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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 create, solve, and analyze a bandpass filter.

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

Become familiar with the HFSS Design Environment

Create a 3D geometric model, including conducting bodies and a surrounding vacuum
region representing the bandpass filter enclosure

Assign excitation

Learn about High Performance Computing (HPC) options

Analyze the model and review solution data,

Create and modify a report (2D rectangular plot), including adjusting the plot scaling
Create field overlays

Bandpass Filter Description

A bandpass filter allows frequencies of a certain range to pass through but attenuates those fre-
quencies outside of the bandpass range. The figure below is an illustration of a model rep-
resenting a bandpass filter and a volume of air surrounding it. The colors represent the electrical
field intensity around the conductors.

Figure 1-1: The Bandpass Filter Model

Introduction 1-1
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HFSS Design Environment

There are many features in HFSS that enable you to create this model. Some of these features
are listed below:

« Three-dimensional (3D) solid modeling

» Primitives such as cylinders and boxes

* Modeling operations such as Duplicate Around Axis

+ Boundaries and excitations

* Wave ports and terminals

¢ Design validation

» Solution setup and frequency sweep

* S-parameter plots

« Field Overlays to plot electromagnetic fields

« Two-dimensional (2D) and three-dimensional (3D) Field Plots

Introduction 1-2
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2 - Set Up the Project

This chapter includes the following sections:

¢ Launch Ansys Electronics Desktop

Set General Options

Insert HFSS design

Enable Legacy View Orientations
Set the Model Units

Verify the Solution Type

For convenience, store a shortcut of the Ansys Electronics Desktop application on your desktop.

@)

1. Double-click the Ansys Electronics Desktop icon B V1M to launch the application.

. ANSYS Electranics Desktop 2021 R2 - Project!

0 X
File Edt View Project Took ‘Window Help
a = P P L cd 9 undo [ - B Update Definitiony TE Projec Voriatles [
jg = Aishie & 3 a il
WA= PR & @ : =0N
: [ Restore Archive 3 Copy (¥ Redo B Remove Unuied Delmitions. | |/ Datasets
New  Open Opta  Swe  Save  Cloie HESS 3D Cirewit EMIT Icepaic Maswell Simploter Mechanical . —_ Genttal  Help  ANSES
s Eamples & Dirate XDelete | < & - v v B £t Defintions - [ Event Callbacts  gippiony .
Desidop  View  Simulabon  Aulomation  Minerva on
|WW *x
= 0 ]
% () Defintore
|h~mﬂ.‘n; i x
Hame | Vi | ki | Evaaied Vake
Vidabind
hessage Manager 3 x §Frogiess 3%
&
4
DOREDie - ANSYS, IngDaumentsAnsoProjectdaedt [ e ) Messages |[ = i Progress | |
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Figure 2-1: Ansys Electronics Desktop User Interface
Note:

If the project folder is missing, go to the Desktop ribbon tab and click j New to
start a new project. If the Project Manager window does not appear, go to the
View ribbon tab and enable it from the [l Docking Windows drop-down menu.

Set General Options
Before you begin creating a design, configure some of the general options of HFSS:
[ —
1. Go to the Desktop ribbon tab and select General Options.

The Options dialog box appears.
2. Expand the HFSS branch and select Boundary Assignment.

Options
General
2D Extractor
& o i [+ Use Wizards for data input when creating new boundaries
Circuit Design
Circuit Metlist Design [v Duplicate boundaries fmesh operations with geometry
EMIT
= HFSs v Visualize boundaries on geometry
General [v Auto-assign terminals on ports
Solution Type
Materials [+ Automatic PEC cap creation for wave port
Boundary Assignment
Paost Processing

Figure 2-2: Options Window — HFSS Boundary Assignment Settings

3. Ensure all checkboxes on this panel are selected.
4. Expand the 3D Modeler branch and select Drawing.

Set Up the Project 2-2
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Options
General ~ i
D Exciracon Drawing Data Entry Mode
Circuit Design {* Point " Dialog
Circuit MetList Design
EMIT g Use F3/F4 to switch between point and dialog entry mode
HFS5
HFSS 30 Layout Relative Coordinate System Creation Mode
Icepak {* Axiz/Position ™ Euler angle
Maxwell 2D ) ) - i
Masowell 30 IIse F3/F4 to switch between axisfposition and Euler angle creation mode
Mechanical
Q3D Polyline Creation
RMxprt v Automatically cover dosed polylines
Twin Builder
= 30 Modeler
m [v¥ Show measure dialog during drawing
Operation [v Edit properties of new primitives
Snap

Figure 2-3: Options Window — 3D Modeler Drawing Settings

5. Select Automatically cover closed polylines.
6. Select Edit properties of new primitives.

Note:

This option causes a Properties dialog box to appear whenever you create a new
object.

7. Under 3D Modeler, expand the Display branch and select Rendering.

8. Ensure that the Use material appearance if available option is cleared and the Default
Transparency is 0.4.

Set Up the Project 2-3
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HFS5 30 Layout
Object Appearance
B Icepak ]
&8 Maxwell 2D [ Use material appearance if available
B Maxwell 3D
B Mechanical Default color: |
B Q3D Default transparency:
B RMxprt
B Twin Builder I 0.4
B 30 Modeler Opaque Transparent
Drawing
Operation Object Outline
Snap
B Display I+ Show object cutline
General
3
4 03
History Tree Minirmurn Maxirnum

9. Click OK to accept the options and close the dialog box.

>

Insert HFSS design

1. On the Desktop ribbon tab, click HFSS from the HFSS drop-down menu to include this
design type in your project.

I Ansys Electronics Desktop 2021 R2 - Project
File Edit View Project Tools Window Help

j _ﬁ} _,;( H H J‘w i Save Archive § Cut ¥ Undo g B

ERestoreArchivE 53 Copy U Re-:l-:u1

Mew Open Open S5ave Save C(lose HF5S | Q30 Circuit  EMIT lcepak Maxwell Simplorer Mechz
* Examples As  Paste X Delete | . - - - -
Desktop View Simulation Automation 2 @ HFs5 |

:
Project Manager 1 x & HFSS 30 Layout

@] Project1

Figure 2-4: Insert HFSS Design — Command Location

An HFSSDesignx item appears in the Project Manager, the Modeler window appears,
and the ribbon advances to the Draw tab.

Set Up the Project 2-4
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o x

. firgys Elechioms Desklop 2022 BT - Projest] - HESS0ewgn] - 30 Mudele - [Prajecl] - HESDegn - Modeler]
WD e B View Pigect  Dvaw  Modeler  HESS Tosk Windew Help - &K
H how fuede Seeconen | W B Q Feran Q rean 34 =l W b d e e | JEcid | M @ wea
- 3 Copy 0 ped Sotediylane | % % -}.:-nl,n | it Selected [] ¥ ] ' D altr £ wee| 1 cEpylr k] il = I T
e [ Fute 3 Drick % . Povent - e m | 1S | e | ety o -l Ele | S
Delap  View | Drw | Model  Smistion  Resufs  dutomation f
Frejedt Manager 1 % QE Coordnate Sndems 5
[ H Progrct (=1 4 Flanes .
(& 4o HFSSDesionl (Terminal hetwork) | = & Lt
-] Defymon
Prepeitiei B ox o

Mamt [vaie| Lt | Evaluted Ve

£ H
Varabdmn

Huthing s sebecied

/ Tl

1 2 {imn)

[ Show O Messages || = Show Progress

Figure 2-5: Electronics Desktop with the HFSS Design Type Added to the Project

2. Click Projectn in the Project Manager, then:
a. PressF2

b. Rename your project to Bandpass_Filter and press Enter.

Note:

From the menu bar, click View, point to Coordinate System, and click any of the
first three options in the submenu to adjust the displayed size of the coordinate
axes. You can also control the visibility of the axes from this menu. Similarly, you
can adjust grid visibility and style from the Grid Spacing dialog box that appears

when you click View > Grid Settings from the menu bar.

3. Inany of the ribbon tabs, click H Save to save your project. Even though Ansys Elec-
tronics Desktop autosaves your model periodically (every ten edits, by default), it's a good

idea to save your work frequently.

Set Up the Project 2-5
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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:

30 Ul Options hd

General | 3D Modeler Graphics |

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

Default Color Key height |'|6 {Maximum number of values
displayed)

When there is a selaction

[v Selection always visible

[v Setwansparency of salected objects |T
[+ Settransparency of non-selected objects IT

Default Rotation About

" ModelCenter (~ CumentAxis (& ScreenCenter (" Cursor
Middle Mouse Bufion Drag

(& Rotate  Pan  Zoom
Gradual View Change

[+ Animate

Animation Duration

} 500 msecs

[v 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 i Orient to change to the Trimetric view, which is the
default legacy view orientation.

Set Up the Project 2-6
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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, 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 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
been redefined. The current orientations are shown in the help topic, "Changing the Model View
with Alt+Double-Click Areas.”

Set Model Units (in)
Define the model units as follows:
1. On the Draw ribbon tab, click Units.
The Set Model Units and Max Extents dialog box appears.
2. Selectin (inches) from the Select units drop-down menu.

Keep Rescale to new units cleared and leave the Advanced option cleared, keeping the
default model extents of +/-10000 length units.

8] set Model Units and Max Extent x

Select units: _ -

| Rescale to new unitz

[ Advanced

kodel extents: -10000 to 10000 in

All geometny should fit within these extents.

] | Cancel

Figure 2-6: Set Model Units and Max Extents Dialog Box
3. Click OK.

Verify Solution Type (Terminal)

Specify the design’s solution type as follows:

Set Up the Project 2-7
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1. Onthe menu bar, click HFSS > Solution Type.
The Solution Type dialog box appears.

Solution Type: Bandpass_Filter - HF535Design >

Salution Types
f+ HFSS
" HFS5 with Hybrid and Arayps
" Transient
" SBR+
" Eigermode
" Characteristic Mode

Options

¢ Metwork Analysiz 0 Composite Excitation
" Modal {« Terminal

[ Auta-Open Fegion

| Save az default

k. | Caricel

Figure 2-7: Solution Type Dialog Box

2. Ensure that Terminal and Network Analysis are selected. Leave Auto-Open Region
cleared.

3. Click OK.

Note:

The Terminal solution type calculates the terminal-based S-parameters of multi-
conductor transmission line ports. The S-matrix solutions are expressed in terms
of terminal voltages and currents.

Set Up the Project 2-8
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3 - Create the 3D Model

This chapter includes the following sections:
« Create the Enclosure (vacuum region)
» Create Feed1 (coax outer diameter)
» Create FeedPin1 (coax conductor)
» Create FeedProbe1
» Create the Resonators
¢ Assign Excitation
* Create Remainder of Model by Duplication
« Boundary Display (Optional)

The 3-D Model of the bandpass filter is made up of multiple geometrical parts, as listed above.

For the first two objects (Enclosure and Feed1), assign vacuum as the material. For all other
parts, assign the material pec (perfect electrical conductor). Each duplicated parts will retain the
same material assignment as the part from which it is copied.

Note:

* You can enter the coordinates and dimensions (height, radii, etc.), in the text
boxes at the bottom of the application while building the geometric objects.
However, you many find it more convenient to draw the objects freehand and
then edit their properties. The latter method is used in this exercise.

 If you want you can adjust the views of your coordinate system axes and grid
from the View menu using the Coordinate System and Grid Settings options,
respectively. These controls, with the exception of grid visibility, are not available
from the ribbon.

Create the Enclosure

Normally, the region within which electromagnetic fields are calculated is a body comprised of
the material vacuum or air. In the last topic of this guide, you will perform a multipaction analysis
of the bandpass filter, which requires that the solution region be a vacuum.

To create the enclosure region, draw a box of any size freehand anywhere in the Modeler win-
dow and then adjust its properties, as follows:

1. On the Draw ribbon tab, click the ﬁ Box primitive.

The cursor changes to a snapping point indicator.

Create the 3D Model 3-1
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z
|
. { A Y

Figure 3-1: Snapping Point Indicator

2. Click anywhere in the 3D Modeler window to establish the starting point.
3. Drag your cursor along the XY plane, and click a second time to create the base:

Vi

Figure 3-2: The Arrow is the Mini Z Axis.

4. Drag the cursor along the Z axis direction:

Create the 3D Model 3-2
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Figure 3-3: Box Height Being Dragged Upward
5. Click a third time to set the height and complete the box:

Figure 3-4: Box Drawn — After the Final Mouse Click
The Propetrties dialog box appears.

6. Onthe Command tab, edit the Value table cells as shown in the following figure:

Command I.Pnttribute I
Mame | Value | it | Evaluated Value
Command CreateBox
[ | Coondinate Sys...|Global
" [Position 41703125 in fin . 17in, 0...
| ¥Size 2 in Jin
" |vsize 34 in 3.4in
[ [zsize 0.625 in 0.625in

Figure 3-5: Command Tab for the First Box

7. On the Attribute tab rename Box7 to Enclosure.

8. Ensure that the selected Material is vacuum.

9. Setthe Transparency to 0.8 and click OK to close the Set Transparency dialog box.
10. Click OK to apply the new box properties and close the Properties dialog box.
11. Clickin the Modeler window's background area to deselect the enclosure.

Create the 3D Model 3-3
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12. Press CTRL+D, or click Fit All on the Draw ribbon tab, to fit the view in the Modeler win-
dow.

Note:

As you continue to build the model, use one of these two methods of fitting the
model to the canvas area as needed.

Figure 3-6: The Completed Enclosure Object

History Tree and Docked Properties Window

When you select a 3D or a 2D object in the history tree, its details can be readily viewed in the
docked Properties window. For instance, if you select Enclosure in the History Tree, its details
are displayed in the docked Properties window. To enable this window, go to the View ribbon tab

and select Properties from the | Docking Windows drop-down menu.

Create the 3D Model 3-4
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Project Manager o o EI--‘@ Model

=-[3] Bandpass_Filter* Ell_:J Solids
@ HFs5Designl (DrivenTerminal)™ Es vacuum
&-[20 Definitions E-4P Enclosure

#-12, Coordinate Systemns
Docked Properties window H-&% Planes

F-¢2 Lists

Properties o =

Mame | Value | LIt |E‘ualuated Walu

Mame Enclosure

Material "wacuum” "wacuum”
Solve Inside | [+

Orientation | Global

Model [v

Group Maodel

Display Wi...| [

Material A.. | [

Color /1

Transparent 08

Figure 3-7: Docked Properties Window
Create Feed1

Feed1 is a cylindrical object representing the vacuum portion of the feed coax. You will add a
conductor at the center of the coax in a later procedure.

To create Feed1, draw a cylinder freehand and then adjust its properties, as described below:

1. Click the Draw tab and select YZ under Grid to set the drawing plane.

HE Grid
XY
\7i
= L

The active plane changes to YZ.

2. Onthe Draw ribbon tab, click the Cylinder primitive and create the cylinder any size and
anywhere in the Modeler window.

Create the 3D Model 3-5
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Note:

In this case, draw the circular cross-section first and then draw the length.

3. Onthe Command tab of the Properties dialog box, edit the fields as shown in the fol-

lowing figure:
Properties: Bandpass_Filter - HF55Design1 - Modeler
Command l;’-‘-i‘tribute ]
Mame | Value | it | Evaluated Value

Command CreateCylinder
Coondinate Sys... Global
Certer Postion |1.-0.9.0 in Tin , -0.5in , Oin
Puis kS
Radiug 014 in 0.14in
Height 0.75 in 0.75in
Mumber of Seq... 0 0

Figure 3-8: Command Tab — Properties for Feed1

4. On the Attribute tab rename the cylinder to Feed1 and ensure that the material vacuum
is assigned.

5. Click OK to complete the cylinder.
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Figure 3-9: Feed1 Created
Create FeedPin1

You can pick a different material from the library before creating new geometry. This technique is
convenient when you are going to create several objects of the same material.

After choosing the desired material, create the feed pin, which is the conductor at the center of
the feed coax. Draw a cylinder freehand and then modify its properties.

You do not need to subtract the feed pin from the previously created feed object. The solver will
perform implicit subtraction, removing the conductor volume from the vacuum object where they
overlap.

1. Onthe Draw ribbon tab, click Select from the Default material drop-down menu.

EEf Measure - EH$Grid {H & Model -

T =~

Units 30 MR vacuum

air 1

Select... 1
— ]

The Select Definitions window appears.
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Materials l Material Fiters ]

Search Parameters

Search by Name Search Criteria Librares I

||:|En:| {* by Name " by Property Materials
—— |Helati‘-.=e Pemnittivity J

Relati
J,-"' Mame Location Crigin Pe?rn'rl'tl:':rfty
palladium S*_.rsIJI:uar'_.r Materals
_

perfect conductar S*_.rsIJI:uar'_.r Materals

Figure 3-10: Select Definitions Window
Then, do the following:

a. Type pec inthe Search by Name. The materials list scrolls to the pec material, and
it is selected.

b. Click OK to accept the material selection.

The default material is set to pec and the Select Definition dialog box closes. All
future objects you create in this project will default to this material until you change
the selection again.

2. Draw a cylinder freehand and edit the fields on the Command tab of the Properties dialog
box, as shown in the following figure:

Command l Attribute ]

Mame | Value | Init | Evaluated Value
Command CreateCylinder
| |Coordinate Sys... Global
| |Center Posttion 1 A9.0 in lin , 0.5in , Oin
A X
| |Radius 0.06 in 0.06in
- |Height 0.75 in 0.75in
N Mumber of Seq... 0 1]

Figure 3-11: FeedPin1 Properties — Command Tab
3. On the Attribute tab, rename object to FeedPin1 and click OK.
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Figure 3-12: FeedPin1 Created.
Create FeedProbe1

The feed probe connects FeedPin1 to the first resonator, L1, which you will draw in the next
topic.

Note:

Alternatively, you could have created FeedPin1 longer, to extend all the way to L7, elim-
inating the necessity of the feed probe. However, boundary errors would occur

because the extended feed pin would cross through the outer boundaries of both

Feed1 and Enclosure. To prevent the errors, you would have to subtract FeedPin1

from Feed1 and Enclosure (to eliminate the overlap).

The feed probe, on the other hand, is fully encompassed by the enclosure by design.
Therefore, implicit subtraction takes care of the object overlap, neither the feed pin nor
feed probe crosses the enclosure boundary, and no boundary errors occur.

Create FeedProbe1 as follows:

1. Draw a cylinder freehand and edit the fields on the Command tab of the Properties dialog
box, as shown in the following figure:
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Mame | Value | it | Evaluated Value
Command CreateCylinder
| |Coordinate Sys... Global
| Certer Postion 1 A5.0 in lin , 0.5in , Oin
[ A X
| |Radius 0.06 in 0.06in
- |Height 015 in 015N
N Mumber of 5eq... 0 0

Figure 3-13: Coax FeedProbe1 Properties — Command Tab
2. On the Attribute tab rename the object as FeedProbe1 and click OK.

©

Figure 3-14: FeedProbe1 Added.

Create the Resonators

Draw four resonators for this model. For each resonator, draw a box freehand and place it appro-
priately in the structure you've drawn up to this point.

There are a total of eight resonators in the subject bandpass filter. Four you create manually,
and the other four (along with the feed and probe objects) you make by duplicating the manually
created objects.

The resonators are the heart of the bandpass filter. The varying gaps between them and the
alternating axial offset of each resonator produce the desired bandpass filter behavior (allowing
frequencies of a certain range to pass freely while attenuating frequencies outside of the target
range).
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Create L1

1. Draw a box freehand and edit the fields in the Command tab of the Properties dialog box,
as shown in the following figure:

Mame Value | Lnit | Evaluated Value
Command CreateBox
_Cn:u:nrdinate Sys... Global
| |Posttion 0.85 -0.9625 0.03 in 0.85in , 0.9625in , -0.03in
- |XSize 17 in -1.7n
| |rsize 0.125 in 0.1250n
- |ZSize 0.06 in  |0.06in

Figure 3-15: Resonator L1 Properties — Command Tab

2. On the Attribute tab, rename the object as L1 and click OK.

©

Figure 3-16: The First Resonator (L1) Created
Create L2

Let's look at two different methods for creating the second resonator,
Method 1 — Draw Freehand and Revise its Properties
1. Inthe same way that you created L1, draw a box freehand.
The Properties dialog box appears.

2. On the Attribute tab, rename the object as L2.
3. Onthe Command tab, edit the L2 property fields as shown in the following figure:
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Name Walue | Uit | Evaluated Value
Command CreateBox
_Cn:n:-rdina‘te Sys... Glabal
N Position 1. 075 003 in -lin , 0.75in , 40.03in
| |xSize 1818 n 181N
[ [YSize 0.125 in |0.1250n
[ |ZSize 0.06 in 006N

Figure 3-17: Resonator L2 Properties — Command Tab
4. Click OK.
Method 2 — Copy L7 and Revise the New Object's Properties:
1. Under Model > Solids > pec in the History Tree, right-click L1 and choose Edit > Copy

from the shortcut menu.

2. Right-click in the Modeler window and click Edit > Paste. Object L2 appears in the History
Tree, but itis not in the correct location in the model.

(The advantages of this method are that the name L1 is automatically incremented to L2
for the new object, and the XSize and Y Size dimensions of the new box are already cor-
rect.)

When you create a primitive by copying and pasting an existing object, the Properties dia-
log box does not appear automatically. Therefore, you will change the settings in the
docked Properties window.

3. Inthe Command tab of the docked Properties window, edit the L2 property fields as
shown in the following figure:

MName | Value | Uit | Evaluated Value |
Command CreateBox
| |Coordinate Sys... Global
| |Posttion -1, 075 003 in lin , -0.75in , 40.03in
| XSize 1818 in 1818
[ [YSize 0.125 in |0.1250n
| ZSize 0.06 in 0.06n

Figure 3-18: Resonator L2 Properties — Command Tab
4. Click OK.

Regardless of the method you use, the model should now look like the following figure:
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Figure 3-19: The Second Resonator (L2 Created

Create L3
1. Using your preferred method (1 or 2), as described in the Create L2 page, create the third
resonator (L3).
Tip:

L2 is the more efficient source for copying to L3, since L2 has the most similar
dimensions and coordinates compared to L3. Beware though that some values
have the same magnitudes but different signs.

2. If you drew the box freehand:
In the Attributes tab of the Properties dialog box, rename the object to L3.

Keep the Properties dialog box open.

3. Inthe Command tab of either the Properties dialog box or the docked Properties window
(depending on your drawing method), edit the position and sizes as shown in the following

figure:
MName | Value | Lnit | Evaluated Value |
Command CreateBox
N Coordinate Sys... Global
N Position 1,048 003 in lin , 0.48in , -0.03in
| [Size -1.818 i |-1.8180n
- |Ysize 0.125 in | 0.1250n
| |zsize 0.06 in  |0.06in
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Figure 3-20: Resonator L3 Properties — Command Tab
4. Ifyou drew the box freehand:

Click OK to close the Properties dialog box.

Regardless of your drawing method, the model should now look like the following figure:

Figure 3-21: The Third Resonator (L3) Created

Create L4

1. Using your preferred method (1 or 2), as described in the Create L2 page, create the
fourth resonator (L4).

Tip:

L2 is the more efficient source for copying to L4, since L2 has the most similar
dimensions and coordinates compared to L4.

2. Ifyou drew the box freehand:
In the Attributes tab of the Properties dialog box, rename the object to L4.
Keep the Properties dialog box open.

3. Inthe Command tab of either the Properties dialog box or the docked Properties window
(depending on your drawing method), edit the position and sizes as shown in the following
figure:
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MName Value | Urit | Evaluated Value |
Command CreateBox
| |Coordinate Sys...|Global
N Position 1402003 in -lin, 0.3n , 40.03in
| [%Size 1818 in | 1.818n
- |Ysize 0.125 in 0.125n
| [ZSize 0.06 in | 0.06n

Figure 3-22: Resonator L4 Properties — Command Tab
4. If you drew the box freehand:
Click OK to close the Properties dialog box.

Regardless of your drawing method, the model should now look like the following figure:

Figure 3-23: The Fourth Resonator (L4) Created

Assign Excitation

Use wave ports to excite the outer face of the coax connector as described below.

1. To enter face selection mode, press the hotkey F on your keyboard.
2. Select the outer face of the coax line as shown below.
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Figure 3-24: Face Selected to Assign Wave Port

3. With the face selected, right click and go to Assign Excitation > Port > Terminal Wave
Port in the short-cut menu.

The Reference Conductors for Terminals dialog box appears.

4. Enter the port name (P1) and select the option Use port object name, as shown in the fol-
lowing image. Then, click OK.
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B " Reference Conductors for Terminals =

Port Mame: |P1|
Terminal Maming

* |Jze conductor narme

" se port object name

MOTE: kultiple reference conductors touching a
port must all be connected in the plane of the port.

Conductor | Ilze az Reference
FeedPFinl [

Iv Highlight zelected conductors

k. | Carnicel

Figure 3-25: Reference Conductors for Terminals

The wave port and feed terminal are assigned, and both items appear in the Project Man-
ager under Excitations.

SR-JExcitations|
[ B Pl
...@® FeedPinl_T1

Figure 3-26: Project Manager — Excitations Branch

5. Select FeedPin1_T1 in the Project Manager and press F2 to rename the terminal. Make
the new name T1 and press Enter.
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Note:

Simplifying the name of the terminal will make the selection of the parameters to
plot easier and the plot legend text shorter.

6. Select P1 or T1 in the Project Manager to see the port or terminal visualization, respect-
ively:

\\

Port Terminal

Figure 3-27: Close-up View of Port and Terminal Assignments

Create Rest of the Model by Duplication

At this point, you are almost through with the drawing of your model. All you need to do now is
duplicate the internal objects that you drew to create the remaining object. The steps are as fol-
lows.

1. Toenter object selection mode, press the hotkey O on your keyboard.

Note:

Alternatively, choose Object from the Select drop-down menu on the Draw rib-
bon tab.
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ido  Select [Object - -

rdo (S Sel| submodel -
lete Object
Diraw Mg Face

Wertex

Multi =

. Click Select by Name on the Draw tab.
The Select Object dialog box appears.
. Select the following objects and click OK:

Feed1, FeedPin1, FeedProbe1, L1, L2, L3, and L4.

B8 select Object X

M ame:;

Feed!
FeedPinl
FeedProbel
L1

L2

L3

L4

Figure 3-28: Select Object Dialog Box

. With the objects selected, right-click and select Edit > Duplicate > Around Axis from the
short-cut menu.

The Duplicate Around Axis dialog box appears.

. Select Z as the Axis, specify as 180 deg for the Angle, and 2 as the Total number, as
shown in the following figure. Then, click OK.
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Bl Duplicate Around Axis X

B S Oy Z

Angle: 180 ~| [ -
Total number: |2 j

Attach To Onginal Object [

WOTE: “When Attach ta Original Object’ is selected,
face/edge aszignments 0. boundaries/ excitations)
on duplicates will be lost, to ensure model
caonsistency, when 'Total Mumber' i edited.

Cancel

Figure 3-29: Duplicate Around Axis Z

6. Click OKto close the Properties dialog box that appears.
7. Click in the Modeler window background area to clear the current selection.

The bandpass filter model should now look like the following figure. Observe that even the
ports and terminals are duplicated and the Excitations branch of the Project Manager is

updated. The wave port and terminal names are automatically incremented to P2 and T2,
respectively.

Figure 3-30: Duplication of the Parts
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Boundary Display (Optional)

Boundary display/solver view provides a snapshot of all boundaries in the model including ports
and surface residing on the surrounding background object. It can be very useful for diagnosing
problems with design setups.

1. Onthe menu bar click HFSS > Boundary Display (Solver View).
The Solver View of Boundaries dialog box appears.

HFSS identifies all the unique boundary conditions and ports to display where the bound-
aries are physically located in the model.

Solver View of Boundaries
Mame Type Solver Visibility | isibilty | Color |
F User Defined  |Wisible to solver. B |
F2 Uzer Defined  Wisible bo solver. [ Il
cLber Drefault Vizible to solver. [
amnetal Default Vizible bo solver. v [
amnetal Drefault Vizible to solver. v IR
amnetal Default Vizible bo solver. v
amnetal Drefault Vizible to solver. v
amnetal Default Vizible bo solver. + 1R
amnetal Drefault Vizible to solver. v
amnetal Default Vizible bo solver. v
amnetal Drefault Vizible to solver. v [
amnetal Default Vizible bo solver. + 1N
amnetal Drefault Vizible to solver. v
amnetal Default Vizible bo solver. v O
amnetal Drefault Vizible to solver. ¥ 1R
Cloze |

Figure 3-31: Solver View of Boundaries Dialog Box

2. Click the Visibility check box for the boundaries you wish to display.
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Note:

The Enclosure is displayed as the outer boundary, and the perfect conductors
are displayed as the smetal boundaries. If you want, you can change any color
from the palette that appears when you double-click a cell in the Color column.

In the following figure, Visibility is enabled for all of the smetal parts but not for the ports or
outer boundary:

Figure 3-32: Boundaries Displayed

3. Onthe Solver View of Boundaries dialog box, click Close.

On the View ribbon tab, clickB Hide/Show overlaid visualization in the active view
option.

The Active View Visibility dialog box appears.
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m Active View Visibility: Bandpass_Filter - HF55Design1 - Modeler >
Boundaries ] Excitations ] Hybrid Regions ] FieldsReporter ]
30 Modeler Color Keys ] View Gadgets ] Aray Setup ]

/ Name | Visbilty |

1 |Enclosure [w
2 | Feedt 2
| 3 |Feed1_1 v
|+ |FeedPint 2
| 5 |FeedPin1_1 v
| & |FeedProbe 2
| 7 |FeedProbe1_1 v
X 2
EIEE v
a2 2
1112 1 v
12|13 2
EIEE v
Zm 2
1514 1 v
Name | Show | Hide |

Figure 3-33: Active View Visibility Dialog Box

4. Inthe 3D Modeler tab, deselect Visibility for any objects that you don't want to see.

Note:

You can use wildcards (* or ?) in the Name field to quickly show or hide multiple
objects. For example, you could use the name L?_17 to show or hide all the duplic-
ate resonator parts in a single operation. In the Excitations tab, you can also
show or hide excitations that you've applied to the model.

5. Onthe Active View Visibility dialog box, verify that Visibility is checked for all the objects
under the 3D Modeler tab and click Done.
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4 - Set Up and Analyze the Model

This chapter includes the following sections and subsections:
+ Add Solution Setup and Frequency Sweep
¢ Add HPC Analysis Setup
» Validate and Analyze the Bandpass Filter
* Review Solution Data
» Review Profile Panel
* Review Convergence Panel
¢ Review Matrix Data Panel
* Review Mesh Statistics Panel

Add Solution Setup and Frequency Sweep

1. Onthe Simulation ribbon tab, click Setup > Advanced:

% J EE Active: Eight Core: ~
% ? E EEAnalysis Config

Setup Optlmetrlcs Validate HPC
] Options
O Auto Results Automation

& Advanced N \

W

The Driven Solution Setup dialog box appears.

2. Editthe fields on the General tab, as shown in the following figure:
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Driven Solution Setup ot

DC R (Beta) ] Expression Cache ] Dervatives ] Defaults ]

General l Mezh.Solution Options ] Adaptive Options ] Advanced ]
Setup Mame |Setu|:u1

I+ Enabled | Solve Ports Only
Adaptive Solutions

Solution Frequency:  (+ gingle " Multi-Frequendes (" Broadband

Frequency | 1.5 |GH2 j
Maximum Mumber of Passes | 15
{* Maximum Delta 5 0.02

" Use Matrix Convergence

IJse Defaults

HPC and Analysis Options... |

QK | Cancel |

Figure 4-1: Driven Solution Setup Dialog Box — General Tab

Note:
This dialog box defines how HFSS automatically generates an accurate mesh
and helps you define the stopping criteria for the mesh adaptation process.

3. Click OK.

For models that include any type of assigned port excitation, upon completing the addition
of an advanced solution setup, the Edit Frequency Sweep dialog box appears auto-
matically.

4. Editthe fields as shown in the following figure. Then, click OK.
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Edit Frequency Sweep >

General l Interpolation | Defauts |

Sweep Name: |Sweep Iv Enabled
Sweep Type: |Ir|ter|:u:||ating ﬂ I Use Q30 to solve the DC point (Beta)
Frequency Sweeps [451 points defined]
Distribution Start End
Il Linear Count 0.6GHz 2.4GHz Points 451
Add Above | Add Below | | Preview ... |

slElanELLan Time Domain Calculation... |

[ Save Fields (4 Basis Freqs)
5 Matrix Only Solve

[ + Putol

" Manual - Allow for frequencies above

[1 IMHz |

| oK | Cancel |

Figure 4-2: Edit Frequency Sweep Dialog Box

Note:

The Sweep Type is set to Interpolating because the two-octave bandwidth over

which we're solving is a bit wide for the Fast sweep type.

Setup1 and its Sweep are listed under Analysis in the Project Manager.

5. Save the Project.

Add HPC Analysis Setup

HFSS provides the HPC and Analysis Options setup for the purpose of High Performance
Computing, which ensures efficient simulation. Since you are solving a frequency sweep in this
design, using HPC distributes the frequencies across available cores, making optimum use of

the computer resources.
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Note:

Ignore this section if you do not want to use HPC.

1. Go to the Simulation ribbon tab and select HPC Options, as shown in the following fig-
ure.

H “ @ & [f % J E% I’;‘:;;::Cﬂnﬂgv g %

Save ' B Mesh  Mesh  Setup Sweep Optimetrics Validate Analyze HPC Scheduler Submit Monitor
(DPaste < Delefe  Gettings Feedback = v Al |options
Desktop View Draw Model Simulation Results Automation

Figure 4-3: Access HPC and Analysis Options
The HPC and Analysis Options dialog box appears.

B HPC and Analysis Options et

Configurations ] Options ]

Design Type: |@ HF55 ﬂ

Awailable Corfigurations: Configuration Details:
Active MName Total Tasks Make Active | |Corfiguration Name:

YES Lucal Mu == 5SS ==

Local (Auta)

Add. Machine List:
Edit_ localhost (Auto):4: 900

Job Distribution:

4 Optimetrics varations will be solved sequentialhy .

Cther distibution types will be distrbuted
Copy... automatically.

Import... AllowOffCore : True
Export...

QK | Cancel

Figure 4-4: HPC and Analysis Options
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2. Select the Design Type for which you want to set up HPC from the drop-down menu, if
the correct type is not already selected.

Corfigurations l Options ]

Design Type: |@ HFs5 ﬂ

Figure 4-5: Design Type for HPC and Analysis Options
3. Click the Add button.

The Analysis Configuration dialog box appears, as shown in the following figure:

B " Analysis Configuration et

Configuration name: | |

v Lse Automatic Settings
Mum variations to distribute: |1 El:
Machines l[:lp‘tigns ]

Machines for Distibuted Analysis
Total Enabled Cares: 0, GPU is enabled with SBR+ solve only

| Name |Cu::res |GPLI5 | RAM Limit (%) | Enabled |

il

Machine Details:

{*' |ocal machine

(" |P Address format: 192.168.1.2): |

(" DNS Mame format: www server.com): |

" UNC Mame format: \\server): |

Impart Machines from File... Add Machine to List

QK | Cancel

Set Up and Analyze the Model 4-5
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: Bandpass Filter

Figure 4-6: Analysis Configuration Dialog Box

. Enter a name in the Configuration name text box.

Configuration name: | MyLocalHPC

Figure 4-7: Set the Configuration Name
. Select Use Automatic Settings.

Based on the best use of available resources for the current analysis, this setting auto-
matically selects the number of parallel tasks.

. Inthe Machine Details panel, select Local Machine and click Add Machine to List.

. Set the total number of Cores to agree with the number of physical processor cores that
are included in your computer. The following image shows the appropriate setting for a
12-core PC:

Machines lOptiDns ]
Machines for Distrbuted Analysis
Total Enabled Cores: 12, GPLU is enabled with SBR+ solve only

Mame Cores | GPUs | RAM Limit (%) | Enabled Remove

Mave up

Move down

L

Test Machines

Figure 4-8: Number of Cores

Note:

* You will achieve the best performance if hyperthreading is disabled in your
system BIOS. For computationally intensive applications, such as finite ele-
ment analysis, it is best to give a full physical core to each task. Hyper-
threading causes two or more tasks to be assigned to a single physical
processor core.

* The number of tasks is based on a factor associated with the total cores.
On a machine with 12 available cores, when the number of tasks is 4,
optimum use of the available cores happens. However, if the number of
tasks is 5, of the 12 available cores 2 remain idle.
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8. Leave the Num variations to distribute setting and the default settings in the Options
tab as they are and click OK.

In the HPC and Analysis Options dialog box, the Available Configurations and Con-
figuration Details panels have been updated with the configuration you just created.

9. Select the row that was just added to the Available Configurations list. Identify it by the
name you specified in step 4. Then, click Make Active if this configuration is not already
the active one. The dialog box should now look like the following image:

B HPC and Analysis Opticns

Corfigurations ] Options ]

Design Type: |@ HF55 j
Awvailable Configurations: Corfiguration Details:
Active | Mame | Total Tasks | Make Active | Configuration Name:
Local Futo MylocalHPC (o)

S [MylocahPC |
SIS Add. Machine List:

Edit localhost (Auta): 12505

Job Distribution:

DE|E‘tE =================
4 Optimetrics varations will be solved sequentially.
Cther distribution types will be distributed
Copy... automatically.

Import... AllowOffCore - True
Export...

Ok | Cancel

10. Click OK to complete the HPC configuration and close the dialog box.

What HFSS Does with the HPC Configuration

HFSS intelligently determines which jobs are to be performed and how to distribute them for the
simulation. It automatically apportions the jobs during the simulation process and makes
optimum use of the available resources.

For this HPC configuration, first HFSS uses 12 cores of matrix multiprocessing for the adaptive
mesh generation. The number of cores used for solving each frequency point is determined by
Total Cores/Number of Tasks. So, after adaptive mesh generation HFSS uses the same 12

cores during the frequency sweep by running 4 frequency points in parallel with 3 cores matrix-
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multiprocessing per frequency point. This solves faster since running frequency points in parallel
ensures a more scalable HPC technology than matrix-multiprocessing alone. However, since 4
frequency points are solved in parallel the analysis uses 4 times the memory of the last adaptive
pass. So, it is assumed that the machine has adequate memory to solve the 4 frequency points.
As an alternative you can use HPC to leverage cores on networked physical nodes, which can
provide the additional memory for the parallel frequency points.

Of course, for your PC and HPC configuration, the number of cores and the resultant computing
scheme may be different.

Validate and Analyze the Bandpass Filter

The model has to pass the validation check to confirm your design is set up correctly before you
analyze it.

1. Click Validate on the Simulation ribbon tab.

@ & E-.f % J E% Eééi::ali;:lcnnﬁgv

Mesh hesh S5etup Sweep = Optimetrics | Validate JAnalyze HPC
Settings Feedback b All Options

Model Simulation Results Automation

The Validation Check dialog box appears.

Note:

In HFSS projects, warnings might appear in the Message Manager window.
Some of these messages are informational, warning you of potential problems.
The messages may not always require you to perform any action to deal them.

Validation Check: BandpassFilter - HFSSDesign1 - 33 |

o Design Settings

& HFsSDesigni o 3D Madel

¥ Boundaries and Excitations
o Wesh Operations

o Analyziz Setup

¥ Oplimetrics

& Radiation

Walidation Check. completed.

| Cloze

Figure 4-9: Validation Check Dialog Box.
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2. Ifyourvalidation check looks like the preceding figure, click Close. Otherwise, recheck
your work up to this point.

3. Click Analyze All on the Simulation ribbon tab.

@ & E‘f % J E% géh:r:;:;ijlt_'nnfigv

Mesh Mesh Setup Sweep  Optimetrics Validate |Analyze HPC
Settings Feedback - * All Options

Model Simulation Results Automation

Review Solution Data

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

\ a; % Delete All Reports (—( ;{”‘:L jl Browse Solutions

680 . 1 o - ] Clean Up Solutions
Open  Output Terminal Solution Modal Solution  Fields Solution ]
Report * Variables Data Report*  Data Report* Report~ Data Import Solutions
Model Simulation Results Automation

The Solutions dialog box appears.

Note:

The subsections that follow describe all of the panels that constitute the Solutions
dialog box. You can review solution data while ananalys is is being solved.

Solving Time

Depending on your computer hardware, solving time can vary considerably. On a 12-core, 3
GHz, Xeon-processor-based PC with 64 GB RAM, this solution took about 2.5 minutes to finish.

Review the Profile Panel

1. On the Solutions dialog box click the Profile tab.

The Profile window provides a synopsis of the different stages of the solution process for
the extraction of electromagnetic field and S, Y, and Z parameter data. The following fig-
ure shows the results ranging from mesh generation, the last two different adaptive
passes, the matrix assembly and the frequency sweep.

For the Profile window shown in the figure, HPC was enabled. The solution converged in
ten passes. Your results may differ slightly. For all the adaptive passes, HFSS employs

Set Up and Analyze the Model 4-9
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: Bandpass Filter

HPC technology using the 12 cores. After convergence is reached the 451 frequency
points are solving in parallel groups.

Profile | Convergence I Matrix Data ] Mesh Statistics ]

Taszk | Real Time | CPU Time | emory ‘ Infc
fdaptive Pasz 3 Frequency: 1.5GHz
tidaptive Refine 00:00:01 00:00:0 403 M Tetrahedra: 24343, Cores: 1
Simulation Setup (00:00:00 (00:00:00 845 M Tetrahedra: 22578, Disk: 10.4 KB
M atrix Azzembly 00:00:01 00:.00:02 197 M Tetrahedra: 22573, P1 Tnangles: 108, P2 Trangles: 102, Digk: 0 Bytez

b atriv Solve 00:00:02 (000 05 452 1 Type: DRS, Cores: 4, Matriv zize: 134886, b atrix bandwidth: 207, Digk:
Field Recovery 00:00:00 00:00:0 452 M Excitations: 2, Digk: 939 KB
D ata Tranzfer (00:00:00 (00:00:00 R4 M Adaptive Pazz 3

Max Mag. Delta 5: 0.01703

tidaptive Meshing Elapzed Time: 00:00:18

Adaptive Paszes converged

Frequency Sweep Time: 10/03/2022 222226
HPC: Enabled
Solution - Sweep Interpolating HFS5 Frequency Sweep, Solving Distributed - up to 4 frequ

From BO0MHz to 2.4GHz, 451 Frequencies
Frequency: 1.5GHz haz already been solved

Frequency - 2.4GHz
Distributed Solve Group #1
Simulation Setup 00:00:00 00:00:00 102 M Tetrahedra: 22573, Disgk: 0 Bytes
b atriv Azzembly 000001 000001 144 1 Tetrahedra: 22578, P1 Triangles: 108, P2 Trangles: 102, Digk: 0 Bytes

Matrix Solve 00:00:04 00:00:04 475 M Type: DRS, Cores: 1, Matrix size: 134886, Matrix bandwidth: 20,7, Digk:
Field Recoveny (00:00:00 (00:00:00 475 1 Excitations: 2, Dizk: 4.04 KB

v
{ >

Figure 4-10: Profile Data Showing Final Adaptive Pass and Beginning of Sweep

2. Leave the Solutions dialog box open and proceed to the next subsection.

Review the Convergence Panel
1. Inthe Solutions dialog box, click the Convergence tab.

The table showing Convergence data is displayed:
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Profile Convergence | Matrix Data | Mesh Statistics |

Mumber of Pazses Pazz Mumber | Solved Elements | kMax Mag. Delta 5
Completed 3 1 3228 M i
Maximum 13 2 4154 0.59375
Miimum 1 3 E361 0.19755
Max Mag Dela S 4 EE15 0.081811
Target 0.02 ] 8542 0082027
View: {* Table £ Plat li 13518 0.031508
a 17467 0024267
Export... 9 22578 0017035 f—
CONYERGED e
Conzecutive Pazses
Target 1
Current 1

Figure 4-11: Convergence Data Table
2. Click the Plot option button.
A graph of the convergence data is displayed.

3. Selectthe X and Y axes for your plot from the drop-down menu as shown in the following
figure:

Wiew: { Table o+ Plat
b |F"ass Murnber ﬂ

N |Ma:-: bag Dela 5 ﬂ

Figure 4-12: X, Y drop down menus

The plot for Max Mag. Delta S versus Pass Number appears. See figure below.

Note:

Other graphs are displayed as you change the X and Y options from the drop-
down menus.
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Profie  Convergence | Matrix Data | Mesh Statistics |

Mumber of Passes L\\’ 1.00
Completed 9

Maximum 15

FinirnLr 1

Man Mag. Delta 5

Target 0.02

Current  0.017035
Yiew: T Table (% Plob —

# |F'ass Murmber j

i |Ma:-: Mag. Delta 5 j
COMYERGED

Max Mag. Delta S
i
=

Conzecutive Pazses
Target 1
Current 1

Default Settings

)

Save Defaults Clear Defaults

2 3 4 g B
Pass Mumber

Figure 4-13: Convergence Graph

4. Leave the Solutions dialog box open and proceed to the next subsection.

Review Matrix Data Panel

1. Click the Matrix Data tab to view information about the S-parameters. For a real-time
update of the Matrix Data (when the solution is still in progress), set the Simulation
options to Setup1 and Last Adaptive.

DD1 IIII|IIII|IIII|IIII|IIII_|IIII|IIII

8
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Sirnulation; |Setup'| j |La$t.-'1'-.-:|aptive p—

=

Deszign W ariation: |

Profile ] Convergence  Matrix Data l Mesh Statistics ]

|'I.5GH2 j [ Display All Frequencies

[v S Matrix [ Matrix [ Z Matrix [ Gamma [ Zo

View | Format I Passivity ] Export ]

Freq | 5:T1 | 5:T2 |

T1 [0.054037, 50.1)
T2 (099554, 41.7)

[0.99854, 41.7)
[0.054037. -46.5]

I

Figure 4-14: Matrix Data Panel

2. Leave the Solutions dialog box open and proceed to the next subsection.

Review Mesh Statistics Panel

1. Click the Mesh Statistics tab to see information about the tetrahedra that were generated

and solved for the individual components.

Profile l Convergencel Matrix Data Mesh Statistics \

Total number of elements: 24343

Mum Tets ‘ Min edge length | Max edge length | RMS edoe length | Mintet val b tet vol Meantet vol | Std Dewn [vol)

Enclosure 20833 (0236692 084216 0157566 15793807 00158917 0000198634  0.000558546
Feed! ar (0392626 0328232 01335 B043R3:07  OD0D2RTESE  417948e-08 35128305
Feedl_1 H6E 00335091 0415619 013631 50438307 0000232079 42420208 346074e05
FeedFin1 a0 (1046922 0328232 0124278 83006707 O000N42387  223d04e-08  244047=05
FeedFin1_1 355 (045322 0415619 0138743 70926807 0000290459 232044008 320077e05
FeedProbel 126 (10376552 015 (1.0909175 14457707 TE7308e-0B  1.3206e-08 14213905
FeedProbel 1 | 106 (0376552 015 (.0983774 2E5233:07 0000114552 158062e-05  1.72112e05
L1 L] (0872507 030293 0167058 91383307 0000378662 00028788 99587e5

L11 CE] 00711863 0.257475 0170636 80740507 0000372495 0000037097 95287205
L2 104 (10901665 0213533 0157432 20473306 OD0DZBTZ1  0DOOM31108  A18957=05
L21 a0 (10866305 0196273 (160393 33746505 0000282143 0.0001515 4,69015:-05
L3 114 (10866305 0208262 0157944 27307306 0000A8225  0OO0M19605  4.11E65=0R
L3 1 91 (10866305 0.236635 0162916 20924e06 0000252162 0000143335  AEZ384e05
L4 115 (10866305 0228343 0156216 2A40E9:-05 0000234231 0000185685 49153305
L4 1 102 (10933567 0.190453 0152209 2271 2e06 0000228522 000033676 48836505
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Figure 4-15: Mesh Statistics
2. Click Close.
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5 - Evaluate Results

To evaluate the bandpass filter, you will create 2D plots and a field overlay of the simulation res-
ults. This chapter includes the following sections:

* Create S-Parameter vs. Frequency Plot
¢ Compare S12 with S21
Change Plot Scale

Create Field Overlay
Modify Plot Attributes

Create S-Parameter vs. Frequency Plot

1. Inthe Project Manager window, right-click Results and select Create Terminal Solution
Data Report > Rectangular Plot from the shortcut menu.

The Report dialog box appears.

2. Specify the settings shown in the following figure:
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B3 Report: Bandpass._Filter - HFSSDesign1 - New Report - New Trace(s)

X: v Default J Freq

—I v:  [dB(St(T,T1)); dB(SK(T1,T2))

Context- Trace ] Families ] Families Display 1
Solution: ISEtupl : Sweep _:'J Primary Sweep: IFrEq Li |AII _]
Domain: |Sweep Li

ul

Range
Function...

Category: Quantity: ¥ ] Function:
Varizbles <none >
Ju n Variables St(T2,T1) ang_deq
Termlnal 5 Parameter ang_deq_val
Terminal Y Parameter ang_rad
Terminal Z Parameter 5t{T2,72) arg
Terminal VSWR cang_deg
Terminal Port Zo cang_deq_val
Terminal Group Delay cang_rad
Passivity
Diesign dB 10normalize
dB20normalize
dBc
im
mag
normalize
-|Update Report re
[” Rezltme Update ¥
Du’q:sut'u'arial:nles...| Dph’nns...| MNew Repaort Apply Trace | Id Trace | Close

Figure 5-1: Report Dialog Box

Click New Report but leave the Report dialog box open, since you will be adding another

trace to the plot in the next topic.
The Terminal S Parameter Plot 1 appears.
Double click on the curve legend.

The Properties dialog box appears.

On the Legend tab, clear the Show Solution Name and Show Variation Key options.

Click OK to close the Properties dialog box.

Drag the simplified legend to the position shown in the figure below and click in a blank

area of the plot window (outside of the grid area) to clear the axis selection.

The plot should resemble the following figure:
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Terminal S Parameter Plot 1 HFSSDesignt  ANSYS
2023 R1
0
i ™ Vs
10 4 \
20
230 __
=]
-40
B0 __
] — dB(SKT1,T1Y)
i dB(SHT,T2))
60
'FD i T 1 T T | T T T T | 1 T T 1 | T T 1 T | T 1 T T | 1 T T T | T T T 1 | T T 1 T | 1 1 T T
06 08 1.0 12 1.4 16 1.8 2.0 22 24

Freq [GHz]

Figure 5-2: S-Parameter versus Frequency Plot

The figure shows the characteristics of a typical bandpass filter with almost 0dB insertion
loss and reflection of -15dB or less throughout the pass-band.

Compare S12 with S21

You can verify the symmetry of the bandpass filter by comparing S(T1,T2) with S(T2,T1). Todo
this, modify the existing S-parameter plot as shown below.

1. If you didn't leave the Report dialog box open in the previous operation, right-click the
existing plot in the Project Manager (Terminal S Parameter Plot 1) and select Modify
Report from the short-cut menu.

The Reports dialog box appears.

2. Enter the following fields:
+ Solution: Setup1: Sweep
+ Domain: Sweep
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e Quantity: S(72,T1)
¢ Function: dB
3. Click Add Trace and click Close.

An additional trace is added to Terminal S Parameter Plot 1. However, you will not be able
to see a third trace, just a change in the color of one curve and an additional entry in the

legend.
Terminal S Parameter Plot 1 HESSDesignt Ansys
' 2023 R1
0
-10 __
20
230 __
Sl
-40
A0 __
] — dB(SHTT T1Y)
- dB(SHT1 T2))
-60 - — dBSHT2,T1Y)
'?D T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
06 0.8 1.0 12 1.4 1.6 1.8 2.0 22 24

Freq [GHz]

Figure 5-3: S Parameter vs Frequency with Third Trace Added

Explanation: The curves dB(St(T2,T1) and dB(St(T1,T2) coincide perfectly, so they look
like a single curve. By hovering the cursor over a trace listed in the curve legend, you can
highlight the curve of interest. The curve color will change to green when the cursor is
pointing to the corresponding trace label in the legend.
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Change Plot Scale

In order to see the noise in the insertion loss you can zoom in to the plot where the S12 curve

plateaus.

To zoom into the area of interest on the plot, change the scale of the Y axis as shown below.

1. Double click the Y-axis.

The Y Axis Properties dialog box appears.

2. Onthe Y1 Scaling tab, make the following changes:

a.

b
c.
d

Select the Specify Min option.
Type-1 in the Min: text box.
Select the Specify Max option.
Type0 in theMax: text box.

Cartesian ] General ] Grid

Properties: Bandpass_Filter - HF55Design1

] Header] Legend ] ¥ Puis ] xScaIing] 1 Auis l

Mame ] Value

| LIt | Evaluated Value |

Description

Puis Scaling Linear

Specify Min [w

Mir -1

Specify Max [w

Max 0
Specify Spacing | |
Spacing 10

Minor Tick Divs 5

Manual Units

Auto Units [w
Units

Infinity Visualization

Map Irfinity Made [
Map Infinity To 140

Margin

Min Mangin % 0

PR

[ Show Hidden

o |

Cancel

Apply

Figure 5-4: Y1 Scaling Properties
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3. Click OK and clear the axis selecton.

Your modified plot should resemble the following image:

Terminal S Parameter Plot 1 HFSSDesignt  ANSYS
’ 2023 R1
& \/ \/V\/-\f
02 -
04 —
7 — dB(SHT1 T1))
= : dB(SHT1,T2))
i — dB(SHT2,T1))
06
08
'10 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
06 08 1.0 1.2 1.4 1.6 18 20 22 24

Freq [GHz]

Figure 5-5: S Parameter vs. Frequency Plot with Modified Y Scaling

Create Field Overlays

This section describes how to create field overlays.

1. Inthe Project Manager window, right-click Field Overlays and select Edit Sources from
the short-cut menu.

The Edit Sources dialog box appears.

2. Under the Spectral Fields tab, set the options as shown in the following figure (in the
order indicated by the red numbers) and click OK.
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Spectral Fields || Source Contexts |

Source | Type | Magnitude | Linit | Phase | Linit |Terrninated| Resistance | Linit | Reactance | Linit |
(' deg

L T Port 1\ NAA NAA
|~ T T I T L I U I
2

Teminal Excitation Type:  © Incident Voltage * Total Voltage

[ [ Include Port Post Processing Effects 1
Save tofile ... Load From File ... |
OK | Cancel | Apy | Heb

Figure 5-6: Edit Post Process Sources Dialog Box (Total Voltage Selected)

Note:

Total Voltage includes both the Incident plus Reflected waves in the cal-
culations.

3. Bring the Modeler window back to the foreground. You can do so either by closing the plot
window or by using the Window menu.

4. Expand Planes near the bottom of the History Tree and select Global:XY.

=48 Planes

- [

= Globalxd
it BlobalYZ
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5. Right-click in the Modeler window and choose Plot Fields > E > Mag_E from the short-cut
menu.

The Create Field Plot dialog box appears.

6. Setthe options as shown in the figure below and click Done.

Create Field Plot >
[ Specify Mame |MEQ_E1 Fields Calculator .. |
™ Specify Folder [ Fieid | Categary: | Standard |
Deszign: HFS5Deszignl [Iuantity [ Y alume
Contest
»  |FeedPinl ~
S alution: |Setup1 : Lastidaptive ﬂ Complextdag_E FeedProbel
Wector_E L1
Mag_H L2
HﬂdType:|HeHg __J Complextag H L3
Wector_H L4
o . b ag_Jlzurf Feedl_1
Intrinsic:ariables Complestd ag_Jzurf FeedFinl_1
F Wector_Jsurf FeedFrobe1_1
req [1.5GHz ~| Mag_Jval L1_1
Complestd ag_Jwval Lz_1
Phase ﬂ Wector_Jval L3_1
kag_Im L4 1
Complextdag_Jm F]Em y
YWectar_JIm
Save A Default | gBS_&u u
jytala]
P TaNr ¥ I~ Steamline

Done | Cancel |

Figure 5-7: Create Field Plot
Modify Plot Attributes

1. Double-click the legend to modify the E Field plot attributes.

The E Field dialog box appears.

2. Select the Scale tab, set the options as shown in the following figure, and click Close.
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[Bandpass_Filter] HF55Design1 -- E Field >

Color map Marker/Amow | Deformation Scale] Plots ]

Mum. Division |10 Save as default

" Mo Min: 5.00

& |se Limits Max: | 1500.00

(" Specify Values |

[ dB Units |V _per_meter

" Linear {*+ |og
Auto Scale Options

[ 4 | digits

Mumber Format

Tyre: | Decimal j Width: |-||}

Precision: |2

v Real time mode | Close |

Figure 5-8: E Field Dialog Box (Scale Tab)

The modified field overlay should look like the following image:

Evaluate Results 5-9
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: Bandpass Filter

E Field Ansys
[Vim] 2023R1
Max:  1500.00
1500.00
I 84797
47937
27089
153.19
86.60
. 4896
2768
15.65
I 8.84
5.00
Min:  5.00

Figure 5-9: Model with Field Overlay

Other Plot Attributes and Animating Results

You may also wish to experiment with available settings on the Color Map tab and the Plots tab
to see how different settings can modify the appearance of the field plot. You can also right-click

the Mag_E entry in the Project Manager (under Field Overlays: E Field) and select Animate
from the short-cut menu to animate the simulation.
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E Field Ansys
[vim] 2023 R1
Max: 150000
1500.00
I 847 47
479 37
270.99
153.19
86.60
48 96
2768
15 65
884
: 5.0 Phase = Odeg I
Min.  5.00
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6 - Set Up and Run HFSS Multipaction
Analysis

This chapter shows how to run an HFSS Multipaction Analysis using the Bandpass Filter model
just completed. A slight modification of the geometry is required to make the model suitable for
the additional analysis. You will complete the following steps to add and solve the multipaction

analysis:

Imprint Feed1 and Feed1_1on the Enclosure

Assign Secondary Electron Emission (SEE) boundaries to the vacuum/metal interface sur-
faces where multipaction will occur

Assign multipaction charge region excitations
Add a discrete sweep as the basis of the multipaction analysis

Add and Solve the multipaction analysis, specifying a 6 nanosecond duration and four dif-
ferent power multipliers

Plot the number of particles versus time
Create and animate a particle overlay

Create a duplicate HFSS design in the project and add a Multipaction DC bias to the
vacuum objects in the second design

Solve second multipaction analysis and compare results to first one

For more information, see the HFSS Multipaction Analysis help topic.

Imprint Feeds on Enclosure

In a later procedure, you will aassign an SEE boundary to the outside faces of the enclosure.
However, the Feed? and Feed1_1 vacuum objects intersect the front and back sides of the
enclosure, respectively. It would be incorrect to place an SEE boundary at the place where two
vacuum parts meet. SEE boundaries represent vacuum-to-metal interfaces where multipaction
effects can occur.

You will use the Imprint tool to split the front and back faces of the enclosure at the feed inter-
sections. The result will be that the areas of intersection become separate enclosure faces, and
you can exclude these small circular faces when assigning the SEE boundary.

1.

If the Mag_E field overlay from the HFSS solution is currently visible, do the following:

« Under Field Overlays > E Field in the Project Manager, right-click Mag_E and clear
the Plot Visibility option.
Under vacuum in the History Tree, select Enclosure, Feed1, and Feed1_1 (in that spe-
cific order).

On the Draw ribbon tab, click i Imprint or, using the menu bar, click Modeler >
Boolean > Imprint.
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The Imprint dialog box appears:

B8] imprint >
Blark Parts - Tool Parts

E nclozune Feedl
Feedl 1
| |

[+ Clone tool objects before operation

| k. | Cancel

Figure 6-1: Imprint Dialog Box

4. Ensure that:

* Enclosure is listed under Blank Parts

* Feed1 and Feed1_1 are listed under Tool Parts
5. Select Clone tool objects before operation.
6. Click OK.

Note:

Modifying the geometry causes the results of the previously completed HFSS
analysis to be invalidated. This is of no concern. You will choose an option when
setting up the multipaction analysis that will solve the HFSS setup if needed.

7. In Face selection mode, click the front and back faces of the enclosure to verify the imprint-
ing results.

The circular faces at the feed intersections should not be highlighted in magenta, indic-
ating that these faces are excluded from the larger front and back faces:
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Figure 6-2: Imprinting Results Verification

8. Keep these faces selected. In the next procedure, you will select additional faces and
assign the SEE boundary.

Assign SEE Boundaries

The Secondary Electron Emission (SEE) boundaries define vacuum-to-metal interfaces where
secondary electrons will be generated. For this model, the first boundary represents the inside
surfaces of the metal case enclosing the vacuum and conducting parts. This case is not actually
included in the model.

You will also define a second SEE boundary surrounding all of the conducting objects.

For the first SEE boundary, you will select individual faces of the vacuum objects. For the
second, you will select the conducting objects, and the boundary will be applied to all the object
faces.

1. In addition to the front and back faces of the enclosure already selected, hold down the
Ctrl key and click to select the top, bottom, left, and right faces of the enclosure too.
Rotate the view orientation as needed or press B to select a face that is behind an initially
selected face.

2. Holding down Ctrl, also click to select the outside diameter face of each feed.

The model should look like the following image:
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Figure 6-3: Enclosure and Feed SEE Boundary Faces Selected
3. Right-click in the Modeler window and choose Assign Boundary > Multipaction SEE

from the shortcut

menu.

The Multipaction SEE dialog box appears:

Multipaction SEE

Mame

¥ Use parameters

Alpha Max

E2

Em

Alphao:
Ed:

El:

Dielectric Surface:

: ISEEl

" Use Dataset

—SEY Curve
i 2,25
Ig 5 200
o
[125 E i
w 1.00 —
| 25 o 1
]
L i
: | 5000 8 .
i i
:I:L_II|I5 0.00 |||||||
0.00 1250.00

Ise Defallts

P

T T | T T T T | T
2500.00 3750.00
Primary Electron Energy (eV)

5000.00

T
6000.00

Cancel |
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Figure 6-4: Multipaction SEE Dialog Box

4. Verify that the default settings match the preceding figure and click OK to assign the
boundary.

Figure 6-5: Boundary SEE1 Assigned

Click in the background area to clear the current selection.
Press O to switch to the Object selection mode.
Under Model > Solids > pec in the History Tree, select Feed1.

Shift-click L4 (also under Model > Solids > pec) to select all of the remaining conductor
objects too:

© N o o

EI--‘@ Model
54 Solids
E.g pec

-4 vacuum

Figure 6-6: Conducting Objects Selected
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9. Right-click in the Modeler window and choose Assign Boundary > Multipaction SEE

10. Again, accept the default settings, as shown in the preceding dialog box figure and click
OK.

Figure 6-7: Boundary SEE2 Assigned

11. Click in the background area to clear the current selection.

Assign Charge Region Excitations

The properties of a multipaction charge region define the initial number of particles and their
charge, mass, and initial velocity components. You will define charge regions with 200 particles
per vacuum object and default values for the remaining properties.

If you were to assign a charge of 600 particles to all three vacuum objects in a single operation,
the number of particles would be distributed uniformly throughout the combined volume of the
selected objects. The maijority of the particles would be applied to the largest volume, the enclos-
ure. The density of the particles (number per unit volume) would be constant. For this exercise,
we want to assign a 200 particle charge to each object. Since their volumes differ, two separate
charge region excitations are required. You can assign a charge with 400 particles to the two
feeds in a single operation, since their volumes are identical and both will receive 200 particles.
You will have to apply a 200 particle charge to the enclosure separately.

This excitation scheme creates a higher particle density (that is, a higher charge per unit volume)
within the coaxial feeds than within the enclosure. It is a well known phenomenon among space
component designers that coax feeds are prone to multipaction. Therefore, seeding the feeds
with a higher charge helps multipaction to be detected sooner and therefore leads to a shorter
solution time.

Set Up and Run Multipaction Analysis 6-6
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: Bandpass Filter

1. In Object selection mode, or using the History Tree, select Feed1 and Feed1_1.

Figure 6-8: Feed1 and Feed1_1 Selected

2. Right-click in the modeler window and choose Assign Excitation > Multipaction Charge
Region. Then:

a. Inthe Multipaction Charge Region dialog box that appears, type 400 in the Number
of particles text box.

b. Ensure that the remaining settings match those shown in the following figure:
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Multipaction Charge Regien e

Mame: | MultipactionChargeReqgion1

Mumber of partides: | 400

Particle charge: | -1.60217662-19 |Coulomb |
Partide mass: | 9.10938356e-31 | kg |
Partice velodty [x]: |0 |m_per_sec |
]: |o Im_per_sec |

[: |o |m_per sec  ~|

Lse Defaults

K. Cancel

Figure 6-9: Multipaction Charge Region Dialog Box — Settings for Feeds

c. Click OK.

MultipactionChargeRegion1 appears under Excitations in the Project Manager, and
the model appearance is as follows:

1.
-

T

tpactionCharyeRegionl o

Figure 6-10: Multipaction Charge Region 1 Assigned

3. Select the Enclosure object.

Set Up and Run Multipaction Analysis 6-8
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: Bandpass Filter

4. Using the menu bar, click HFSS > Excitations > Assign > Multipaction Charge Region.
Then:

a. Inthe Multipaction Charge Region dialog box that appears, type 200 in the Number
of particles text box.

b. Ensure that the remaining settings match those shown in the following figure:

Multipaction Charge Region

Mame: IMulﬁpacﬁunChargeRegiunE

Mumber of partides: I 200

Particle charge: | -1.60217662e-19 ICquumb ~|
Partidle mass: | 9.10938356e-31 | kg |
Particle velocity [x]: |0 |m _per_sec |
l: fo [m_per_sec ~]

[2: |0 Im _per_sec |

Figure 6-11: Multipaction Charge Region Dialog Box — Settings for Enclos-
ure

c. Click OK.

MultipactionChargeRegion2 appears under Excitations in the Project Manager, and
the model appearance is as follows:

Figure 6-12: Multipaction Charge Region 2 Assigned
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5. Click in the background area to clear the current selection.

Add a Discrete Sweep

You will define an additional frequency sweep under analysis Setup1. The fields must be saved
for the sweep to be used as the basis of a multipaction analysis. It is a common practice to create
a separate sweep for this purpose. Saving all fields for a typical frequency sweep would greatly
increase the disk space requirement, since there are generally many frequency points solved to
create smooth S-parameter plots.

For multipaction purposes, three frequency points are generally adequate to cover the range of
a bandpass filter (one near the beginning, one at the middle, and one near the end of the band-
pass frequency range). However, for the purpose of this exercise, you will define a single-point
discrete sweep (1.5 Gz) and review the results for that one frequency.

1. Under Analysis in the Project Manager, right-slick Setup1 and choose Add Frequency
Sweep from the shortcut menu.
2. Inthe Edit Frequency Sweep dialog box that appears, do the following:
a. Specify M_Sweep as the Sweep Name.
Choose Discrete from the Sweep Type drop-down menu.
Click the Distribution cell and choose Single Point.
Type 1.5GHz in the Start cell.
Select the Save Fields option in the rightmost column of the table.

®© o o U
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Edit Frequency Sweep >

General l Defaults ]

Sweep Mame: |M_Sweep Iv Enabled

Sweep Type: |Discrete ﬂ

Frequency Sweeps [1 points defined]

Distribution Start End

i Single Point ave Fields

Add Above Add Below Preview ... |

A0 Fields Save Options

Time Domain Calculation... |
[ Save Fields (Al Frequencies)

5 Matrix Only Salve
u o Mo

" Manual - Allow for frequencies above

[1 IMHz  ~|
| QK | Cancel |

Figure 6-13: Settings for Multipaction Sweep

3. Click OK to add the multipaction sweep.
M_Sweep appears under Analysis > Setup1 in the Project Manager:

=g Analysis

- 3P Setupi
jﬂ M_Sweep
jﬂ Sweep

Figure 6-14: M_Sweep in the Project Manager
Add and Solve a Multipaction Analysis

A multipaction solution is transient. When setting one up, you will define a power sweep, stop
time (event duration), the maximum number of particles, analysis options, and you will set up the
link to the frequency sweep to be used as the basis of the multipaction solution.

1. Under Analysis > Setup1 in the Project Manager, right-click M_Sweep and choose Add
Multipaction Analysis from the shortcut menu.
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2. Inthe Multipaction Analysis Setup dialog box that appears, do the following:

a. Choose Single Point in the Distribution cell.
Type 100 in the Start cell. This is the first power multiplier to be analyzed.
Click Add Below three times so that the Power sweep points table has four rows.
Change the Start value for rows 2, 3, and 4 to 200, 400, and 800, respectively.
Specify a Stop time of 6 ns.

-~ ® o o T

Ensure that Fast multipaction analysis is selected and also select the Charge dis-
tribution option to enable particle overlays.

Multipaction Analysis Setup >
General l Defauliz ]

Al (Multtipaction 1 [+ Enabled

Setup Link... |

{* Specify sweep solve
" Solve for lower power threshold

" Saolve for upper power threshold

Fower sweep points [4 points defined]

Distribution Start End
(4 Single Point
2 |Single Point 200
3 |Single Point 400
4 |Single Point 200
Add Above | Add Below | Delete Selection | Preview ...
Stop time: |E |r|s j

Maximum number of particles: |10000

Iv¥ Fast multipaction analysis

Iv¥* Save charge distribution

Figure 6-15: Multipaction Analysis Settings
Keep this dialog box open and proceed to the next step.

3. Near the top of the dialog box, click Setup Link.
4. Inthe Setup Link dialog box that appears, do the following:
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a. Select the Simulate source design as needed option.
b. Ensure that all settings match those shown in the following figure:

Setup Link >

General l Variable Mapping ] Excitations ]

Product: |HFSS -l

Source Project: | LUse This Project

=
~

|TI'|is Project” - Bandpass_Fitter

Source Design: |w Use This Design  |HFS5Design

Led Ll

Source Solution: |Setu|:u1 - M_Sweep

v Simulate source design as needed

| Preserve source design solution

Maote: In extractor mode, source project will be saved upon exit.

QK | Cancel

Figure 6-16: Setup Link Settings — General Tab

Since Setup1 and M_Sweep are the only analysis setup and sweep that are applic-
able to a multipaction analysis, the Product, Source Project, Source Design, and
Source Solution settings should already be populated with the appropriate selec-
tions.

5. Select the Excitations tab of the Setup Link dialog box. Then:
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a. Select the Include checkbox for the 1.5 GHz frequency.

Setup Link >

General | Variable Mapping EKC'TtEIﬁDI‘IS]

Portz/Mode or Terminal to excite: |T1 [active) j

Frequency Include Magnitude Phaze Linit

Figure 6-17: Setup Link Settings — Excitations Tab

Note:

If the multipaction sweep contains multiple frequencies, and you include
two or more of them in the Setup Link dialog box, the excitations will be
combined. That is, the frequencies will be applied simultaneously resulting
in a very different waveform as compared to a single excitation frequency.

More typically, unless you are truly exciting the device with multiple fre-
quencies simultaneously, you will want to create multiple multipaction ana-
lysis setups, each based on a single excitation frequency.

b. Click OKto close the Setup Link dialog box.
6. Click OKto complete the multipaction analysis setup.

Multipaction1 appears under Analysis in the Project Manager:

E‘@ Analysis
----- }.'..! Multipaction1
E---}_ﬁ’ Setupl
----- ™ M_Sweep
Figure 6-18: Multipaction1 Added to Project Manager
7. Right-click Multipaction1 and choose Analyze.

Setup1 will be re-solved, since the original adaptive solution results were invalidated when
you changed the geometry by performing the imprinting operation. The solutions of M_
Sweep and Multipaction1 will also be completed.

8. Optionally, under Analysis > Setup1 in the Project Manager, right-click Sweep and click
Analyze to restore the frequency sweep results of the original HFSS simulation (those
used for the S-Parameter plots).
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Plot Particles versus Time

.

e Pl j'lll
1. On the Results ribbon tab, click L_*| Multipaction Report> 1V -__| 2D.

2. Inthe Report dialog box that appears, verify the default settings in the Traces tab, which
are shown in the following image:

& Report: Bandpass_Filter - HF55Design - Multipaction Plot — Zero DC Bias - Particles X
Context | Trace I Families ] Familiez Display ]
Solution: |Mu|ti|:|an:tin:|n1 + Pawer j
Primary Sweep: |T|""E ﬂ |'e"" J
X v Default |Ti|‘l‘|E J
- Range
i |F‘ar11u:|es Function...
Cateqgory: Quantity: ~ Function:
Variables m
QOutput Variables abs
acos
Design acosh
ang_deg
ang_deq_val
ang_rad
asin
asinh
atan

Figure 6-19: Multipaction Report Settings — Traces Tab

3. Select the Families tab and ensure that All is specified for the PowerMultiplier variations:

& Report: Bandpass_Filter - HF55Design - New Report - Mew Trace(s)

Context Trace Families Display ]

Solution: |Mu|ﬁpau:ﬁnn1 + Power j

Families : 4 available

(« Sweeps ( Available variations

| Variable | Value |Edit|

JPDwerMulﬁplier Al f— .

Figure 6-20: Multipaction Report Settings — Families Tab
4. Click New Report and then Close the dialog box.

The Multipaction Plot 1 window appears.

5. Under Results in the Project Manager, select Multipaction Plot 1.
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6. Inthe docked Properties window, change the plot Name to Multipaction Plot - Zero DC

Bias and press Enter.

The plot should resemble the following figure:

Multipaction Plot - Zero DC Bias

HFSSDesign Ansys
2023 R1

3500
] — Particles
4 Multipaction1 : Power
3000 — PowerMultiplier="00"
] Particles
- Multipaction : Power
b Powerhultiplier="200"
2500 "
- —— Parlicles
. Multipaction1 : Power
b Powerhultiplier="400"
2000 Particles
- . Multipaction? : Power
o . Powerhultiplisr="800"
= |
% 1500
1000 -
5D ——
D i T 1 1 1 1 T 1 1 | T 1 1 1 | 1 1 1 T
0.00 1.25 280 375 5.00
Time [ns]

Figure 6-21: Multipaction Plot, Particles vs. Time - No DC Bias Applied to Model

Observations:
For power multipliers of 400 and 800, the particle count increases with time.

In a later procedure, you will create a duplicate design but apply a 1000 gauss
DC bias to the vacuum objects to suppress multipaction. You will then compare

the particles vs. time plots of the two designs.
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Create and Animate a Particle Overlay

Next, you will create a particle overlay, choosing the highest power multiplier and the 6 ns time
point. These are the parameters that will produce the greatest particle count.
1. Select the Enclosure, Feed1, and Fee1_1 vacuum objects.

2. Right-click Field Overlays in the Project Manager and choose Plot Particles from the
shortcut menu.

3. Inthe Create Particles Plot dialog box that appears, do the following:
a. Choose 800 from the Power drop-down menu.
b. Choose 6e-09s from the Time drop-down menu.

Create Particles Plot >

[ Specfy Name Multipaction_Plot1

[ Spedfy Folder

Multipaction plot

Design: HFSS5Design [Iuantity
Context

I:harg_e

Solution: | Mulipactiond : Power j telocity

Intrinzic Y ariables

Power. 300 ﬂ

Tirne:

Done | Caricel

Figure 6-22: Create Particles Plot Dialog Box
4. Click Done.

5. Click in the Modeler window background area to clear the current selection.

The particle overlay should resemble the following figure:
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Figure 6-23: Particle Overlay — PowerMultiplier = 800, Time = 6 ns

6. Under Field Overlays > Multipaction plot in the Project Manager, right-click Multipaction_
Plot1 and choose Animate.

The Create Animation Setup dialog box appears:
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Create Animation Setup e

M ame: I.-’-'-.nimatiu:un'l Dezcription; |
Swept Variable(s) | Design Poirt |

I -

Select values: Os

3.33333333333333=- 113
6.66666666666667e-11s
le-10s
1.33333333333333=-10s
1.66666666666667e-10s
2e-10s
2.33333333133333e- 10k
2 66666666666667e-10s
3=-10s
3.33333333333333-10s
3. 666E6666666667e-10s
4e-10s
4.33333333333333e-10s
4 6BEEEEEEEEEEETe-10s
Se-10s
5.33333333333333e-10s
5.666E666666666Ve-10s
Be-10s
6.33333333333333=-10s

ISingIe variable ;I

Figure 6-24: Create Animation Setup Dialog Box

7. There is only one variable available as a basis of the animation, Time. All time points are
selected by default.

Click OK to accept the settings and start the animation.

8. Use the available Animation controls to start, stop, reverse, or adjust the speed of the
animation.

Your animated overlay should resemble the following video clip:
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Ansys
2023 R1

Time = Os I

Figure 6-25: Particle Overlay Animation — PowerMultipler = 800

Observations:
A proliferation of particles is easily seen in the feed regions. By comparison, the
increase in particles within the enclosure is relatively minor but still observable.

Duplicate HFSS Design and Add DC Bias

You will apply a DC magnetic bias of 1000 gauss (G) to the three vacuum objects to suppress
multipaction effects. Before doing so, you will create a duplicate of HFSSDesign1 to preserve
the results of the zero-bias case.

The magnetic bias is specified in units of electrical current / distance, specifically A/m. The con-
version factor for converting G to A/m is 1000 / (411). You will specify the magnetic field in the X-
direction. Therefore, the magnetic bias you assign will be as follows:

1000
H, = 1000 G TR A/(m-G)| =79577.5A/m
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We can round that result up to the nearest ten and call it 79,580 A/m.

Duplicate the first design and assign the DC bias as follows:

1.

Right-click HFSSDesign1 in the Project Manager and choose Copy from the shortcut
menu.

Right-click the project Bandpass_Filter at the top of the Project Manager and chose
Paste.

HFSSDesign2 (Driven Terminal) appears in the Project Manager and becomes the cur-
rently active design.

In the Project Manager, collapse the HFSSDesign1 (Driven Terminal branch and
expand the HFSSDesign2 (Driven Terminal) branch.

In the Window menu, ensure that Bandpass_Filter - HFSSDesign2 - Modeler is the act-
ive window.

In the Object selection mode, or using the History Tree, select Feed1, Feed1_1, and
Enclosure.

In the Project Manager, right-click Excitations and choose Assign > Multipaction DC
Bias.

In the Multipaction DC bias dialog box that appears, do the following:
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a. Inthe H Field section, specify of Uniform value of 79580 A_per_m for Hx:

Multipaction DC Bias >

Mame: MultipactionDCBias 1

E Field

(" Mon-uniform |

{* Uniform Ex |III |"."JZIEF_ITIE1:EFj
Ey |EI |'I.-'J:-H_meterj
Ez |III |'u'4:uer_meterj

H Field

" Mon-uniform |

* Uniform HX | 79580 = A perm |
Hy |III |.-5. _per_m ﬂ
Hz |III |.-5. _per_m ﬂ

se Defaults |

Figure 6-26: Multipaction DC Bias Dialog Box
b. Click OK to assign the specified bias.
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Figure 6-27: Multipaction DC Bias Assigned

Solve 2nd Design and Compare Results

1.

Under Analysis in the Project Manager, right-click Multipaction1 and choose Analyze
from the shortcut menu.

This analysis will typically take less than two minutes to complete.

Under Reports in the Project Manager, select Multipaction Plot — Zero DC Bias.

In the docked Properties window, change the plot Name to Multipaction Plot — 1000
Gauss DC Bias and press Enter.

In the Project Manager, double-click Multipaction Plot — 1000 Gauss DC Bias to open
the plot window:

Note:

The limited Y-scale range of this graph is exaggerating the particle count fluc-
tuations. For a fair comparison of these results to those of the zero-bias version
of the model, you must alter the Y-scale to match that of the previous plot.

Click the Y-axis of the plot to select it.
In the Scaling tab of the docked Properties window, make the following changes:
a. Select Specify Min.
b. Type 0 as the Min value.
c. Select Specify Max.
d. Type 3500 as the Max value and press Enter.
Click in the plot window background area to clear the axis selection.
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The modified plot should now resemble the following figure:

Multipaction Plot - 1000 Gauss DC Bias

HFSSDesign2 Ansys
2023 R1

3500
i —— Particles
3000 Multipaction? ; Power
b Powerhultiplier="100'
- Particles
b Multipaction? : Power
2500 Powerhlultiplier='200"
E —— Particles
. Multipaction? : Power
] Powerhultiplier="400"
2000 s
o . Parlicles
o 7 Multipaction? : Power
E ] Powerhultiplier="800'
o 1500
1000 —
500 —
D T T T T | T T T T | T T T T | T T | T T T T
0.00 1.25 250 375 5.00 6.25

Time [ns]

Figure 6-28: Multipaction Plot, Particles vs. Time — 1000 Gauss DC Bias Applied to

Model

Compare the preceding plot with the one from the first multipaction analysis. For your con-

venience, the zero-bias plot is included again in the following figure:
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Multipaction Plot - Zero DC Bias HFSSDesign Agg
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Figure 6-29: Multipaction Plot, Particles vs. Time — No DC Bias Applied to Model

Observations:

The plot with a 1000 G bias applied is very flat as compared to the zero-bias plot.
The addition of the 1000 G magnetic bias effectively suppresses multipaction for
all power multipliers considered in the solution.

. Optionally, display and animate the particle overlay for the second design. You will see
that the particle count and distribution remains fairly constant throughout the simulated
event.

: H Save your project.
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7 - Optionally, Restore Current View
Orientations

You have completed this getting started guide.

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

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

30 Ul Options hd

General | 3D Modeler Graphics |

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

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

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

[+ Settransparency of non-selected objects 09

Default Rotation About

~ ModelCenter (~ CumentAxis (&8 ScreenCenter ( Cursor

Middle Mouse Bution Drag

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

Animation Duration

} 500 msecs

[~ Enable Legacy View Orientation |

OK | Cancel

3. Click OK.

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

gram sessions, projects, and design types that use the 3D Modeler or that produce 3D plots of
results.

Optionally, Restore Current View Orientations 7-1
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: Bandpass Filter

You can now save and close this project.
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