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Conventions Used in this Guide

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

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

» Bold type is used for the following:

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

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

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

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

° Emphasis.

° The titles of publications.

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

* The plus sign (+) is used between keyboard keys to indicate that you should press the
keys at the same time. For example, “Press Shift+F1” means to press the Shift key and,
while holding it down, press the F1 key also. You should always depress the modifier key

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

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

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

"Click Draw > Line"

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

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

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

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

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

Getting Help: Ansys Technical Support

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

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

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

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

Context-Sensitive Help

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

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

This Getting Started guide describes how to set up and solve a two-way, low-loss waveguide
combiner.

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

* 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 setup.

¢ Runan HFSS simulation.

« Create plots and a field overlay of the results (see Results of Analysis).

The Sample Problem

For this problem, the waveguide combiner is a standard WR42 model with a four-port combining
junction. Each waveguide is 420 mils wide and 170 mils high. This type of waveguide combiner
is used to combine the output power of two 20 GHz solid state power amplifiers (SSPA) with a
very compact size and low insertion loss.

The outputs of the SSPAs are fed into Ports 2 and 4 of the waveguide with a 90-degree out-of-
phase separation to steer the output power of the amplifiers to port 1. Port 3 of the waveguide is
the isolated port where the impedance mismatch at the output (port 1) is absorbed.

This problem is also described and analyzed in the following reference:

Arcioni, Paolo, Perregrini, Luca, Bonecchi, Fulvio, “Low-Loss Waveguide Combiners for
Multidevice Power Amplifiers,” The Second International Conference on Electromagnetics in
Aerospace Applications, September 1991.

The geometry for this waveguide combiner problem is shown below:
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Combining
Port 1 Y Junction

One of Four /

Waveguide Sections Port 2

Results of Analysis
After setting up the waveguide combiner model and generating a solution, you will:

e Create Modal S-parameter reports (2D x-y plot).
» Create afield overlay of the E-field magnitude.
» Create an animation of the E-field magnitude overlay.

Overview of the Interface

Below is an overview of the major components of the HFSS interface.

Note:

The background color can be changed from View > Modify Attributes > Background
Color.
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Displays details about all open HFSS projects. Each pro-
ject has its own project tree, which ultimately includes

1: Project Manager Window

one or more designs, each with a geometric model and
its boundaries and excitations, material assignments,
analysis setups, and results.

2: Modeler Window Displays the drawing area of the active model, along

with the History Tree.

3: History Tree Lists all objects comprising the active design, grouped
by the object type and material assignment. It also con-
tains the history of all operations carried out on the
model. Defined planes, points, coordinate systems, and

object/face lists are also contained in the History Tree.
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4: Properties Window

Displays the attributes of a selected object in the active
model (such as the object’'s name, material assignment,
orientation, color, and transparency). You can directly
modify the specified attributes within this window.

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 com-
mand’s name, the coordinate system used to define it,
the circle’s center position coordinates, the axis about
which the circle was drawn, and its radius.

You can directly modify the specified attributes that are
listed within this window.

5: Menu Bar

Provides various menus that enable you to perform all
of the HFSS tasks, such as managing project files, cus-
tomizing the desktop components, drawing objects,
assigning boundaries and excitations, setting and modi-
fying all project parameters, and creating reports.

6: Ribbon

Provides commonly used commands organized into
separate tabs, panels, and drop-down menus, many of
which are represented with icons.

7: Message Manager Window

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

8: Progress Window

Displays a progress bar and solution information while
performing the analysis.

9: Status Bar

Shows current status or required actions and provides
instructional prompts.

In addition, depending on the command being carried
out, the status bar can display the X, Y, and Z coordin-
ate boxes, the Absolute/Relative pull-down list to enter
a point’s absolute or relative coordinates, a drop-down
list to specify a point in Cartesian, Cylindrical, or Spher-
ical Coordinates, and the active model's length units.

Introduction 1-4
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2 - Creating the New Project

Your goals in this chapter are as follows:

+ Create a new project.
Add an HFSS design to the project.
Optionally add project notes.

Select the Solution Type

Save the project with a user-specified name.

This chapter describes how to create a project in which to save all the data associated with the
problem. By default, when you launch the Ansys Electronics Desktop a new project named Pro-
jectn is automatically created into which you can insert a new HFSS design.

= Project1
-6 HFSSDesign1 (DrivenModal)
-7 Definitions

You can also create a new project and insert a design manually.

Time
It should take you approximately 10 minutes to work through this
chapter.

Add the New Project

1. Launch the Electronics Desktop application, if it is not already running.

2. If you have just started Electronics Desktop, a new project has already been created for
you automatically. You can skip this step. However, if you previously opened Electronics
Desktop and then closed the project you had been working on, do one of the following to
create a new project:

* From the menu bar, click File > New.

* From the Desktop tab of the ribbon, click j New.

A new project is listed at the top of the Project Manager window. It is named Projectn by
default, where n is a serial number incremented from the highest existing Projectn file
already in the default project folder. Project definitions, such as boundaries and material
assignments, are stored under the project name shown in the Project Manager.

Creating the New Project 2-1
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Insert an HFSS Design

The next step for this waveguide combiner problem is to insert an HFSS design into the new pro-
ject. On adding an HFSS design type, a design named HFSSDesignn with the solution type as
[Driven Modal] appears for the current project. You will change that default design name to some-
thing more descriptive.
3. Select the project name (Projectn) at the top of the Project Manager window.
4. Tomanually insert an HFSS design into the project, do one of the following:
* Using the menu bar, click Project > Insert HFSS Design.

¢ Right-click the project name in the Project Manager window, and then select
Insert > Insert HFSS Design from the shortcut menu.

* Inthe Desktop tab of the ribbon, click % Insert HFSS Design.

* Inthe Desktop tab of the ribbon, choose % HFSS from the Insert HFSS Design
drop-down menu.

An HFSS Design icon and heading are added to the Project Manager.

5. Select HDSSDesign1 and press F2 to rename the design. Then,
a. Type Waveguide Combiner, replacing the default name.
Spaces are permitted within design names. Since this project will only include a
single design, this name is sufficiently descriptive. When a project contains multiple

designs, its a good practice to specify names that clearly differentiate them and
make the purpose of each design clear.

b. Press Enter.

Creating the New Project 2-2
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The design within the Project Manager should now look like the following image:

Project Manager q 1 o= TA Coordinate Systems
El--@ Projectl* --@ Planes
|_—‘_|t£fl Waveguide Combiner (Modal Network) E-€2 Lists
é 3D Components
----- ‘£ Model
@ Circuit Elements
- [F Boundaries
B3 Excitations

----- ﬁ Analysis

l@ Optimetrics

----- Results

----- Part Field Display
----- % Field Overlays
----- Radiation

-2 Definitions

Add Project Notes

Optionally, you can enter notes about your project, such as its creation date and a description of
the device being modeled. These notes are useful for keeping a running log of the project details
and for future reference.

To add notes to the project:

. In the Project Manager, right-click the HFSS design heading, Waveguide Combiner ( ...
), and select Edit Notes from the shortcut menu.

The Design Notes window appears.

. Click inside the window and type your notes, such as a description of the model, assumed
conditions, and the software version in which it is being created.

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

Note:

To edit existing project notes, double-click Notes in the Project Manager. The Design
Notes window appears, and you can edit its content as needed.

Select the Solution Type

Before you draw the geometry, specify a solution type as follows:

Creating the New Project 2-3
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1. Access the Solution Type dialog box using one of the following two methods:
¢ Using the menu bar, click HFSS > Solution Type.

* Inthe Project Manager, right-click Waveguide Combiner ( ... ) and choose Solu-
tion Type from the shortcut menu.

The Solution Type dialog box appears.
2. Under Options, choose Modal.

The Solution Type should be HFSS, and also, Network Analysis should be selected
under Options:

Selution Type: Project] - Waveguide Combiner ot

Solution Types
fv HFSS
" HFSS with Hybrid and Armrays
" Transient
" SER+
" Eigenmode
{" Characteristic Mode

O ptions

' Metwork Analysiz O Composite Excitation

+ Modal " Termminal

[ Aute-Open Begion

[ Sawve az default

k. | Cancel

Some of the possible solution types and options are described below:

Modal For HFSS or HFSS with Hybrid and Array solutions only. This option cal-
culates the mode-based S-parameters of passive, high-frequency struc-
tures such as microstrips, waveguides, and transmission lines, which
are “driven” by a source.

Terminal For HFSS or HFSS with Hybrid and Array solutions only. This option cal-

Creating the New Project 2-4
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culates the terminal-based S-parameters of passive, high-frequency
structures with multi-conductor transmission line ports, which are
“driven” by a source.

The solution produces terminal-based results related to voltages and
currents.

Eigenmode

Calculates the eigenmodes, or resonances, of a structure. The Eigen-
mode solver finds the resonant frequencies of the structure and the
fields at those resonant frequencies.

3. Click OK to apply the Modal solution type to your design.

Save the Project

Next, save and name the new project.

Itis important to save your project frequently to prevent loss of your work if a problem occurs.

Note:

By default, Ansys Electronics Desktop autosaves your projects every ten edits. Auto-
save settings are found in the General > Desktop Configuration section of the Gen-
eral Options. You can change the autosave interval or disable the feature.

To save the new project:

1. From the menu bar, click File > Save As.

The Save As dialog box appears.

2. Use the file browser to find the directory where you want to save the file.

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

The filename will also be used as the project name, replacing "Projectn."

While spaces are permitted within file and project names, it is convenient to avoid using
them. When a path\filename contains spaces, it must be enclosed in quotation marks
within system commands and batch commands. It is not necessary to do so when no
spaces are present because the operating system can clearly identify the command
name, path\filename, and optional parameters.

Creating the New Project 2-5
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Note:

In an earlier step, you changed the HFSS design name to Waveguide Combiner.
It may seem redundant to have nearly identical project and design names, but
there is a reason for doing so. Reports that you add to the project, such as an S-
Parameter plot, will be labeled with the design name by default. However, the pro-
ject name is not included on the report. It is a good practice to specify descriptive
project and design names. The same guideline applies to analysis setup names,
sweep names, and more.

4. Inthe Save as type list, accept Ansys Electronics Desktop Project File (*.aedt) as the
correct file type.

When you create an HFSS project, it is given an aedt filename extension by default and
placed in the project directory. Any files and subfolders related to that project are stored in
the same directory.

5. Click Save.

The project is saved to the specified location.

Note:

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

Click the Help button in a pop-up window.

Press F1. This opens the Help window. If you have a dialog open, or if the cursor
is pointing at a menu command, your browser opens to a page that describes the
dialog box or command (context-sensitive help).

Use the commands from the Help menu.

At this point you are ready to set up the drawing region in preparation for drawing the waveguide
combiner.

Creating the New Project 2-6
Ansys Electromagnetics Suite 2025 R1 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting Started with HFSS™: 20 GHz Waveguide Combiner

3 - Set Up the Drawing Region

The next step is to set up the drawing region.
In this chapter, you will:

» Enable Legacy View Orientations
» Look at an overview of the Modeler window
« Learn about settings for the following four items:
¢ Coordinate System
¢ Units
e Grid
e Transparency

For this waveguide combiner problem, use the default coordinate system, specify the units, and
define the grid settings.

Set View Options

This getting started guide has been updated to use the new standard view orientations that were
implemented in version 2024 R1 of the Ansys Electronics Desktop application. For consistency
between your experience and the views and instructions contained in this guide, ensure that the
Enable Legacy View Orientation option in the 3D Ul Options dialog box is cleared, as follows:

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

2. Clear Enable Legacy View Orientation if the option is selected:

Set Up the Drawing Region 3-1
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3D Ul Options x

General | 3D Modeler Graphics |

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

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

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

[+ Seltransparency of non-selecled objects 049
Default Rotation About

" ModelCenter (~ CumentAxis (# ScreenCenter ( Cursor

Middle Mouse Buton Drag

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

Animation Duration

} 500 msecs

[~ Enable Legacy View Orientation |

OK | Cancel

3. Click OK.

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

4. On the Draw ribbon tab, click 8 Orient to ensure that you are looking at the /sometric
view, which is the current default view orientation.

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

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

At the end of this guide, you will be prompted to restore your preference, if you prefer to continue

using the legacy view orientations that were in effect for 2023 R2 and earlier versions of the soft-
ware.

For a comparison of the legacy and current view orientations, search for "View Options: 3D Ul
Options"in the HFSS help. Additionally, views associated with Alt + double-click zones have
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been redefined. The current orientations are shown in the help topic, "Changing the Model View
with Alt+Double-Click Areas."

Overview of the Modeler Window

The area containing the model is called the drawing region. Models are drawn in the Modeler win-
dow, which appears in the desktop after you insert a design into the project.

As shown below, the Modeler window consists of a Grid, coordinate axes, a scale indicator
(Ruler), a View Orientation Gadget, and a History Tree. The view orientation gadget provides a
convenient alternative for manipulating the model viewpoint, as opposed to using the menu bar,
ribbon commands, or other mouse actions. The grid is an aid to help visualize the location and
size of objects. For more information about the grid, see “Grid Settings”.

The History Tree displays all operations and commands carried out on the active model. See

“HistoryTree” for more information.

-z, Coordinate Systems I
s Ansys
--E F'.Ianes gggf?lm
B8 Lists
Z
History 4
Tree Y
Coordinate ;
Grid
Axes
X
View Orientation
z. Gadget
LS Y
e '; Ruler
[ |
0 1 2 (mm)
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Coordinate System Settings

For this waveguide combiner problem, use the fixed, default global coordinate 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. Each of these
coordinate systems has an X-axis that lies at a right angle to a Y-axis, and a Z-axis that is normal
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 fea-
ture. Relative CS enables you to easily draw objects that are located rel-
ative to other objects.

Face CS A user-defined CS. Its origin is specified on a planar object face. Face
CS enables you to easily draw objects that are located relative to an
object’s face.

Units Settings

Specify the drawing units for your model. For this waveguide combiner problem, set the drawing
units to mils (also known as milli-inches; 1 mil = 0.001 inch).

To set the drawing units:

1. Access the Set Model Units and Max Extent dialog box using one of the following two
methods:

¢ Using the menu bar, click Modeler > Units.
¢ From the Draw tab of the ribbon, click Units.

2. Select mil from the Select units drop-down menu and ensure Rescale to new units is
cleared. Also, leave the Advanced option cleared, keeping the default model extents of
+/-10000 length units.
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8] set Model Units and Max Extent X

Select units: -

[ Rescale to new unitz

[ Advanced

Maodel extents: -10000 to 10000 rl

All geometry zhould fit within these extents.

k. | Carnicel

Note:

* When Rescale to new units is not selected, the dimensions of any exist-
ing geometry are updated to keep the size and location of the objects
unchanged. For example, a 1 inch cube would become an equivalent 25.4
mm cube when changing units from inch to mm.

* When Rescale to new units is selected, the numerical values of any exist-
ing dimensions remain unchanged, but the units are redefined. This pro-
cess changes the physical size and location of the previously drawn
objects. For example, a 1 inch cube with its lower left corner placed 1 inch
in the +X direction from the origin would become a 1 mm cube placed 1
mm from the origin. Use this option to correct objects drawn using the cor-
rect numerical values but the wrong units setting.

* In either case, the grid spacing is adjusted to reflect the new units.

3. Click OK to accept mils (thousandths of an inch) as the length unit for drawing this model.

Grid Settings

The grid displayed in the Modeler window is a drawing aid that helps to visualize the location and
size of objects. In addition, the cursor can snap to grid points when drawing objects graphically,
depending on the settings under 3D Modeler > Snap in the General Options. The points on the
grid are divided by their local x-, y-, and z-coordinates, and grid spacing is set according to the
current project’s drawing units.

To edit the grid’s properties, click Grid Settings on the View menu. You can control the grid type
(Cartesian or polar), style (dots or lines), density, spacing, or visibility.
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B8 Grid Spacing >

Grid type: * Cartesian " Palar
Grid style: " Dot * Line

v Auto adjust grid estents

v Auto adiust density to; |3':| pinels

Cartesian Palar

.05
10
.05
Gnid wizibiliby
' Show " Hide " Ao

Save Az Default | k. | Cancel

For this waveguide combiner project, it is not necessary to edit any of the grid’s default prop-
erties.

Transparency Setting
Set the default transparency for objects to 0.4.
To set the default transparency for new objects:
1. Access the Options dialog box using one of the following two methods:

¢ From the menu bar, click Tools > Options > General Options.

[ —
* In the Desktop tab of the ribbon, click General Options.

2. Inthe options tree, expand the 3D Modeler branch and the Display sub-branch. Then,
click Rendering.

3. Change the Default transparency to 0.4.
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Options
General Rendering Defaults
2D Extractor
Default color: Select _l
Circuit Design S hd -
Circuit NetList Design Default view render mode: SmoothShade =
HFSS
HFSS 3D Layout
HFS5-1E Ohject Appearance
Icepak
Maxwel 20 | Use material appearance if avaiable
Maxxwel 3D Default color: |
Q3D
RMxprt Default transparency:
Twin Builder 3
5 30 Modeler i 04—
Drawing Opague Transparent
Operation
Snap Object Cutline Contrast
[ Display
1
General - 0.5
Minirmurm Maximum
History Tree
Group
SpaceClaim Link
Ardvanred
oK | Cancel
4. Click OK.
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4 - Creating the Model Geometry

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

¢ Drawing the objects that make up the waveguide combiner.
 Assigning color and transparency to the objects.
« Assigning materials to the objects.

The geometry for this model consists of a single standard WR42 waveguide combiner object
with a four-port, low-loss combining junction. Each waveguide is 420 mils wide and 170 mils
high.

The waveguide combiner starts out as a 2D sheet object (a geometric object containing surface
area but no volume). You draw the sheet object on the XY plane as a series of polylines enclos-
ing an area. Since this model is symmetrical about the XZ plane, just draw the left-half of the
structure's outline. Then, complete the outline of the sheet object by duplicating and mirroring
the left side to create the right side. Finally, merge (that is, Union) the two sides together.

Create the 3D waveguide combiner by sweeping the 2D sheet object in the Z direction. To
reduce the size of this model, only sweep the outline half of its actual height (170 mils / 2 = 85
mils). Assign a perfect E symmetry boundary to the top face of the waveguide combiner to rep-
resent the other (unmodeled) half of the device. This technique reduces the mesh volume to half
that of the full model, thereby shortening the solution time.

For a detailed description about this waveguide combiner, see “The Sample Problem”.

You are all set to draw the geometry.

Time
It should take you approximately 30 minutes to work through this
chapter.

Draw the Polyline1 Object

The first object to be drawn is the left half of the waveguide combiner. Do this by drawing a
closed polyline object consisting of 24 unique points and therefore 24 line segments. While you
will specify 25 points, the first and last are identical. That is, the path ends on its starting point.
This procedure results in a 2D sheet object with a default name of Polyline1.

To draw Polyline1, enter the point coordinates in sequence for each vertex of the 24 polyline seg-
ments while creating them.

1. From the menu bar, click Draw > Line or, on the Draw ribbon tab, click N Draw line.

The status bar now prompts you to enter the first point of the polyline.
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2. Press Tab to move to the X text box along the bottom of the program window. Then, spe-
cify the first point of the line by typing the following X, Y, and Z values, pressing Tab to
jump to the next coordinate text box. (You can also press Shift+Tab to jump to the pre-
vious text box.):

Point X Coordinate Y Coordinate Z Coordinate

Important:

+ Keep your hand off of the mouse when tabbing into the coordinate text
boxes and be very careful not to bump the mouse while typing the coordin-
ates. Any mouse movement will cause the numerical values to revert to
the graphical location of the cursor and can cause the input mode to
change from Absolute to Relative.

» Ensure that the drop-down menu to the right of the coordinate text boxes is
set to Absolute for the first point and for all subsequent points:

If you move the mouse after typing the first set of coordinates, the input
mode will automatically switch to Relative for subsequent points. After
resetting it to Absolute, the setting will remain unchanged for the duration
of the Line command, despite further mouse movements.

3. Press Enter to accept the first point.

4. Continue with this same method and carefully enter the 24 points that remain, as listed in
the table below.

To keep track of the points you are entering, closely observe the Position1 and Position2
values in the Measure Data window. After typing the coordinates for the next point (but not
pressing Enter yet), Position1 will still report the previous point that you defined, and Pos-
ition2 will show the coordinates of the point currently being defined:
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Reference coordinate system is Global

Position1({Reference) = [0, 0, 0]mil
Position2(Vertex_138) = [0, -53, 0]mil
Distance = 53mil

X Distance = Omil

Y Distance = 53mil

Z Distance = Omil

As soon as you press Enter, both Position1 and Position2 will report the coordinates of
the point just defined:

Reference coordinate system is Glabal

Position1(Reference) = [0, -53, 0]mil
Position2(Vertex_138) = [0, -53, 0]mil
Distance = Omil

X Distance = Omil

¥ Distance = Omil

Z Distance = Omil

Angle{P20 - P10) = Odeq

Note:

If you accidentally enter an incorrect set of coordinates, you can delete the last
point you entered by right-clicking in the Modeler window and then clicking Undo
Previous Segment on the shortcut menu.
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Point X Coordinate Y Coordinate Z Coordinate

2 0 -53 0
3 -147 -53 0
4 474 -367 0
5 474 -710 0
6 -944 -710 0
7 -944 -1130 0
8 -369 -1130 0
9 -27 792 0
10 -27 -467 0
11 83 -467 0
12 146 -433 0
13 255 -433 0
14 337 411 0
15 427 411 0
16 506 523 0
17 682 -523 0
18 915 -683 0
19 1562 -683 0
20 1562 -263 0
21 1073 -263 0
22 858 -53 0
23 612 -53 0
24 612 0 0
| 25 0 0 0 |

5. Right-click in the Modeler window, and click Close Polyline on the shortcut menu.
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A sheet object appears in the History tree, the object is shaded (selected) in the drawing
region, and the Properties dialog box appears (if configured to do so when new primitives
are created).

Note:

Objects are automatically selected immediately after being drawn so that you can
instantly view the default attributes and optionally modify them.

6. The objectis named Polyline1 by default, as displayed in the Attributes tab of the docked
Properties window and the Properties dialog box (if it appears).

Properties o =

Mame | Value | Lt | Evaluated Value
Mame Pobine1
Orentation | Global
Model
Group Maodel

<]

Digplay Wi...
Material A. ..
Color [ |
Transparent 0 |

1

| Attrbute lCnmmand

7. Click OK to dismiss the Properties dialog box if it appears.
8. Press Ctrl+D to fit the object in the drawing region.

The completed left-half of the waveguide combiner should appear in the Modeler window,
as shown below:
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[ |
0 1e+03 2e+03 (mil)

If the appearance of the model is not as shown, proceed to the next step, where you will
verify the coordinates of each line segment.

Verify the Points of Polyline1

Before you duplicate and mirror the object Polyline1 to create the right-side of the waveguide
combiner, it is important that you make sure all the points you entered are correct. You will not
obtain the expected simulation results if the geometry is not exactly as described in this exercise.

The image below shows all the point locations used to define the segments for the object
Polyline1:
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To verify the points:

1. Inthe History Tree, click the plus (+) symbol to the left of Sheets to expand the tree struc-
ture to see Unassigned. Expand the structure under Unassigned to see Polyline1.
Expand the structure under Polyline1 to see Create Polyline. Expand the structure
under Polyline1 to see 24 CreateLine commands under CreatePolyline.

B3 Sheets
-0 Unassigned
= Polylinel
|_:_|*\+ CreatePolyline
----- ~. CreateLine
----- "~ Createline
----- "~ Createline
----- "= Createline
----- ~. CreateLine
----- "~ Createline
----- " Createline

----- "=, Createline

2. Click the first CreateLine object in the list to view the coordinate values that you entered
for point 1 (0, 0, 0) and point 2 (0, -53, 0).
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These values are displayed in the docked Properties window, as shown below:

Properties 3 x
MName | Walue | Uit | Evaluated Value |
Segment Type Line
Point1 00.0 mil Ormil , Omil , Qrmil
Point2 0530 il Ormil , -5:3mil . Omil

3. Verify that the values for these points are correct.
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Point X Coordinate Y Coordinate Z Coordinate

1 0 0 0
2 0 -53 0
3 147 -53 0
4 -474 -367 0
5 -474 -710 0
6 -944 -710 0
7 -944 1130 0
8 -369 -1130 0
9 -27 792 0
10 -27 -467 0
11 83 -467 0
12 146 -433 0
13 255 -433 0
14 337 411 0
15 427 411 0
16 506 -523 0
17 682 -523 0
18 915 -683 0
19 1562 -683 0
20 1562 -263 0
21 1073 -263 0
22 858 -53 0
23 612 -53 0
24 612 0 0
|25 0 0 0 |

4. To editan incorrect point value:
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a. Inthe History Tree, select the CreateLine object you want to edit.

b. Inthe Value column of the docked Properties window, enter the correct x, y, and z
coordinates (separated by commas).
The value entered for Point2 automatically applies to Point1 for the next segment.
Therefore, you need only edit Point2 for each of the subsequent CreateLine seg-
ments.

c. Press Enter to apply the new values to the model.

As you enter the values, the display of each segment updates. You may need to

click == Fit All on the Draw ribbon tab to resize the object view within the Modeler
window.

Note:

If you accidentally omitted a point (for example, if one segment starts with
the point-8 coordinates and ends with the point-10 coordinates):

a. Inthe History Tree, right-click the segment that precedes the invalid
one and choose Insert Segment After > Straight from the shortcut
menu.

b. Specify the coordinates of the missing point in the coordinate entry
text boxes and press Enter.

If you accidentally specified the same point twice, there will be a zero-
length line segment (the start point and end point coordinates will be
identical).

Right-click the zero-length line segment in the History Tree, and choose
either Delete Start Point or Delete End Point.

Finally, if you accidentally specified an extraneous point (for example, an
intermediate point between point-12 and point-13):

In the History Tree, right-click the line segment that ends at the extraneous
point and choose Delete End Point.

5. Continue with this same method to verify the values for all remaining points, correct any
errors, and ensure that the appearance of the model is as expected.

Duplicate and Mirror Polyline1

Since the waveguide combiner is symmetric about the XZ plane you can duplicate and mirror the
object Polyline1 and create the right-half of the waveguide combiner. This results in a 2D sheet
object with a default name of Polyline1_1.

To duplicate the object Polyline1:
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1. Select the object Polyline1 by either clicking it in the Modeler window or selecting it in the
History Tree.

2. You can initiate the duplicate and mirror command using either of the following two meth-
ods:

¢ Using the menu bar, click Edit > Duplicate > Mirror.

* Inthe Draw ribbon tab, click ik Thru Mirror (Mirror Duplicate).

3. Press F3 to use the coordinate-text-box method of defining the mirror plane (rather than
filling in the DuplicateMirror dialog box).

4. Press Tab to move to the X text box at the bottom of the program window and then enter 0
Tab 0 Tab 0 to specify the origin (X=0, Y=0, Z=0) as a point on the mirror plane.

5. Press Enter.

This point and the next point you specify define a line perpendicular to the mirror plane,
fully locating and orienting the plane.

6. Press Tab to move to the dY text box and enter 1 to specify the normal point. (Ensure that
the X and Z coordinates are both 0.)

The normal line defined by this point lies along the Y axis.

7. Press Enter. The object is duplicated and mirrored, and the Properties dialog box
appears, if configured to do so.

8. Click OKto dismiss the Properties dialog box, if it appears.

The object Polyline1_1, a duplicate of object Polyline1, appears on the opposite side of
the mirror plane you specified.

9. On the Draw ribbon tab, click & Fit All.

The model should now look like the following image:
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E-55 Model
- Sheets
& Unassigned

-3 Polylinel
R CreatePolyline

..... [ CowverlLines

- o] DuplicateMirror

-3 Palylinel_1

-1, Coordinate Systems

-4 Planes

- Lists

Unite Polyline1 and Polyline1_1

After successfully creating both halves of the waveguide combiner, unite them to make a single
waveguide combiner object.

To unite both halves of the waveguide combiner:

1. Select Polyline1.
2. While holding down the Ctrl key, also select Polyline1_1.

Both objects (Polyline1 and Polyline1_1) are highlighted in the History Tree, and the
status bar indicates that the number of objects selected is two.
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Note:

By default, the objects being joined to the first object selected are not preserved
for later use. However, they do become part of the first object selected.

For this waveguide combiner problem, you do not need to preserve any objects
for later use. However, if you wanted to keep a copy of the objects being joined to
the first object selected, you could use one of the following methods:

+ Copy the objects, perform the Boolean Unite operation, and then paste the
original objects back into the design after uniting them.

» From the menu bar, click Tools > Options > General Option, go to 3D
Modeler > Operation, and then select the Clone tool objects before
uniting option. This option instructs the 3D Modeler to always keep a copy
of the original objects being joined. Finally, perform the Boolean Unite oper-
ation.

3. Click Modeler > Boolean > Unite.

The new object that is created inherits its properties (hame, color, boundary, and material
assignment) from the first object selected (Polyline1).

The resulting united object appears in the Modeler window, as shown below:

-4 Model Z
E-C3 Sheets
& Unassigned
5 Polylinel
*\+ CreatePolyline
..... [ Coverlines
! DuplicateMirror
=04 Unite
-1, Coordinate Systems
-4 Planes

F-#5 Lists

Modify the Waveguide’s Attributes

The next step in creating the 20 GHz waveguide combiner is to modify its default attributes that
are displayed in the docked Properties window. You will rename the object, assign a color,
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adjust the transparency level, and verify the material assignment. You will also verify the global
lighting attributes.

Rename Polyline1

Change the default name of the united object to specify that it is a waveguide combiner. To
modify the name:

1. Reselect Polyline1 if it is not already selected.

3.

Under the Attribute tab of the docked Properties window, click Polyline1 in the Name
row.

Type wg_combiner to rename the object, and press Enter to accept the new name.

Assign a Color to the Waveguide

With the wg_combiner object still selected and the Attribute tab of the Properties window still
displayed:

4.

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

Select the blueish-gray color (RGB settings 128, 128, 192), which is the swatch in the
second row and second-last column of the Color palette.

Click OK to assign the color to the wg_combiner object.

Note:

While an object is selected, it retains the selection color. To see the assigned
color, clear the selection by clicking a blank location in the drawing window (out-
side of the wg_combiner object).

Assign a Transparency to the Waveguide

To assign a transparency level to the waveguide combiner:

7.
8.

10.

Reselect the wg_combiner object, if it is not already selected.

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

The Set Transparency window appears.

Move the slider to the right to increase the transparency to 0.8, or type this value into the
text box.

Click OK to accept the new transparency value.
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11. Inthe Modeler window, click outside the wg_combiner object to clear the selection for
viewing the resulting model appearance.

Verify that Lighting Is Enabled and Using Default Attributes

Itis not necessary to adjust the global lighting parameters for this waveguide combiner problem.
However, if you want, you can change the default ambient and distant light source properties at
this time.

To verify that default lighting attributes are enabled:
12. Using the menu bar, click View > Modify Attributes > Lighting.
The Lighting Properties dialog box appears.

13. Verify that the Do not use lighting option is cleared (to enable lighting effects).
14. Click Reset from default to restore default settings.

Note:

Optionally, if you have customized lighting settings that you wish to retain, click
Save as default to make your settings the default configuration.

15. Click OK to accept the settings and close the Lighting Properties dialog box.
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Sweep the Waveguide

Next, you must sweep the 2D object, wg_combiner, along a vector to create a 3D solid object
as the final waveguide combiner model.

To sweep the 2D object along a vector:

1. Select the object, wg_combiner.
2. Execute the Sweep command using one of the following three methods:
¢ From the menu bar, click Draw > Sweep > Along Vector.

* Inthe Draw ribbon tab, click =2l Sweep along vector.

« Right-click in the Modeler window and choose Edit > Sweep > Along Vector from
the shortcut menu.

3. Specify the vector along which you want to sweep the object:

a. Enter(0,0,0)inthe X, Y, and Z coordinate text boxes to specify the start point and
press Enter.

b. Tab into the dZ text box (if the cursor is not already there), type 85 to specify the end
point, and press Enter.

The Sweep along vector dialog box appears.
4. Enter 0in the Draft angle text box.

This is the angle by which the profile is expanded (positive angles) or contracted (negative
angles) as it is swept to produce a tapered solid object.

5. You can keep whatever the current Draft type setting is, since this setting will only matter
when a non-zero draft angle is specified or the object is swept along a nonlinear path.

For more information, see Draft Type Options.

6. Click OK to complete the sweep.
7. Click OK to dismiss the Properties dialog box (if it appears).
8. Clear the selection.

Your completed 3D wg_combiner object should resemble the one shown below:
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9. Click File > Save, or click the Save icon ( H ), available on any ribbon tab, to save the
geometry.

Now you are ready to assign all boundaries and excitations to the waveguide combiner.
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5 - Setting Up the Problem

Now that you have created the geometry and assigned all materials for the waveguide combiner
problem, you are ready to define its excitations and boundaries.

Your goals for this chapter are to:

» Define boundary conditions, in this case finite conductivity boundaries.
« Define the wave ports through which the signals enter and leave the waveguide combiner.
» Verify you correctly assigned the boundaries and excitations to the model.

Set Up Boundaries and Excitations

Now that you have created the waveguide combiner model and defined its 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.

You are ready to set up the problem.

Time
It should take you approximately 15 minutes to work through this

chapter.

Boundary Conditions

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

The following two types of boundary conditions will be used for this waveguide combiner prob-
lem:

Finite Con- This type of boundary represents an imperfect conductor. HFSS does not
ductivity compute the field inside these objects; the finite conductivity boundary
approximates the behavior of the field at the surfaces of the objects. Any
skin-effect losses will be properly taken into account.

For this waveguide combiner problem, a finite conductivity boundary is
assigned to the bottom face and the side faces of the model (excluding the
four ports).

Symmetry In structures that have an electromagnetic plane of symmetry, such as this
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waveguide combiner 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 waveguide combiner problem, a perfect E symmetry boundary is
assigned to the top face of the model.

Assign Boundaries

First, assign all boundary conditions to the model. These assignments include two finite con-
ductivity boundaries and one perfect E symmetry boundary. For more about the different types
of boundaries available in HFSS, see “Boundary Conditions”.

Assign a Finite Conductivity Boundary to the Bottom and Side Faces

Assign a finite conductivity boundary to all the waveguide combiner’s side faces, excluding the
four port faces.

As discussed in “Boundary Conditions”, finite conductivity boundaries represent imperfect con-
ductors. At such boundaries, the following condition holds:

E."d!.ﬁ‘. = ZS(’: * H-."d.??.:]

where

* E4,,is the component of the E-field that is tangential to the surface.
7is the unit normal to the surface.

H;4n is the component of the H-field that is tangential to the surface.

Z, is the surface impedance of the boundary, (1#/)/{8T)  where:

° disthe skin depth, ¥ 2lwoy , of the conductor being modeled.
° wis the angular frequency of the excitation wave.

o g is the conductivity of the conductor.

° uis the permeability of the conductor.

The fact that the E-field has a tangential component at the surface of imperfect conductors sim-
ulates the case in which the surface is lossy.

The surfaces of any objects defined to be non-perfect conductors are automatically set to finite
conductivity boundaries. HFSS does not attempt to compute the field inside these objects; the
finite conductivity boundary approximates the behavior of the field at the surfaces of the objects.

The finite conductivity boundary condition is valid only if the conductor being modeled is a good
conductor, and if the conductor’s thickness is much larger than the skin depth in the given fre-
quency range.
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To assign a finite conductivity boundary to the side faces of the waveguide combiner:

1. Right-click in the Modeler window, then choose Selection Mode > Faces from the short-
cut menu.

In this mode you can select or deselect an object’s faces instead of the entire object.
When the mouse hovers over a face in the Modeler window, that face is outlined, which
indicates that it will be selected when you click.

2. Select all the side faces of the wg_combiner object except for the four port faces. Addi-
tionally, select the bottom face. Exclude the top face. Hold down the Ctrl key when click-
ing to select multiple faces.

Note:

° To minimize or eliminate the necessity of changing the model viewpoint,
you can select a face that's behind another face. Click on the face you
want to select (even though another face is in front of it). The face in the
foreground is initially selected. Then, press B on the keyboard (or right-
click and choose Next Behind from the shortcut menu) to select the next
face behind the one just selected.

° You can also be creative with techniques for selecting multiple items in
one operation. For example, click and drag to draw selection rectangles,
noting that the direction you drag affects the selection behavior:

® When dragging left-to-right, only items that are fully enclosed within
the rectangle are selected.

® When dragging right-to-left, all items that are fully enclosed withing
the rectangle and all items that the rectangle crosses through are
selected.

The selected faces should look like the figure below. Note that the more closely spaced
pair of port faces in the foreground (+X end) appear to be selected, but they are not. Due
to the model viewpoint, the bottom highlighting color is seen through these two faces.
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3. Alt + double-click near the upper-left corner of the Modeler canvas to switch to an
alternative isometric view.

The faces in question are now in the background, and you can see that they are not selec-
ted:
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4. On the Draw ribbon tab, click @ Orient to restore the default Isometric view.

5. Onthe HFSS menu, click Boundaries > Assign > Finite Conductivity or right-click in
the Modeler window and choose Assignh Boundary > Finite Conductivity.

The Finite Conductivity Boundary window appears. In the Parameters section, set the
material to aluminum, as follows:

a. Select the Use Material option.
b. Click the material button (where the default vacuum is displayed).

The Select Definition dialog box appears. By default, this material browser lists all
materials in the system Materials library, as well as the local library for the current
project, which is a subset of the system library.

Select Definition

Materials | Material Fiters

Search Parameters

Search by Name Search Criteria Librafies W Show Project definitions
| " by Name " by Property | |[sys] Materials
|Helatix-'e Pemittivity J
Relative Relative
"'f Name ‘  — ‘ P ‘ Pemittivity ‘ Pemeahility
N A2_03 _ceramic SysLibrary Materials 5.8 1
[ |AN SysLibrary Materials 28 1
N alumina_92pct SysLibrary Materials 5.2 1
N alumina_56pct Sys Ubrar‘_.' Materals
aluminum_EC SysLibrary Materals 1.000021

N aluminum_noZ_EC SysLibrary Materials 1 1.000021
N Adon 25FR {tm) SysLibrary Materials 158 1
N Adon 25M fm) SysLibrary Materials 338 1

c. Select aluminum from the list of materials and click OK.

The Finite Conductivity Boundary window reappears. The conductivity and per-
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meability values for aluminum are now assigned to the finite conductivity boundary:

Finite Conductivity Boundary *

Finite Conductivity Boundary l Defaults ]

Name: |Fin'rteCu::nu:|1

Parameters

v Lze Material: | aluminum

[ Infinite Ground Plane

Advanced
Surface Roughness Model: {* Groiss " Huray
Surface Roughness: |D |um ﬂ
|
" Set DC Thickness |Z |mm J
O o
F |

% |se classic infinite thickness model

6. Clear the Infinite Ground Plane option if it is selected.

If selected, this option simulates the effects of an infinite ground plane, and it 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, perfectly conducting plane.

7. Click OK to accept the default name FiniteCond1 and apply the boundary.

8. The resulting finite conductivity boundary is applied to the bottom and side faces of the
wg_combiner object and appears as a subentry of Boundaries in the Project Manager.
Select FiniteCond1 to highlight the assigned boundary if it is not already displayed. Your
model should look like the following image:
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By default, the geometry, name, and vectors for the boundary appear in the Modeler win-
dow. For this waveguide combiner problem, it is not necessary to edit any of the bound-
ary’s default visualization settings.

Note:
To edit a boundary’s visualization settings:

1. Click HFSS > Boundaries > Visualization if you want to show or hide
boundaries.

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

3. Click Close.

Assign a Perfect E Symmetry Boundary to the Top Face

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 general, use the following guidelines to decide
which type of symmetry plane to use:

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

« Ifthe symmetry is such that the E-field is tangential to the symmetry plane, use a perfect H
symmetry plane.
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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 (TE4g) 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 TE 45 Mode

:::::

Ml
T

Perfect H symmefry plane
(- Perfect E symmetry plane

TR

Since the top and bottom halves of the E-field are symmetrical, you can reduce the height of the
waveguide combiner model to half of the actual device height. Use a perfect E symmetry bound-
ary on the top face to get the correct results. Additionally, adjust the port impedance multiplier to
obtain the correct impedance from the half-model.

==

=

K ¥

Next, assign a perfect E symmetry boundary to the top face of the waveguide combiner (the sym-
metry plane for the model):

1. Ifitis still selected, deselect the finite conductivity boundary you just assigned.
2. In Select Faces mode, select the top face of the object wg_combiner.
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3. Onthe HFSS menu, click Boundaries > Assign > Symmetry.
The Symmetry Boundary dialog box appears.

Symmetry Boundary s
General | Defaults I
Mame: |Sym1
Symmetry
* Pedfect E " Perdfect H

Edit Port Impedance Multi