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Conventions Used in this Guide

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

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

» Bold type is used for the following:

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

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

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

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

° Emphasis.

° The titles of publications.

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

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

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

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

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

"Click Draw > Line"

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

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

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

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

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

Getting Help: Ansys Technical Support

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

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

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

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

Context-Sensitive Help

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

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

This document is intended as supplementary material to HFSS for beginners and advanced
users. It includes instructions to create, simulate, and analyze a right-angle coaxial connector.

Sample Project - Coaxial Connector:

Coaxial connectors can connect co-axial cables with one another or devices for which a signal
needs to be carried through co-axial cables.

The following figure illustrates a model of a right-angle coaxial connector to be drawn as part of
this exercise.

=48 Model
B Solids
- 4% copper
w7 Conductor
-4 My_Ring
=-&7 Ring
- My_Teflon
._F’ FemaleTeflon
w7 MaleTeflon
-5 vacuum

G- Female
m-l2, Coordinate Systemns
&5 Planes

-5 Lists

Figure 1-1: Co-axial Connector

HFSS Design Environment:
You will use many features of HFSS to create, analyze, and evaluate this model, as follows:

» 3D solid modeling to design the device

» Define Offset Coordinate Systems

» Use primitives, such as Cylinders and Polylines

« Perform Boolean operations to Unite and Subtract objects
 Assign Excitations

¢ Analysis a Setup and Fast Frequency Sweep to analyze

+ Validate the model

» Create Plots in Cartesian coordinates

» Create Field Overlays to plot electromagnetic fields

Introduction 1-1
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* Create 3D Field Plots
¢ Animate Results
¢ View the Port Field Display

Introduction 1-2
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2 - Set Up the Project

After launching Ansys Electronics Desktop, you will perform the following tasks as part of setting
up the project:

¢ Set Tool Options

¢ Insertan HFSS Design

e Set Model Units (cm)

 Verify Solution Type (Terminal)

Launch Ansys Electronics Desktop:

For convenience, a shortcut to the Ansys Electronics Desktop application is placed on your
desktop during program installation. Optionally, you may want to pin the shortcut to your Win-
dows Start Menu too.

1. Double-click @ Ansys Electronics Desktop (or click the same shortcut on your
Start Menu) to launch the application.

Set Up the Project 2-1
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I AHSYS Electronics Desktop 2101 2 - Project!

File Edt View Project Took ‘Window Help

VR e Sy pad e 8 S T g g )

[ B Rimove Unuied Delnitiani Li Dataieti
Wew  Optn Opia  Save  Sawe Claie HFSS (30 Ciruit EMIT loepak Mawwell Simplorer Mechanical = Genetal  Help  ANSYS
s Eamples & Dirate XDelete | < & - v v B £t Defintions - [ Event Callbacts  gippiony .

Desktop  View  Simulsbion  Automation  Minena on
|t Marage 1 x

SRR Fropet1

% ) Defintora

|mm 3 x

Hame | Ve | ki | Evaaied Vake

et |

hessage Manager 3 x § Frogiess 7%

[/OmeDie - ANSYS, InyDoumends/AnseliProjectlaedt [ e D Mesnages |[ = i Progress u

Figure 2-1: Ansys Electronics Desktop

Note:

Refer to the preceding figure. If the Projectx folder is missing, click New on the
Desktop ribbon tab to start a new project. This folder will be missing if you
already had Electronics Desktop open to work on another project and closed that
project without exiting the application. Also, if the Project Manager window does
not appear, go to the View menu and enabile it.

Set General Options

[ —
1. On the Desktop ribbon tab, click General Options.

The Options dialog box appears.

Set Up the Project 2-2
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2. Click the + symbol by HFSS to expand this branch and select Boundary Assignment.
3. Ensure all Boundary Assignment options are selected, as shown below:

Options

General
2D Extractor
Circuit Design

Circuit MetList Design [+ Duplicate boundaries/mesh operations with geometry

EMIT
= HFSS v Visualize boundaries on geometry

[v Use Wizards for data input when creating new boundaries

General
Solution Type
Materials [v Automatic PEC cap creation for wave port
Boundary Assignment
Post Processing

HF55 30 Layout

¥ Auto-assign terminals on ports

Figure 2-2: HFSS Boundary Assignment Options

4. Click the + symbol by 3D Modeler Options and select Drawing.
a. Under Drawing Data Entry Mode, ensure that Point is selected.
b. Select Automatically cover closed polylines.
c. Select Edit properties of new primitives

HFS5 30 Layout ' Drawing Data Entry Mode
IHEZS;;E {* Point " Dialog
Manowell 2D Ise F3/F4 to switch between point and dialog entry mode
Maxwell 3D
Q3D Relative Coordinate System Creation Mode
REMxprt
Twin Builder (¥ Axis/Position " Euler angle
= 3D Modeler IIse F3/F4 to switch between axis/position and Euler angle creation mode
Operation Polyline Creation
Snap
Display v Automatically cover dosed polylines
Group
SpaceClaim Link v Show measure dislog during drawing
Advanced ] ] o
Layout Editor [v Edit properties of new primitives
Machines

Figure 2-3: 3D Modeler Drawing Options

Set Up the Project 2-3
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Note:

The Edit properties of new primitives option causes the Properties dialog box
to appear whenever you create a new object. This option makes it very easy to
immediately edit the location, dimensions, coordinate system, material, name, or

appearance of new objects.

5. Click OK to close the Options window.

Insert HFSS Design

Either of the two red-boxed icons in the following figure insert an HFSS design into the project.
The default action for the HFSS drop-down menu is to insert a regular HFSS design. Therefore,
clicking the first icon has the same effect as accessing the drop-down menu and clicking the

second icon.

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

j & —n H H

Mew Open Open S5ave Save C(lose
*  Examples As

by FESaue Archive y Cut Undo

_h Paste X Delete

Desktop View Simulation Automation

Project Manager
-] project1

E Restore Archive 1 Copy Redo 1

2

-

Ll

B HFS

PREEEE gl B

HFSS Q30 Circuit  EMIT Icepak Maxwell Simplorer Mechz

Figure 2-4: Insert HFSS Design

1. Expand the Projectx folder at the top of the Project Manager.

2. Onthe Desktop ribbon tab, click HFSS.

Note:

Adding an HFSS design type modifies the project and, hence, an asterisk

appears on Projectx.

1 x @ HFssID La}rnult}‘}

Set Up the Project 2-4
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L 15y roon 0 pea & coetbybane | % b Suratite | Qreseeted § OO (@ AT L o Alale| L B - - @ o
b () Paite X Drlele w "".M W cvient = ﬁ oh | D L & Al Rl@ | ¢ e | Uiy n il | i | Bl
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Figure 2-5: HFSSDesign1 Added

3. Click Projectx, press F2, and rename the project Coax Connector.

4. H Save your model.

Enable Legacy View Orientations

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

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

2. Select Enable Legacy View Orientation:

Set Up the Project 2-5
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3D Ul Options x

General | 3D Modeler Graphics |

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

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

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

[+ Seltransparency of non-selecled objects 049

Default Rotation About

" ModelCenter (~ CumentAxis (# ScreenCenter ( Cursor

Middle Mouse Buton Drag

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

Animation Duration

} 500 msecs

[v" Enable Legacy View Ornientation |

OK | Cancel

3. Click OK.

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

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

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

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

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

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

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

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

Keep the Rescale to new units and Advanced options cleared.

B8] set Model Units and Max Extent *

Select units; =

[ Rescale to new unitz

[ Advanced

hodel extents: -10000 to 10000 cm

All geometny should fit within these extents.

s | Cancel

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

Verify Solution Type (Terminal)
Specify the design’s solution type as follows:

1. Inthe Project Manager, right-click HFSSDesign1 and select Solution Type from the
shortcut menu.

The Solution Type dialog box appears.

Set Up the Project 2-7
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Solution Type: Coax Connector - HFS5Design 1 >

Salution Types
f+ HFSS

" HFS5 with Hybrid and Arayps

" Tranzient

" SBR+

" Eigenmode

" 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 HFSS is selected under Solution Types and that the selected Options are Net-
work Analysis and Terminal.

These settings are the defaults for a clean program installation, but users can save dif-
ferent defaults if wanted.

3. Click OK.

Note:

The Terminal solution type calculates terminal-based S-parameters of multi-con-
ductor 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 Model

Outline of the tasks to create the model:

* Define Offset Coordinate Systems to facilitate model construction

» Create copper objects (Conductor 1, Bend, Conductor 2 and Conductor 3)

¢ Unite the copper objects

» Create vacuum objects (Female End, Female Bend, and Male End)

¢ Unite the vacuum objects

* Create a Ring part

« Complete the Ring (subtract the united vacuum part from the Ring)

* Create Teflon parts (Male Teflon and Female Teflon)

+ Complete the vacuum object (subtract the Teflon parts from the vacuum object)
* Complete the geometry (subtract united copper part from vacuum and Teflon parts)
« Assign excitations

 Verify boundary display (Solver View)

Create Conductor 1

The conductor for this model is made of copper and is comprised of four objects that you will
eventually unite into a single part. For convenience, you can set copper as the default material
before making the first four objects. Then, to create the first conductor object, draw a cylinder of
any size freehand in the Modeler window, starting at the global origin, and edit its properties.

1. Onthe Draw ribbon tab, choose Select from the Default Material drop-down menu:

HE Grid *8 @ Model -
S

3D il R

oN

Default material

Set default material

* @ Model -

g
M o vacuum
Select... lfa n

Figure 3-1: Setting the Default Material

Create the Model 3-1
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The Select Definition dialog box opens.

a. Type cop in the Search by Name text box, and copper will be highlighted in the
materials list.

b. Click OK to make copper the default material for new objects.
2. Onthe Draw ribbon tab, click G Cylinder.
3. Click at the global origin to establish the center point of the cylinder base.

The cursor shows a diamond-shaped snapping point indicator when at the origin or any
grid points:

iz

<

/b

4. Move the cursor along the xy plane to form a circle or any size and click the mouse again.

Figure 3-2: Snapping Point Indicator (at Origin)

The mini z axis for the cylinder height appears.

5. Move the mouse along the mini z axis direction and click to complete a cylinder of any
height.

The Properties dialog box appears.

6. Onthe Command tab of the Properties dialog box, edit the fields as shown in the fol-
lowing figure. Then, keep the Properties dialog box open when finished.

If you clicked the correct starting point, you should only have to edit the Radius and
Height values. The Center Position should already be correct.

Command l;’-‘-i'tril:n_rte ]

MName | Value | Lnit | Evaluated Value
Command CreateCylinder
_Cncun:linate Sys... Global
| |Center Postion | 0 0.0 cm Ocm , Oem |, Dem
A z
| |Radius 0.152 om  0.152m
| [Height 1.448 em  |1448cm
N Mumber of Seq... 0 0

Figure 3-3: Conductor1, Properties Dialog Box (Command Tab)

Create the Model 3-2
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7. On the Attribute tab, change the Name to Conductor1.

Note:

By default, Solve Inside is deselected for metals or highly conductive materials.
In such cases, the conductive material is represented by a boundary condition
that removes the need to solve inside the material. For most projects, we recom-
mend you use the default setting for Solve Inside.

8. Select the Material Appearance option, if it is not already selected, and click OK.

Note:

This option bases the object color and transparency on data from the material lib-
rary (when available). Use this option so that your model appearance is con-
sistent with the images in this exercise.

9. Finally, press CTRL+D to fit the view and click in the Modeler window background to clear
the current selection.

=g Model

547 Solids Z

=8 copper C_—I:D
247 Conductor] +—

) CreateCylinder
#-l2, Coordinate Systerns

4% Planes
E-% Lists
[
0 045 0.9 (cm)
Figure 3-4: Conductor1
Note:

As you continue to build the model, whenever you want to fit the view, press
Ctri+D.

Create the Model 3-3
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Create Offset Coordinate System

To make it easy to create the Bend object, create an offset coordinate system (CS) at the top
face of Conductor1, as follows.

1. Onthe Draw ribbon tab, select Relative CS > Offset, as shown in the following figure:

1 surface = | oJlu Relative cs + @M

<= Sheet - &_ Offset %
Edge - 72 Rotated

&2 Both

Figure 3-5: Offset Relative CS Command

Note:

Alternatively, you can just click Relative CS without accessing the drop-down
menu, since Offset is the default type of relative CS.

2. Click the center point of the top face of cylinder Conductor1. The cursor becomes a
sphere at the proper snap point.

As soon as you click the second point, the coordinate system RelativeCS1 is defined, and
the grid and axes move to the top of the cylinder.

ﬁ

/i,
'\”}Qﬁ T -

Figure 3-6: Creating the First Offset Coordinate System

Create the Model 3-4
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=48 Model
. -7 Solids
-4 copper
547 Conductorl
E iy CreateCylinder
El]é. Coordinate Systems

4% Global
W FelativeCS1

--@ Planes
F-¢2 Lists

Figure 3-7: RelativeCS1 in the History Tree
Create Conductor Bend

You will perform the following tasks in this section:

Begin by changing the drawing plane. For convenience, the plane should correspond to the
plane of the arc you will draw afterward. This arc defines the path for sweeping a face into a solid
(specifically, the conductor bend).

1. On the Draw ribbon tab, choose YZ from the Drawing plane drop-down menu.

+H- Grid

Figure 3-8: Selecting YZ Drawing Plane

The grid is now displayed on the YZ plane of RelativeCS1. You will next draw an arc along
this plane to define the sweep path for the bend.

2. Onthe Draw ribbon tab, click «) Draw center point arc.

3. Inthe status bar at the bottom of the application, enter the following coordinates (pressing
Tab to jump into the X text box and to cycle between the X, Y, and Z text boxes):

¢ Axis: X:0,Y:04, Z:0, and press Enter.
« Radial point: X: 0, Y: 0, Z: 0, and press Enter.
» Sweep Arc Length: X: 0, Y: 0.4, Z: 0.4, and press Enter.

Note:

If you make a mistake press Esc and resume.
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Getting Started with HFSS: Coax Connector

4. Right-click inside the modeler window and select Done from the shortcut menu.
The Done command completes the polyline with just the one arc segment.
5. Click OK to close the Properties dialog box that appears.

-7 Selids
I:I Sheets
El“"" Lines
o~
E|+\* CreatePolyline
... ™ CreateAngularArc

2

. L%, RelativeCS1
..E Planes
r- € Lists

-

Figure 3-9: Arc Polyline1 Created

Press F to switch to the Faces Selection Mode.
Select the top face of the Conductor1 cylinder.

On the Draw ribbon tab, click 1 Surface > Create Object From Face.

© © N o

With the sheet object just created still selscted, in the docked Properties window, change
the Name to Bend and press Enter.

10. Press O to switch to the Objects Selection Mode.
The object just created should still be selected.

11. Hold down Ctrl and also select the arc, Polyline1, you drew previously.
12. On the Draw ribbon tab, click =1 Sweep along path.

The Sweep along path dialog box appears.

Angle of bwist: o deg -
Drraft angle; |':' |E|EEI j

Draft type: | Round j

] | Canizel |

Figure 3-10: Sweep along path Dialog Box
13. Click OK to complete the sweep with no draft or twist specified (0 degrees for both).
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Getting Started with HFSS: Coax Connector

The bend is swept along the path as shown below:

=g Model
B Solids
=F_: copper
E||_FJ Bend
% CreateCbjectFromFaces

-3 SweepAlongPath
-4 Conductor
[} CreateCylinder

...... % CreateObjectFromFaces

L RelativeCs]
-4 Planes

-4 Lists 1

Figure 3-11: Swept Bend

Note:

Because the object Bend was derived from a face of Conductor1, a copper part,
the material copper has already been assigned to it.

Create Conductor 2

Draw a cylinder starting at the exposed end of the Bend to create Conductor2.

1. Click in the Modeler window's background area to clear the current selection.
2. Verify that RelativeCS1 (under Coordinate Systems in the History Tree) is still active.

Note:

A “w” icon indicates the current working coordinate system.

3. Onthe Draw ribbon tab, select XZ from the Drawing plane drop-down menu:

+ Grid
vz -
XY
\Vi
e
[
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Getting Started with HFSS: Coax Connector

Figure 3-12: Selecting XZ Drawing Plane

4. On the Draw ribbon tab, click 3 Draw cylinder.

a. Click at the center point of the exposed face of the Bend. The cursor changes to a
sphere at the center point:

Z

e

J\

Figure 3-13: First Point for Defining Conductor2

b. Click on a quadrant point along the circular edge of the Bend's exposed face. The
cursor changes to a quarter-circle at a quadrant snapping point:

Figure 3-14: Second Point for Defining Conductor2
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Getting Started with HFSS: Coax Connector

5. Move the mouse in the +Y direction of RelativeCS1 and click to form a cylinder of any
length.

The Properties dialog box appears.

6. Onthe Command tab of the Properties dialog box, change the cylinder Height to 0.3 cm
and verify that the remaining values are in agreement with the following figure:

Command lP-i‘triI:ul.rte ]

MName | Value | Linit | Evaluated Value |
Command CreateCylinder
| |Coordinate System RelativeC51
' |Certer Postion 004L04 cm Ocm , O.4em , 0.4cm
[ Avis Y
| |Radius 0.152 em  |0.15Zm
- |Height 0.3 em  0O3em
N Mumber of Segments |0 0

Figure 3-15: Conductor2 Properties — Command Tab

7. On the Attribute tab of the Properties dialog box, change the Name to Conductor2,
select the Material Appearance option, and click OK.

8. Click in the Modeler window's background area to clear the current selection.

=g Model
=47 Solids
o copper

z
Ell_l.j Bend {
e] CreateCbjectFromFaces -
& SweepAlongPath

B4 Conductorl

----- 1 CreateCylinder

o e] CreateQbjectFromFaces
B-4° Conductor2

-4 Planes
-4 Lists

-

Figure 3-16: Conductor2 Created
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Getting Started with HFSS: Coax Connector

Create Second Offset Coordinate System

Create the second offset coordinate system to facilitate creation of Conductor3, Female, and
FemaleBend objects.

1. On the Draw ribbon tab, click <~ Relative CS > Offset.

2. Click the center point of the exposed face of Conductor2. The cursor becomes a sphere to
indicate the center point of the face.

A{‘f@“ {4 -
- SEUTREN
=D

Figure 3-17: Defining Second Offset Coordinate System

The grid and axes move to the new location with the origin at the clicked center
point. Also, RelativeCSZ2 is added to the History Tree, and it is now the working
coordinate system.

Create Conductor 3

1. With RelativeCS2 as the working coordinate system, on the Draw ribbon tab, click 3
Draw cylinder.

2. Click the center point of the exposed face of Conductor2 as the starting location for the
next cylinder.

a. Move the mouse along the grid and click to set a radius of any size for the cylinder
base.

b. Move in the +Y direction and click once more to create a cylinder of any length.

The Properties dialog box appears.

3. Onthe Command tab of the Properties dialog box, edit the values as in shown in the fol-
lowing figure.
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Command lP-i‘triI:ul.rte ]

MName | Value | Uit | Evaluated Value
Command CreateCylinder
| |Coordinate Sy=...|RelativeCS3
| |Certer Postion 0 0.0 cm Ocm |, Oem , Ocm
[ A Y
| |Radius 0.225 cm | 0.225m
- |Height 13 em  1.3em
N Mumber of Seq... 0 0

Figure 3-18: Conductor3 Properties Dialog Box — Command Tab

4. On the Attribute tab, change the Name to Conductor3.
5. Select the Material Appearance option and click OK.
6. Click in the background to clear the current selection.

= Model
-7 Salids

- 4% copper

547 Bend

e] CreateQbjectFromFaces
3‘.—; SweephlongPath
2 Conductor]
i [Z) CreateCylinder
. % CreateQbjectFromFaces l\w’)
B4 Conductor2
-..[) CreateCylinder
i Conductor) —f—

-8 RelativeC51

L.y, RelativeCS2
4% Planes

&2 Lists -—

Figure 3-19: Conductor3 Created
Unite Conductors 1, 2, 3, and Bend

1. Press Ctrl+A to select all objects in the model.
2. On the Draw ribbon tab, click E2 Unite.

3. Inthe docked Properties window, change the Name to Conductor and press Enter.
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Getting Started with HFSS: Coax Connector

There is now a single part, Conductor, listed under copper in the History Tree.
4. Clickin the background area to clear the current selection.

L:_l--f-ﬁf}’; Maodel
B Scolids
--5¥ copper

- Conductor +—

~-[Z) CreateCylinder

...... % CreateObjectFromFaces

&0 Unite

.., RelativeCS2
[+-4* Planes
-2 Lists

Figure 3-20: United Conductor Part in the History Tree

In the topics that follow, you will create and unite the vacuum objects, which represent the space
around the conductor inside the coax connector envelope.

Create the Female End

Before creating any of the vacuum objects, you will choose vacuum as the default material. The
color and transparency level defined in the materials library for vacuum makes it a bit difficult to
see. S0, you can adjust the appearance for vacuum parts within the current project when choos-
ing the material, as outlined below.

Specify the Default Material and Its Appearance:
1. Onthe Draw ribbon tab, choose Select from the Default material drop-down menu.
The Select Definition dialog box appears.

In the next step, you will select the material vacuum. Even though this material is already
listed in the Default material drop-down menu, you are opening the Select Definition dia-
log box to alter the material appearance attributes for this project.

2. Type vac in the Search text box, and vacuum becomes highlighted in the materials list.

Ensure that the selected vacuum material is the one indicating Project in the Location
column. A Project definition already exists for this material because it is initially the default
material for HFSS designs. You cannot alter the properties of the System material, but you
can edit project materials.

3. Click View/Edit Materials. Then, in the dialog box that appears, make the following
changes:
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Getting Started with HFSS: Coax Connector

a. Under Material Appearance, ensure that the Use Material Appearance option is
selected.

b. Change the Color to a somewhat darker shade of gray (Red: 192, Green: 192, and
Blue: 192).
c. Change the Transparency to 0.6.

d. Click OKto close the View / Edit Material dialog box, but leave the Select Definition
dialog box open.

Note:

This method of redefining the appearance is more efficient than defining
the material color and transparency separately for each new vacuum part
you create. Itis a one-time change, and all future vacuum parts added to
the project will have the desired appearance attributes.

e. Click OK to close the Select Definition dialog box.

Create the Female End Object:

4.

Ensure that RelativeCS2 under Coordinate Systems in the History Tree, is the current
working coordinate system.

On the Draw ribbon tab, click S Draw cylinder.
Draw a cylinder of any size and location.

After the third click, the Properties dialog box appears.

On the Command tab of the Properties dialog box, edit the values as shown in the fol-
lowing figure:
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=8 Model
- Solids
E! copper
: E||_FJ Conductor

: &Y Unite
-4 vacuum
B4 Female

=1, Coordinate Systems

&% Global

& RelativeCS1

~..[Z) CreateCylinder
e] CreateQbjectFromFaces

- 2] CreateCylinder

o

% RelativeCS2
-4 Planes
% Lists

Command | Bribute |

Properties: Coax Connector - HFS5Design - Modeler

MName | Walue

I LInit I Evaluated Value

Description

Command CreateCylinder
Coordinate Sys... RelativeCS2
Center Posttion |0,0 .0

Az Y

Radius 0.511

Height 13

MNumber of Seg... 0

cm

cm

cm

fem |, Ocm |, Ocm

0.511em
1.3cm

Figure 3-21: Female End Properties - Command Tab

Keep the dialog box open.

8. On the Attribute tab, change the Name of the object to Female.
9. Select the Material Appearance option and click OK.

10. Click in the background area to deselect the object.
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Getting Started with HFSS: Coax Connector

_

Create the Female Bend
You will now create the female bend.

1. Draw another Cylinder of any size and location and edit the values in the Command tab
of the Properties window, as shown in the following figure:

Command lP-i‘triI:ul.rte ]

Mame | Value | Urit | Evaluated Value |
Command CreateCylinder
_Cn:ncnrdinate Sys... RelativeC53
| |Certer Postion 0 0.0 cm Ocm |, Oem |, Ocm
A Y
| |Radius 0.351 cm  |0.35%cm
- |Height 123 em  -123cm
N Mumber of Seq... 0 1

Figure 3-22: Female Bend Properties — Command Tab

2. On the Attribute tab, change the Name to FemaleBend, select the Material Appear-
ance option, and click OK.

3. Click in the background area to clear the current selection.
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1.

= Model
-7 Selids
-4 copper
: E||_F’ Conductor
..... 21 CreateCylinder
----- % CreateObjectFromFaces
_ &L Unite
=4 vacuum
Elu_" Femnale
. 2] CreateCylinder

E||_FJ FemaleBend <—

t[Z) CreateCylinder

. ¥, RelativeCS2
-4 Planes

-_—

Figure 3-23: Female Bend Object Created
Create the Male End

For the next two objects you create, use the XY plane of the Global coordinate system.

Select Global under Coordinate Systems in the History Tree to set it as the working

coordinate system.

On the Draw ribbon tab, select XY from the Drawing plane drop-down menu .

3 Grid

Draw a random Cylinder and edit the values in the Command tab of the Properties dialog

box, as shown in the following figure:
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Command l_,’-‘-ﬂribme ]

Name | Value | Lnit | Evaluated Value
Command CreateCylinder
_Ccucun:linate Sys... Global
| |Center Posttion | D 0.0 cm Ocm , Ocm |, Jcm
A z
| |Radius 0.351 em  |0.35Tcm
| [Height 2.348 cm  |2.348cm
| Number of Seg... 0 0

Figure 3-24: Male Properties — Command Tab

4. On the Attribute tab, change the Name to Male, select the Material Appearance option,
and click OK.

5. Clear the current selection. Your model should look like the image below:

EI--f-ff'Ea Model

- Solids
Es CDFIFIEF
L
E =

=7 Conductor
...... [Z) CreateCylinder
----- EJ CreateObjectFromFaces
=04 Unite

v
E||_F' Female
- LolZ) CreateCylinder
E||_.,_f' FermnaleBend

-4 vacuum
: L[5} CreateCylinder

B Male
t..[Z) CreateCylinder

=1, Coordinate Systems
&, Global
.4J& RelativeCS1
e RelativeCS2
-4 Planes

Figure 3-25: Male End Created
Unite Female, FemaleBend, and Male

1. Onthe Draw ribbon tab, ensure that the current Select mode is Object and then click 8
Select By Name.

The Select Object dialog box appears.
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2. From the dialog box, select Female, FemaleBend, and Male.

Note:

Make these selections in the above specified order and then click OK.

3. Onthe Draw ribbon tab, click 2 Unite.

All the vacuum objects are combined into a single part named Female. The first item selec-
ted determines the name of the united part.

4. Clear the current selection.

Notice that oval edges appear at the intersection of the vertical and horizontal cylindrical
surfaces after they're united.

Figure 3-26: Intersection Appearance after Cylindrical Parts are United

Create the Ring
To create the ring, draw a cylinder freehand and define a new material, as follows:

1. Draw arandom Cylinder and edit its values in the Command tab of the Properties dialog
box, as shown in the following figure:
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Command lﬁi‘tril:uute ]

MName | Value | it | Evaluated Value
Command CreateCylinder
| |Coordinate Sys... Global
| |Center Postion |0.0.0.736 cm  |Ocm.Ocm . 0.7..
[ [ A z
| |Radius 0511 cm  |D.511cm
| |Height 0.236 em  0.23em
| Mumber of Seg... 0 0

Figure 3-27: Ring Properties — Command Tab

Leave the dialog box open.

. On the Attribute tab of the Properties dialog box, change the Name to Ring.

. Also, on the Attribute tab, select Edit from the Material drop-down menu.

. In the Select Definition dialog box, click Add Material and make the following changes:

a.
b.
C.
d.
e.

Type My_Ring into the Material Name text box.

Set the value of the Relative Permittivity at 3.

Select the Use Material Appearance option.

Choose a medium blue color (Red: 0, Green: 128, and Blue: 255).
Set the Transparency at 0.4.

. Click OK twice to close both the View / Edit Material and Select Definition dialog boxes.

. In the Attribute tab of the Properties dialog box, select the Material Appearance option
and click OK.

Do not clear the selection yet.
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=g Model
-7 Solids -
-4 copper
E||_.,_f' Conductor

..... [Z) CreateCylinder
e % CreateObjectFromFaces

H-04 Unite
28 My Ring <
-4 Ring
iy CreateCylinder
-4 vacuum
=7 Female
..... [Z) CreateCylinder
504 Unite
=1, Coordinate Systems
&, Global

.4 RelativeCS]

-4 Planes
Figure 3-28: Ring Object Created
Complete the Ring

To complete the Ring, you will use the Female part as a cutting tool to subtract out the inside dia-
meter portion of the Ring.

1. Select Ring in the History Tree
2. Hold down Ctrl and also select Female in the History Tree.
3. On the Draw ribbon tab, click E' Subtract.

The Subtract dialog box appears.

4. Ensure the settings are as shown in the following figure and click OK.
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Blark Parts - Tool Parts

Ring Female

1
|

|+ Clone tool objects before operation

k. | Cancel

Figure 3-29: Subtract Dialog Box.

Note:

The Ring is complete and is no longer a disk shape. It is placed around the OD of
the Female (vacuum) part at the male end of the connector.

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

= Model

=47 Selids

-4 copper

E|._.,_f' Conductor

..... [Z) CreateCylinder
----- ) CreateObjectFromFaces
F-04 Unite

..... B CloneTo
[_]! My_Ring

-4 Ring

..... [Z) CreateCylinder

#-I[4 Subtract @
= Female
..... [Z) CreateCylinder
=-4h Unite
..... I CloneTo
=1, Coordinate Systems
&, Global
.4} RelativeCS1

|'—_'|--! wacuum
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Figure 3-30: The Completed Ring
Create the Male Teflon

You will be creating two Teflon parts, so before doing so, you can define a new default material,
My _Teflon, complete with appearance data. This step eliminates the need of setting the material
and its appearance twice. Then, to create the MaleTeflon part, draw a random cylinder and edit
its size and location.

Specify the Default Material and Its Appearance:
1. Onthe Draw ribbon tab, choose Select from the Default material drop-down menu.
The Select Definition dialog box appears.
2. Click Add Material. Then, in the View / Edit Material dialog box that appears, make the fol-
lowing changes:
a. Type My_Teflon in the Material Name text box.

b. Change the Relative Permittivity value to 2.1.

c. Under Material Appearance, ensure that the Use Material Appearance option is
selected.

d. Change the Color to a bright yellow (Red: 255, Green: 255, and Blue: 128).
e. Change the Transparency to 0.7.
f. Click OK twice, to close the View / Edit Material and the Select Definition dialog
boxes.
Create the Male Teflon Part:

3. Draw arandom Cylinder and edit the values on the Command tab of the Properties dia-
log box, as shown in the following figure:

Command l,ﬂ.ﬂ.—ihme ]

Name | Walue | Lt | Evaluated Value
Command CreateCylinder
_Ccunrdinate Sys... Global
| |Center Position |0 0 046 cm Ocm , Ocm , 0.4..
[ |Ads z
| |Radius D511 em  |D511cm
| |Height 0.788 cm  |0.788m
| | Number of Seg... 0 0

Figure 3-31: Male Teflon Properties —- Command Tab
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4. On the Attribute tab change the Name to MaleTeflon.
5. Select the Material Appearance option and click OK.

Subtract the Ring from the Male Teflon Part:

Optionally, subtract the Ring from the Male Teflon part so that the model reflects the actual con-
struction of the coax connector (with no overlapping parts). If you do not perform this operation,
the solver will automatically use the Ring material properties where the two parts overlap, since
the Ring volume is completely contained within the Male Teflon volume. So, this operation will

not change the analysis results. However, it's a good practice to model the assembly as it is actu-
ally built. This practice also avoids potential problems when objects partially intersect. In such
cases, the solver may not correctly determine which material properties to use and which to
ignore.

6. Inthe History Tree, select MaleTeflon.

7. Hold down Ctrl and also select Ring.

8. Inthe Draw ribbon tab, clickls' Subtract.

9. Ensure that the Subtract dialog box settings are as pictured below and click OK.

B8] subtract >

Blark Parts - Tool Parts

b aleT eflan Ring

]
| |

[+ Clone tool objects before operation

| k. | Cancel

Figure 3-32: Subtract Dialog Box

10. Clear the current selection.
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=g Model
247 Solids
-4 copper
5P Conductor
..... {21 CreateCylinder
..... % CreateObjectFromFaces
E|L|_l'l Unite
[_]s My_Ring
=47 Ring
..... {21 CreateCylinder
= Subtract
..... B CloneTo
=-SF My _Teflon
Sl MaleTeflon
..... ) CreateCylinder
I Subtract
-4 vacuum

-7 Female
..... ) CreateCylinder
Hﬂl Unite
..... B CloneTo

Figure 3-33: Male Teflon Created
Create the Female Teflon

Create one more cylinder and place it inside the structure that you have drawn so far, as follows.

1. Draw arandom Cylinder and edit the values in the Command tab of the Properties dialog
box as shown below, including the Coordinate System and Axis fields.

Command l Attrbute ]

Mame | Walue | Unit | Evaluated Value |
Command CreateCylinder
N Coondinate System RelativeC52
| |Center Postion 0.0.0 cm Ocm |, Oem |, Ocm
| Ads Y
| |Radius 0511 em | 0511em
[ |Height 0.236 cm | -D.236cm
N Mumber of Segmerts |0 0

Figure 3-34: Female Teflon Properties — Command Tab

2. On the Attribute tab change the Name to FemaleTeflon, select the Material Appear-
ance option, and click OK.
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3. Clear the current selection.

Medel
-7 Selids
4% copper
E||_F’ Conductor
..... 21 CreateCylinder
..... % CreateObjectFromFac
0L Unite
..... ] CloneTo
[_]g My_Ring
-4 Ring
----- fZ) CreateCylinder
B-[A Subtract
..... I CloneTo
- My _Teflon
E||_F’ FernaleTeflon
. LD CreateCylinder
El-4F MaleTeflon
..... fZ) CreateCylinder
m-[@ Subtract
-4 vacuum
27 Female

Figure 3-35

: The Female Teflon Created

Complete the Vacuum Object

Complete the vacuum object.

1.

The Subtract dialog box appears.

Press O to enter the object selection mode and, on the Draw ribbon tab, click & Select
By Name.

The Select Object dialog box appears.

Select the objects Female, FemaleTeflon, and MaleTeflon (in that specific order) and
click OK.

Click Subtract on the Draw ribbon tab.

Ensure that the settings in the Subtract dialog box are as pictured below and click OK.
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B8] subtract >
Blark Parts - Tool Parts
Female FemaleT eflon
taleT eflon

El
| |

[v Clome bool objects before operation

| k. | Cancel

Figure 3-36: Subtract Dialog Box

The vacuum part, Female, is cut away where it was overlapped by the Female Teflon and
MaleTeflon parts.

Complete the Model

Complete creating the model by subtracting the portions of the Female, FemaleTeflon, and
MaleTeflon parts where they are overlapped by the Conductor.

1. From the History Tree, select Female.

2. Hold down Ctrl and also select FemaleTeflon, MaleTeflon, and Conductor from the His-
tory tree.

3. On the Draw ribbon tab, click B+’ Subtract.
The Subtract dialog box appears.

4. Inthe Tool Parts list, select FemaleTeflon and MaleTeflon. Then, click the left-pointing

arrow ( g ) to move these two parts to the Blank Parts list.
5. Select the Clone tool objects before operation option.

The Subtract dialog box should be identical to the following figure:
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B8] subtract >
Blark Parts - Tool Parts
Female Conductar
FemaleT eflon
b aleT eflan

]
| |

|+ Clone tool objects before operation

| aF. | Cancel

Figure 3-37: Subtract Dialog Box

6. Click OK to complete the operation and then clear the selection.

Figure 3-38: Model Geometry Completed

You are now finished with the model construction. You will next assign excitations and set up the
analysis.
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Assign Excitation 1

For this model we will use wave ports to excite both ends of the coax connector. This section
describes how to assign the first excitation.

1. Press F to enter the face selection mode.
2. Onthe Draw ribbon tab, click Orient > Bottom (+Z).

Q + Pan Fit All

Rotate - ':::'\ Fit Selected
Zoom
« [ orient -

Top (-Z) v
Bottom (+Z)

Right (-] L}

Left (+Y])

Front (-X)

Back (+X)

Trirnetric

sults

Dimetric

|sometric

8o e8

3. Press Ctrl+D, if needed, to fit the view.
4. Select the bottom face, as indicated below:

Figure 3-39: The Bottom Face Selected

5. Inthe Modeler window, right-click, and choose Assign Excitation > Port > Terminal
Wave Port from the shortcut menu.

The Reference Conductors for Terminals dialog box appears.

6. Setthe Port Name to P1, select the Use port object name option, and click OK.
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B " Reference

Port M amme;

Terminal Marming
" Use conductor name
* Use port object name

MOTE: Multiple reference conductors touching a
port mzt all be connected in the plane of the port.

Conductors for Terminals =4

F1

Conductor | Ilze az Reference

Conductar [

Figure 3-40: Reference Conductors for Terminals Dialog Box

The excitation gets assigned and P1 and its associated terminal appear in the Project Man-

ager.

Under Excitations > P1 in the Project Manager, select the terminal Female_T1.

Note:

You may see a different terminal name under P71 if you did not select the vacuum
parts in exactly the prescribed order when uniting them in an earlier procedure.

In the docked

Properties window, change the terminal Name to P1_T1 and press Enter.

Alternately, select P1 and P1_T1 to see them visualized on the model.

Figure 3-41: The Port P1 and Terminal Female_T1 Visualization
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Assign Excitation 2
To assign the second excitation, do the following:

1. On the Draw ribbon tab, click Orient > Trimetric to restore the default orientation of the
model view.

Q + Pan Fit All

"}- Rotate - ':::'\ Fit Sele
znflm . Crient =

Top (-2)

Bottom (+Z)

Right {-¥]

Left (+Y)

Front (-X)

Back (+X)

Trirnetric I}

sults

Dirmetric

80802888

|sometric

2. Selectthe end (+Y) face of the Female part of the model, as shown below:

Figure 3-42: Second Excitation Face

3. Right-click and choose Assign Excitations > Port > Terminal Wave Port.
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The Reference Conductors for Terminals dialog box appears.

4. Setthe Port Name to P2, select the Use port object name option, and click OK.

B " Reference Conductaors for Terminals >

Fort Mame: P2

Terminal Marming

" Use conductar narme

(* |Jze port object name

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

Conductor | Ilze az Reference
Canductar [

Figure 3-43: Reference Conductors for Terminals Dialog Box
The new wave port and terminal definitions appear in the Project Manager.

5. Under Excitations > P2 in the Project Manager, select the terminal Female_T2.
6. Inthe docked Properties window, change the terminal Name to P2_T2 and press Enter.

E@ Excitations
=R -

Boundary Display (Optional)

The Boundary Display (Solver View) provides a snapshot of all boundaries in the model, includ-

ing ports and outer faces of model objects. It can be useful for diagnosing problems with design
setups.

1. On the View ribbon tab, cIickE Hide/Show overlaid visualization in the active view.

Note:

The Active View Visibility dialog box appears.

2. Onthe 3D Modeler tab, you can control Visibility of any of the objects comprising the
model.
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m Active View Visibility: Coax Connector - HF35Designd - Modeler >

30 Modeler | Color Keys ] Amray Setup | Boundaries | Excitations ] Flelu:lsHepu:-rter]
/ Name | Visibility

1 |Conductar [vw

2 |Female [w

3 |FemaleTeflon [vw

2 |MaleTeflon [w

5 |Ring [vw

Figure 3-44: Active View Visibility Dialog Box — 3D Modeler Tab

3. On the Excitations tab, you can control Visibility of any applied excitations. In this case,
wave ports P71 and P2, and their associated terminals P1_T7and P2_T2.

m Active View Visibility: Coax Connector - HFS5Design1 - Modeler *

D Mndeler] Color Keys ] Amay Setup | Boundaries FieldsHepu:urter]

/ Name | Visibity
1[p1
2 [p1_T1
1 |p2
< |pz2_T2

B 1

Figure 3-45: Active View Visibility Dialog Box — Excitations Tab

4. If you made any excitations visible, return them to invisible and then click Done to close
the dialog box.

5. From the menu bar click HFSS > Boundary Display (Solver View).

The Solver View of Boundaries dialog box appears.

Note:

HFSS identifies all the unique boundary conditions and ports to display.

6. On the dialog box, click the Visibility check box for boundaries that you wish to display.
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Note:

If you double-click the fields under Color, you can change the color used to rep-
resent each boundary from the palette that appears. The boundaries of the non-

conducting parts are listed as outer and the conductor boundaries are listed as j_
Conductor.

Saolver View of Boundaries

Name Tupe Solver isibility | Visibility | Color |
P1 UszerDefined  Misible to solver. + 1
P2 User Defined | Wisible to sobver. vt
ouker Cefault Vigible to solver. [ =
i_Conductar | Default Yizible to solver. [ [

Claze

Figure 3-46: Solver View of Boundaries — P1 and P2 Boundaries Displayed
7. Click Close.
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4 - Analyze the Model

This chapter contains the following topics:

« Add Solution Setup and Frequency Sweep
¢ Analyze the Coax Connector
* Review Solution Data
° Review the Profile Tab
° Review the Convergence Tab
° Review the Matrix Data Tab
o Review the Mesh Statistics Tab
» Port Field Display (Optional)
¢ Create Plot for S-Parameter Vs Pass
* Create dB S-Parameter Vs Frequency Plot
» Create S-Parameter Vs Frequency Plot
* Create Field Overlays
° Modify Magnitude of Field Plot
° Modify Terminal Excitation
°  Animate the Field Plot
¢ Net Visualization

Add Solution Setup and Frequency Sweep

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

28 ¥ V% Ep,
1A
E,Eﬁxnalysm Config

kesh Mesh Setup Optimetrics  Validate Analyze HPC
Settings Feedbac hd * All Options
Model sim JF Auto tJtcumatiDn
r &7 Advanced |
T N

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 *

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

General l Mesh/Solution Options ] Adaptive Options ] Advanced ]
Setup Mame |Setup'|

[+ Enabled [ Solve Ports Only
Adaptive Solutions

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

Frequency | 8.1 |GH2 j
Maximurn Mumnber of Passes | 10
{+ Maximum Delta S 0.02

{" Use Matrix Convergence

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

Note:

This dialog box defines how HFSS automatically generates an accurate mesh
(based on the stopping criteria for the mesh adaptation process).

3. Onthe Options tab, set Minimum Converged Passes to 2 and click OK.

The solution setup is created, and Setup1 appears under Analysis in the Project Man-
ager.

Because ports have already been assigned, the Edit Frequency Sweep dialog box
appears automatically upon completing the solution setup.

4. Edit the fields as shown in the following figure and click OK.

Note:

For the purpose of this exercise, the Sweep Type is Fast, even though the band-
width of this solution is relatively wide. A fast sweep requires the least solution
time and also has the advantage of providing field information (via the Save
Fields option).
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Edit Frequency Sweep >

General l Defaults ]

Sweep Name: |Sweep Iv Enabled

Sweep Type: Fast -

Freguency Sweeps [B01 points defined]

Distribution Start End

(M | inear Count

Add Above Add Below Preview ... |

A0 Fields Save Options

Time Domain Calculation... |
v Save Fields

[ Save radiated fields only (+
r Generate fields at solve time r~

{All Frequencies)
[1 IMHz  ~]

| 0K | Cancel |

Figure 4-2: Edit Frequency Sweep Dialog Box — General Tab

Analyze the Coax Connector

The model has to pass the validation check to confirm your design is accurate before you ana-
lyze.

1. Click the Validate option on the Simulation ribbon tab.

T ; Z[3] ive: -
@ & Lf % ‘/ EE ;Tn;::ijlt:nnfig

Mesh Pesh Setup Sweep | Optimetrics | Validate|Analyze HPC Scheduler
Settings Feedback - h All Options

Madel Simulation Results Automation

The Validation Check dialog box appears.
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Note:
The dialog box should resemble the following figure, with no warnings or errors
reported.
Validation Check: Project] - HFSSDesignl [ &5 |
_ ¥ Design Settings
& HFsSDesigni o 30 Mode
¥ Boundaries and Excitations
"Yalidation Check completed. o Mesh Operations
& Analyziz Setup
& Optimetrics
¥ Radiation
| Cloze |
Figure 4-3: Validation Check Dialog Box
2. Click Close.

3. On the Simulation ribbon tab, click Analyze All:

T — {-:} BB acive Local \
m @ & \Lf % J EE EEAnalysis Config ]

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

Model Simulation Results Automation

HFSS solves the design and, if the simulation completes normally, the Message Manager
window shows the notification, "Normal completion of simulation on server: Local
Machine." If you ran the solution on a remote server, the actual server name is reported in
place of Local Machine.
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Review Solution Data

1. Onthe Results ribbon tab, click Solution Data.

Delete All Reports (_(‘ YOY .
- i 3 i
Terminal Solution Modal Solution  Fields Solution
Data Report~ Data Report* Report- Data

Ernwse Solutions
Clean Up Solutions
ImpnrtSnIutinns

on Results Automation

The Solutions dialog box appears.

Note:
Subsequent sections describe the tabs that constitute the Solution dialog box:

* Profile

» Convergence
e Matrix Data

* Mesh Statistics

Review the Profile Tab

1. On the Solutions window, click Profile.

Note:

After reviewing the information in this tab, keep the Solutions window open for
reviewing the remaining tabs.
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Cl:unvergence ] Matrix Data l Mesh Statistics ] Multipaction ]

Tazk | Real Time | CPU Time | emary |
Initial Meshing Time: 10A14,/2022 11:31:11
Lambda Refine 00000 00000 204 M Tetrahedra: 4112, Cores: 1
Simulation Setup 00.00:00 00.00:00 51 M Digk: 0 Buytes
Fart Adapt 00 00:00 00 00:00 Baam Tetrahedra: 3068, Digk: 121 KB
Fort Refine 00 a0:00 00 a0:00 22T M Tetrahedra: 4324, Cores: 1
Imitial M eshing Elapsed Time: 00:00:07
Bdaptive tMezhing Time: 1014/202211:31:19
Bdaphive Pass 1 Frequency: 8.1GHz
Simulation Setup 00.00:00 00.00:00 B3TM Tehiahedra: 3274, Digk: 413 KB
b atrix Agzembly 00 00:00 00:00:m B4.2 M Tetrahedra: 3274, P71 Triangles: 99, P2 Trangles: 115, Digk: ¥1.5K
b atrie Solve 00.00:00 00.00:02 132 M Type: DCS, Cores: 12, Matnix zize: 19608, Matrix bandwidth: 17.7, |
Field Recovery 00 00:00 00 00:00 132 M Ewcitations: £, Disk: 1.17 MB
D ata Transfer 00.00:00 00.00:00 BEAM Adaptive Pazs 1
£ >

Figure 4-4: Solutions Window — Profile Tab

The Profile tab of the Solutions window shows you a synopsis of the simulation process. The
information on this tab includes the following:

Mesh creation and refinement

Adaptive meshing and adaptive passes

Simulation setup

Port adaptation

Matrix assembly

Solver data

Field recovery (extraction of the electromagnetic field)

Data transfer

Frequency sweep (generation of S, Y, and Z parameter data)
Solution process and total solution time (summary)

For each reported phase of the analysis, the Real Time, CPU Time, and additional applicable
data are reported.

The more highly refined the mesh (that is, the higher the number of tetrahedral elements), the
more accurate the HFSS solution of the design will be. However, a greater number of tetrahedra
requires more computational resources (that is, CPU time and memory) to solve. Adaptive mesh

Analyze the Model 4-6
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: Coax Connector

refinement is applied locally, only where required, thus balancing accuracy and computing
resources.

Review the Convergence Tab

1. On the Solutions window, click Convergence.

The table showing convergence data is displayed.

Note:

After reviewing the information in this tab, keep the Solutions window open for
reviewing the remaining tabs.

Profile Matrix Data ] Mesh Statistics ] Multipaction ]

Pazs Mumber | Solved Elements | bax Mag. Delta S

Mumber of Pazzes

Completed 4 1 3274 M A,
Mawimum 10 2 4200 0.024075
Minimum 1 3 5435 0.0078559
Max Mag. Delta 5 4 722 0.0034342

Target 002
Current  0.0034342

Yiew: ™ Table e Plat

Ewpart...

COMNVERGED

Conzecutive Pazses
Target 2
Current 2

Figure 4-5: Solutions Window — Convergence Tab

Notice how element count increases with each adaptive pass (due to mesh refinement).
The Max Mag. Delta S column shows the maximum change in the S-matrix magnitude at
each pass, which is used as the stop criterion. When this value is less than the prescribed
tolerance in the solution setup (Maximum Delta S) for as many consecutive passes as dic-
tated (Minimum Converged Passes), mesh adaptation ceases. The solution is deemed to
be sufficiently accurate, and the solution process proceeds to its conclusion.

2. Click the Plot radio button.
A graph of the convergence data is displayed.

3. Selectthe X and Y axes for your plot from the drop-down menu.
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The plot of Max Mag. Delta S versus Pass Number appears:

0100

Max Mag. Delta 5
[}
=
Lo ]
|

DDD1 T T T T | T T T T

Pass Mumber

Figure 4-6: Convergence Graph
Review the Matrix Data Tab

1. Onthe Solutions window, click Matrix Data.

Note:
After reviewing the information in this tab, keep the Solutions window open for
reviewing the remaining tab.

2. Select Display All Frequencies.

The P1_T1and P2_T2 S-matrix values are tabulated for each frequency in the specified
sweep.
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Sirmulation: | Setup] ﬂ | Sweep j

Deszign W ariation: |

Profile ] Convergence Mesh Statistics ] Multipaction ]

[+ Display All Frequencies Edit Frequencies ...

[v 5 Matrix [ Y Matrix [ Z Matrix [ Gamma [ Zo

View | Fomat ] Passivity ] Export ]
Freq 5:P1 T1 | 5.p2 T2 |
P1_T1 [0.055593, 91.9]  [0.99721, -526)
-F'2 T2 [089721, 52E]  [00BE222, -175)
WP T1 [00SE261, 913 [099714, 532
D Pzr2 (0994 H32) (00BE1Z3, 17.9)

F1_T1 [0.085326, 30.8) [093706, -53.7)
F2_ T2 [0.99706 -53.7) [0.0BE019, -18.4)

P T1 [00BSRE7. 907 (099698, 547
-F'2 T2 [0.99638, 54.2) (0065314, -18.8)
I

Figure 4-7: Solutions Window — Matrix Data Tab

Note:

For a real-time update of the Matrix Data while a solution is still running, choose
Setup1 and Last Adaptivefrom the Simulation drop-down menus.

Review the Mesh Statistics Tab

1. On the Solutions window, click Mesh Statistics for information about the tetrahedra that
were solved.
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Profile Convergence] Matrix Data Muﬂipactinn]

Total number of elements; 7832

Figure 4-8: Solutions Window — Mesh Statistics Tab

The mesh statistics are listed separately for each part comprising the model, along with

Mum Tets | Min edge length ‘ M an edoe length ‘ RS edoe length | Min tet val Mawtet vol | Meantetvol | Std Devn [val]
Conductar 1160 0.0872547 0541121 0,255597 71236506 000515833, 000031827 0000478564
Female 4208 0.0100853 (1 5RABER 0225815 17979609 0.00248407. 0000366138 0000311165
FemaleTeflon | 794 0.0859365 0307 0176454 24366308 000103306, 0000218384, 0000780208
MaleTeflon 1587 0108353 0351699 0199617 80208 000141619, 000030113 0000210995
Ring 135 0.20432 0357949 0.284545 0,000 96734...  0.0014054 0.000748714... 0.000277743

the total number of elements (reported above the table). The following mesh statistics are

listed on this tab:

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

Note:

You can click and drag the column heading borders to resize any column width.

You can also resize the Solutions window's overall size.

2. Click Close.

Port Field Display (Optional)

The port field display is useful for diagnosing problems with wave port definitions. The visu-
alization of the electric fields for the port's modes can help identify problems with port definitions,

such as an incorrectly defined vector on the port.

Complete the following steps to see the electrical field patterns displayed on the model.

1. Under Port Field Display > P1 in the Project Manager, select P1_T1.

A vector plot of the electrical field is overlaid on the P71 port:
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Figure 4-9: Port Field Display for P1_T1
2. Under Port Field Display > P2 in the Project Manager, select P2_T2.

A vector plot of the electrical field is overlaid on the P2 port:

T,
Vi

BYOTI
Voess s bbb i g \

Yoy

Figure 4-10: Port Field Display for P2_T2
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Note:

For any project if you want to check the patterns and verify whether your excitations are
accurately assigned, use this feature.

Create S-Parameter versus Pass Plot

You can generate reports to further study the simulation results.

Note:

If you create this report before or during the solution process, the displayed results are
updated in real-time.

oY

Favk
1. From the Results ribbon tab, click(_( Terminal Solution Data Report > 1. v\ ]2D.

The Report dialog box appears.
2. Editthe fields in the Report dialog box as shown in the following figure:
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Trace l Families ] Families Dizplay ]

Frimary Sweep; |F‘ass

| fal

X |+ Default | Pass

- |dB(5t(P1_T1,P2_T2)

pd
o
-
Range
Function...

Category: Quantity: ~ Function:
Variables StP1_T1,P1_T1) <none = A
Qutput Variables St{P2_T2,P1.T1) ang_deg
iﬁﬂmu e — ang_deqg_val
Terminal ¥ Parameter StPLTLP2 T2) ang_rad
Terminal Z Parameter St(P2_T2,P2 T2} arg
Terminal VSWR, cang_deq
Terminal Port Zo cang_deq_val

Passivity

Design

Expression Cache
Expression Converge
Solution Convergence

cani rad

dB 10normalize
dB20normalize
dBc W

Mew R.eport

B3 Report: Coax Connector - HFSSDesign - New Report - New Trace(s)
Context
Solution: |5E1J_||:|1 : AdaptivePass ﬂ
IUpdate Report
v Real ime
Cutput Variables. .. | Options. .. |

Close

Figure 4-11: Report Dialog Box, S-Parameter vs. Pass

3. Click New Report but leave the Report dialog box open.

The plot is generated:
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Terminal S Parameter Plot 1 HFSSDesign1 ANSYS
2023 R1
-0.02625
-0.02750 — T
& i -
" i
o _
F~ -0.02875 —
D:—, i — dB({SHP1_T1 P2_T23)
in ] Setup! : AdaptivePass
?g 1 Freq='8.1GHz'
-0.03000 —
'DD3125 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
1.0 15 2.0 25 3.0 35 40

FPass
Figure 4-12: S-Parameter vs. Pass Plot

Create S-Parameter (dB) versus Frequency Plot

The Report dialog box should still be open from the prior procedure. Continue using it to create a
second plot.
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1. Edit the fields as shown in the following figure:

] Report: Coax Connector - HF55Designl - Mew Report - Mew Trace(s) x
sl Trace l Families ] Families Display ]
Solution: .
Setupl : Sw
[setupt: Sieep =~ Primary Sweep: |Freg RIED [
Domain: S
| WEEP ﬂ X v Default |F|'E|:| J
; . Range
s |dB(5t(P1_TL,P1_T1)); dB(St{P2_T2,P1_T1)) Eoncton...
Category: Quantity: 7 Function:
Variables StP1_T1,P1_T1) <none = A
GuEut Varigbles StP2_T2,P1.T1) :Rg_ﬂgg ol
Terminal f Parameter StP1TL,P2TI) ang:rau:l -
Terminal Z Parameter St{P2_T2,P2_T2) arg
Terminal VSWR, cang_deq
Terminal Port Zo cang_deg_val
Terminal Group Delay cang_rad
Passivity
Diesign dB 10normalize

IUpdate Report

dB20normalize

v Real ime ij': v

QOutput Variables... | Dpﬁons...| Mew Report | | Close

Figure 4-13: Report Dialog Box, S-Parameter (dB) vs. Frequency
2. Click New Report but leave the Report dialog box open.

The second plot is generated:
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Terminal S Parameter Plot 2 HFSSDesign! ANSYS
2023 R1
0T
10
20
T -30
] — dB(SHP1_T1,P1_T1))
-40 - Setupt ;| Sweep
1 dB(SHP2_T2ZF1_T1))
50 N Setupl | Sweep
'ED | 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
0.00 .25 2.50 375 5.00 6.35 780 8.75

Freg [GHz]

Figure 4-14: S-Parameter (dB) vs. Frequency Plot

Create S-Parameter (Angle) versus Frequency Plot

The Report dialog box should still be open from the prior procedure. Continue using it to create a
third plot.

1. Edit the fields as shown in the following figure:

Note:

Only the Function changes relative to the previous plot.
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Q Report: Coax Connecter - HF55Design - Terminal 5 Parameter Plot 2 - Mew Trace(s) X
Sisn Trace l Families ] Families Display ]
Solution: .
Setupl : Sw
setupt: Sieep = Primary Sweep: |Freg RAIED [
Domain: S
| WEEP ﬂ X |+ Default |F|'E|:| J
. - Ranges
i |ang_deg[5t[F‘1_T1,F‘ 1_T1)); ang_deg(5t(P2_T2,P1_ Function...
Category: Quantity: ~ Function:
Variables SHP1_T1,P1_T1) <none = A
':".IELIt Variables St{F'E_TE,F'l_Tl:I - deg -
Terminal f Parameter StP1T1,P2T2) ang:rau:l -
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Figure 4-15: Report Dialog Box, S-Parameter (Angle) vs. Frequency
2. Click New Report and Close.

The third plot is generated:
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Figure 4-16: S Parameter (Angle) vs. Frequency Plot

Create Electric Field Overlay

On a selected cross-section of the model (specifically, along the global YZ plane), create a
planar overlay of the electric field.

1. If your plot window is maximized, use the Window menu to return to the Modeler window,
or minimize any windows that are in front of it.

2. Inthe History Tree, expand Planes and select Global:YZ:
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Figure 4-17: Selecting the Global:YZ Plane

3. Right-click in the Modeler window and select Plot Fields > E > Mag_E from the short-cut
menu.

The Create Field Plot dialog box appears.

4. Editthe fields as shown in the following figure:
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Figure 4-18: Create Field Plot Dialog Box

5. Click Done.

The field overlay is created.

6. On the Model ribbon tab, click ® Orient > & Front (-X).

To clean up the view a little bit, select Field Overlays > E Field > Mag_E1 in the Project

Manager.

While the overlay is selected in the Project Manager, the shading of the model's parts is
partially suppressed. That is, the part transparency is increased.

Your model should resemble the figure below:
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Figure 4-19: Electric Field Overlay
Modify Magnitude of Field Plot
1. Double-click within the border of the plot legend.

The E Field dialog box appears.

2. Click the Scale tab and edit the fields as shown in the following figure:
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Figure 4-20: E Field Dialog Box — Scale Tab
3. Click Close.

The legend is revised to show a logarithmic progression between a minimum of 5 V/m and
a maximum of 815 V/m. The contour plot colors are adjusted accordingly.

Modify Terminal Excitation
1. From the menu bar, click HFSS > Fields > Edit Sources.
The Edit post process sources dialog box appears.

2. Under the Spectral Fields tab of the dialog box, make the following changes:
a. Forthe Terminal Excitation Type, select Total Voltage.
b. Inthe P2_T2 row of the table, select the Terminated option.
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Figure 4-21: Edit Post Process Sources Dialog Box — Spectral Fields Tab

3. Click OK to update the plot.

Animate the Field Plot
1. Under Field Overlays > E Field in the Project Manager, right-click Mag_E1 and select

Animate.
2. Inthe Create Animation Setup dialog box that appears, accept the default settings and
click OK.
Create Animation Setup x
M ame: |.-'1‘-.nimati|:|n'| Dezcrption: |

Swept Variable(s) | Design Point |

|Single varizble > | -

Start: |[‘.\:|eg

Stop: |1 Tldeg

117

Steps:

Figure 4-22: Create Animation Setup Dialog Box
The Animation dialog box appears, and the E field overlay on the model is animated.

3. Use the controls in the Animation dialog box to change the animation speed, stop and
start the animation, or to reverse the playback direction.
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Figure 4-23: E Field Animation

4. Click Close when you're done viewing the animation.

5. Under Field Overlays > E Field in the Project Manager, right-click Mag_E1 and deselect
Plot Visibility in the shortcut menu to hide the electric field overlay.

Net Visualization

You can use the Show Nets command to visualize conducting nets and terminal associations for
3D conductors.

1. On the Draw ribbon tab, click Grid to toggle off the display of the drawing grid.

2. Onthe Draw ribbon tab, click ® orient > @ Trimetric to restore the default orientation of
the model view.

3. Inthe Project Manager, right-click Excitations and select Show Nets from the shortcut
menu.

The Net Visualization dialog box appears.
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Figure 4-24: Net Visualization Dialog Box

4. Select Net1 to visualize the associated conductor via a pattern overlaid on the model
view:
5. Press F6 to suppress shading for all objects for a better view of the net visualization.
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Figure 4-25: Visualization of Conductor Net1

. Select P1_T1 and P2_T2 to see the associated terminals indicated on the model view:
. Press F7 to restore object shading.

. Middle-click and drag the mouse to freely rotate the model viewpoint so that both terminal
labels are visible.

The bottom terminal label is not visible until the face of the conductor is toward you:
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Figure 4-26: Conductor Net1's Terminal P2_T2
9. Click Close.
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5 - 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 5-1
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You can now save and close this project.

Optionally, Restore Current View Orientations 5-2
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