the antenna’s
feed gap.
To modify the name of the rectangle:
1 Under the Attribute tab in the Properties window, click Rectanglel
in the Name row.

2 Type gap to rename the rectangle, and then press Enter to accept
the new name.

Modify the Feed Gap’s Attributes

The next step to drawing the feed gap is to modify its color and transpar-
ency, and verify its default material assignment.
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Assign a Color to the Feed Gap
To assign a color to the feed gap:
1 Under the Attribute tab in the Properties window, click Edit in the
Color row.
2 Select the basic color bright green (RGB settings 0, 255, 0) from the
Color palette, and then click OK.

Assign a Transparency to the Feed Gap
To assign a transparency level to the feed gap:
1 Under the Attribute tab in the Properties window, click O in the

Transparency row.

2 Deselect gap to view the resulting color and transparency assign-
ments.
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Draw the Air Volume

To analyze radiation effects, you must create a virtual object that repre-
sents the radiation boundary. For this antenna model, you will create a
radiation-transparent air volume surface sufficiently far from the model.

Next, you will draw a regular polyhedron with 18 segments to represent

this virtual object. Then, in Chapter 4, Setting Up the Problem, you will

assign a radiation boundary to this object.

Draw the Polyhedron

To draw the polyhedron:

1 Click Draw>Regular Polyhedron, or click the Draw regular polyhe-
dron button on the toolbar.

2 Select the center point (0, 0, 0) of the circle by typing the values in
the coordinate boxes or by clicking the point on the grid.

3 Tab into the dX box and enter a radius value of 30, and then press
Enter to accept the value.

The status bar now prompts you to enter a height for the polyhedron.

4 Tab into the dZ coordinate box and enter a height value of 35, and
then press Enter to accept the value.

The Segment Number window appears.
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5 Toggle the Up arrow to set the number of segments to 18, and then
click OK to accept the value.

The Properties window appears.
The polyhedron is drawn.

Rename the Polyhedron

Next, change the name of Polyhedronl to specify that it is the antenna’s
air volume.

To modify the name of the polyhedron:
1 Under the Attribute tab in the Properties window, click the name
Regular Polyhedronl in the Name row.

2 Type airvol to rename the polyhedron, and then press Enter to
accept the new name.

Modify the Air Volume’s Attributes
The next step to drawing the air volume is to modify its color and trans-
parency, and verify its default material assignment.
Assign a Color to the Air Volume
To assign a color to the air volume:
1 Under the Attribute tab in the Properties window, click Edit in the
Color row.

2 Select the basic color light blue (RGB settings 0, 255, 255) from the
Color palette, and then click OK.

Assign a Transparency to the Air Volume

To assign a transparency level to the air volume:

1 Under the Attribute tab in the Properties window, click the default
value .04 in the Transparency row.

2 Move the slider to the right in the Set Transparency window and stop
at the 2nd mark to set the level at .01.
Deselect airvol to view the resulting color and transparency assign-
ments.

Verify Air Volume’s Material
The object airvol will keep the default material assignment vacuum.
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To verify the air volume’s material assignment:

1 Select airvol.

2 Under the Attribute tab of the Properties window, verfiy that vac-
uum is the current
material assignment, which is displayed in the Material row.

3 Click File>Save, or click the Save a project button on the toolbar, to
save the geometry.

The completed airvol object should appear in your model as shown
below:

Split the Model for Symmetry

This model as constructed is symmetrical about the yz plane. Now, split
the model along the yz plane for symmetry.

To split the model and create a cut plane:
1 Click Edit > Select All to select all the objects of the model.

2 Click 3D Modeler > Boolean > Split, or click the Split button on the
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toolbar.

The Split window appears.
3 Select YZ as the split plane and Positive side as the keep fragments.
4 Click OK to split the entire model.

Your final model should appear similar to the one shown below:
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5 Click File > Save, or click the Save a project button on the toolbar,
to save the final geometry.
You are now ready to assign ports and boundaries to your antenna
model.
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Now that you have created the geometry and assigned all materials
for the antenna problem, you are ready to define its ports and
boundaries.

Your goals for this chapter are to:

v Define the boundary conditions, such as the location of a radia-
tion boundary and the symmetry plane.

v Define the lumped port through which the signal (voltage) enters
the antenna.

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

Now you are ready to set up the problem.

Time It should take you approximately 30 minutes to work through this
chapter.
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Set Up Boundaries and Excitations

Now that you have created all the objects of the antenna model and
defined their properties, you must define the boundary and excitation
conditions. These conditions specify the excitation signals

entering the structure, the behavior of electric and magnetic fields at
various surfaces in the model, and any special surface characteristics.

Boundary Conditions

Boundaries specify the behavior of magnetic and electric fields at vari-
ous surfaces. They can also be used to identify special surfaces —such as
resistors— whose characteristics differ from the default.

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

Radiation

Perfect E

Perfect H

Symmetry

4-2 Setting Up the Problem

This type of boundary simulates an open problem 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.

This type of boundary models a perfectly conducting surface in
a structure, which forces the electric filed 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.

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 that is
assigned this boundary. Because the aperture is defined as a
perfect H boundary, the E-fields will radiate through it. If it
was not defined as a perfect H boundary, the E-field would not
radiate through and the signal would terminate at the
aperture.

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 model and identifying the
exposed surface as a perfect H or perfect E boundary. For this
antenna problem, a perfect H symmetry boundary is used.



Set Up Boundaries and 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 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 con-
tact with the metal.

Assigning Boundaries
First, you will assign all boundary conditions to the model.
For information on the types of boundaries you will assign, see “Bound-
ary Conditions” on page 4-2.
Assign a Radiation Boundary to the Air Volume

The first boundary you will assign is a radiation boundary to the air vol-
ume object.

As discussed in “Boundary Conditions” on page 4-2, radiation boundaries
model surfaces that 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, convex with regard to the radiation source, and
located at least a quarter wavelength from the radiating source. In some
cases the radiation boundary may be located closer than one-quarter
wavelength, such as portions of the radiation boundary where little radi-
ated energy is expected.

To assign a radiation boundary to the air volume object:
1 Select the object airvol by either clicking on it in the 3D Modeler

window or clicking its name the history tree.
2 On the HFSS menu, click Boundaries>Assign>Radiation.
The Radiation Boundary window appears.

3 Click OK to accept the default name Rad1l and apply the radiation
boundary.

By default, the boundary’s boundary, name, and vectors are all shown
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Hint

Radiation
boundary
added as a
subentry of
Boundaries.

Properties of
the Radiation
boundary

in the 3D Modeler window. For this antenna problem, it is not neces-
sary to edit any boundary’s visualization default settings.

To edit a boundary’s visualization settings:

1.

— i Hadaien,

Click HFSS>Boundaries>Visualization if you want to show or hide
boundaries. The Boundary Visualization Options window appears.

Clear the View Geometry, View Name, or View Vector check boxes of
boundaries that you want to hide from view. Select the options you want
to show in the 3D Modeler window.

Click OK to apply the new settings.

The resulting radiation boundary is applied to the object airvol and
now appears as a subentry of Boundaries in the project tree, as
shown below:

Radiation boundary
applied to the air
volume object.

|ve |lepRracaes 2w
lés | @ [obect Xle e e
Frairct Mavigne ] [ & soaes
= [ dea_srberna”
i HPSSDasgr] [Divarbiodaly
&7 Model
©F Dourdsies
& ol [
5 Dcition:
B Mesh Opesations

Ll

=
& %
i 8303308

L= Y Y|

[ [ v | unt [ Evssedvais |
Home Fiall

! | |
rss | i g

Assign a Perfect E Boundary to the Air Volume

4-4 Setting Up the Problem

Next, define the intersection between the cavity and the air volume as a
perfect E boundary condition. Therefore, you will assign a perfect E
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boundary to the bottom face of the air volume object, which will be the

ground plane of the antenna.

By default, all HFSS model surfaces exposed to the background are

assumed to have perfect E boundaries; HFSS assumes that the entire

structure is surrounded by perfectly conducting walls. 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.

The surfaces of all model objects that have been assigned perfectly con-

ducting materials are automatically assigned 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, if it is still
selected.

2 Right-click in the 3D Modeler window, then click Select Faces on the
shortcut menu.

In this mode you can select an object’s faces instead of the entire
object.

When the mouse hovers over a face in the 3D Modeler window, that
face is highlighted, which indicates that it will be selected when you
click.

3 Select the bottom face of the object airvol by doing the following:

* Press and hold down Alt and drag the mouse to rotate the model to
a position where you can then click the bottom face of the object
airvol.

If you are having difficulty selecting this interior bottom face, right-

click in the 3D Modeler window and click Next Behind from the

shortcut menu. This option selects the face or object behind a

selected face or object.

Vo can alen clicle tha Select icon with Face selected

£ (S |Face | to display the Select Face dialog. In the dia-
log, select airvol as the Object, and try selecting different faces in
the list to see when the interior bottom face is highlighted.

In the figure below, the bottom face of airvol is selected and high-
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lighted:

[ dra_antenna - HFS5Modell - 3D Modeler 1Ol x|

[=-¢&7 Model
B2 cavity
Q CreateSphers
00 SplitEdit
00 SplitEdit
£1-£7 dra
i3 Createsphers
|00 SplitEdit
00 SpliEdit
=157 annular_rna

el CreateCirce
+-[fy Subtract
|j| ClaneTo
"0 SpliEdit
&7 gap
l:l CreateRectangle
&-[f Intersect
“--00 SplitEdit
=17 airval

@ CreateRegularPo

00 SpliEdit
L, Coordinate Systems
-4 Planes
220 Poinks

-8 Lists

4 On the HFSS menu, click Boundaries>Assign>Perfect E.
The Perfect E Boundary window appears.

Hint You can also assign boundaries by selecting the object or object face to
which you want to assign the boundary, and then doing one of the
following:

* Right-click in the 3D Modeler window, point to Assign Boundary, and then
click the boundary type you want to assign.

* Right-click on Boundaries in the project tree, point to Assign, and then click
the boundary type you want to assign.

5 Clear Infinite Ground Plane if it is selected.
If selected, the Infinite Ground Plane option simulates the effects of
an infinite ground plane. This option only affects the calculation of
near- and far-field radiation during post processing. The 3D Post Pro-
cessor models the boundary as a finite portion of an infinite, per-
fectly conducting plane.

6 Click OK to accept the default name PerfE1l and apply the perfect E
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The resulting perfect E boundary condition is assigned to the bottom
face of the object airvol, as shown below:
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In the above image that boundaries are listed alphabetically in the project tree and
re-ordered as new ones are added.

Assign a Perfect H Boundary to the Annular Feed Ring

The next boundary you will assign is a perfect H condition on the annular
ring portion of the perfect E boundary you just assigned to the bottom
face of the air volume object. This perfect H boundary assignment will
supersede the annular ring area from the prior Perfect E definition.

A perfect H boundary represents a surface on which the tangential com-
ponent of the H-field is the same on both sides. For internal planes, such
as the annular ring in this antenna model, this results in a natural bound-
ary through which the field propagates. For planes on the outer surface
of the model, this results in a boundary that simulates a perfect mag-
netic conductor in which the tangential component of the H-field is zero.
To assign a perfect H boundary to the face of annular ring:

1 Deselect the perfect E boundary you just assigned, if it is still
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selected.

2 In Select Faces mode, click the face of the object annular_rng, or
use the History tree to find annual_rng listed under Sheets.

3 On the HFSS menu, click Boundaries>Assign>Perfect H.
The Perfect H Boundary window appears.

4 Click OK to accept the default name PerfH1 and apply the perfect H
boundary.
The resulting perfect H boundary condition is assigned to the face of
the object annular_rng, as shown below:

=S | = dra_antenna - HFSSModell - 3D Modeler =lOl x|
-7 Maodel
EHE‘ dra_antenna® E-£P cavity
-8 HF$5Model - CreateSphere
P Model 00 SpitEdit
Eﬂ Boundaries 00 SpitEdi
P PerfEd =67 dra
: @ CreateSphere
.00 SpltEdt
P Radl 000 SpitEd
#Z Excitations 167 annular_rng
..... F Mesh Dperations - CreateCirde
..... ﬁ‘ Analysis I3 Subkract
..... ﬁ Optimetrics [ ClaneTo
-2 Results -0 SpltEdi
..... B For Field Display &7 g
D Field Overlays L CreateRectangle
= o #-[[ Intersect
..... ;’ Fi.e.ndlatlon .00 SpltEdit
|'_-‘|D D efinitiors E1-£7 airvol
ED Materials 8 CreateReqularPa
P dra_diel .00 SpltEdit
. vacuum -le, Coordinate Systems
-4 Planes
20% Points
-6 Lists
1 |
Project I LI—I ﬂ

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, a perfect E or a perfect H. In gen-
eral, use the following guidelines to decide which type of symmetry
plane to use:
e If the symmetry is such that the E-field is normal to the symmetry
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plane, use a perfect E symmetry plane.

e If the 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 (TEy) 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 is tangential to that surface.

* The vertical plane of symmetry is a perfect H surface. The E-field is
tangential and H-field is normal to that surface.

Electric field of TE10 Mode

HREHRN EISERE
i T

Perfect H symmetry plane

NWIH ,/ Perfec;Esymmetry plane
i [

Since the antenna model in this guide has a vertical plane of symmetry
and the E-field is tangential to the surface, use a perfect H boundary for
the symmetry plane.

Next, you will assign a perfect H symmetry boundary to the symmetry
cut faces of the objects airvol and cavity (the model’s symmetry plane).
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To assign a perfect H symmetry boundary to the model’s symmetry plane:

1 Deselect the perfect H boundary you just assigned, if it is still
selected.

2 In Select Faces mode, select the symmetry cut faces of the objects
airvol and cavity.

To select multiple faces, press and hold down Ctrl while selecting the
faces.

3 Press and hold down Alt and drag the mouse to rotate the model to a
position where you can then click the symmetry cut faces, just as you
did when you selected the bottom face of the air volume object.

4 On the HFSS menu, click Boundaries>Assign>Symmetry.
The Symmetry Boundary dialog box appears.

5 Select Perfect H as the symmetry type, and then click OK to accept
the default name Sym1 and apply the symmetry boundary.
The resulting perfect H symmetry boundary condition is assigned to
the faces of the objects airvol and cavity, as shown below:

PN =[Sl | I dra_antenna - HFSSModell - 3D Modeler I =]
E|-' dra_anterina® e g..z;d:;wty
E@ HFSSMadelt* ||l e S Createsphere
..... &2 Model L[] 00 SplitEdit
06 Boundaies || || oo SplitEdit e
=57 dra L
----- 2 CreateSphers ‘
----- 0o SplitEdit ;
----- 00 splitEdit k : A
=-£2 annular_rng g , F
-G Excitations || || 0 i ¥ Createcircle L 501 ‘ ey 3
----- B Mesh Operations [ Subtract ’ A / ¥
..... ﬁl Analysis |j—-| CloneTo Q@ i .‘. $ 2L
..... @ Optimetics 00 SpitEdit I W R hﬁ%' ;
""" E Results =-£7 gan LW‘@’“"‘%‘\# k
""" B Fort Field Display - CreateRectangle v- -:”Vﬁv mxh%‘ =
rﬁ Field Overlays [ Intersect : V‘Kﬁ;ﬁgﬂ!’l‘ V'V"
eEEE L oo spltEdit R % A
----- R adiation ¢ sirvol A %%
|—__-|C| Definitions 8 Createreqularfo Q
ED M aterialz .00 SplitEdit !
G dia_diel #-le, Coordinate Systems .
B vacuum [+-4&F Flanes
200 Paints
-8 Lists
| |
i |

6 Click File>Save, or click the Save a project button on the toolbar, to
save the project.
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Assigning Excitations

Now you will assign all excitation conditions to the model.

For information on the types of excitations you will assign, see “Excita-
tion Conditions” on page 4-3.

Assign a Lumped Port Across the Gap

Note

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 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 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 con-
tact with the metal.

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 Deselect the perfect H symmetry boundary you just assigned, if it is
still selected.

2 Click View > Zoom In to zoom in on the area where the gap object is
located.

3 In Select Faces mode, select the face of gap, or use the History tree
and select gap under Sheets-Unassigned.

4 On the HFSS menu, click Excitations>Assign>Lumped Port.
The Lumped Port wizard appears.

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

5 In the Lumped Port:General step, enter the values listed below, and
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then click Next.

Name LumpPort1 The name of the port.
Resistance 100 Ohms The resistance, or real port impedance.
Reactance 0 Ohms The reactance, or imaginary port
impedance.
6 In the Lumped Port:Modes step, click in the Integration Line list,
and then select New Line.
7 The Lumped Port wizard disappears while you draw the vector.
8 Define the integration line:
a. Select the start point by clicking the point where the ouiside of the
gap and the y axis intersect (0,5.8, 0).
b. Select the end point by clicking the point where the inside of the
gap and the y axis intersect (0,4.8, 0).
The endpoint defines the direction and length of the integration line.
The Lumped Port wizard reappears.
9 Accept Zpi as the method with which to calculate the characteristic

impedance, and then click Finish to complete the lumped port
assignment.
The resulting lumped port is assigned across the object gap, as shown
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below:

Integration line

Annular feed — ypu
ring

Gap

Note To edit a lumped port assignment:
1. Double-click on Lumped Port in the Project Manager window.
The Lumped Port dialog box appears.

2. Click on the appropriate tabs (General, Modes, Defaults) to edit any port
assignment information.

3. Click OK to apply the assignment revisions.

Modify the Impedance Multiplier

Because you defined a symmetry plane (allowing the model of a struc-
ture to be cut in half), the impedance computations must be adjusted by
specifying an impedance multiplier.

In cases such as this antenna problem, where a perfect H plane of sym-
metry 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,
structures split in half with perfect H symmetry planes result in com-
puted impedances that are twice those for the full structure. An imped-
ance multiplier of 0.5 must be specified in such cases.
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To edit the impedance multiplier:
1 Click HFSS>Excitations>Edit Impedance Mult.

The Port Impedance Multiplier dialog box appears.

Port Impedance Multiplier il

Impedance Multiplier

ID.E

0K I Cancel |

2 Enter the value 0.5 in the Impedance Multiplier box, and then click
OK.
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Verify All Boundary and Excitation Assignments

Now that you have assigned all the necessary boundaries and excitations
to the model, you should review their specific locations on the model in
the solver view.

When you verify boundaries and excitations in the solver view, you
review the locations of the boundaries and excitations as you have
defined them for generating a solution (solving).

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

Then, you can select a boundary or excitation from the Boundaries list in
the Project window to view its highlighted area in the model.

To check the solver’s view of boundaries and excitations:

1 Click HFSS>Boundary Display (Solver View).

HFSS runs an initial mesh and determines the locations of the bound-
aries and excitations on the model.

The Solver View of Boundaries window appears, which lists all the
boundaries and excitations for the active model in the order in which
they were assigned.

Solver ¥iew of Boundaries

Name |  Type | S olver Visibility [ visibiliy | Color |
Radi Uszer Defined  Vizible to zolver.
PerfEl Usger Defined  Wisible to solver.
PerfH1 Uszer Defined  Vizible to zolver.
Sym Uszer Defined  |Wizible to solver.

LurmpPaort? | User D efined Yigible ta goler.

g
gniomnm

outer Drefault izible to zolver.
1

-

Cloze

2 Select a check box in the Visibility column that corresponds with the
boundary or excitaton for which you want to review its location on
the model.

The selected boundary or excitation will appear in the model in the
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color it has been assigned, as indicated in the Color column.

* Visible to Solver will appear in the Solver Visibility column for each
boundary that is valid.

* Overridden will appear in the Solver Visibility column for each
boundary or excitation that overwrites any existing boundary or
excitation with which it overlaps.

3 Verify that the boundaries or excitations you assigned to the model
are being displayed as you intended for solving purposes.

4 Modify the parameters for those boundaries or excitations that are
not being displayed as you intended.

5 Click Close, and then click File>Save, or click the Save a project
button on the toolbar, to save the geometry.

Warning Be sure to save geometric models periodically; HFSS does not
automatically save models. Saving frequently helps prevent the loss
of your work if a problem occurs.

You are now ready to set up the solution parameters for this antenna
problem and generate a solution.
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Now that you have created the geometry and set up the model, you
are ready to generate a solution.

Your goals for this chapter are to:

v Set up the solution parameters that will be used in calculating the
solution.

Define meshing instructions.
Validate the project setup.
Generate a solution.

View the solution data, such as convergence and matrix data
information.

€ K X
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Specify Solution Options

Before you can generate a solution, you need to specify the solution
parameters. This controls how HFSS computes the requested solution.
Each solution setup includes the following information:

* General data about the solution’s generation.

* Adaptive mesh refinement parameters, if you want the mesh to be
refined iteratively in areas of highest error.

* Frequency sweep parameters, if you want to solve over a range of
frequencies.

You can define more than one solution setup per design; however, you
will define only one solution setup for this antenna problem.

Add a 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 Click HFSS>Analysis>Add Solution Setup.

The Solution Setup dialog box appears:

X

Solution Setup

Gieneral l Dptinns] .ﬁ.dvanced] E wpression Eache] Derivatives] Defaults]

Setup Mame:

Iv* Enabled | Solve Ports Only

Solution Frequency: |5 |GH2 j

Adaptive Solutionz

b axirium Mumber of Pazses: 5
i+ Mawirum Delta S 0.005

" Uze Matriz Convergence
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It is divided into the following tabs:

General

Options
Advanced
Expression
Cache

Derivatives

Defaults

Includes general solution settings.

Includes advanced settings for initial mesh generation,
adaptive analysis, and solution options.

Includes initial mesh options, port options, and two-way
coupling options.

Includes variables defined for output variable convergence,
as well as adpative options.

If your design includes variables, you can have HFSS produce
derivatives for them.

Enables you to save the current settings as the defaults for
future solution setups or revert the current settings to HFSS’s
standard settings.

2 Click the General tab, and specify the following:
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a. Enter these values:

Solution
Frequency

Max. Number
of Passes

Max Delta S
Per Pass

3.75 GHz

For every modal driven solution setup, you must specify
the frequency at which to generate the solution. For
this antenna model, you will solve over a range of
frequencies, which will require you to define a
frequency sweep in “Add a Frequency Sweep to the
Solution Setup” on page 5-6. If a frequency sweep is
solved, an adaptive analysis is performed only at the
solution frequency.

15

The Maximum Number of Passes value is the maximum
number of mesh refinement cycles that you would like
HFSS to perform. This value is a stopping criterion for
the adaptive solution; if the maximum number of passes
has been completed, the adaptive analysis stops. If the
maximum number of passes has not been completed,
the adaptive analysis will continue unless the
convergence criteria are reached.

0.005

The delta S is the change in the magnitude of the S-
parameters between two consecutive passes. The value
you set for Maximum Delta S Per Pass is a stopping
criterion for the adaptive solution. If the magnitude and
phase of all S-parameters change by an amount less
than this value from one iteration to the next, the
adaptive analysis stops. Otherwise, it continues until
the requested number of passes is completed.

b. Accept all remaining current default settings.
3 Click the Options tab, and specify the following:

a. Select Do Lambda Refinement.

Lambda refinement is the process of refining the initial mesh based on the
material-dependent wavelength. It is recommended and selected by

default.

b. Uncheck the Use Default Value box, and enter 0.25 in the Lambda Target

text box.

This value specifies the size of wavelength by which HFSS will refine the

mesh.
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d. Accept all remaining current default settings.

4

Enter 2 in the Minimum Converged Passes text box.

Specify Solution Options

This value specifies the least number of passes for which the conver-
gence criteria must be met before the adaptive analysis will stop.

Click OK.

Setupl now appears as a solution setup under Analysis in the project

tree.

E--lm dra_anterna

= HFSSModelt

--ﬂ B oundaries
&+ #% Excitations
[ Mesh Operations

Eﬁ? Analysis

- S Setupl

i§ Dptimetrics
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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 solu-
tion setup. A Fast sweep generates a unique full-field solution for each
division within a frequency range. It is best for models that will abruptly
resonate or change operation in the frequency band, and obtains an
accurate representation of the behavior near the resonance.

To add a fast frequency sweep:

1

Click HFSS>Analysis Setup>Add Sweep.
The Select window appears.

Select Setupl for the solution setup to which the sweep applies, and
click OK.

The Edit Sweep dialog box appeatrs.

x|
Sweep Name: ISweep'I ¥ Enabled
Sweep Type: IDiscrele j
— Frequency Setup
I Frequency
Type: ILinearStep j
Start |1 IGHz j Dizplay > |
Stop J1o [GHz =]
StepSizz |1 [GHz =]
[~ Save Fields [&ll Frequencies)
Time Domain Calculation... |
— Interpalating Sweep Options————————— — DC Estrapolation O ptiohs
Ertrapolate ta MIE
Il & Solutions: IED | Biirzpolaie
Fd imimum Solved Freguency ID.DDD'I IGHZ j
Fir Solutiors: IEI
Error Tolerance; ID.E %
Setup Interpalation Conyergence. .. |
Ok, I Cancel
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3 Under the Sweep Type section, select Fast as the frequency sweep
type you want to add.

Verify Linear Step is selected as the Type.

5 Under the Frequency Setup section, enter these values to define the
sweep:

H

Start 2.5 GHz
Stop 5 GHz
Step Size 0.01 GHz

6 Select Save Fields, which saves the 3D field solutions associated with
all port modes at each frequency.

If you do not save the field solution, the associated mode will not be
available as a source stimulation during post processing.

7 Click Display if you want to display each of the sweep values at the
0.01 GHz step size
increment within the frequency range you specified.

8 Click OK.

Sweepl now appears as a frequency sweep under Setupl in the proj-
ect tree.

Define Mesh Operations

In HFSS, mesh operations are optional mesh refinement settings that are
specified 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 on the faces
of this object.

You will assign a length-based mesh refinement to the faces of the annu-
lar feed ring. Requesting length-based mesh refinement instructs HFSS to
refine the length of tetrahedral elements until they are below a speci-
fied value. The length of a tetrahedron is defined as the length of its lon-
gest edge.

You 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. When the mesh is generated, the refine-
ment criteria you specified will be used.
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To assign a length-based mesh refinement to all the faces of the annular
feed ring:
1 Use the History tree to select the object annular_rng.

You may need to expand the hierarcy under Sheets, then again under
Perfect H to select the annular_rng.

2 On the HFSS menu, point to Mesh Operations>Assign>0On Selection,
and then click Length Based.

Applying the On Selection command refines every face on the annu-

lar feed ring.
The Element Length Based Refinement dialog box appears.
x|
M arne: ILength'l

— Length of Elements

Resztnict Length of Elements v

b aximum Length of Elements:

ns Imm j

— Mumber of Elements

Resztrict the Mumber of Elements I

I axirurm Mumber of Elements:

|1 oo

Cancel |

3 Restrict the length of tetrahedra edges touching the faces:
Select the Restrict Length of Elements check box.

b. Enter 0.5 mm in the Maximum Length of Elements text box as the maxi-
mum length of the tetrahedral elements touching the faces.

HFSS will refine the element edges touching the selected faces until they
are equal to or less than this value.

4 Accept the default name Lengthl.
5 Clear Restrict the Number of Elements, if it is selected.

o
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If selected, Restrict the Number of Elements restricts the number of
elements added during refinement on the faces.

Click OK.

Lengthl1 now appears as a mesh refinement under Mesh Operation in
the project tree.
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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 all the necessary steps
have been completed and their parameters are reasonable.

To perform a validation check on the project dra_antenna:

1

Yalidation Check x|
£ M
y IRIFEE et %¥ Boundaries & Excitations

«” Mesh Operations

‘alidation Check completed. 7 Analysis Setup
" Optimetrics

| «¥ Radiation

Aot I Cloze |

Click HFSS>Validation Check, or click the Validation Check button
on the toolbar.

HFSS checks the project setup, and then the Validation Check win-
dow appears.

View the results of the validation check in the Validation Check win-
dow.

a »
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For this antenna project, a green check mark should appear next to
each project step in the list.

The following icons can appear next to an item:

Indicates the step is complete.
Indicates the step is incomplete.

Indicates the step may require your attention.

If the validation check indicates that a step in your antenna project is
incomplete or incorrect, go back to the step in HFSS and carefully
review its setup along with its instructions in this manual.

Click Close.

Click File>Save to save any changes you have made to your project.
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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 adap-

tive 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 precision. You set the criteria that control mesh refine-
ment during an adaptive field solution. Many problems can be solved
using only adaptive refinement.

The following is the general process carried out during an adaptive anal-

ysis:

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 per-
formed only at the specified solution frequency.)

3 Based on the current finite element solution, HFSS estimates the
regions of the problem domain where the exact solution has strong
error. 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 is complete.

6 If a frequency sweep is being performed, HFSS then solves the prob-
lem at the other frequency points without further refining the mesh.

To begin the solution process:

1 Select the Setupl solution setup in the project tree.

Click HFSS>Analyze. This command solves every solution setup in the
design.
HFSS computes the 3D field solution inside the structure.
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The Progress window displays the solution progress as it occurs:

EI Setupl: Solving Adaptive Paszs 86 - Saolving Fields an

|

Factor [Est. memory = 243ME, disk = 233MB)

Note The results that you obtain should be approximately the same as the
ones given in this section. However, there may be a slight variation
between platforms.

View the Solution Data

While the analysis is running, you can view a variety of profile, conver-
gence, and matrix data about the solution.

View the Profile Data
While the solution proceeds, examine the computing resources or profile
data, that were used by HFSS during the analysis.
The profile data is essentially a log of the tasks performed by HFSS dur-
ing 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:
* Click HFSS>Analysis Setup>Profile.
The Solution Data window appears. The figure shows the Profile tab
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selected.

B Solutions: dra_diel - HESSModel1

Simulation: | Setupl j

Deszign W ariation; | J

Frafile l Convergence | Matiix Data | Mesh Statistics |

Task | Real Time | CPU Time | temaory [nformation
Solution B aziz Order: 1
Salution Sweepl Fazt Sweep
From 2.5 GHz to 5 GHz, 250 Steps
Simulation Setup 00:00.0 00:00:m 421 M Digk = 0 KBytes
b atri Azzembly 00:00:05 00:00:05 271 M Digk = 0 KBytes, 27496 tetrahedra . LumpPart1: 23
Salver MC54 00.01:19 00:02:30 1.0Me+003 M Digk = 538171 KBytez, matnx zsize 171841 |, matnx b:
Field Recoveny 00:00:00 00:00:00 1.01e+003 b | Dizk = 0 KBytez, 1 excitations
Solution Proceszs Elapzed time ; 00:02:54 , Hfzz ComEngine kMemaony
Tatal 00.01:25 00:02:36 Time: 02/04/200910:04:10, Status: Marmal Comp
£

Export... |

Notice in the Simulation pull-down list that Setupl is selected as the
solution setup. By default, the most recently solved solution is
selected.

For the Setupl solution setup, you can view the following profile
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data:

Task

Real Time

CPU Time

Memory

Information

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 module that adaptively refined the mesh.

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

The amount of CPU (Central Processing Unit) time required
to perform the task.

The amount of RAM/virtual memory required of your
machine to complete the task. This value includes the
memory required of all applications running at the time,
not just HFSS.

The number of triangles, tetrahedra and matrices
generated.

View Convergence Data
Next, while the solution proceeds, view the convergence data.
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To view a solution’s convergence information:
* In the Solution Data window, click the Convergence tab.

I Solutions: dra_diel - HFSSModel1

Sirnulatian: | Setup

Generate the Solution

Dezign Yanation: |

Mumber of Pazses
Completed 7
basimum 15
Minirnurn 1

tax bMag. Delka 5
Target 0.005
Current  0.0029363

YWigw: ™ Table " Plat

Expart...

COMVERGED

Conzecutive Pazses
Target 2
Current 2

Profile  Corvergence l bl atrix Data | Mezh Statistics]

.

Pasz Murmber | Total Tetrahedra | Max kag. Delta 5

b = T ) B R T R

9696

11636
132965
16763
20123
22904
27496

M
0.013736
0.016222
0.0051733
0.00545E2
0.0025284
0.00253269

Cloze

Based on the criteria you specified for Setupl, you can view the fol-

lowing convergence data:
* Number of adaptive passes completed and remaining.

When the solution is complete, you can view the number of adaptive

passes that were performed. If the solution converged within the

specified stopping criteria, fewer passes than requested may have
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been performed.

* Number of tetrahedra created at each adaptive pass.

* Maximum magnitude of delta S between two passes.
For solutions with ports, as in Setupl, at any time during or after the
solution process, you can view the maximum change in the magnitude
of the S-parameters between two consecutive passes. This informa-
tion is available after two or more passes are completed.
The convergence data can be displayed in table format or on a rect-
angular (X - Y) plot.

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 In the Solution Data window, click the Matrix Data tab.

I Solutions: dra_diel - HF55Modell

Sirnulatian: | Setupl j | Sweepl j

D esign Y ariation: | J

Frofile ] Convergence  Matrix Data l Mesh Statistics]

W SMatix [ Gamma |25 (GHz | Export Matrix Data... |
B YMater | Zo [ All Fregs. Edit Freqgs... | E quivalent Circuit Export. .. |
[ Z katris

Check Paszivity |

Pazzivity Tolerance: |.0007

|Magnitude.-"F'hase[deg] j

Freq | S:LumpPort1:1 |
LumpPart1:1 [0.97609,  133)

2 In the Simulation pull-down lists, do the following:

a. Verify that Setupl is selected as the solution setup for which you want to
view matrices.

b. Verify that LastAdaptive is selected. This is the solved pass for which you
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want to view matrices.
3 Select S Matrix as the type of matrix data you want to view.

4 Select Magnitude/Phase from the pull-down list as the format in
which to display the matrix information.

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.

5 Select the solved frequencies to display:

* To display the matrix entries for all solved frequencies, select All
Fregs. It is selected be default.

* To show the matrix entries for one solved frequency, clear All Fregs
and then 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.

The data is displayed in the table.

6 Click Close to close this window.

Once the simulation has run successfully, you will be ready to analyze
the results, as described in the next chapter, “Analyzing the Solu-
tion.”
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Analyzing the Solution

Now, HFSS has generated a solution for the antenna problem. In gen-
eral, you can display and analyze the results of a project in many dif-
ferent 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 variables.

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:

v
v

v

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.

Time It should take you approximately 1 hour to work through this chapter.
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Create Modal S-Parameters Reports

Now you are ready to create the modal S-parameters and Z-parameters
reports.

Create an S-Parameters Report of S11

To generate a 2D report of S11:

1 Click HFSS>Results>Create Modal Solution Data Report>Rectangu-
lar Plot.

The New Report dialog box appears.

& Report: dra_diel - HFSSModel1 - Mew Report - Mew Trace(s)

oL Trace lFamiIies ] Families Displasy ]
Solution: Setupl @ Sweepl b
| i P J Primary Sweep: |Freq ||l
Damain: |SWEED j 3 W Default |
Range

W ||:|B{SI{Lum|:|F‘|:|rI:1,Lum|:|F'|:|rt1]|]| Funchion.
Category: Quankity Funckion:
Yariables P SiLumpPort ], LurmpPork 1)
Cukput Variables
¥ Parameter

Ilpdate Report ﬁSPw?fEameter

[v Real time (amma b

Cukput Variables, ., | Cptions. .. | Mew Report | | C

2 Verify that Setupl: Sweepl is selected in the Solution pull-down list.
3 Verify that Sweep is selected from the Domain pull-down list.
4 For the Primary Sweep, select the variable Freq.
This selection is plotted along the x-axis.
5 In the Y Component pane, specify the following information to plot
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along the y-axis:

Category

Quantity

Function

S Parameter

Create Modal S-Parameters Reports

This is the type of information to plot.

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

dB

This is the mathematical function of the quantity to

plot.

6 In the Families tab, the Sweeps radio button is selected.

7 Click New Report, and then click Close.

The report XY Plot 1 appears in the 3D Modeler window and is now
listed under Results in the project tree. A trace icon is also listed
under XY Plot 1. A trace is a single line that connects the data points

on the graph.

Ansoft LLC
0.00

Rept2DRectFreq

HFSSModell

= 5.00
t -
EE h
% -10.00
E ]
-15.00

Lu

-20.00 -

mpPort1

3.25.00 -

(S(L

0-30.00 E

-35.00

Curve Info

= dB({S(LumpPort1,LumpPort1))
Setup1 : Sweep1

250

'3.00

350 400
Freq[GHZz]

450 "~ 5.00
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Create an S-Parameters Report of Z11

To generate a 2D report of Z11 Real and Imaginary traces:

1 Click HFSS>Results>Create Modal Solution Data Report>Rectangu-
lar Plot.

The Report dialog box appears.

2 Verify that Setupl: Sweepl is selected from the Solution pull-down
list.

3 Verify that Sweep is selected from the Domain pull-down list.
4 For the X field, the sweep variable Freq is selected.
This select plots the sweep variable selected along the x-axis.
5 Inthe Y pane, add the following two traces to plot along the y-axis:
a. Specify these values for the real trace to plot:

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

This is the real part of the complex number.

b. Click New Report, but do not click Close.
This displays the XY Plot 2 report with one trace and enables the
Update Trace and Add Trace buttons in the New Report dialog.

c. Inthe New Report dialog, specify these values for the imaginary
trace to plot:

Category Z Parameter
Quantity Z(LumpedPortl, LumpedPortl)
Function im

This is the imaginary part of the complex number.

6 Click Add Trace.
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Ansoft LLC
500.00

Create Modal S-Parameters Reports

The Z-parameter trace is added to the XY Plot 2 in the 3D Modeler
window and is now listed under the Results icon in the project tree.

XY Plot 1

HFSSModell

— re(Z(LumpPort1, LumpPort1))

= im{Z({LumpPort1,LumpPort1))
Setup1 : Sweep

Curve Info

Setup1 : Sweep

50

0 400 450 500
Freq [GHz]
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Create Field Overlay Plots

Next, you will create a field overlay plot of the magnitude of E of the
bottom face of the antenna’s air volume object and examine the result-
ing E- field pattern.

Create a Mag E Field Overlay Plot

Now, you are ready to create a field overlay plot of the magnitude of E of
the bottom face of the air volume object and examine the resulting E-
field pattern.

1 In Select Faces mode, select the bottom face of the object airvol.
One way to do this is to click the cursor near the bottom of one of the
rectangular facets, and then type “b” to select a face behind.

2 On the HFSS menu, click Fields>Plot Fields>E>Mag_E.

The Create Field Plot dialog box appears.

Create Field Plot X
[ Specify Mame | Fields Calculator ... |
[ Specity Falder | J Category: |Standard ﬂ

Deszign: HFSSkModell [Iuantity [ W alumme
cavity
Salution: |Setupl : Lasthdaptive v | SnmpleEMag_E dra |

ectar_ alryo

kag_H

Field Type: | =] Eumtple:vlc_'h“lag_H

ector_|

b ag_lzurf

Intrinzic W ariables Surrlple:jh“l a?_.J surf
ector_Jsur
= - b ag_Jwval
= |EGHZ J Complestdag_Jwal
Wechor_Jlval
Phaze |':":|EEI ﬂ Yector_RealPopnting
Local_SaR
Average_S508
S ave Az Default | Surface_Loss Density
Waolume_Lozs_Density
-
I—IDDHE Cancel [ Streamline
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3 Select Mag_E from the Quantity list.
This selects the magnitude of the real part of the electric field
IEl(x,y,z,t) as the quantity to plot.

4 Select All from the In Volume list to specify that HFSS will plot over
the entire volume of the model.

5 Verify that 3.75GHz is selected from the Freq pull-down list.

The Freq pull-down list includes a list of frequencies for which a field
solution is available.

6 Verify that Odeg is selected from the Phase pull-down list.
7 Click Done.

The Mag_E1 field overlay cloud plot appears in the 3D Modeler win-
dow and is now listed under Field Overlays-E Field-Mag_E1 in the
project tree.

Your field overlay plot should resemble the one shown below:

Il dra_diel - HFSSModell - 3D Modeler =101 x|
Objects =
& ar E Field[v/m]
€7 airval 1.1377e+@0Y
L Cree 1. B666e+BEY
o hemo spit 9, 9552e+803
B cavity 9, ZY4Y4Ze+E83
) Cree 8.5331e+003
S0 Splt 7.8221e+603
.00 Split 7. 111Ae+0A3
g dra_diel fi. YAGE & +0A3
Elé? dra . 5. 6890:+0B3
) Cre 4, 977 Oe+003
;00 Split 4. 26E69e+8E3
“-00 Split 3.5558e+803
Shests 2. 844Be+A03
= Lumped Porl 2.13386+003
- gap 1.4227e+003
-3 Perfect H 7.11882+002
=e g“:':':; 6. 3481e-m01
@ Cov
=-If Subl
5@
gy Clor
.00 Split
Coordinate Sysk ™
BE B
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Modify the Mag E Plot’s 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 Select Mag_E1 in the project tree under Field Overlays-E Field.
This is the folder in which plot Mag_E1 is located.

2 On the HFSS menu, point to Fields, and then click Modify Attributes.
The Select Plot Folder window appears.

Select Plot Folder

3 Verify that Mag_E1 is selected, and then click OK.
A dialog box appears, which displays the plot’s attributes.

[dra_diel] HESSModel1 -- E Field

Calar map l Scale | Marker/now | Plots |

Type

" Urifarm |

" Ramp I

f* Spectum R ainbows j

Save as default |
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4 Click the Color map tab, and then specify the following settings:

Type 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.
Real time Select this option.
mode This option immediately applies changes to the

plot’s attributes.
5 Click the Scale tab, and then specify the following settings:

Use Limits 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.

Min Enter 1e-4 (0.0001).
Max Enter 1e5 (100000).
Linear/ Log Select Log.
Field values will be plotted on a logarithmic scale.
6 Click the Plots tab, and then specify the following settings:

IsoValType Select Tone from the pull-down list.
This isosurface display type varies color continuously
between isovalues.

Outline Select this option.

Map transp. Clear this option, if it is selected.

If selected, the transparency of field values
increases as the solution values decrease.

7 Accept all the remaining default settings in this dialog box. With Real
Time Mode selected, Apply is grayed out, and the changes apply
immediately.
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Your modified plot Mag_E1 should resemble the one shown below:

E Field[¥/m]
. . BEAE e +8E5

L 2F5hEe+EEY
L1795e+863
V1788 +0E3
L BE27e+00E2
1854 e+EEL
,53595e+0061
1623 +80E
1969 -8E1
. B6379e-A01
L FETEE-BEZ
HE34e-AE35
L9387 e-A835
. 3948 -AEY
. BEAE g -AEY

| = e s T I e I L i s R S I o

Create a Phase Animation of the Mag E Plot

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

To create a phase animation of the Mag E plot:
1 Select the Mag_E1 field overlay plot from the project tree.

2 Click HFSS>Fields>Animate.
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The Setup Animation dialog box appears.

Setup Animation PS__<|

M ame: |.-'-‘-.nimati|:|n1 Dezcription; |

Swept Variable l Dezigr Paoint ]

Swept vanable:

Stat:  |Odeg
Stop: |180deq
Steps: |EI

3 Accept the default name Animationl in the Name text box.
4 Optionally, type a description of the animation in the Description
text box.

5 Under the Swept Variable tab, select Phase from the Swept Variable
list.

6 Accept the remaining default settings in the Start, Stop, and Steps
boxes for the phase values of the animation.
If the Start value is 0, the Stop value is 160, and the number of steps
is 9, the animation will display the plot at 9 phase values between 0
and 160. The start value will be the first frame displayed, resulting in
a total of 10 frames in the animation.

7 Click OK.

The animation begins in the 3D 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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Numbers

3D Modeler window
defined 2-3
location on desktop 2-2
overview 3-3

A

adaptive solution 5-2
air volume 3-25
assigning a color to 3-26
assigning a transparency to 3-26
assigning perfect E boundary to
4-4
assigning radiation boundary to 4-
3
naming 3-26
verifying its material 3-26
analysis
of solution 6-1
results 1-5
animation
creating a phase animation 6-10
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assigning a color to 3-20
assigning a transparency to 3-20

assigning perfect H boundary to
4-7
naming 3-19

B

boundaries

about 4-2

assigning 4-3

assigning a perfect E boundary 4-
4

assigning a perfect H boundary 4-
7

assigning a radiation boundary 4-
3

assigning a symmetry boundary
4-8

editing visualization settings of 4-
4

model-specific conditions 4-2

solver view of 4-15

verifying 4-15

C
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assigning a color to 3-9
assigning a transparency to 3-9
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naming 3-7

splitting 3-7

verifying its material 3-9
clone before intersect 3-22
context-sensitive help 1-iv, 2-7
conventions used in guide 1-iii
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about 3-4

face type 3-4

global type 3-4

relative type 3-4
copyright notice 1-ii

D
design, inserting 2-5
dialog boxes

Create Field Plot 6-6
Edit Sweep 5-6
Element Length based refinement 5-8
Lumped Port wizard 4-11
Port Impedance Multiplier 4-14
Set Model Units 3-4
Setup Animation 6-11
Solution Setup 5-2
Solution Type 3-2
Split 3-8
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Traces 6-2
View/Edit Material 3-15
Do lambda refinement option 5-4
DRA 3-11
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assigning a material to 3-13
assigning a transparency to 3-13
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the feed gap object 3-21
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E
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naming 3-23
field overlay plots
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help
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Ansoft technical support 1-iv
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on dialog boxes 1-iv
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HFSS
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inserting an HFSS design 2-5

interface overview 2-2
history tree
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about 4-13
modifying 4-13
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selecting faces of 4-5
sheet object defined 3-19
splitting 3-8, 3-12

splitting for symmetry 3-27
subtracting 3-18

defined 2-3
location on desktop 2-2

P

perfect E boundary
assigning 4-4
defined 4-2
perfect H boundary
assigning 4-7
defined 4-2
plots
animating 6-10
appearance in the project tree 6-3, 6-5
creating a cloud plot 6-6
creating a mag E plot 6-6
creating field overlays 6-6
modifying attributes of 6-8
port impedance
imaginary 4-12
real 4-12
profile data 5-12
Progress window
defined 2-3
displaying solution progress 5-11
location on desktop 2-2
project
validating 5-10
Project Manager window
defined 2-3
location on desktop 2-2
project tree
inserting an HFSS design 2-5
projects
adding 2-5
adding project notes 2-6
creating 2-5
general procedure 1-3
saving 2-6
Properties window

R

radiation boundary
assigning 4-3
defined 4-2
reports
animating 6-10
appearance in the project tree 6-3, 6-5
creating a cloud plot 6-6
creating S11 6-2
creating Z11 6-4
field overlay plots 6-6
generating 2D graphs 6-2
modal S-parameters 6-2
rescale to new units 3-4

S

S11
creating report of 6-2

select faces mode 4-5

setting up 3-3

simulation
running 5-11

solution
adding a fast frequency sweep 5-6
adding to a design 5-2
analyzing 6-1
defining mesh operations 5-7
generating 5-11
specifying frequency 5-4
specifying lambda refinement 5-4
specifying maximum delta S 5-4
specifying maximum number of passes 5-4
specifying minimum converged passes 5-5
viewing convergence data 5-14
viewing matrix data 5-16
viewing profile data 5-12

solution types
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Driven Terminal 3-2

Eigenmode 3-2

selecting 3-2
solutions

adaptive 5-2

adaptive analysis 5-11

adding a solution setup 5-2
and setting parameters 5-2

frequency 5-2

setting solution parameters 5-2

status bar

defined 2-4

location on desktop 2-2
subtracting

and blank objects 3-18

and tool objects 3-18
symmetry boundary

assigning 4-8

defined 4-2

T

toolbars

defined 2-4

location on desktop 2-2
trademark notice 1-ii

U

units, selecting 3-4

\'

validation check 5-10

W

wave ports

impedance multiplier 4-13
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