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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.

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

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



Getting Started with HFSS: Optimizing a Waveguide T Junction and Using SpaceClaim Link

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

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

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

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

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

Getting Help: Ansys Technical Support

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

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

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

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

Context-Sensitive Help

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

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

This document describes how to optimize the model created in the previous Waveguide T-Junc-
tion getting started guide. It includes instructions to set up and solve a basic parametric analysis
and to create and solve an optimization setup. It also shows how to import the T-Junction geo-
metry to SpaceClaim and to link it with HFSS (connecting CAD model variables to HFSS design
parameters). Changes from the HFSS optimization analysis are reflected in the linked
SpaceClaim geometry.

This chapter contains the following topics:
* Prerequisites
* What You Will Learn
¢ HFSS Optimetrics
e T-Junction Recap and Sample Project Overview

Prerequisites

We strongly recommend that you complete the tutorial Getting Started with HFSS: A Waveguide
T-Junction before you work on this exercise. The parametric and optimization setups for this pro-
ject are based on the design setup, analyses, and post processing performed in the Waveguide
T-Junction tutorial. However, an example Tee model is included as part of the Ansys Electronics
Desktop installation. It is identical to the model created via the prerequisite guide, except that the
results have not been computed yet. However, the analysis setup, sweep, S-parameter plot, and
E-field overlay are already defined. If you choose to complete this exercise without completing
the prerequisite tutorial, the example Tee model provides the means to do so.

If you want to complete the optional SpaceClaim link exercise (in the last chapter of this guide),
you will need to have the Ansys Workbenchapplication installed, which includes the SpaceClaim
CAD solid modeling product.

What You Will Learn

You will learn to perform the following HFSS tasks in the Ansys Electronics Desktop application:

+ Create a basic parametric setup.

» Solve a parametric analysis.

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

» Create a 2D x-y plot of power distribution results.
» Create a geometry animation.

» Specify an optimization variable.

« Create an optimization setup, which includes defining a cost function and setting the
range of variable values for an optimization.

¢ Run an optimization analysis.
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« During an optimization analysis, create a plot of cost values versus solved iterations.
¢ Run an HFSS simulation using the optimal variable value.
» Update an existing field overlay plot with new results.

« If you continue to the SpaceClaim link exercise, you will learn to export geometry from the
Modeler and import it into SpaceClaim.

* You will also learn to create a variable in SpaceClaim, save a project, and connect
from HFSS using the SpaceClaim link.

* You will then solve the geometry parametrically in HFSS using Optimetrics, demon-
strating a bidirectional workflow between SpaceClaim 3D CAD and Ansys Elec-
tronics Desktop.

HFSS Optimetrics

Optimetrics is a feature that automates the process of determining the best design variation
among a number of possible options. Create the original model and define the design para-
meters that vary. These parameters can be nearly any design characteristic assigned a numeric
value in HFSS. For example, you can parameterize the model geometry, material properties, or
boundary conditions. You can then perform the following types of analyses on your nominal
design:
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Parametric Define one or more variable sweep definitions, each specifying a series of
variable values within a range, and HFSS solves the design at each vari-
ation. Parametric analyses are often used as precursors to optimization
solutions because they help to determine a reasonable range of variable
values for the optimization analysis.

Optimization Identify the cost function and the optimization goal. Optimetrics changes
the design parameter values to meet that goal.

Sensitivity Optimetrics explores the space in the vicinity of the design point to determ-
ine the sensitivity of the design to small changes in variables.

Tuning Tuning allows you to change variable values interactively while monitoring
the performance of the design.

Statistical Optimetrics allows you to explore the effects of various combinations of
selected variables on specified analysis results. These effects are presen-
ted as a statistical distribution of a user-specified type (such as Uniform,
Gaussian, or other types).

Design of Design of Experiments (DOE) is a technique used to scientifically determ-
Experiments ine the location of sampling points and is included as part of the Response
Surface, Goal Driven Optimization, and Analysis systems.

DesignXplorer || An optimization tool, used with Design of Experiments (DOE), for studying
arange of design variations. It can launch Ansys Electronics Desktop and
manage DOE and optimization simulations.

Note:

In this guide, you will perform a Parametric analysis and an Optimization analysis.

T-Junction Recap and Sample Project Overview

In this topic, we review the Getting Started with HFSS: A Waveguide T Junction exercise, which
is a prerequisite to this optimization exercise. We also discuss the sample model for the optim-
ization and the expected results.
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Recap of the Tee Waveguide Junction Project:

In Getting Started with HFSS: A Waveguide T-Junction, you created a T-shaped waveguide with
an inductive septum.['] A signal at a frequency of 10 GHz entered the waveguide at Port1 (see
below) and exited at Port2 and Port3.

f |
‘ ) ‘\ ..

2B

Figure 1-1: The T-Junction

-»*,
W

The waveguide’s transmission and reflection of the signal depended on the Y-position of the
septum. You assigned a variable to the septum’s position, named Offset, and solved the design
at twoOffset values. When the septum was located centrally between Port2 and Port3, opposite
Port1 (Offset = 0 inches), the septum divided the signal and directed it evenly toward the output
ports, Port2 and Port3. When the septum was moved 0.2 inches closer to Port2 (Offset = 0.2
inches), the transmission through Port2 decreased, and the transmission through Port3
increased. Also, the signal reflection at Port1 decreased somewhat with the septum in the offset
position.

[1] “Parametrics and Optimization Using Ansoft HFSS,” Microwave Journal, Product Reviews,
November 1999.

Sample Project: Tee Waveguide Optimization

In this project, use the Optimetrics feature in HFSS to find an optimal position for the septum as
defined by the Offset variable. The optimal position is that which results in the power distribution
at Port3 being twice that at Port2. The function of this power distribution (thatis, P31 - 2*P21) is
called the cost function. At a resultant cost of zero, P31 = 2*P21, which is the design objective.
In Optimetrics, we want to select the optimal position from a series of available alternatives and
solve the corresponding designs until the minimum cost is achieved. One such series of avail-
able alternatives is the range of values for the offset.
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Note:

The cost function can be based on any solution quantity that HFSS can compute, such
as field values, S-parameters, and eigenmode data.

Important:

To preserve your previous Tee model, you will save a copy of it with a new name
(OptimTee). Alternatively, if you choose to use the preinstalled Tee example model,
you must save it as OptimTee to a working folder of your choice, since writing to the
Examples folders is not permitted.

Before optimization, you will set up and solve a parametric analysis. The parametric setup will
define a range of values for the Offset variable. During the parametric analysis, Optimetrics
solves the design at each variation. Results are compared to see how each design variation
affects the S-parameters and power distribution within the structure. These results help ascer-
tain a range of Offset values for the subsequent optimization analysis. The results also help Opti-
metrics determine an acceptable starting point for the optimization analysis.

Expected Results:

We saw in the Waveguide T-Junction project that, when the septum is located centrally opposite
to Port1, it directs the signal evenly toward the output ports, Port2 and Port3. The parametric ana-
lysis is expected to show that as the septum moves closer toward Port2, the transmission and
power distribution initially decrease at Port2 and increase at Port3. As the septum continues to
move closer toward Port2, the signal should begin to bounce off of the T-junction wall opposite
Port1, more of the signal will be reflected, and the performance of the structure will degrade.

To verify whether the parametric results are as expected, compare the S-parameter calculations
at each septum position on a 2D x-y plot. Create a second x-y plot that compares the power dis-
tribution at each port as the septum changes position. You can also create an animated field plot
on the model geometry, which will indicate if the field pattern changes are as expected as the
septum’s position is changed. This parametric analysis post processing provides useful inform-
ation for setting up the optimization analysis that follows. For example, post processing should
reveal the septum position that will most likely result in the power distribution at Port3 being twice
that at Port2. It will also allow you to narrow the range of variable values you will set for the optim-
ization.

The optimization analysis should reveal that the optimal septum position lies between 0 and 0.2
inches. You will re-analyze the design at the optimal position and then update the field overlay
plot you created in the previous project (Waveguide T-Junction). The E-field values should indic-
ate that the fields are twice as great moving toward Port 3 as they are moving toward Port 2.
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2 - Set Up the Optimized Tee

This chapter contains the following topics:
¢ Open the Model
« Enable Legacy View Orientations
¢ Delete Frequency Sweep
¢ Add Parametric Setup
» Specify Quantities for Post Processing
¢ Solve the Parametric Analysis

Open the Model

Your actions in this procedure depend on whether you've completed the prerequisite tutorial,
Getting Started with HFSS: A Waveguide Tee Junction and, if so, whether that model is already
open.
1. Launch the Ansys Electronics Desktop application if it is not already running.
2. Close any open projects except for the prerequisite tutorial's Tee model (right-click the pro-
ject and choose Close from the shortcut menu).
3. Choose one of the following three actions:

 If you've completed the prerequisite tutorial and have proceeded directly to this exer-
cise with the model still open, skip to step 4.

« If you previously completed the prerequisite tutorial, but the model is no longer

open, click =/ Open on the Desktop ribbon tab, navigate to your model storage
location, and select Tee.aedt. Then click Open to load the model.

|
If you have not completed the prerequisite tutorial, click ~—& Open Examples on
the Desktop ribbon tab, double-click the HFSS subfolder under Examples in the
Open dialog box, and then double-click the RF Microwave subfolder. Finally, select
the file Tee.aedt and click Open to load the model.

4. On the Desktop ribbon tab, click H Save As.
The Save As dialog box appears.

5. Navigate to a working folder of your choice where you want to store the optimization
model files.

6. Inthe File name text box, specify OptimTee.
7. Click Save.
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Note:

There are a couple of inconsequential differences between the model built in the pre-
requisite tutorial and the preinstalled example model:

* Theimages included in this guide were captured from the model built in the pre-
requisite tutorial and are based on the software's default material appearance
attributes at that time. The material color and transparency attributes of the pre-
installed example model are different. Therefore, if you are using the preinstalled
example model, the color and transparency will differ from the images in this
guide.

* The initial position of the Septum depends on which model you open. At the end
of the previous tutorial, the Septum is at an offset position (specifically, 0.2
inches off-center, moved toward Port2). However, the example model has the
Septum at the zero-offset position (centered between Port2 and Port3).

Since you will specify the range of offset values for the subsequent parametric
analysis, the initial position of the Septum is inconsequential.

Enable Legacy View Orientations

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

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

2. Select Enable Legacy View Orientation:

Set Up the Optimized Tee 2-2
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3D Ul Options x

General | 3D Modeler Graphics |

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

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

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

[+ Seltransparency of non-selecled objects 049

Default Rotation About

" ModelCenter (~ CumentAxis (# ScreenCenter ( Cursor

Middle Mouse Buton Drag

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

Animation Duration

} 500 msecs

[v" Enable Legacy View Ornientation |

OK | Cancel

3. Click OK.

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

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

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

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

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

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

Delete the Frequency Sweep

When you solve the parametric and optimization analyses later in this guide, you will solve at the
solution frequency specified in the Driven Solution Setup dialog box (10 GHz) as part of the pre-
requisite T-Junction Waveguide exercise. You do not need to solve across a range of fre-
quencies for each design variation. You will optimize the Tee at a fixed frequency of 10 GHz.
Therefore, delete the previously defined frequency sweep, as follows:

1. Under Analysis > Setup1 in the Project Manager, right-click Sweep1 and select Delete
from the short-cut menu:

G-B%3 Excitations
éﬁj Hybrid Fegions

=S Analysis
2P Setupl

-8 Optimetrics 53 Copy
EE|'" Results

@[] Port Field Displz
Eg---% Field Overlays #& Delete
..... Radiation
r|--[L]) Definitions

Rename

Properties...

Disable Sweep

Analyze

Figure 2-1: Deleting Frequency Sweep

2. If you are using the unsolved T-Junction model included in the Examples folder, run the
adaptive solution as follows:

* Under Analysis in the Project Manager, right-click Setup1 and choose Analyze.
Wait until the initial solution has completed before continuing.

Proceed to the next page to begin setting up the parametric analysis.

Add a Parametric Setup

A parametric setup specifies all of the design variations that Optimetrics will drive HFSS to solve.
A parametric setup is made up of one or more variable sweep definitions, each specifying a set
of variable values within a range that you want HFSS to solve when you run the parametric
setup.

You can add the parametric setup to the project as follows:

Set Up the Optimized Tee 2-4
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1. On the Simulation ribbon tab, cIick% Optimetrics > [ Parametric.

Alternatively, you can right-click Optimetrics in the Project Manager and choose Add >

Parametric from the short-cut menu.

The Setup Sweep Analysis dialog box appears.

Setup Sweep Analysis

Sweep Defintions lTaI:uIe ] General ] Calculations ] Options ]

Sync # | Variable | Description |

Add. .. |

Figure 2-2: Setup Sweep Analysis Dialog Box
2. Click Add.
The Add/Edit Sweep dialog box appears.

3. Editthe entries as shown in the following figure:

T
N

Set Up the Optimized Tee 2-5

Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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




Getting Started with HFSS: Optimizing a Waveguide T Junction and Using SpaceClaim Link

B Add/Edit Sweep

Wariable | Difset |

Mominal walue: 0.2in

" Single value

{* Linear step Add >

" Linear count

" Decade count

" Octave count

~
|

Exponential count

Start; ||:| |in ﬂ
Ctap: |'| |in j
Step: |EI.'I |in ﬂ

Figure 2-3: Add/Edit Sweep Dialog Box

Note:

The Step value is the calculation increment and determines the number of design
variations between the Start and Stop values. HFSS will solve the model at each
step in the specified range, including the Start and Stop values.

4. Click Add >> to create the parametric sweep setup.

The Variable and Description appear in the right half of the dialog box:

Set Up the Optimized Tee 2-6
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W ariable Dreszcription

Offzet Linear Step from Oin to Tin, step=0.1in

Add »x

I

Figure 2-4: Parametric Sweep Variable and Description
5. Click OK.

The sweep setup appears in the Setup Sweep Analysis dialog box:

Setup Sweep Analysis

Sweep Definttions lTaI:uIe ] General ] Calculations ] Options ]

Sync # | Variable | Description
Offset Linear Step fram 0in to 1in, step=0. 1in

Figure 2-5: Parametric Sweep Added
6. Selectthe Table tab.

The table lists the different values of offset per your settings.
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Setup Sweep Analysis

Sweep Definions  Table lGeneraI ] Calculations ] Options ]

| Cffget |
Gin
0.%in
0.4in
0.3in
0.4in
0.5in
0.6in
0.7in
0.8in

0 [0.9in

1

1in

| N | G| R —

— = | o

Figure 2-6: Table Listing Offset Values
7. Under the Options tab, select the Save Fields and Mesh option:

Sweep Definitions ] Table ] General ] Calculations  Options

[v Save Fields And Mesh

[ Copy geometrically equivalent meshes

Figure 2-7: Setup Sweep Analysis — Options Tab

8. Leave the Setup Sweep Analysis dialog box open. You will continue to use it in the next
topic.

Specify Quantities for Post Processing

You will now identify three solution quantities that will be of interest during post processing.
HFSS will extract the solution quantities and make them available during post processing. You
will create three output variables that represent the mathematical expressions for the power dis-
tribution quantities at Port1, Port2, and Port3.

1. If you did not leave the Setup Sweep Analysis dialog box open from the preceding topic,
double-click ParametricSetup1 under Optimetrics in the Project Manager to reopen it.

2. Select the Calculations tab.
3. Click Setup Calculations.

The Add/Edit Calculation dialog box appears.
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2 Add/Edit Calculation

Context
=" (1 || Solution Data bl
Type:

Solution: |5E1J_||:|1 : LastAdaptive

-]

Trace | Calculation Range ]

Calculation Expression ; |dEI:S(P|:|rt1,Pcurt1}}

Category:

Quantity: -

Variables

OuEut Variables

Y Parameter
Z Parameter
YEWR
Gamma

Port 2o
Matrix
Lambda
Epsilan

PO S (Portl,Portl)

S{Port2,Portl)
S{Port3,Portl)
S{Port1,Port?)
S{Port2,Port?)
S{Port3,Port?)
S{Port1,Port3)
S{Port2,Port3)
w  |5(Port3,Port3)

Range
Function. ..

Function:

<none A
ang_deg
anag_deqg_val
ang_rad

arg

cang_deg
cang_deqg_val

cani rad

dB 10normalize
dB20normalize ¥

Output Variables. ..

Add Calculation |

Done

Figure 2-8: Add/Edit Calculation Dialog Box

4. Click Output Variables.

The Output Variables dialog box appears.

5. Make the following entries:
e Type Power11 in the Name field.

+ Select S Parameter from the Category drop-down menu.
* Select S(Port1,Port1) in the Quantity list.

¢ Select mag in the Function list.
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ﬁ Output Variables

Output Variables
[ Validate output variables for selected context
MName Expression

Mame: Power11 Add

Expression:

Context Quantities

Repart  |nodal Selution Data ~| | | category: |5 Parameter |

s Quantity: Function:

Solution: - [setup1 : LastAdaptive | 5(Portd,Port1) a  |deriv ~
S{Port2, Porti) Exi; el
5(Part3,Port1) imE reupLsay

S(Portl,PortZ)
S(Port2, Port2) log 10

S(Port3,Port2) ﬁ_
5{Port1,Port3) normalize

SPart? Port) w  |polar v

Insert Into Expression |

Figure 2-9: Defining Power11 Output Variable

6. Inthe Quantities section, click Insert Into Expression.

7. Inthe Expression text box, type A2 at the end of the expression (to square the S-para-
meter magnitude):

Mame: |F‘|:|wer 11 Add

Expression: [mag(5(Portl,Port1))2

Figure 2-10: Modified Power11 Expression

8. Click Add to include the specified variable in the Output Variables list.
9. Inthe same manner, define two more variables, Power21 and Power31, as follows:
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a. Power21=mag(S(Port2,Port1))*2
b. Power31 =mag(S(Port3,Port1))*2

Note:

Click Add each time after defining the variables Power21 and Power31 to include
them in the Output Variables list, which should look like the following figure when
you're done:

Output Variables
| Validate output variables for selected context

r Mame | Expression
T |Powerll mag(S(Portl,Port1))"~2
2 |Power21 maa(5(Port2,Port1))~2
I |Power31 mag(S(Port3,Port1)) "2

Figure 2-11: Output Variables
10. Click Done.
The Output Variables dialog box closes.
11. Inthe Add/Edit Calculation dialog box, select Output Variables in the Category list.

The Trace tab of the Add/Edit Calculation dialog box lists all of output variables you just
defined, as shown in the following figure:

Calculation Expression : |F'D'v'-'EF11

Category: Quantity: -

Power21
5 Parameter Power3i
Y Parameter nuver
Z Parameter E

Figure 2-12: Calculation Expression tab
12. With Power11 selected in the Quantity list, click Add Calculation.

Power11 is added to the table in the Calculations tab of the Setup Sweep Analysis dialog
box.

13. Inthe same manner, select Power21 and Power31, in turn, and add each of them to the
Calculations table.
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Sweep Defintions ] Table ] General Calculations lOptil:uns ]

| Solution | Calculation Calculation Range |
Setup : LastAdaptive |Powerl1 Freq(10GHz)
Setup1 : LastAdaptive | Power2l Freq(10GHz)
Setup : LastAdaptive |Powerdl Freq(10GHz)

Figure 2-13: Post Processing Quantities Defined for Parametric Sweep Ana-
lysis
Note:

By default, the calculation range is set to the single frequency 10 GHz (the adapt-
ive frequency defined in the solution setup). So, the solution quantity will be
extracted from the solution at this frequency.

14. Click Done to close the Add/Edit Calculation dialog box and OK to close the Setup Sweep
Analysis dialog box.

This step completes the parametric sweep setup definitions.

15. It's a good time to H Save your model.

Solve the Parametric Analysis

You will now run the parametric analysis to generate results for the T-junction for different pos-
itions of the septum specified in the variable sweep definition.

1. Right-click ParametricSetup1 under Optimetrics in the Project Manager and click Ana-
lyze from the shortcut menu.

HFSS computes the S-parameters and the 3D field solution for every previously unsolved
design variation that you specified in the parametric setup.

Note:

If the Progress window is not visible, click Show Progress at the lower right

corner of the Ansys Electronics Desktop window.

The solution process is expected to take approximately 3 minutes. When the solution is com-
plete, a confirmation message appears in the Message Manager window. To see the messages,
you may need to click Show Messages near the lower right corner of the application window.
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3 - Review Parametric Results

This chapter contains the following topics:
« S-Parameter Results vs. Offset Position
* Power Distribution vs. Offset Position
* Animate the Field Overlay Plot

You will begin by creating two rectangular plots of the results.

S-Parameter Results vs. Septum Offset

With the parametric setup solved, you can now create a 2D (rectangular) plot that compares the
S-parameter results at each port for each solved septum position (Offset).

Y
XN ar |
= | Modal Solution Data Report>__ ' -__|2D.

1. On the Results ribbon tab, click
The Report dialog box appears.

2. Inthe Context section, ensure that Setup 1: Last Adaptive is selected from the Solution
drop-down menu.

3. Under the Trace tab, specify the following settings:
a. From the Primary Sweep drop-down menu, choose Offset.

Note:

By default, the variable is Freq, which HFSS recognizes as the frequency
at which the solution was generated. For this exercise, you want the X-axis
to show the sweep of all Offset values that were solved during the analysis.

b. Ensure that S Parameter is selected in the Category list.
c. Inthe Quantity list, select S(Port1,Port1), S(Port1,Port2), and S(Port1,Port3).

Note:

The Y: text box lists the selected quantities, delimited by semi-colons.

d. Inthe Function list, select mag.
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—Context

EY Report: OptimTee - HFSSDesign1 - § Parameter Plot 1 - Mew Trace(s)

ITIECE I Families I Families Displa}rl

Solution: ISethi : LastAdaptive

-]

—Update Report

¥ Real tme Update "’l

Primary Sweep: IDf‘fSEt

~I[a

X ¥ Default | Dffset

et
]
i Imag[S[F'Drter-:nrtljl]l; mag(5{Port1,Port2)); mag( Range |

Category: Quanﬁty:l i I
Variables P S (Port1,Portl)
DuEut Variables S{Port2,Port1)
¥ Parameter SDFB’PDFH
7 Parameter S(Portl,Portd)
VSWR S(Port2, Port2)
zamma S({Port3,PortZ)
Port Zo 5(Port1,Port3)
Lambda
Epsilon S(Port2, Port3)
Active 5 Parameter v |S({Port3,Port3)

Function...

Function:

arg ~
cang_deg
cang_deq_val
cang_rad

dB

dB 10narmalize
dB20normalize
dBc

i

Innrmalize W

COutput Variables. .. | Dpﬁuns...l

Mew Report | apply Trace | Add Trace |

Close

Figure 3-1: Report Dialog Box — Trace Tab

ton (...) and select the Use all values option from the dialog box that appears.

4. Ensure that All is specified to the right of Primary Sweep: Offset. If not, click the elipsis but-

Primary Sweep: IDf‘Fset

<A

e

X: M Default | Offset

-

. . Range

¥ ImaglZS[F‘u:urtl,F‘u:urtl]l]lJ maag(S(Port1,Port2)); mag( Funchion. .
Category: Quantity:l * I Furiction:
Variables PO =(Portl,Portl) cang_deg A
DuEut Variables s(Port2,Port1) cang_deg_val

s(Port3,Port1) cang_rad
¥ Parameter .- . : dE
Z Parameter S(Portl,Portd) dB 10normalize
VSWR S{Port2,Port?) dB20normalize
Gamma S(Port3,Port2) dBic
Port 7o 5(Port1,Port3) m
Lambda pre——— fmag |

{* Use all values

" Selectvalues  Specify range

]

Qiry

0.1in
0.2in
0.3in
0.4in
0.5in
0.6in
0.7in
0.8in
0.5in

Select Al |

Clear &l |

Sweep: (¢ Default © Edited J

]

L

Figure 3-2: Report Dialog Box — Families Tab
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5. Click New Report but keep the Report dialog box open for now.

The magnitudes of each of the specified S-parameters are plotted against the Offset val-
ues on an X-Y graph. The new plot appears under Results in the Project Manager along
with its three traces.

6. If needed, drag the Report dialog box out of the way of the plot window so that you can
modify and reposition the plot legend. But again, keep the Report dialog box open for now.

7. Simplify the plot legend by double-clicking in the legend to access the plot Properties dia-
log box. Then, make the following changes under the Legend tab:

a. Deselect the Show Variation Key and Show Solution Name options.
b. Click OK.
c. Click and drag the legend to a location that doesn't obscure any of the traces.

Your plot should look like the following figure:

S Parameter Plot 1 TeeModel ANSYS
2023 R1
1.0
0.8 —
7 — mag(S(Port1 Port1))
: mag(S(Port! Port2))
1 = magiS(Port1 Port3))
06 —
=
0.4 —
0.2 —
DD T T T T I T T T T | T T T T | T T T T | T T T T
0.0 0.2 0.4 06 08 1.0

offset [in]

Figure 3-3: XY Plot — S Parameters vs. Septum Offset
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Note:

For each value of Offset, the red line shows the signal reflection at Port 1, the
green line shows the signal transmision to Port 2, and the blue line shows the sig-
nal transmission to Port3.

Observations:
¢ As the septum moves closer to Port2, the transmission decreases at Port2
and initially increases at Port 3.

¢ As the septum is moved more than 0.3 inches toward Port2, it becomes
less effective at steering the signal toward Port3, and the transmission
begins to decrease at Port3. Additionally, reflection increases at the input
port (Port1) as the signal bounces back from the T-junction wall opposite
the port.

« Beyond 0.6 inches of Offset, the effect on transmission at Port2 becomes
relatively insignificant and the curve levels off.

* At 0.7 inches of Offset, the reflection at Port1 peaks and, beyond this off-
set, begins to decrease again. At the same time, the transmission at Port3
has reached its minimum and begins to increase again.

Power Distribution vs. Offset Position

Now you will create a 2D plot that compares the power distribution results at each port for each
solved septum position (Offset). The Report dialog box should still be open from the prior plot
definition procedure.

1. Specify the following settings in the Report dialog box:
a. Inthe Category list, select Output Variables.
b. Inthe Quantity list, select Power11, Power21, and Power31.

The Y text box lists the selected quantities, delimited by semi-colons.

c. Inthe Function list, click <none>.
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Note:

If you didn't leave the Report dialog box open from the previous plot definition pro-
cedure and had to repeat the 2D/Rectangular plot command, you will have to
once again change the Primary Sweep setting to Offset. Otherwise, the prior
plot settings are retained.

Your new plot settings should match the following figure:

Context Trace l Families | Families Display |

Solution: |Setupl: LastAdaptive ﬂ

Primary Sweep: |Gﬂ:set j | All

X: ¥ Default | Offset

i . Pow . Pow Range
e |F'-:u.-~n3r11J Power21; Power31 Funchion. ..

Category: Quantity: & | Function:
Cutput Variables
5 Parameter
¥ Parameter
Undate R t 7 Parameter ang_deg
—e e VSWR ang_deg_val
v Real ime Gamma W ang_rad o
Output Variables. .. | Opﬁl:nns...| Mew Report | | Close

Figure 3-4: Report Dialog Box — Plot 2 Settings
2. Click New Report and Close.

The power distribution at each port is plotted against each Offset value on an X-Y graph.

The new plot is listed under Results in the Project Manager along with its three traces.
3. Simplify the plot legend by double-clicking Curve Info in the legend to access the plot
Properties dialog box. Then, make the following changes under the Legend tab:
a. Deselect the Show Variation Key and Show Solution Name options.
b. Click OK.
c. Click and drag the legend to a location that doesn't obscure any of the traces.

Your plot should look like the following figure:
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Output Variables Plot 1 TeeModsl Ansys
2023 R1
10
08
06

— Power]]

T i Power21
| —  Power3l
0.4 —
0.2 —
D D | T T _-I-hl-l_ 1 1 -.I"——I#' | T T T T | T T T T | T T T T |
00 0.2 0.4 06 0.8 1.0
offset [in)
Figure 3-5: Power vs. Offset Plot
Note:

For each value of Offset, the red line shows the reflected power at Port1, the
green line shows the power at Port2, and the blue line shows the power at Port3.
The three traces are qualitatively the same as the previous S-parameter plot, but
the magnitudes of the Y values are different. This plot shows the distribution of 1
watt of power at the ports as the septum’s position moves closer to Port2.
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Important:

Recall that the goal for the optimization analysis is to find the septum position that
results in the power distributed to Port3 being twice as much as the power dis-
tributed to Port2. Notice that when the Offsetis 0.1 inch, the value of Power21 is
approximately 0.32, and Power31 is approximately 0.65, or slightly more than
twice as much. Therefore, you will set the starting value for the optimization to be
0.1 inches. The next chapter includes more details about setting the starting
value.

4. You can add an X-marker to the plot to make determining the power levels at Offset = 0.1
inch easier. To do so, right-click the plot and choose Marker > Add X Marker. Then, drag
the marker horizontally to choose the X value and see the corresponding Y values at any
point along the traces, as shown below:

— Powerli
Power21

—  Powerd

Figure 3-6: Using the X Marker

5. Toremove the X Marker, right-click on the plot and choose Marker > Clear All.

Animate the Field Overlay

Re-animate the field overlay plot you created in Getting Started with HFSS: A Waveguide T-
Junction. This time, you will plot the E-field at each solved value of Offset to see how the field is
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affected by the septum’s position.

1.

Click in the Modeler window to make it active and bring it to the foreground. If the Modeler
window is completely covered by your plots, use the Window menu to select it.

If the drawing grid is currently displayed in the Modeler window, click ¥ Grid on the Draw
ribbon tab to hide it.

Under Field Overlays > E Field in the Project Manager, right-click Mag_E1 and choose
Animate from the shortcut menu.

If you based this model on a previously completed Waveguide T-Junction exercise, you
already defined a phase animation, and the Select Animation dialog box appears. Other-
wise, if no animation has been defined previously, the Create Animation Setup dialog box
appears.

If the Select Animation dialog box appears, click New to define another animation setup.
The Create Animation Setup dialog box appears.

Under the Swept Variable tab, choose Single variable and Offset from the two drop-
down menus.

By default, all values of offset are selected to be included in the animation.

Create Animation Setup

Mame: |.ﬂ-.nimati|:|n2 D escription;

Swept Variable(s) | Design Point |

|Single variable v |

Select values:

Figure 3-7: Create Animation Setup Dialog Box

6. Click OK.

The animation begins to play in the Modeler window. It will display the field plot at each
solved Offset value between 0 and 1.0 inch, resulting in a total of 11 frames.
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7. Reduce the animation Speed to its minimum setting so that you have time to see the field
pattern for each septum position. You may also want to stop the animation and drag the
Frame slider manually to study the results at specific Offset values.

E Field
[Vim]
Maw: 6268776

5300
l 4770
4240

3710
3180
2650
2120
1580

1080
. 630
1]

Min:  0.000

offset = 0.2in I

Figure 3-8: Mag_E1 Field Animation at Three Septum Positions
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Observations:

» The plot shows that, at Offset = 0 inch, the fields approaching Port2 and
Port3 are balanced.

* When Offset is between 0.1 and 0.3 inches, inclusively, more of the elec-
tromagnetic wave moves toward Port3 (on the left) and less towards Port2
(on the right).

* At 0.5inch Offset, essentially all of the input field flows to Port3 and none
to Port2.

« Atgreater than 0.5 inch Offset, the input wave begins to bounce back
toward Port1, as indicated by the intensified field strength in the middle leg
of the tee. (The septum becomes less effective at steering the wave
toward Port2 and Port3.)

Based on these observations, and knowing that the target solution should be close to Off-
set = 0.1 inch, you will request that Optimetrics only consider Offset values between 0 and
0.2 inch during the optimization analysis.

8. Inthe Animation dialog box, click Close.

You are now ready to set up the optimization analysis.
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4 - Optimization Analysis

This chapter contains the following topics:
+ Set the Optimization Variable
¢ Add an Optimization Setup
¢ Add a Cost Function
* Modify Starting Min, and Max Values
¢ Solve the Optimization Analysis
« Optional Exercise

You will begin by choosing the variable to be optimized.

Set the Optimization Variable
In this project, the variable to be optimized is Offset.
1. Click HFSS > Design Properties.
The Properties dialog box appears.

2. Click Optimization / Design of Experiments.
3. Select the Include option next to Offset.
4. Click OK.

Add an Optimization Setup

In an optimization setup, define a cost function, which specifies one or more goals and
guidelines to minimize the cost function.

e
1. On the Simulation ribbon tab, cIick Optimetrics > (<] Optimization.

The Setup Optimization dialog box appears.

2. Under the Goals tab, select Quasi Newton (Gradient) from the Optimizer drop-down
menu.
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Setup Optimization

] Wariables ] General ] Options ]

Optimizer: |Quasi Newton{Gradient) j

Max. Mo. of kerations; |1000

Cost Function:

Calc. Solution | Calculation

Figure 4-1: Optimizer and Max Iterations Settings

Note:

If you have a sense of where the optimal solution will lie, then Quasi Newton is a
good choice. In this case, the cost function that needs to be minimized is depend-
ent on the range of Offset values you specify. A range of 0 to 0.2 inch contains
the expected optimal solution, which should be close to 0.1 inch.

3. Verify that Max. No. of Iterations = 1000.

Keep the dialog box open and continue to the next topic.

Add a Cost Function

Define a cost function so that the power at Port3 - 2*(the power at Port2) = 0 at the optimal point.
Use the output variables defined earlier to represent this expression. Specify that a cost function
value less than 0.001 is acceptable.

1. Under the Goals tab, click Setup Calculations.
The Add/Edit Calculation dialog box appears.

2. Select Output Variables in the Category list and Power31 in the Quantity list.

3. Modify the Calculation Expression by appending -2*Power21 to Power31. The com-
plete expression should be Power31-2*Power21, as shown in the following figure:

o2 Add/Edit Calculation >

Context Trace |Calculation Range l

$EDDFt |r~"|n:u:|al Solution Data j R
ype: Calculation Expression : |P'3'"‘~'Er31'2ﬂp':'""'er21 FSEI?EDH

Solution: |SE1J_||:|1 : LastAdaptive j
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Figure 4-2: Add/Edit Calculation Dialog Box — Calculation Expression
4. Press Add Calculation and then Done to close the Add Edit Calculation dialog box.

A new row is added to the Cost Function table.

Note:

By default, the cost function will be extracted from the last adaptive solution gen-
erated for the solution setup.

5. Specify the following settings:
¢ Leave Condition set to “=".
¢ Inthe Goal column, type [0] and press Enter.
¢ In the Weight column, keep [1].
* Inthe Acceptable Cost text box, type 3e-4.
¢ Inthe Noise text box, type 5e-5.

Setup Optimization

Goals l‘-.-"arial:ules ] General ] Options ]

Optimizer: |Guasi Mewton(Gradient) j

Max. Mo. of ferations: |1000

Cost Function:

Calc. Solution | Calculation Calc. Range |Cu:un-:|'rtiu:un | Goal | Weight |
Setupl : LastfAdaptive | Power31-2*Power?1 Freq(10GHz:10GHz) = [0] 1

Setup Calculatiu:uns...| |

Acceptable Cost: |3e-d Moise: |5eB

Figure 4-3: Cost Function Calculation added
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Note:

By default, the calculation range of this quantity is set to 10 GHz, the adaptive fre-
quency defined in the solution setup. The solution quantity will be extracted from
the solution at this frequency.

Keep the dialog box open and proceed to the next topic.

Modify Starting, Min, and Max Values

We expect the optimum offset to fall between 0 and 0.2 inches and to be close to 0.1 inch. You
can set the variable's minimum, maximum, and starting values accordingly so that the optimizer
focuses closely on the expected solution area.

1. Select the Variables tab.

One variable, namely Offset, is listed under this tab, since it is the only optimization vari-
able defined.

2. Specify the following settings for the Offset variable:
a. Type 0.1 as the Starting Value and then press Enter.

The Override option is selected automatically, and Optimetrics will work with 0.1
regardless of the previous value of Offset used for the simulation.

b. Type 0 as the Min value and press Enter.
c. Type 0.2 as the Max value and press Enter.

Setup Optimization

Goals General ] Options ]

Variable | Owemide | Starting Yalue | LUnits | Include | Min | LUnits | Max | LUnits |
Offset [w 01 in [w 0 in 0.2 in

Figure 4-4: Setup Optimization Dialog Box — Variables Tab

3. Keep the dialog box open and proceed to the next topic.

Solve the Optimization Analysis

1. Select the General tab.

2. From the Parametrics Analysis drop-down menu, ensure that N/A (not applicable) is
selected:
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Setup Optimization

Goals | Varables General ]Optiu:uns]

Parametrs Analyss: N ~ |

~
=

[v¥ Update design parameters’ value after optimization

Figure 4-5: Setup Optimization Dialog Box — General Tab

Note:

If you were to choose the previously solved ParametricSetup1, the program
would ignore the Starting Value for Offset that you specified under the Variables
tab. Instead, it would evaluate the entire previous parametric sweep (including
those offsets outside of the Min value to Max value range defined in Optim-
izationSetup1), and it would automatically determine a suitable starting point for
the optimization iterations.

After running the optimization analysis, the analysis results table or plot will show the fol-
lowing information, depending on which Parametrics Analysis option you choose:

N/A: The starting value will be 0.1, as specified as an Override under the Variable
tab. (Note that the results at this septum offset already exist from the prior para-
metric sweep, so the cost can be evaluated without re-solving for this starting Offset
value.) Three additional iterations (based on previously unsolved Offset values) will
be performed before the goal is satisfied. The analysis results table will therefore
show a total of four data points.

ParametricSetup1: Every septum offset value from the previous parametric ana-
lysis results (between 0 and 1 inch, inclusively, in 0.1 inch increments) will be eval-
uated. Again, re-solving is not required but only cost evaluation for the already
calculated results. These eleven Offset evaluations will be followed by two optim-
ization iterations (based on previously unsolved Offset values) before the goal is sat-
isfied. So, by taking advantage of the prior parametric sweep results, the goal is
achieved with one fewer optimization iteration (even though the analysis results will
show thirteen data points instead of four).
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Note:

The additional Offset variants that are evaluated, and the final optimized value,
will differ between these two methods, but both will satisfy the acceptable Cost
criterion you specified (in this case, 3e-4).

3. Ensure that the Update design parameters' value after optimization option is selec-

ted.

This option causes the model geometry to be updated with the optimized septum position
at the completing of the optimization analysis.

4. Go to the Options tab and clear the Save Fields And Mesh option, if it is selected.

Goals ] 1-.-"arial:uln.=-,s] General Options

[ Save Fields And Mesh

[ Copy geometrically equivalent meshes

=

~

Figure 4-6: Setup Optimization Dialog Box — Options Tab

Note:

You do not need the field solutions for the Offset values that are solved as the pro-
gram tries to reach the acceptable cost goal.

5. Click OKto close the Setup Optimization dialog box.
The optimization setup is now complete.

6. Under Optimetrics in the Project Manager, right-click OptimizationSetup1 and choose
Analyze.

The solution process is expected to take approximately 1 - 3 minutes, depending on your
computer hardware. While the solution is running, proceed to the next chapter to follow
the progress of Optimetrics as it searches for the acceptable cost value.
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5 - Review the Optimization Results

In this chapter you will complete the following tasks:
« View the cost value versus completed iteration in x-y plot and data table formats.
¢ Re-run the analysis at the septum’s optimal position.
* Review the E-field results at the septum’s optimal position.
» Close the project and exit HFSS software.

View the Cost vs. Solved Iteration

As the solution progresses, view the cost values versus completed iterations in rectangular (X-Y)
plot format. The plot indicates how close Optimetrics is to reaching the goal value of 0.

1. Right-click OptimizationSetup1 in the Project Manager, and then choose View Analysis
Result from the shortcut menu.

The Post Analysis Display dialog box appears.
2. Under the Result tab, select Plot.

A plot of the cost value at each iteration appears.

Resut | Profie |
Views © Table

o Pt [ LegScale

0.014

0,013

caor o

0.010

(.008

as]

0.006 5

i~
e

0.004 -

0.002

0.000

N I A

Evaluation

Figure 5-1: Cost vs. Iteration Plot
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The optimization stops when it reaches a Cost value at or below the acceptable cost you
specified (0.001).

3. Select Table.

The cost value at each solved design variation is listed in table format.

Result ]Pmﬁle ]
View: ¢ Table
" Plat

Evaluation | offzet Ciozt
1 0.7in 000075114
2 0.12in 00712864
3 0.08in 00046833
4 0.092450736iIn 1.6011e-05

Figure 5-2: Cost vs. Iteration Table

Make a mental note of the optimized Offset value, which should be between 0.09 and 0.1
inch.

4. Click Close.
5. From the menu bar, click HFSS > Design Properties.

Notice that the value of the Offset variable has been updated to the optimization result that
satisfied the acceptable cost criterion:

Local Varables l

+ Value (" Qptimization / Design of Experiments " Tuming
MName | Walue | Lnit | Evaluated Value | Type
offget 0.092450736253542 |in 00524507 36in Design

Figure 5-3: Updated Offset Value

6. Click OK or Cancel to close the Properties dialog box.

Optional Exercise:

If you would like to compare the optimization behavior just reviewed to that of preforming optim-
ization using the previous parametric sweep results, do as follows:
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1. Right-click OptimizationSetup1 in the Project Manager and choose Delete.

Note:

Deleting and recreating the optimization setup is necessary to see a change in
the optimization iterations. Otherwise the previously run septum offset values will
simply be reevaluated. It is not sufficient to clean up the previous results (via
HFSS > Results > Clean Up Solutions) because the optimization setup will
retain the history of prior Offset guesses.

2. Return to the Add an Optimization Setup procedure and identically repeat all of the instruc-
tions from there through the Review the Optimization Results procedure, except for the
following change:

When you reach step 2 of the Solve the Optimization procedure, choose Para-
metricSetup1 instead of N/A. The other settings on the General tab can remain at their
defaults.

This time, after performing the optimization, the analysis results plot and table should
resemble the following two figures:

Resut | Profie |

Wiew: (" Table

& Fiot [ LogScak

070 -

060
0.50

0.40

Evaluation

14

Figure 5-4: Cost vs. Iteration Plot (Using ParametricSetup1)
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Result ]Pmﬁle ]
Yiew: {+ Table
" Plat
Evaluation | offzet Cozt
1 Cin 0. 23557
2 0.7in 000075114
K] 0.2in [.13645
4 0.3in 051625
4] 0.4in 0EE178
B [.5in 05253
7 [.Ein 017442
a 0.7in 000022415
3 [.8in 0.0078985
10 0.9in 017503
11 Tin [.43805
12 0.10272878in  0.0010972
13 0.097271225in  E.BEEEZe-05

Figure 5-5: Cost vs. Iteration Table (Using ParametricSetup1)

For the first 11 iterations, Optimetrics referred to the results from the previously run para-
metric analysis. Optimetrics extracted the cost values from the 11 design variations solved
during the parametric analysis and then performed two additional iterations before sat-
isfying the Cost criterion.

Reanalyze Design at Optimal Septum Offset

A field solution is unavailable at the optimal value; therefore the field overlay plot Mag_E1 is con-
sidered invalid in its current state. To update the plot, solve the HFSS analysis setup with the Off-
set variable at the optimal value.

Note:

The optimized Offset value will be slightly different for those who chose to complete the
Optional Exercise in the preceding topic versus those who chose not too do so. The res-
ults presented in this guide are based on the optimization results from the Optional
Exercise procedure.

1. Under Analysis in the Project Manager, right-click Setup1 and choose Analyze from the
shortcut menu.

The analysis is expected to take approximately 1 minute to complete.

Review the Optimization Results 5-4
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting Started with HFSS: Optimizing a Waveguide T Junction and Using SpaceClaim Link

Update the Field Overlay

1. Double-click the field overlay plot Mag_E1 to view the updated plot in the view window.

The E-field values indicate that the fields are approximately twice as great moving toward
Port3 as they are moving toward Port2.

E Field 7 Ansys
[V.-"I'I"I] 2023 R1

Max: 3154 922

3200
I 2880
2560

2240
1920
1600
1280
960

640
I 320
0

Min:  0.000

Figure 5-6: Mag_E1 Field Overlay with Septum at Optimal Position
Close the Project

Congratulations, you have successfully completed this Tee Waveguide Optimization exercise!
However, if you have the Ansys Workbench software (in addition to Ansys Electronics Desktop),
then you also have the included SpaceClaim CAD solid modeling application. In that case, you
may want to continue to the SpaceClaim to HFSS Link section. In this final section of the guide,
you can learn how to have your SpaceClaim CAD geometry linked to an HFSS Optimetrics
model. In this way, your CAD models can be updated automatically based on HFSS optimization
analyses run in the Ansys Electronics Desktop (EDT) software.

If you choose to continue to the SpaceClaim to HFSS Link section, you will be using an example
model that was installed with the EDT software, rather than further modifying the OptimTee pro-
ject you just created. So, you can close the current model in any case (but do not do so yet).

Choose one of the following actions:

Review the Optimization Results 5-5
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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



Getting Started with HFSS: Optimizing a Waveguide T Junction and Using SpaceClaim Link

 If you want to immediately proceed to the SpaceClaim to HFSS Link section:

1. H Save your project.
2. Using the menu bar, click File > Close.
3. Proceed to the SpaceClaim to HFSS Link introduction.

« If you do not want to complete the SpaceClaim to HFSS Link exercise, skip to the Restore
Current View Orientations topic before saving and closing this project.
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6 - SpaceClaim to HFSS Link

In this chapter you will complete the following tasks:

* Prepare the OptimTee Geometry and Import into SpaceClaim

Create Septum Parameters in SpaceClaim

Assign Wave Ports
Set Up HFSS Optimetrics
Analyze and Review Parametric Results

Prepare the OptimTee Geometry and Import into
SpaceClaim

You will first open the OptimTee example model in Ansys Electronics Desktop and export the
geometry as a Parasolid (*.x_t) format file. You can then import the geometry into SpaceClaim.
In practice the SpaceClaim geometry could come from any supported source.

1. With Ansys Electronics Desktop launched but no project currently open: On the Desktop
ribbon tab, click Open Examples.

2. Inthe Open dialog box, navigate to the ...\Examples\HFSS\RF Microwave subfolder,
select the OptimTee project, and click Open.
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Loaok in: | RF Microwave
2 | e
Home
Desktop m
Bandpass_Filter.... Ceax_Bend.aedt Coax_to_Wavegu... coaxial_resonator...
Libraries
> Anss Ansys Ansys
- £2 £9 €9

Corporate_Feed.... Ferrite_Circulator... | OptimTee.aedt ¢ Ring_Hybrid.aedt

Ansys nsys
gmz fi?

Tee.aedt Waveguide_FEM... WaveguideCom...

Figure 6-1: Opening the OptimTee Example Project

3. On the Desktop ribbon tab, click H Save As and then:
a. Inthe File name text box, type OptimTee_SC.
b. Navigate to a working folder of your choice.

Note:

You cannot write to the Examples branch, which is within the operating sys-
tem's Program Files path. You can use the same folder that you did for your
OptimTee project, since you're specifying a different file name for this pro-
ject.

c. Click Save.

d. Inthe Handle Project Directory Files dialog box, select Copy File to New Project
Directory and Don't Overwrite from the Change Action for All Files drop-down

SpaceClaim to HFSS Link 6-2
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menu.

e. Click OK.
4. Under Model > Solids > vacuum in the History Tree, select Tee.
5. From the menu bar, click Modeler > Export.

6. Inthe Export File dialog box, choose Parasolid Text Files (*.x_t) from the Save as type
drop-down menu. (In practice, the format can be any supported by SpaceClaim.)

7. Navigate to the folder where you saved the OptimTee_SC project (in step 3b).
8. Inthe File name text box, type OptimTee_SC and then click Save:

File name: |OptimTee_SC ﬂ Save |
Save as type: |Parasu:|li|:| Teat Files (*x_t) j Cancel

Figure 6-2: Exporting the Parasolid Text File

9. Inthe Select Version dialog box that appears, choose V34.0 from the Parasolid X_T Ver-
sion drop-down menu and then click OK.

BB select Version X

Parasaolid #_T “ersion:

k. | Cancel

10. Launch SpaceClaim by finding SCDM 20xx in your Ansys 20xx Start Menu folder.
11. In SpaceClaim, select File > Open and then:
a. From the drop-down menu to the right of the File name text box, select Parasolid
(*.x_t;*.xmt_txt;*.x_b;*.xmt_bin).
b. Click Options. Then, in the SpaceClaim Options dialog box that appears:
i. Under File Options,choose Parasolid.
ii. From the Version drop-down menu, choose V34.
ii. Click OK.
c. Navigate to the working folder you specified in steps 3band 7.
d. Selectthe file, OptimTee_SC.x_t.
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File name: | OptimTee SCx_t o Parasolid (*x_t*xmt_tut™x_b* ~

Open Cancel

Figure 6-3: Opening Parasolid Text File in SpaceClaim
12. The OptimTee_SC model opens in SpaceClaim:

Chek an ofett Double-chok 1o Seel an edod oop. Tapie-chok to Seledl & solid

Figure 6-4: OptimTee_SC Model in SpaceClaim
Create Septum Parameters in SpaceClaim

1. From SpaceClaim's Design ribbon tab, click Select > Using Box:
A& e G 8 @ 2o
; Split
Select Pull Move  Fill z Combine % :

€ Project
Intersect

Using Box

-t Using Lasso Using Box

Using Polygor  Click and drag to draw a

: : selection bowx. Drag from right
Using Paint toleft to select objects only

Using Bounds partially in the baoo.
Select All &) Press F3for a video.

Figure 6-5: Choosing Selection Mode
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2. Click and drag from left-to-right to draw a selection box enclosing the septum faces:

Figure 6-6: Selecting the Septum Faces

Yellow highlighting shows which faces will be selected when you release the mouse but-
ton. After you do, the selected faces are rendered in orange.

3. On the Display ribbon tab, click iE-_\ Move.

A Move Handle appears to facilitate translational and rotational movement about local
coordinate system axes. The initial origin of the Move Handle is at the centroid of the selec-
ted set of faces.

4. Click the greenY axis of the Move Handle and drag vertically upward an arbitrary dis-
tance.

A small yellow dot is visible at the original reference point for the move operation (indic-
ated by a black arrow on the following figure):

Figure 6-7: Reference Point for Move Operation
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Note:

The example model that was exported as a Parasolid Text file, and was the basis
of this SpaceClaim model, had the Septum centered (at Offset = 0). Therefore,
this reference point lies on the X-axis, and the Move dimension represents the
distance the Septum is offset in the +Y direction from its centered position. Itis
possible to move the reference point for a Move operation to a more meaningful
location when that would be beneficial (such as to a vertex or the midpoint or an
edge). However, that step is not needed for this example.

5. Now, click in the dimension box that's located near the reference point, type 3mm to spe-
cify an exact dimension, and press Enter.

Figure 6-8: Exact 3mm Y-Dimension Specified

6. Ensure that the Groups panel is displayed to the left of the drawing canvas and then click
Create Parameter.

A new Driving Dimension parameter is created and listed in the Groups panel. It is initially
named Parameter1, and the name is currently selected:
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10.

Groups
I Create NS & Create Parameter

View groups in: Root Part

MName Type

=& Driving Dimensio...

<3 Ruler dimension

Structure Layers Selection | Views

Figure 6-9: Group1 Ruler Dimension Created
With Group1 still selected, type Offset to rename it and press Enter.

This dimension controls the offset of the Septum in the Y direction. You will use this para-
meter in HFSS to run a parametric analysis.

Click Ruler dimension to the right of Offset to display the current dimension:

MName Type
[H = Driving Dimensions
= Ruler dimension:
<31 Offset A

Figure 6-10: Current Dimension of Offset Parameter

Click File > Save As.
After a brief delay, the Save As dialog box appears.

Ensure that the following specifications are correct and then click Save:
* File name is OptimTee_SC
+ Save as type is SpaceClaim files (*.scdoc)

¢ The folder is the same as where you saved the OptimTee.aedt and OptimTee.sat
files.
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Set Up the SpaceClaim Link from HFSS

In Ansys Electronics Desktop, the OptimTee_SC project should still be open. Next, you will cre-
ate a link to the SpaceClaim model and delete the original Tee object.

Note:

The SpaceClaim model's default length unit is millimeters (mm). The dimensions will
be converted to the Ansys Electronics Desktop project's model units, resulting in the
correct Septum location but represented in inches.

1. Choose one of the following two methods of accessing the OptimTee_SC.sdoc
SpaceClaim model from Ansys Electronics Desktop:

 |f SpaceClaim is running and the subject model (OptimTee_SC) is already open in
SpaceClaim:

Using the menu bar, click Modeler > SpaceClaim Link > Connect to Active Ses-
sion, select OptimTee_SC, and click Connect:

ﬁ Active SpaceClaim Sessions >

Mame Status

Mot Connected |C:/Users/fjstefane DocumentsfAnsof

Connect t ! Cancel

Figure 6-11: Link by Connecting to Active SpaceClaim Session

 |f SpaceClaim is not currently running or a different model is open in SpaceClaim:

Using the menu bar, click Modeler > SpaceClaim Link > Browse, navigate to the
model folder, select OptimTee_SC.scdoc, and click Open.
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File name: |OptimTee_5E.scdnc ﬂ Open

Files of type: |SpaceCIaim Files (* scdoc) ﬂ Cancel

Figure 6-12: Link by Browsing to SpaceClaim Model

There are now two Tee objects in the Modeler window:

° The original Tee that you exported to a Parasolid Text file (listed under
Model > Solids > vacuum)

° The linked SpaceClaim geometry, OptimTee_SC (listed under Model >
SpaceClaim1 > Solids > Not Assigned), which has a different septum offset.

=g Model
Elt[) SpaceClaimi
. B Solids
=4 Not Assigned

. ||_FJ OptimTee_SC
-7 Solids

54 vacuum
#-l#, Coordinate Systems
#-&% Planes
- Lists

Figure 6-13: Ansys Electronics Desktop Model with Link to SpaceClaim
Model Added

2. Inthe History Tree, select the original Tee object and press Delete.

Only the linked geometry should be retained.
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Note:

An alternative approach would be to create a new project in Electronics Desktop
and insert an HFSS design. Then, link that project (with its empty HFSS design)
to the SpaceClaim model. Only the linked geometry would exist in the project.

3. Inthe History Tree, select OptimTee_SC. Then, in the docked Properties window, select
"vacuum" from the Material drop-down menu.

The material assignment appears in the History Tree:

=g Model
= SpaceClaim1
- Solids
E! vacuum

27 Optim Tee SC

-1~ Coordinate Systems
-5 Planes
-5 Lists

H Save the model.

5. Select the SpaceClaim1 entry in the History Tree to see its details in the docked Prop-
erties window. Select the Parameters tab to see the variable transferred from
SpaceClaim:

Properties o =

Mame | Value |L|n'rt | Evaluated Value
Offset 0.11811023622047  |in 0.1181102362204%in

General  Parameters | Options

Figure 6-14: Offset Variable from Linked SpaceClaim Model

The OptimTee model was originally defined in Electronics Desktop using the English inch
length unit. Therefore, the Offset parameter value of 3 mm from the linked SpaceClaim
model is shown using the HFSS model's length unit (0.11811 inch = 3 mm).

Assign Wave Ports

1. Press F to begin Face Selection mode.
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2. One at atime, select a port face and define a Wave Port excitation on each of the three
end faces of the T-junction waveguide. Use the Modeler window's shortcut menu, as fol-

lows:

e
h

Assign Material...

Create Array ..

Create Open Region ...

Update Open Region Padding...

Assign Boundary
Assign Excitation
Assign Hybrid

Assign Mesh Operation

Plot Fields
Plot Mesh...
Plot VRT

Plot Particles...

Copy Image

Current...

Incident Wave

Linked Field

Magnetic Bias...

Multipaction Charge Region...
Multipaction DC Bias...
Partial Discharge DC Bias...
Port

Terminal...

Voltage...

Circuit Port...
Floquet Port...
Lumped Port... Shift+4
Wave Port...
5

Figure 6-15: Assigning Wave Port Excitation to a Face via the Shortcut Menu

Assign the wave ports to the faces in the following sequence and keep the default port

names:

a. Middle input port (+X end face), Name ="1"
b. Right output port (+Y end face), Name ="2"
c. Leftoutput port (-Y end face), Name ="3"
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Important:

Define the Integration Line for each port from the midpoint of the face's bottom
edge to the midpoint of the face's top edge. For a refresher on how to do this, nav-
igate to the following help topic:

HFSS > HFSS Tee Waveguide Junction > Create the Tee Model > Assign a
Wave Port to the Box

Also, keep the default settings Wave Port: Post Processing settings for all three
ports.

When you have added the Wave Port for each face, the excitations are listed in the Project
Manager:

- [F Boundaries

E@ Excitations

g 2
LB 3

----- éﬁ Hybrid Regions

Figure 6-16: Wave Port Excitations in Project Manager

3. Under Analysis in the Project Manager, double-click Setup1 to edit its properties. (This
setup was predefined in the OptimTee example model.)

The Driven Solution Setup dialog box appears.

4. Increase the Maximum Number of Passes to 15. Keep the 10 GHz Frequency and 0.01
Maximum Delta S settings. Click OK.

5. Add a Frequency Sweep under Setup using the following settings and then click OK to
close the Edit Frequency Sweep dialog box:

+ Sweep Type: Interpolating
+ Distribution: Linear Step

» Start: 8GHz

 End: 10GHz

+ Step size: 0.05GHz
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Edit Frequency Sweep X

General l Interpolation ] Defaults ]

Sweep Name: |Sweep [v Enabled

Sweep Type: ||r|ter|:u:||ating j

Frequency Sweeps [41 points defined]

Distrbution | Start | End |
Linear Step 8GHz 10GHz Step size 0.05GHz

Preview ...

Figure 6-17: Sweep Settings

6. H Save your model.

Setup HFSS Optimetrics

1. Select the SpaceClaim1 entry in the History Tree and view the Parameters tab of the
docked Properties window.

2. Inthe Value column of the Offset parameter, enter a new variable, Offset1, set its initial
value to 3 mm, and click OK:
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Properties o =
Mame | Walue it Evaluated Value |

Cffget |CrHset1 in 0.11811023622047in
Add Variable 4
MName |Elffset'|
Init Type |Length ﬂ
I Fut |mm j
" alue 3
Type | Lozal Y ariable J

k. | Cancel |
General Parameters | Options l

Figure 6-18: Defining Variable Offset1 for Linked Parameter Offset

This step is needed for HFSS to be able to vary the septum position for the Optimetrics
analysis. The SpaceClaim "Offset" parameter is not directly visible to Optimetrics and can-
not be directly manipulated.

3. Under Optimetrics in the Project Manager, double-click ParametricSetup1 to edit its set-
tings. (This setup was predefined in the OptimTee example model.)

The Setup Sweep Analysis dialog box appears.
4. Select the variable, offset and click Edit.
The Add/Edit Sweep dialog box appears.

5. Change the sweep variable settings as follows:

a. From the Variable drop-down menu, select Offset1 and keep the Linear step
option selected.
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Note:

The "offset" variable (not capitalized) was used in the example T-junction
model to control the septum position for parametric and optimization ana-
lyses. It is not applicable to the geometry linked from SpaceClaim. "Off-
set1" is the new HFSS design variable that controls the linked model's
"Offset" parameter.

Start=0 mm
Stop =10 mm
Step=1 mm

Click Update to revise the Variable and Description on the right side of the dialog
box. (If you fail to do so, the changes will be discarded when you close the Add/Edit
Sweep dialog box.)

¢ o o T

B Add/Edit Sweep by

Yariahle Drescription

Varisble [Dffsell e |

Marinal value: 3mm

Qffzetl | Linear Step from Orm to 10mmm, step=1mm

" Single value

* Linear step Add s

{ Lirear count

{" Decade count

" Octave count

~
|

E wponential count

Start: |D |n'|n'| j
Stop: |'||:| |mm ﬂ
Step: |1 |mm ﬂ Cancel

Figure 6-19: Editing the Parametric Sweep Variable

6. Click OK to close the Add/Edit Sweep dialog box.

7. Select the Calculations tab of the Setup Sweep Analysis dialog box. Then, select and
Delete each of the three existing calculation rows.
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11.

Note:

These previously defined power calculations are no longer valid because the
linked model has different port names than the original model did. Also, for this
SpaceClaim-to-HFSS link exercise, you will not need the port power calculations.

Select the Options tab of the Setup Sweep Analysis dialog box and ensure that the Save
Fields and Mesh option is selected.
Click OK.

Under Optimetrics in the Project Manager, select OptimizationSetup1 and press Delete.

The previously defined optimization analysis in the example model is not applicable to this
exercise.

Right-click SpaceClaim1 in the History Tree. Notice the bottom four commands in the
shortcut menu, which are specific to the HFSS-to-SpaceClaim link. Press Esc to exit the
menu without making a selection.

=@ Model ‘
= o BT
52 Solic Expand All
= Collapse All
£

Eﬂ---]&. Coordinate ezl

+-4F Planes Group 5

H-E8 Lists
Edit »
Cormponent ¥
Yiew >
Properties...
Generate
Send Parameters and Generate L\}
Launch SpaceClaim
Break Connection

Figure 6-20: Sending Updated Parameters to SpaceClaim
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Note:

* The Save Parameters and Generate command is currently unavailable.
This command sends parameter values back to SpaceClaim after they
have been changed in Electronics Desktop (EDT). Even though you
redefined the SpaceClaim parameter "Offset," replaceing the initial value
with the "Offset1" HFSS design variable, the geometry was not altered.
That is, the new variable has the same evaluated dimension value as the
initial value it replaced (3 mm or 0.11811 inch). Therefore, there are no
parameter changes to send to SpaceClaim at this time, and the command
is unavailable.

 [f you change the evaluated value of a SpaceClaim parameter within EDT,
the Save Parameters and Generate command becomes available. A light-
ning bolt appears to the left of the linked SpaceClaim model icon in the His-

tory Tree ( A ), indicating that the EDT and SpaceClaim models are out-
of-sync. When this condition occurs, use the Send Parameters and Gen-
erate command to send the updated values to the linked SpaceClaim
model.

» [f you save your project after revising a variable that affects the geometry,
the Send Parameters and Generate command will again be unavailable.
(Updating the SpaceClaim parameters is part of the Save process.) The
command is only available when there are unsaved changes to send.

¢ Finally, when you solve an optimetrics analysis, updated parameters are
automatically sent to SpaceClaim for each variation in the solution, and
you can see the geometry update in SpaceClaim. However, in EDT, the
variations are solved invisibly. That is, the geometry displayed in EDT's
Modeler window and the Offset1 value displayed in the docked Properties
window do not change to reflect the solution variants. The displayed geo-
metry remains associated with the initial 3 mm offset (that is, the nominal
value). Nonetheless, the parametric solution is based on the specified off-
set variants.

Analyze and Review Parametric Results

1. Inthe Project Manager, right-click ParametricSetup1 and choose Analyze from the short-
cut menu:
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Eﬁ Analysis
- JF Setupl
[—]@ Optimetrics

Ol e tricS e tup

..... Rezults 53 Copy Ctrl+C
- Port Field Display Paste Ctrl+V
----- % Field QOverlays
----- Radiation Rename =
..... Tee 2 Delete Delete
@-I_1] Definitions )
Properties...
Disable Setup
Validate
Analyze
Submit Job...

View Analysis Result...

Figure 6-21: Analyzing the Parametric Setup

As the Parametric analysis runs in HFSS, the bi-directional link updates the geometry in
SpaceClaim:

Groups

%}' Create N5 xIa}i‘" Create Parameter
View groups in: |Reot Part

MName Type

[H = Driving Dimensions

= Ruler dimensicn:
<) Offset Smm

Figure 6-22: Offset Parameter Being Updated in SpaceClaim

The analysis will take between five and ten minutes to complete, depending on your com-
puter hardware.

Review the Analysis Profile:

2. Inthe Project Manager, right-click ParametricSetup1 and choose View Analysis
Result.

3. Select the Profile tab of the Post Analysis Display dialog box to view information about
each variation solved:
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B " Post Analysis Display
|F‘arametril:Setup'I ﬂ J
Result
£] | 4|1 B Hl HFS5 werzion 2023.1.0 started on at 10-26-2022 15:15:08
Wariation | Offzet | offset | Start Stop Elapzed Analyziz Machine
1 (O Oin 151508674 15:15:66:975 (000 443301 Local Machine
2 1mim (i 15:15:56:994 15:16:33:304 00:00:36:310 Local Machine
3 2mm Oin 15:16:33:335 151708:mM7 00:00: 34682 Local Machine
4 Imim (i 15:17:08:050 15:17:46:571 00:00:33:5:21 Local Machine
A Amim Oin 15:17:46:610 15:18:20:859 00:00:34: 249 Local Machine
[ B (i 15:18:20:396 15:19:00: 455 00:00:33:569 Local Machine
¥ G Oin 15:159:00:500 15:193:43:008 00:00: 42508 Local Machine
g i (i 15:19:43:.048 15:20:25:201 00:00:42:153 Local Machine
9 B Oin 15:20025: 265 15:21:03516 (000 33 251 Local Machine
10 i (i 15:21:03:557 15:21:33:174 000034617 Local Machine
11 10rmm Oin 152133246 152212781 00:00:33:535 Local Machine
Figure 6-23: Post Analysis Display Dialog Box — Profile Tab
4. Click Close.

Generate a Plot of S(1,3) vs. Offset1 for Several Frequencies:

5. Onthe Results ribbon tab, click L=

(A

Modal Solution Data Report >V - __

6. Inthe Context section of the Report dialog box, ensure that:

a. Solution = Setup1 : Sweep

DAY
.-f _\IIII III I|I

2D.

b. Domain = Sweep
7. Under the Trace tab, specify the following settings:

a. Choose Offset1 from the Primary Sweep drop-down menu and ensure that All
appears next to this setting.

b. Category: S Parameter
c. Quantity: S(1,3)
d. Function: dB
8. Under the Families tab, do the following:
a. Select the Available variations option.
b. Selectonly five of the Freq values: 8, 8.5, 9, 9.5, and 10 GHz.
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. Click New Report and Close.

The resulting plot shows the initially steep increase in the transmission to port 3 as the
septum offset increases. Then, the port 3 output levels off and begins to decrease again
as the offset is increased further. The extremum of the curve varies with frequency. The
lower the frequency, the lower the offset at which the extremum occurs:

S Parameter Plot 1 TesModel ANSYS
2023 R1
0.0
05 ]
1.0

— dB(5(1,3))
Setupl | Sweep
Freq="gGHz'
dB(301,31)
Setupl | Sweep
Freg='g.5GHz'
— dB(5(1,3))
Setupl | Sweep
Freq="8GHz'
dB(S(1,31)
Setup! | Sweep
Freg="9.5GHZz'
dB(S(1,3))
Setupl | Sweep
Freq="10GHz'

-1.5

dB(3(1,3))

Offset1 [mm]

Figure 6-24: S(1,3) Parameter (dB) vs. Offset1 for Five Frequencies
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7 - Optionally, Restore Current View
Orientations

You have completed this getting started guide.

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

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

2. Ensure that Enable Legacy View Orientation is cleared:

30 Ul Options hd

General | 3D Modeler Graphics |

Stereo mode  (Affects only the newly created windows)
[~ Drag Opbmization
[+ Show Ansys logo
Default Color Key height |'|E- {Maximum number of values

displayed)

When there is a selaction

<

Selection always visible

<

Seltransparency of selected objects 01

<

Setransparency of non-selected objects 09
Default Rotation About
" ModelCenter (~ CurentAxis (8 ScreenCenter (~ Cursor

Middle Mouse Bution Drag

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

Animation Duration

} 500 msecs

[~ Enable Legacy View Orientation |

OK | Cancel

3. Click OK.

The settings in the 3D Ul Options dialog box are global. Your choice is retained for all future pro-
gram sessions, projects, and design types that use the 3D Modeler or that produce 3D plots of
results.
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You can now save and close this project.
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