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& Contents

&  This document discusses some basic concepts and terminology used throughout
the Ansoft HFSS application. It provides an overview of the following topics:

0. Fundamentals
& Ansoft HFSS Desktop
& Opening a Design
&  Setting Model Type

1. Parametric Model Creation
1.1 Boundary Conditions
1.2 Excitations

2. Analysis Setup

3. Data Reporting

4. Solve Loop

4.1 Mesh Operations

Examples - Antenna

Examples - Microwave

Examples - Filters

Examples - Signal Integrity

9. Examples - EMC/EMI

10. Examples - On Chip Components
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Ansoft HFSS Fundamentals

&  Whatis HFSS?

s  HFSS is a high-performance full-wave electromagnetic(EM) field simulator for
arbitrary 3D volumetric passive device modeling that takes advantage of the
familiar Microsoft Windows graphical user interface. It integrates simulation,
visualization, solid modeling, and automation in an easy-to-learn environment
where solutions to your 3D EM problems are quickly and accurately obtained.
Ansoft HFSS employs the Finite Element Method(FEM), adaptive meshing, and
brilliant graphics to give you unparalleled performance and insight to all of your
3D EM problems. Ansoft HFSS can be used to calculate parameters such as S-
Parameters, Resonant Frequency, and Fields. Typical uses include:

& Package Modeling - BGA, QFP, Flip-Chip

& PCB Board Modeling - Power/Ground planes, Mesh Grid Grounds,
Backplanes

& Silicon/GaAs - Spiral Inductors, Transformers
& EMC/EMI - Shield Enclosures, Coupling, Near- or Far-Field Radiation

& Antennas/Mobile Communications - Patches, Dipoles, Horns, Conformal
Cell Phone Antennas, Quadrafilar Helix, Specific Absorption Rate(SAR),
Infinite Arrays, Radar Cross Section(RCS), Frequency Selective
Surfaces(FSS)

# Connectors - Coax, SFP/XFP, Backplane, Transitions
& Waveguide - Filters, Resonators, Transitions, Couplers
& Filters - Cavity Filters, Microstrip, Dielectric

& HFSS is an interactive simulation system whose basic mesh element is a
tetrahedron. This allows you to solve any arbitrary 3D geometry, especially those
with complex curves and shapes, in a fraction of the time it would take using
other techniques.

& The name HFSS stands for High Frequency Structure Simulator. Ansoft
pioneered the use of the Finite Element Method(FEM) for EM simulation by
developing/implementing technologies such as tangential vector finite elements,
adaptive meshing, and Adaptive Lanczos-Pade Sweep(ALPS). Today, HFSS
continues to lead the industry with innovations such as Modes-to-Nodes and Full-
Wave Spice™.

&  Ansoft HFSS has evolved over a period of years with input from many users and
industries. In industry, Ansoft HFSS is the tool of choice for high-productivity
research, development, and virtual prototyping.
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ANSOFT Installing the Ansoft HFSS Software

s System Requirements

& Microsoft Windows XP(32/64), Windows 2000, or Windows 2003 Server. For up-
to-date information, refer to the HFSS Release Notes.

& Pentium -based computer

& 128MB RAM minimum

&  8MB Video Card minimum

& Mouse or other pointing device
&  CD-ROM drive

NOTE: You should make backup copies of all HFSS projects created with a
previous version of the software before opening them in HFSS v10

& [nstalling the Ansoft HFSS Software

& For up-to-date information, refer to the HFSS Installation Guide

& Starting Ansoft HFSS

1. Click the Microsoft Start button, select Programs, and select the Ansoft, HFSS 10
program group. Click HFSS 10.

2. Or Double click on the HFSS 10 icon on the Windows Desktop

Ansoft High Frequency Structure Simulator v10 User’s Guide 4



Converting Older Files

8 Converting Older HFSS file to HFSS v10

&  Because of changes to the HFSS files with the development of HFSS v10,
opening a HFSS document from an earlier release may take more time than you
are used to experiencing. However, once the file has been opened and saved,
subsequent opening time will return to normal

&  Ansoft HFSS v10 provides a way for you to automatically convert your HFSS
projects from an earlier version to the HFSS v10 format.

&  To access HFSS projects in an earlier version.
s From HFSS v10,
1. Select the menu item File > Open
2. Open dialog
1. Files of Type: Ansoft Legacy EM Projects (.cls)
2. Browse to the existing project and select the .cls file
3. Click the Open button

Open @

Look in: | £ pes_dual pit ~| & & ey E-

File name: ||:u:s_|:|ual.cls
Files of type: | Ansoft Legacy EM Projects (" cls) =l ﬁ
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Getting Help

s Getting Help
& If you have any questions while you are using Ansoft HFSS you can find answers
in several ways:
s Ansoft HFSS Online Help provides assistance while you are working.

& To get help about a specific, active dialog box, click the Help button
in the dialog box or press the F1 key.

& Select the menu item Help > Contents to access the online help
system.

& Tooltips are available to provide information about tools on the
toolbars or dialog boxes. When you hold the pointer over a tool for a
brief time, a tooltip appears to display the name of the tool.

& As you move the pointer over a tool or click a menu item, the Status
Bar at the bottom of the Ansoft HFSS window provides a brief
description of the function of the tool or menu item.

& The Ansoft HFSS Getting Started guide provides detailed
information about using HFSS to create and solve 3D EM projects.

&  Ansoft Technical Support

& To contact Ansoft technical support staff in your geographical area,
please log on to the Ansoft corporate website, and
select Contact.

& Your Ansoft sales engineer may also be contacted in order to
obtain this information.

s Visiting the Ansoft Web Site

& If your computer is connected to the Internet, you can visit the Ansoft Web site to
learn more about the Ansoft company and products.

& From the Ansoft Desktop

s Select the menu item Help > Ansoft Corporate Website to access
the Online Technical Support (OTS) system.

& From your Internet browser
s Visit
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Getting Help

&  For Technical Support

&  The following link will direct you to the Ansoft Support Page. The Ansoft Support
Pages provide additional documentation, training, and application notes.

& Web Site:

& Technical Support:
& 9-4 EST:

A

A

&

&

Pittsburgh, PA
(412) 261-3200 x0 - Ask for Technical Support

Burlington, MA
(781) 229-8900 x0 - Ask for Technical Support

s 9-4 PST:

A

A

A

&

&

&

San Jose, CA
(408) 261-9095 x0 - Ask for Technical Support

Portland, OR
(503) 906-7944 or (503) 906-7947

El Segundo, CA
(310) 426-2287 - Ask for Technical Support
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ANSOFT WebUpdate

&  WebUpdate

&  This new feature allows you to update any existing Ansoft software from the
WebUpdate window. This feature automatically scans your system to find any
Ansoft software, and then allows you to download any updates if they are
available.

= Weblipdate
\a "B The follawing applications can be updated using Weblpdate: To
\ < check if an update iz available for an application, select it from the
t\\ \ list and then click the “MNext' buttan,
ANSOFT
Application | Wersion | Last Update |
Angoft 200 Extractor 7.0 7.0 1-12-2005
AngaftLinks 3 3 1-14-2005
HF55 10 1000 372005
Q30 Extractor 7 .00 1-12-2005
Shwave 3 3 3-31-2005
TPA 4
Har) M et Cancel
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ANSOFT Ansoft Terms

&  Ansoft Terms
& The Ansoft HFSS window has several optional panels:

s A Project Manager which contains a design tree which lists the structure of
the project.

& A Message Manager that allows you to view any errors or warnings that
occur before you begin a simulation.

s A Property Window that displays and allows you to change model
parameters or attributes.

s A Progress Window that displays solution progress.

s A 3D Modeler Window which contains the model and model tree for the
active design. For more information about the3D Modeler Window, see

chapter 1.
Menu ) Ansoft HFSS - via_testé - Main - 3D Modeler == X
bar — - [F Eat vew Propct Draw D Modder HFSS Toos Window Fep
DS B & —zlemX Vo 0oclwBBLD AR v| % = = || Sdvacuum LV\
@B EE 40 u% EhMlilEsSs|ShMlPiihsd ¢ Toolbars
O % lin % (R W2
EI i via testa = Main = 3D Madaler
= & via_tests™ = 7 Model '2_
= dfs Main® # & Box1
& Model = @ Layer S 3D Modeler
¥ Boundaries & CreateBox .
+ &5 Excilations + IO Subfract Window
%1 Mesh Operations + [ Subtract
i LW = Analysis * &P Layer 3
F’I’OjeCt / § Optimetrics ® & Layer_2
Manager 122 Resutis % & board
with project + WP PortField Display # & pwr_pad_1_1
proj + [ Field Overlays + & gnd_pad
tree % Radistion + & tpad
+ s brd * @ via
+ ¢ gnd_antipad # & tpadl
+ ¢ pwr_antipad * & vial
o b via + @ bpadl
+ 1 Definitions + & tpad_1
© & via_1
* &7 tpadl_1
+ 6P vial_1

= [ via_testh (F-/tmp/hiss9))

= i Main Comma
Message 1, Solution Setup 'Setupl” When using | Coordin.. Global

Manager > 2, Solution Satup 'Setupl"; When using | Posiion |-$hrd, size72, $ord e
XSize $brd_size

YSize $brd_size

ZS5ize $trace_thickness

Progress
Window

[ —]
Sohang LumpFon2

Command |

Status
bar .
Property Windo
:: Coordinate Entry Fields —_ perty ¥Yindow

|Enter the box position. % [3m000]v:  [-1000(z:  [0.0000] absol v ||cartesia v |Imi A|
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ANSOFT Ansoft Terms

s Project Manager

Project Manager Window \

Project Manager %

Project - hfss_coax_training
- HFSShiodel
£ Model ~N
¥ Boundaries
+ 8 Excitations
BF Mesh Operations
+ P Analysis )
Design Automation > ﬁ Dptimetrics

*Parametric 7 Results <

*Optimization ) ]

-Sensitivity +-[T] Port Field Display

Statistical + [ Field Owverlays
Y Radistion

--[1 Definitions

[ katerials

Froject |

Design

A

Design Setup

Y
A

Design Results

Y
A
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ANSOFT

Ansoft Terms

s Property Window

Property Window
—
Marme “alue | LLInit |
Mame Box1

haterial WECULM ,J\
Solve Inside [v i
PVOPGF_IY< Orientation Global /,/
table Madel 2 '

Display Wireframe
Calar

Transparent

Aftribute | Command |

Property tabs

Property
buttons
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Ansoft Terms

&  Ansoft 3D Modeler

3D Modeler Window

Plane

Model

o
O = |l ¢
=7 Model
567 Boxl Graphics /
i CreateBox area
=, Coordinate Systems
&, clobal
= Relativels1
+-& Flanes
@0 Points
+- P Lists
Y
v Select Objects o)
Select Faces F
3D Modeler i
design tree few
Edit 4
Assign Boundary L
COI’IteXt menu ——P  Assign Excitation L
Assign Mesh Cperation *
Plot Figlds L
Plot Mesh
Copy To Clipboard
Edge
Vertex 9

Coordinate System (CS)

/

/Orlgln
|

Face
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Ansoft Terms

& 3D Modeler Design Tree

=57 Model
+- 4 My_Ring < Material
+ 4% My_Teflon
+ -4 Mot Assigned
- 4% pec
-7 Conductorl <«——— Object
= CreateCylinder N
& SectonTo
+- 1 Unite
A CloneTo > Object Command History
CH CloneTo
CH ClonsTo )
+- 43 vacLum
-2, Coordinate Systems
@, Clobal
& Felabivel51
i Relativel52
ik Felativels53 =7 Model
145 Planes - Conductor 1
. 2 CreateCylinder
o L & SectionTo
+-9 Lists +- I nite
CH CloneTo
Grouped by Material 51 CloneTo
CH CloneTo
+-£% Female
+-¢% FemaleTeflon
+-¢37 MaleTeflon
-7 Ring
-7 pl
-7 p2
=-lz, Coordinate Systems
@ Clobal
e PelativeCS 1
e RelativeCS2
e RelativeCS3
+B Planes
202 Points
+ @ Lists
Object View
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Design Windows

s Design Windows

&

&

A

A

A

In the Ansoft HFSS Desktop, each project can have multiple designs and each
design is displayed in a separate window.

You can have multiple projects and design windows open at the same time.
Also, you can have multiple views of the same design visible at the same time.

To arrange the windows, you can drag them by the title bar, and resize them by
dragging a corner or border. Also, you can select one of the following menu
options: Window >Cascade, Window >Tile Vertically, or Window > Tile
Horizontally.

To organize your Ansoft HFSS window, you can iconize open designs. Click the
Iconize ** symbol in the upper right corner of the document border. An icon
appears in the lower part of the Ansoft HFSS window. If the icon is not visible, it
may be behind another open document. Resize any open documents as
necessary. Select the menu item Window > Arrange Icons to arrange them at
the bottom of the Ansoft HFSS window.

Select the menu item Window > Close Allto close all open design. You are
prompted to Save unsaved designs.

.ﬁ\ Ansoft HFSS - Project! - HFSSModeld - 3D Modeler Qm
Fle Edt View Project Draw 3D Modeler HFSS Tools Window  Help
DEd B@& 2 oM 3VNoO0csvBBE Qs iy +|lo S T

@B SO0 Fu% Tttt add Tt ds
o © 3 il e R N2

182 | projectt - HFSSModelt - 3D Modeler ! D|ﬁ]
= (& Project!* = & Model

+ ¢ HFSSModen* = 6@ Boxl N .

+ |1 Definitions & CreateBox ™~ |C0n|Ze
+ [ via_tests = la ;oormte Systems Sym bol

Global
= RelativeCS1

+ 4 Planes

o Points
+ €@ Lists

Praject |

feloix

Neme | Value | Unit |~
$terd_size 20 mm

la lalx

Vansbles

Design icons
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Toolbars

& Toolbars

&

The toolbar buttons are shortcuts for frequently used commands. Most of the

available toolbars are displayed in this illustration of the Ansoft HFSS initial
screen, but your Ansoft HFSS window probably will not be arranged this way.
You can customize your toolbar display in a way that is convenient for you.

&  Some toolbars are always displayed; other toolbars display automatically when
you select a document of the related type. For example, when you select a 2D
report from the project tree, the 2D report toolbar displays.

A\ Ansoft HFSS - Project! - HFSSModel1 - 3D Modeler

File Edt Wiew Project Draw 3D Modeler HFSS Tools Window Help
heEd BES X em¥ 2 No0oswBEL QS Dy »|f[ap ~| % [vacuum
8 Bd<0%n%|Bthtadindd =ttt t|=dd
< O i % || K2 ;
=122 | I project! - HFSSModelt - 3D Modeler =03
=1 Project1* = €2 Model
+ s HFSSModell* - € Box1
+ [ Definitions tg) CreateBox
+ [ via_tests - le, Coordinate Systems z
@ Global *

&  To display or hide individual toolbars:
& Right-click the Ansoft HFSS window frame.

& Alist of all the toolbars is displayed. The toolbars with a check mark
beside them are visible; the toolbars without a check mark are hidden.
Click the toolbar name to turn its display on or off

&  To make changes to the toolbars, select the menu item Tools > Customize. See
Customize and Arrange Toolbars on the
next page.

Project Manager
Massage Manager
Properties
Progress

Ansoft HFSS
panels

EEEE

Standard

Help

Project

HFS5

HFSS Optimetrics

HFSS FieldsReporter

30 Modeler View Interaction
30 Modeler Draw

30 Modeler Boolean

30 Modeler Arrange

30 Modeler Duplicate

30 Modeler Material

30 Modeler Selection Made
30 Modeler Snap Mode

30 Modeler Grid

30 Modeler Coordinate System

Toolbars<

EEEEEEEEEEEEEEEE

Customize...
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Toolbars

&  Customize and Arrange Toolbars
&  To customize toolbars:

s Select the menu item Tools > Customize, or right-click the Ansoft HFSS
window frame and click Customize at the bottom of the toolbar list.

& In the Customize dialog, you can do the following:

A

View a Description of the toolbar commands
1. Select an item from the Component pull-down list
2. Select an item from the Category list

3. Using the mouse click on the Buttons to display the
Description

4. Click the Close button when you are finished

Toggle the visibility of toolbars

Z

1. From the Toolbar list, toggle the check boxes to control the

visibility of the toolbars

2. Click the Close button when you are finished

Customize...

Buttons

= & B X o

Component:

Desktop
Category:

File

Edit
i
Tools
Windowe
Help

Description:  Cutthe selection and put it on the Cliphoard

Toolbars:

[wStandard =
[(IHelp
[ IFroject L |

Hint: Select group and categony. Click a button to see its description. or drag it to a toolbar.

Toolbar name:

Select Al |

WHFSS
WIHFSS Optimetrics Reset
Reset All

WIHFSS FieldsReporter
W30 Modeler Wiew Interal ¥ |

Close
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Overview

&  Ansoft HFSS Desktop

&  The Ansoft HFSS Desktop provides an intuitive, easy-to-use interface for
developing passive RF device models. Creating designs, involves the following:

1. Parametric Model Generation - creating the geometry, boundaries and
excitations

2. Analysis Setup - defining solution setup and frequency sweeps
3. Results - creating 2D reports and field plots
4. Solve Loop - the solution process is fully automated

& To understand how these processes co-exist, examine the illustration shown
below.

1. Parametric Model
Geometry/Materials

4.1 Mesh

] Operations
2. Analysis

Solution Setup
Frequency Sweep

Refinement

3. Results
2D Reports
Fields

______________________________________________
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Opening a Design

s Opening a HFSS project

&  This section describes how to open a new or existing project.

s  Opening a New project
& To open a new project:

1.
2.

& Opening an Existing HFSS project
s To open an existing project:

1.

2.

In an Ansoft HFSS window,
select the menu File > Open.
Use the Open dialog to select
the project.

Click Open to open the project

& Opening an Existing Project from Explorer
& You can open a project directly from the Microsoft Windows Explorer.
s To open a project from Windows Explorer, do one of the following:
Double-click on the name of the project in Windows Explorer.
Right-click the name of the project in Windows Explorer and select

&

&

Open from the shortcut menu.

In an Ansoft HFSS window, select the menu item File > New.
Select the menu Project > Insert HFSS Design.

Open
Lookin |53 srrousse =] e m et
Ihf_diffpair hifssresuits
A hf_diffpair hfss
File namel [ diffpsir hiss _m
Files of type: |Amsuﬂ HFSS Project Files (* hfss) j Cancel
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Set Solution Type

s  Set Solution Type

&  This section describes how to set the Solution Type. The Solution Type defines
the type of results, how the excitations are defined, and the convergence. The
following Solution Types are available:

1. Driven Modal - calculates the modal-based S-parameters. The S-matrix
solutions will be expressed in terms of the incident and reflected powers of
waveguide modes.

2. Driven Terminal - calculates the terminal-based S-parameters of multi-
conductor transmission line ports. The S-matrix solutions will be expressed
in terms of terminal voltages and currents.

3. Eignemode - calculate the eigenmodes, or resonances, of a structure. The
Eigenmode solver finds the resonant frequencies of the structure and the
fields at those resonant frequencies.

&  Convergence

& Driven Modal - Delta S for modal S-Parameters. This was the only
convergence method available for Driven Solutions in previous versions.

& Driven Terminal - Delta S for the single-ended or differential nodal S-
Parameters.

s Eigenmode - Delta F

&  To set the solution type:
1. Select the menu item HFSS > Solution Type

2. Solution Type Window: Solution Type
1. Choose one of the following:
1. Driven Modal Ll
2. Driven Terminal (& Driven Terminal
3. Eigeande ("~ Eigenmode
2. Click the OK button
(0]:4 | Cancel
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Parametric Model Creation

Parametric Model Creation

&  The Ansoft HFSS 3D Modeler is designed for ease of use and flexibility. The
power of the 3D Modeler is in its unique ability to create fully parametric designs
without editing complex macros/model history.

&  The purpose of this chapter is to provide an overview of the 3D Modeling

capabilities. By understanding the basic concepts outlined here you will be able
to quickly take advantage of the full feature set offered by the 3D Parametric

Modeler.

Overview of the 3D Modeler User Interface
&  The following picture shows the 3D Modeler window.

» 3D Modeler Design Tree - The 3D Modeler Design Tree is an essential part
of the user interface. From here you may access the structural elements in

addition to any object dependencies and attributes.

s Context Menus - Context menus are a flexible way of accessing frequently
used menu commands for the current context. The contents of these
menus change dynamically and are available throughout the interface by
clicking the right mouse button.

& Graphics Area - The graphics area is used to interact with the structural

elements.

-

-5 Model
-5 Boxl
& CreateBox
=L, Coordinate Systems
@ clobal
& RelatveCS1
+-4&B Flanes
@2 Points
¢ Lists

3D Modeler
design tree

Graphics

area

Context menu —»

v Select Objects

o]
Select Faces F

Measure
Wi

Edit

Assign Boundary
Assign Excitation

Assign Mesh Cperation ¥+

Plot Figlds
Plot Mesh

Copy To Clipboard
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Parametric Model Creation

& Overview of the 3D Modeler User Interface (Continued)

& When using the 3D Modeler interface you will also interact with two additional
interfaces:
s Property Window - The Property Window is used to view or modify the
attributes and dimensions of structural objects

Properties X

MName Yalue | Unit |
1l IMame Box1

Material WEAICLILIIT 'J\
Solve Inside v Il
Property Orientation Global 4_/’,/d EL:(t)th))en:y
table < || oo v [

Dizplay Wireframe v /

Color Edit |
NJL| Transparent 0.4 |

Affribute | Lommand | «<—— Property tabs

s Status Bar/Coordinate Entry - The Status Bar on the Ansoft HFSS Desktop
Window displays the Coordinate Entry fields that can be used to define
points or offsets during the creation of structural objects

M |D T |‘1’: 0 Z. -.35
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Parametric Model Creation

& @Grid Plane

& To simplify the creation of structural primitives, a grid or drawing plane is used.

The drawing plane does not in any way limit the user to two dimensional
coordinates but instead is used as a guide to simplify the creation of structural
primitives. The drawing plane is represented by the active grid plane (The grid
does not have to be visible). To demonstrate how drawing planes are used,
review the following section: Creating and Viewing Simple Structures.

&  Active Cursor

&  The active cursor refers to the cursor that is available during object creation. The

cursor allows you to graphically change the current position. The position is
displayed on the status bar of the Ansoft HFSS Desktop Window.

[ [oy v [o 22 [ ||

& When objects are not being constructed, the cursor remains passive and is set
for dynamic selection. See the Overview of Selecting Objects for more details.

Ansoft High Frequency Structure Simulator v10 User’s Guide



A 1

Parametric Model Creation

&  Creating and Viewing a Simple Structure
&  Creating 3D structural objects is accomplished by performing the following steps:
1. Set the grid plane
2. Create the base shape of the object
3. Set the Height

&  Create a Box

& We will investigate creating a box to demonstrate these steps. These steps
assume that project and a HFSS design have already been created. Three
points are required to create the box. The first two form the base rectangle
and the third sets the height.

& Point 1: Defines the start point of the base rectangle
& Point 2: Defines the size of the base rectangle
& Point 3: Defines the height of the Box

<«—Grid Plane

Point 3

A N
Base Rectangle Point 2
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Parametric Model Creation

s  Create a Box (Continued)
1. Select the menu item 3D Modeler > Grid Plane > XY
2. Use the mouse to create the base shape
1. Set the start point by positioning the active cursor and click the left

mouse button. 3
¢®x

2. Position the active cursor and click the left mouse button to set the
second point that forms the base rectangle

3. Set the Height by positioning the active cursor and clicking left mouse
button. s
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Parametric Model Creation

s Specifying Points
s Grid
& From the example, we saw that the simplest way to set a point is by
clicking its position on the grid plane. To set the precision of the grid plane,
select the menu item View > Grid Settings. From here you may specify the

Grid Type, Style, Visibility, and Precision. By pressing the Save As Default
button, you can set the default behavior for future HFSS Designs.

Grid Spar\cing
83

Grid type:

Grid style:

Cartesian

[v Auta adjust density to:

(@ Cartesian

( Dot (® Line

—

Falar

(" Folar

pixels

—
—

117

[w Grid“isikle Save As Default ‘

oK

:

Cancel |

s  Coordinate Entry

& Another way to specify a coordinate is to use the Coordinate Entry fields
which are located on the status bar of the Ansoft HFSS Desktop. The
position may be specified in Cartesian, Cylindrical, or Spherical
coordinates. Once the first point is set, the Coordinate Entry will default to
Relative coordinates. In Relative mode the coordinates are no longer
absolute (measured from the origin of the working coordinate system), but
relative to the last point entered.

s Equations

& The Coordinate Entry fields allow equations to be entered for
position values. Examples: 2*5, 2+6+8, 2*cos(10*(pi/180)).

& Variables are not allowed in the Coordinate Entry Field
& Note: Trig functions are in radians

0, Q000 |d2: 01,0000 |

|D.DDDD Y.

o

Relative mode

Felaty « | |Cartesia = | imm
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s Specifying Points (Continued)
s Object Properties

& By default the Properties dialog will appear after you have finished
sketching an object. The position and size of objects can be modified from
the dialog. This method allows you to create objects by clicking the
estimated values using the mouse and then correcting the values in the
final dialog.

& The Property dialog accepts equations, variables, and units. See the
Overview of Entering Parameters for more detail.

& Every object has two types of properties
1. Command - Defines the structural primitive
2. Attributes - Defines the material, display, and solve properties

Commands Properties: Project22 - HFSSModel1 - 3D Modeler
Command | Attibute |
Narne “alue | LInit | Description
__|Command CreateBox
__|Coordinate System Global
|__|Position -1.,-2.2.0 mm
| |%Size 2 mm
_|'Size 2.4 ulul
__|ZSize 0B ulul
[ Show Hidden
0K | Cancel ‘
Attributes Properties: Project22 - HFSSModel1 - 3D Modeler
Adtribute
Mame Walue | Unit | Diescription |Read—0nly|
| |Name Box1 ™
| |Material WECULIT | [
__|Solve Inside [v ™
|__|Crientation Global ™
| [Model 3 M
| |Display Wireframe I |—
| |Caler Edit M
|__|Transparent 1] [
[ Show Hidden
oK | Cancel |
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&  Qverview of Draw

& Primitives

& In solid modeling, the basic element or object is often called a primitive.
Examples of primitives are boxes, cylinders, rectangles, circles, etc. There
are two types of primitives: 3D primitives or solids, and 2D primitives or
surfaces. By placing a collection of primitives in the correct location and of
the correct size we can create a represent complex structural objects.

& To create complex objects, primitives can be used as “tools” to cut holes,
carve away, or join. The operations that are performed with these “tools”
are often referred to as Boolean operations.

& 2D primitives can be swept to create arbitrarily shaped solid primitives

s 2D Draw Objects
& The following 2D Draw objects are available:

& Rectangle, Circle, Line, Point, Spline, Ellipse, Regular Polygon (v8.5
circle)

& 3D Draw Objects
& The following 3D Draw objects are available:

& Box, Cylinder, Sphere, Torus, Helix, Bond Wire, Cone, Regular
Polyhedron (v8.5 cylinder)

&  True Surfaces

& Circles, Cylinders, Spheres, etc are represented as true surfaces. In
versions prior to release 9, these primitives would be represented as
faceted objects. If you wish to use the faceted primitives (Cylinders or
Circles), select the Regular Polyhedron or Regular Polygon.

& To control the mesh generation of true surfaces objects, see the section on
Mesh Control.
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& Overview of Draw (Continued)

&  Snap Mode

& As an aid for graphical selection, the
modeler provides Snap options. The
default is to snaps are shown here. The
shape of the active cursor will dynamically
change as the cursor is moved over the
snap positions.

s  Moving

Snap Mode

Snap To:

L [v Grid

| [v “arex

ry [+ Edge Center

L [+ Face Centar

[ Y [v Cuadrant

L < [ Arc Center
QK |

Cancel

& By default all active cursor movement is in three dimensions. The modeler

can also be set to allow the active cursor to only move in a plane or out of
plane. These are set from the menu item 3D Modeler > Movement Mode.

& |n addition, the movement can be limited to a specific direction (x, y, or z)
by holding down the x, y, or z key. This prevents movement in the other

directions.

& Pressing the CTRL+Enter key sets a local reference point. This can be

useful for creating geometry graphically that is based on an existing

objects. This is outlined on the next page:
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ANSOFT Parametric Model Creation

& Moving (Continued)

Step 1: Start Point Step 2: Hold X key and select vertex point

Step 3: CTRL+Enter Keys set a local reference Step 4: Hold Z key and set height
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& Qverview of Draw
& |Import

& In 3D modeler you can import a drawing file from outside.

Choose option 3D Modeler -> Import . Here is the list of import files that we
support. For some of these import option you will need an add-on translator

feature in your license file.

AtaCAD Files (* dxf dwg)

3D Madeler File (*sm3) |

Ansoft 2D Geometry Files (* smz) -

GOSN Files (* gds — — e e

3D Madeler File (* sm3) i | : - 2l
SAT File (*.Sat:l File narrie: mesh_issues.sm3 - Opsn |
STEF File (*.step;*.stp) Files of type: [30 Modeler File (~.sm3) E=| | Cancel
IGES File (*.igES,'*.igS) [ Heal Imported Objects @ Auio © hanual

SLD File *sld)
GEO File *.gea)
STLFile st} s

s Healing
&  Automated healing for imported solid models
& Post-translation user controlled healing
s 3D Model Analysis - 3D Modeler/Analyze
& Face, Object, Area analysis based on user inputs
& List of problems (faces, edges, vertices)
& Auto Zoom In into region where problem exists
& Remove Face
s Remove Edge
s Remove Sliver
& Remove Vertices

Analysis Options 1| %]

v Small Edges LangthLess Than luum— i
[v Small Faces Area Less Than IWUUE— s
v SliverFaces
~ Sliver Face Width Less Th
e
 Sliver Edge Width oo o

i~ For Selected Ohject:

|

N pnalsis |Log |

Geametty Analsis | Contact Analysis |

Status:
sdFaces & BadEdges ( BadVelices

Edgelengthimin = 00016 mm  (in object paGp_1_3)

rex= 11168 mm  (in objectpabGp 1 3)
Facearea min = 00000mm’2 (n objectpabGp_1_3)
‘mex= 01824 mm"2 {inchjectpasGp_1_3)

Ansoft High Frequency Structure Simulator v10 User’s Guide



A 1

Parametric Model Creation

&  Selecting Previously Defined Shapes
& You may select an object by moving the mouse over the object in the graphics

area and clicking on it. The default mode is Dynamic selection which will display

the object to be selected with a unique outline color. Please note that after

selecting (Clicking on the object) the object it will be displayed solid pink while a

other objects are drawn transparent.

& Types of Selection
& The default is to select objects. Sometimes is necessary to select faces,

edges, or vertices. To change the selection mode, select the menu item
Edit > Select and choose the appropriate selection mode. The shortcut
keys o (Object selection) and f (face selection) are useful for quickly
switching between the most common selection modes

s  Multiple Select or Toggle Selection

& Multiple objects can be selected graphically by holding down the CTRL key

while selecting. In addition, with the CTRL key pressed, the selection of a
object can be toggled between selected or unselected.

s  Blocked Objects

& |f the object you wish to select is located behind another object, select the
object that is blocking the desired object and press the b key or right-click
and select Next Behind from the context menu. You may repeat this as
many times as needed to select the correct object.

&  Select All Visible

& You can select all visible objects by pressing the CTRL+a key or by
selecting the menu item Ediit > Select All Visible.

&  Select by Name
& To select objects by Name you can use anyone of the following:
&  Select the menu item Ediit > Select > By Name
& Select the menu item HFSS > List
&  Select the Model tab
& Select objects from the list
s Use the Model Tree. See the next page

n
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&  Selecting Previously Defined Shapes (Continued)
&  Model Tree

&  After an object has been created, it is automatically added to the Model
Tree. All objects can be found in the Model Tree. If you open the Model
folder you will find the objects sorted by Object or by Material. You can
toggle between the views by toggling the menu item 3D Modeler > Group

Object by Material.
€7 Model -7 Model:

+-£P Boxl -4 vacLLm
-1, Coordinate Systems +-£5 Boxl
+ &% Planes -2, Coordinate Systems

@ Points +-8 Flanes
+ € Lists s2¢ Points

+ €9 Lists
Sorted by Object Sorted by Material

& As stated previously, every object has two types of properties:
& Attributes

& You may select an object by clicking on the corresponding
item in the Model Tree.

& When the object is selected the attributes will be displayed in
the Property Window. Double-clicking on the object will open
a properties dialog. Use the Property Window or properties
dialog to modify the attributes.

& Commands

& From the Model Tree, the Command Properties can be
selected by expanding the object folder to display the
command list. Using the mouse, select the corresponding

Attributes command from the tree. The properties will be displayed in
Commands the Property Window. Double-clicking on the command will
= & Model y l open a properties dialog. Use the Property Window or
=17 Boxl properties dialog to modify the command.

& When the command is selected, the object will be outlined
[ with bold lines in the 3D Model Window. Since an object can

o PoIFS be a combination of several primitives, the command list may
+ ¢ Lists contain several objects. Anyone of these commands can be
selected to visualize or modify the object.

+-l2, Coordinate Systems
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Parametric Model Creation

&  Selecting Previously Defined Shapes (Continued)

s  Model Tree
& Geometry in the 3D modeler is also grouped according to their model
definition. Objects, Sheets, Lines, and Points are all separated so that they
can be easily identified in the model tree

£ Objecks
-4 acuum
+-¢£37 Boxl
[ sheets
-1~ Unassigned
+- Rectanglel
=™ Lines
=" Polylinel
+- ™ CreatePolyline
L2, Coordinate Systems
&= Planes
222 Poinks
.
&2 Lists

-+

-+

+

& If a boundary condition or an excitation is defined on a sheet object, then
those 2D objects will be further separated according to their assignment.

- Sheets

[ Perfect E

+-[ Rectanglel
3 Perfect H

+- Rectanglel _1
O Unassigned

+- Rectanglel _Z
I Wave Port

+- portl

O Lumped Port

+- portz
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s Object Attributes

&  An objects attributes set the following user defined properties:

&

&

A

A

&

&

&

&

Name - User defined name. Default names start with the primitive
followed by an increasing number: Box1, Box2, etc.

type

Material - User defined material property. The default property is vacuum.

This can be changed by using the material toolbar

B [oom <]

Solve Inside - By default HFSS only solves for fields inside ACLI

dielectrics. To force HFSS to solve inside conductors, check gonir _____________________ N
clech..

solve inside.
Orientation
Model Object - Controls if the object is included in the solve

Display Wireframe - Forces the object to always be displayed as wireframe

Color - Set object color

Transparency - Set the transparency of an object. 0-Solid, 1- Wireframe
&  Note: Visibility is not an object property.

| 0] x|

MName | Yalue | Unit |
Marme Boxl
haterial 8ECLILIET |
ookve Inside v
Crientation Global
Madel v
Uisplay Wireframe B
Color Edit |
Transparent 1] |
Attribute
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& Materials

& By clicking on the property button for the material name, the material definition
window will appear. You can select from the existing database or define a
custom project material.

Select Definition @
Materials l Material Filters
— Search Parameters
Search by Name Search Criteria | Libraries v Show definitions in Praject
|| ® by Mame " by Property [sys] Materials
[Farmive =]
; e ‘ o ‘ S ‘ Relative ‘ Relative Buk Dielect|4
Fermittivity Permeability Conductivity Loss Tan
| |copper Project Materials 1 0.993991 E8000000Siemans/m i
_|copper Syslibrans Materials 1 0.993991 58000000Siemens/m 0
|__|caming_glass Syslibrans Materials 5.75 1 0 0 f
| |cyanate_ester Syslibrans Materials 38 1 0 0 &
| |diamond Syslibrans Materials 16.5 1 0 ]
_(diamond_hi_pres Syslibrans Materials 5.7 1 0 0
| |diamond_pl_cvd Syslibrans Materials 35 1 ] ]
_|Dupont Type 100 HM Film itm) Syslibrans Materials 35 1 L 0.0026
| |Duraid itm) Syslibrans |Materials 2.2 1 L 0.0009
| |epoy_Kevlar ey Syslibrans Materials 36 1 L 0
| |ferrite Syslibrans |Materials 12 1000 (DM Siemensim ]
|FRA_spoxy Syslibrans I aterials 4.4 1 L 0.02
| |gallium_arsenide Syslibrans |Materials 129 1 L 0
|GE GETEK MLZ00/RGZ00 (irmy Syslibrans aterials 38 1 o 0.012 v
< | B
Yiew/Edit Materials .. Acld Material . Clone Material(s) Remaove Material(s) ‘ Exportto Likrany... |

O Cancel Help ‘
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s  Materials (Continued)
s  User Defined Project Material

& To define a custom material click the Add Material button from the material
definition window. The following dialog will appear. Enter the material

definitions and click the OK button.

View [/ Edit Material

haterial MName
kateriall

Properies of the Materials Materiall

MName | Type Yalue | Iinits
Relative Permittivity Simple 1
| |Felative Fermeabhility Simple 1
| |Bulk Conductivity Simple 0 Siemensm
Dielectric Loss Tangent Simple 0
tagnetic Loss Tangent Simple 0
| |Magnetic Saturation Simple 0 Gauss
| |Lande G Factor Simple b
| |DeltaH Simple 0 Oe
Set Frequency Dependency ... ‘

‘ | Cancel ‘

Filter Properties by
Anszoft Products

(&l products
WHFSES

Select Ansoft Product

(&l products
[CHFSE

Walidate MNow
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& Changing the View

& You can change the view at any time (even during shape generation) by using
the following commands:

s  Toolbar
& Rotate - The structure will be rotated around the coordinate system
& Pan - The structure will be translated in the graphical area

» Dynamic Zoom - Moving the mouse upwards will increase the zoom factor
while moving the mouse downwards will decrease the zoom factor

& Zoom In/Out - In this mode a rubber band rectangle will be defined by
dragging the mouse. After releasing the mouse button the zoom factor will
be applied.

Pan __>'~:"E I;' : ﬂl @\. El l«— Zoom In/Out
" L4

Rotate Dynamic Zoom

s  Context Menu
& Right click in the graphics area and select the menu item View and choose
from the options outlined in the Toolbar section. The context menu also
offers the following:
& Fit All - This will zoom the defined structure to a point where it fits in
the drawing area

7 Rotate Alt+Drag
™ pan shift+Drag
@ Zoom  Alt+Shift+Drag

@ | Zoom In

=hm—— N &  Fit Selection - This fits only the selected objects into the drawing
= area.
@ At Al Siie) & Spin - Drag the mouse and release the mouse button to start the
@ Fit Selection object spinning. The speed of the dragging prior to releasing the
Spin mouse controls the speed of the spin.

& Animate - Create or display the animation of parametric geometry

s  Shortcuts
& Since changing the view is a frequently used operation, some useful
shortcut keys exist. Press the appropriate keys and drag the mouse with
the left button pressed:
s  ALT + Drag - Rotate
& |n addition, there are 9 pre-defined view angles that can be
selected by holding the ALT key and double clicking on the
locations shown on the next page.
s Shift + Drag - Pan
s  ALT + Shift + Drag - Dynamic Zoom
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Parametric Model Creation

&  Shortcuts - Predefined Views

&  These 9 pre-defined views can be seen by holding the ALT key and double
clicking the left mouse button on the locations shown below.

)
)

Right

)

Predefined View Angles
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Parametric Model Creation

s  Changing the View (Continued)
Visibility
& The visibility of objects, Boundaries, Excitations, and Field Reports can be
controlled from the menu item View > Visibility

z

&  Hide Selection

& The visibility of selected objects can be set hidden by selecting the
object(s) and choosing the menu View > Hide Selection > All Views.

s  Rendering

& To change the rendering select the menu item View > Render > Wireframe
or View > Render > Smooth Shaded

s  Coordinate System
& To control the view of the coordinate system, select the menu item:
& Visibility:

& Toggle the menu item View > Coordinate System > Hide
(Show)

& Size:

& Toggle the menu item View > Coordinate System > Small
(Large)

s Background Color

& To set the background color, select the menu item View > Modify Attributes
> Background Color

s  Addition View Seetings

& Additional attributes of the view such as the projection, orientation, and
lighting can be set from the menu item View > Modify Attributes
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& Enhancements and New Features

&

&

Edit

X2 Undn RemoveBadvertices  Ch+2
(4 Redo RemoveBadFaces  Crl+y

[ paste iy

Copy To Clipboard

Select All Visible Ctrl+a
Select All

Deselect All Chrl+Shift+A

Lrrange
Duplicate

Selection

s Select Connected Vertices
s Select Connected Faces

& Select Connected Edges
» Select Edge Chain

& Select Face Chain

&  Select Uncovered Loops

Healing

s Purge History - makes an object appear as an
imported entity so that healing can be
performed on it

& Remove Faces

3D Madel
& Remove Edges e
. I SN0
& Remove Vertices Emzort

& Align Faces

v Group Objects By Material

& Assign Material. ..

Movement Mode 4
Grid Plane 4
Snap Made...
MNew Object Type 4
Coordinate System 4
Lisk 4
Surface 4
Boolean 4
Units. ..

Objects

v Faces Measure 4

Edges

Yertices Delete Last Operation

Next Behind E Purge History

All Object Faces

Madel Analysis

® By Name...
Show Analysis Dialog 4

M select Connected Vertices

@ Select Connected Edges

D select Connected Fages i@l Remove Faces
@ Select Edge Chain e Remove Edges
i Select Face Chain a Remove Yertices
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A

Enhancements and New Features

s Visibility

& Hide selected objects in Active View

& Hide selected objects in All Views

& Show selected objects in Active View

& Show selected objects in All Views

s 3D User Interface Options
& When there is a selection
& Selection is always visible
& Set transparency of selected

SEBBH

objects

& Set transparency of non-selected objects

& Default Rotation About
& Screen Center
& Current Axis
& Model Center

r

& 3D Modeler Options
& Visualize history of objects

3D Ul Options

Options l

[ Stereomode  [Affects only the newly

created windows]
I™ Drag Optimization

I Show Anzoft logo in prints

Default Color Kep height: |16 (Masdmurn number of

values displayed)
When there is a selection

Iv Selection always visible

Iv Set transparency of selected objects

i

Iv Set ransparency of non-selected objects 10.9

Default Ratation Abaout

" Screen Center ¢ Cument Axiz ™ Model Center

Ey

Cancel

o]
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s Applying Structural Transformations

&  So far we have investigated hot to model simple shapes and how to change the
view of the model. To create more complicated models or reduce the humber of
objects that need to be created manually we can apply various transformations.

&  The following examples assume that you have already selected the object(s) that
you wish to apply a transformation.

& You can select the transformation options from the menu item Edlit >

s Arrange >
& Move - Translates the structure along a vector
# Rotate - Rotates the shape around a coordinate axis by an angle
& Mirror - Mirrors the shape around a specified plane
& Offset - Performs a uniform scale in x, y, and z.

& Duplicate >
& Along Lines - Create multiple copies of an object along a vector

& Around Axis - Create multiple copies of an object rotated by a fixed
angle around the x, y, or z axis

& Mirror - Mirrors the shape around a specified plane and creates a
duplicate

s  Scale - Allows non-uniform scaling in the x, y, or z direction

&  The faces of an object can also be moved to alter the shape of an existing object.
To move the faces of an object select the menu item 3D Modeler > Surfaces >
Move Faces and select Along Normal or Along Vector.
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s Combine Objects by Using Boolean Operations

&  Most complex structures can be reduced to combinations of simple primitives.
Even the solid primitives can be reduced to simple 2D primitives that are swept
along a vector or around an axis(Box is a square that is swept along a vector to
give it thickness). The solid modeler supports the following Boolean operations:

& Unite - combine multiple primitives
& Unite disjoint objects
& Separate Bodies to separate
& Subtract - remove part of a primitive from another
&  Split - break primitives into multiple parts
& Intersect- keep only the parts of primitives that overlap

s Sweep - turn a 2D primitive into a solid by sweeping: Along a Vector,
Around an Axis, Along a Path

& Connect - connect 2D primitives. Use Cover Surfaces to turn the
connected object into a solid

&  Section - generate 2D cross-sections of a 3D object
& Most Boolean operations require a base primitive in which the Boolean operation
is performed. Only the base object will be preserved.
&  The Boolean functions provide the option to Clone objects.
s  Split Crossing Objects - When a group of objects
are selected, a Boolean split is performed on
ANY obijects that overlap

Imnport, .,

Export..,
v Group Objects By Material
& Assign Material ..

Movement Mode 4

Garid Plane 3

Snap Mode. ..

New Object Type v | B Unite

Conrdinate System » E Subtract...

List 4 Inkersect

Surface v | G0 Spiit...

o Split Crossing Objects..,
Units... Separate Bodies
Measure ]

Purge Hiskory

Model Analysis 3

Ansoft High Frequency Structure Simulator v10 User’s Guide 1-24



M

Parametric Model Creation

&  Local Coordinate Systems

Y

&

A

A

A

The ability to create local coordinate systems adds a great deal of flexibility to the
creations of structural objects. In previous sections we have only discussed
objects that are aligned to the global coordinate system. The local coordinate
system simplifies the definition of objects that do not align with the global
coordinate system. In addition, the object history is defined relative to a
coordinate system. If the coordinate system is moved, the geometry will
automatically move with it. The definition of coordinate systems are maintained

in the Model Tree.

Working Coordinate System

& The working coordinate system is the currently selected CS. This can be a

local or global CS

Global CS

& The default fixed coordinate system

Relative CS

& User defined local coordinate system.

& Offset

& Rotated

& Both
Face CS

-7 Model
--¢5 Box 1l
& CreateBox
B CreateFaceCs
=-l2, Coordinate Systems
& Global
+ B Facells1
¥, Relativecs1
+-4% Planes
2 Points
-8 Lists

& User defined local coordinate system. It is tied to the location of the object
face it was created on. If the size of the base object changes, all objects
created relative to the face CS will be updated automatically.

& Continued on Next Page
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ANSOFT Parametric Model Creation

s Local Coordinate Systems (Continued)
s  Face CS (Continued)

& To create a face CS, select the menu item 3D Modeler > Coordinate
System > Face

1. Graphically select Face (Highlighted in model)
2. Select Origin for Face CS
3. Set X-Axis

Step 1: Select Face

Step 3: Set X-Axis New Working CS
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ANSOFT Parametric Model Creation

&  Local Coordinate Systems (Continued)
&  Example of Face CS 7

Cone is created with Face CS

Change the size of the box and
the Cone is automatically
moved with the Face CS
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&  Parametric Geometry

The parametric modeler capability allows us to define variables in replace of a
fixed position or size. Once this has been defined the variable can be changed

&

A

by the user or by Optimetrics. Optimetrics can then be used to perform

automatic Optimization, Parametric Sweeps, Statistical, or Sensitivity Analysis.

Defining Parameters
Select the command to parameterized

A

A

A

&

&

Choose the value to change

Enter a variable in replace of the fixed value
Define the variable using any combination of math functions or design

variables.

The model will automatically be updated

|0l =
MName | alue | Lnit |
Comimarnd CreateBox
Coordinate System  Global a0l ]
Fosition -1.-16.0 N val | Unit |
. ame alue hii
®5ize 2B c Croatol
Size 55 Cnmga_. G:E:E; o,
7Size : n:u:u.r. in... Globa
FPosition |-1.-16.0 nila1]
=Size X
Rize 2.8 FrI
Z5ize 1 nila1]
Cammand Add Variable to HFSSModel
Nﬂme |my_:(
value |2 Bscos( 0%pi/180))+$global_var_1
Define wariable walue with units: "1 mm"
(@ LocalVariakle
-
(0] | Cancel
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&  Parametric Geometry (Continued)
s Variables
& There are two types of variables that can be defined in the HFSS Desktop

s Design Properties - Local to model. To access the local variables
select the menu item HFSS > Design Properties

s Project Variables - Global to all models in project. Start with $. To
access the global or project variables, select the menu item Project
> Project Variables

& Units

& When defining variables they must contain units. The default units
for variables is meters.

& Equations

& The variables can contain complex equations. See the Online Help
for a complete list of math functions

& Equation based Curves and Surfaces

& Any curve/surface that can be described
by an equation in three dimensions
can be drawn.

Equation Based Curve (X N equation Based Surface 3]
xo= | = ] KLu_v)= | =l |
- i Yu _vl= | =l ]
- | [ ZLu = | =l ]

Start _t -

Start _w - End_u: -
End_t -

Start _w: A End_w -
Puaints: ,ﬁ
ok | Cancel | Cancel
4  Animation

& Right-Click in the 3D Model Window & Choose Animate to preview
the parameterization

& Note: depending on the quality of your graphics card you have the
option of exporting ether AVI or GIF animation files.
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1.1

Boundary Conditions

s Boundary Conditions

Y

This chapter describes the basics for applying boundary conditions. Boundary
conditions enable you to control the characteristics of planes, faces, or interfaces
between objects. Boundary conditions are important to understand and are
fundamental to solution of Maxwell’s equations.

s Why they are Important

A

&

A

A

The wave equation that is solved by Ansoft HFSS is derived from the differential
form of Maxwell’s Equations. For these expressions to be valid, it is assumed
that the field vectors are single-valued, bounded, and have continuous
distribution along with their derivatives. Along boundaries or sources, the fields
are discontinuous and the derivatives have no meaning. Therefore boundary
conditions define the field behavior across discontinuous boundaries.

As a user of Ansoft HFSS you should be aware of the field assumptions made by
boundary conditions. Since boundary conditions force a field behavior we want
to be aware of the assumptions so we can determine if they are appropriate for
the simulation. Improper use of boundary conditions may lead to inconsistent
results.

When used properly, boundary conditions can be successfully utilized to reduce
the model complexity. In fact, Ansoft HFSS automatically uses boundary
conditions to reduce the complexity of the model. Ansoft HFSS can be thought of
as a virtual prototyping world for passive RF devices. Unlike the real world
which is bounded by infinite space, the virtual prototyping world needs to be
made finite. In order to achieve this finite space, Ansoft HFSS applies a
background or outer boundary condition which is applied to the region
surrounding the geometric model.

The model complexity usually is directly tied to the solution time and computer
resources so it is a competitive advantage to utilize them whenever possible.
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Boundary Conditions

s Common Boundary Conditions

&  There are three types of boundary conditions. The first two are largely the users
responsibility to define them or ensure that they are defined correctly. The
material boundary conditions are transparent to the user.

1. Excitations
& Wave Ports (External)
& Lumped Ports (Internal)
2. Surface Approximations
Symmetry Planes
Perfect Electric or Magnetic Surfaces
Radiation Surfaces
Background or Outer Surface
3. Material Properties
& Boundary between two dielectrics
& Finite Conductivity of a conductor

4
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Boundary Conditions

s How the Background Affects a Structure

Y

A

A

The background is the region that surrounds the geometric model and fills any
space that is not occupied by an object. Any object surface that touches the
background is automatically defined to be a Perfect E boundary and given the
boundary name outer. You can think of your structure as being encased with a
thin, perfect conductor.

If it is necessary, you can change a surface that is exposed to the background to
have properties that are different from outer.

& To model losses in a surface, you can redefine the surface to be either a
Finite Conductivity or Impedance boundary. A Finite Conductivity
boundary can be a lossy metal, with loss as a function of frequency and
defined using conductivity and relative permeability parameters. An
Impedance boundary has real or complex values that by default remain
constant over frequency.

& To model a surface to allow waves to radiate infinitely far into space,
redefine the surface to be radiation boundary.

The background can affect how you make material assignments. For example, if
you are modeling a simple air-filled rectangular waveguide, you can create a
single object in the shape of the waveguide and define it to have the
characteristics of air. The surface of the waveguide is automatically assumed to
be a perfect conductor and given the boundary condition outer, or you can
change it to a lossy conductor.

Ansoft High Frequency Structure Simulator v10 User’s Guide

1.1-3



A

1.1

Boundary Conditions

s Boundary Condition Precedence

Y

&

A

The order in which boundaries are assigned is important in HFSS. Latter
assigned boundaries take precedence over former assigned boundaries.

For example, if one face of an object is assigned to a Perfect E boundary, and a
hole which lies in the same plane as this surface is assigned a Prefect H
boundary, then the Perfect H will override the Perfect E in the area of the hole,
and the E field will pass through the hole. If this operation were performed in the
reverse order, then the Perfect E boundary would cover the Perfect H boundary,
and no field would penetrate.

Once boundaries have been assigned, they can be re-prioritized by selecting
HFSS > Boundaries > Re-prioritize. The order of the boundaries can be changed
by clicking on a boundary and dragging it further up or down in the list. NOTE:
Ports will always take the highest precedence.
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A

Technical Definition of Boundary Conditions

Y

&

&

&

Excitation - An excitation port is a type of boundary condition that permits energy
to flow into and out of a structure. See the section on Excitations.

Perfect E - Perfect E is a perfect electrical conductor, also referred to as a perfect
conductor. This type of boundary forces the electric field (E-Field) perpendicular
to the surface. There are also two automatic Perfect E assignments:

& Any object surface that touches the background is automatically defined to
be a Perfect E boundary and given the boundary condition name outer.

& Any object that is assigned the material pec (Perfect Electric Conductor) is
automatically assigned the boundary condition Perfect E to its surface and
given the boundary condition name smetal.

Perfect H - Perfect H is a perfect magnetic conductor. Forces E-Field tangential
to the surface.

& Natural - for a Perfect H boundary that overlaps with a perfect E boundary,
this reverts the selected area to its original material, erasing the Perfect E
boundary condition. It does not affect any material assignments. It can be
used, for example, to model a cut-out in a ground plane for a coax feed.

Finite Conductivity -A Finite Conductivity boundary enables you to define the
surface of an object as a lossy (imperfect) conductor. It is an imperfect E
boundary condition, and is analogous to the lossy metal material definition. To
model a lossy surface, you provide loss in Siemens/meter and permeability
parameters. Loss is calculated as a function of frequency. It is only valid for
good conductors. Forces the tangential E-Field equal to Z,(n x H,,,). The
surface impedance (Z,) is equal to, (1+j)/(d0), where:

d is the skin depth, (2/(wop))?° of the conductor being modeled

w is the frequency of the excitation wave.

o is the conductivity of the conductor

M is the permeability of the conductor

Z

4

4

4
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Boundary Conditions

s  Technical Definition of Boundary Conditions (Continued)

Z

A

&

A

A

Impedance - a resistive surface that calculates the field behavior and losses
using analytical formulas. Forces the tangential E-Field equal to Z,(n x H,,,,).
The surface impedance is equal to R + jX, where:

& Rs is the resistance in ohms/square
& Xs is the reactance in ohms/square

Layered Impedance - Multiple thin layers in a structure can be modeled as an
impedance surface. See the Online Help for additional information on how to use
the Layered Impedance boundary.

Lumped RLC - a parallel combination of lumped resistor, inductor, and/or
capacitor surface. The simulation is similar to the Impedance boundary, but the
software calculate the ohms/square using the user supplied R, L, C values.

Infinite Ground Plane - Generally, the ground plane is treated as an infinite,
Perfect E, Finite Conductivity, or Impedance boundary condition. If radiation
boundaries are used in a structure, the ground plane acts as a shield for far-field
energy, preventing waves from propagating past the ground plane. to simulate
the effect of an infinite ground plane, check the Infinite ground plane box when
defining a Perfect E, Finite Conductivity, or Impedance boundary condition.
NOTE: Enabling the Infinite Ground Plane approximation ONLY affects post-
processed far-field radiation patterns. It will not change the current flowing on the
ground plane.

Radiation - Radiation boundaries, also referred to as absorbing boundaries,
enable you to model a surface as electrically open: waves can then radiate out of
the structure and toward the radiation boundary. The system absorbs the wave at
the radiation boundary, essentially ballooning the boundary infinitely far away
from the structure and into space. Radiation boundaries may also be placed
relatively close to a structure and can be arbitrarily shaped. This condition
eliminates the need for a spherical boundary. For structures that include radiation
boundaries, calculated S-parameters include the effects of radiation loss. When
a radiation boundary is included in a structure, far-field calculations are
performed as part of the simulation.
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Boundary Conditions

s  Technical Definition of Boundary Conditions (Continued)

s  Symmetry - represent perfect E or perfect H planes of symmetry. Symmetry
boundaries enable you to model only part of a structure, which reduces the size
or complexity of your design, thereby shortening the solution time. Symmetry
boundaries, as opposed to a simple Perfect E or H plane, should be used when
the plane cuts across a port. In this instance, the port has a different amount of

1

power, voltage, and current associated with it, and thus a different impedance. To

make a port with a symmetry plane look like a full-sized port, you must use the
Impedance Multiplier in the boundary wizard.

& For a single Symmetry H boundary, the Impedance Multiplier is 0.5.
& For a single Symmetry E boundary, the Impedance Multiplier is 2.
& Other considerations for a Symmetry boundary condition:

& A plane of symmetry must be exposed to the background.

& A plane of symmetry must not cut through an object drawn in the 3D

Modeler window.
& A plane of symmetry must be defined on a planar surface.

& Only three orthogonal symmetry planes can be defined in a problem

&  Master/ Slave - Master and slave boundaries enable you to model planes of
periodicity where the E-field on one surface matches the E-field on another to
within a phase difference. They force the E-field at each point on the slave
boundary match the E-field to within a phase difference at each corresponding
point on the master boundary. They are useful for simulating devices such as
infinite arrays. Some considerations for Master/Slave boundaries:

& They can only be assigned to planar surfaces.

&  The geometry of the surface on one boundary must match the geometry
on the surface of the other boundary.
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s Arbitrary Wave Sources

&

&

&

&

A

Polarized plane waves (circular, elliptical)
Evanescent plane waves

Gaussian beams

Hertzian Dipole and Line Source

Linear antenna

A/gJaK
'\/
air

Incident Gaussian Beam Total Fields
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Frequency Selective Surfaces
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Excitations

& Technical Overview

&  Ports are a unique type of boundary condition that allow energy to flow into and
out of a structure. You can assign a port to any 2D object or 3D object face.
Before the full three-dimensional electromagnetic field inside a structure can be
calculated, it is necessary to determine the excitation field pattern at each port.
Ansoft HFSS uses an arbitrary port solver to calculate the natural field patterns or
modes that can exist inside a transmission structure with the same cross section
as the port. The resulting 2D field patterns serve as boundary conditions for the
full three-dimensional problem.

& By default Ansoft HFSS assumes that all structures are completely
encased in a conductive shield with no energy propagating through it. You
apply Wave Ports to the structure to indicate the area were the energy
enters and exits the conductive shield.

& As an alternative to using Wave Ports, you can apply Lumped Ports to a
structure instead. Lumped Ports are useful for modeling internal ports
within a structure.
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Excitations

& Wave Port

&  The port solver assumes that the Wave Port you define is connected to a semi-
infinitely long waveguide that has the same cross-section and material properties
as the port. Each Wave Port is excited individually and each mode incident on a
port contains one watt of time-averaged power. Wave Ports calculate
characteristic impedance, complex propagation constant, and generalized S-
Parameters.

& Wave Equation

& The field pattern of a traveling wave inside a waveguide can be determined
by solving Maxwell’s equations. The following equation that is solved by
the 2D solver is derived directly from Maxwell’s equation.

ETI EE—

r

& where:

4

E(x,y) is a phasor representing an oscillating electric field.
k, is the free space wave number,

M, is the complex relative permeability.

g, is the complex relative permittivity.

4

4

4

& To solve this equation, the 2D solver obtains an excitation field pattern in
the form of a phasor solution, E(x,y). These phasor solutions are
independent of zand £ only after being multiplied by e? do they become
traveling waves.

& Also note that the excitation field pattern computed is valid only at a single
frequency. A different excitation field pattern is computed for each
frequency point of interest.
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Excitations

& Modes

&  For a waveguide or transmission line with a given cross section, there is a series
of basic field patterns (modes) that satisfy Maxwell’s Equations at a specific
frequency. Any linear combination of these modes can exist in the waveguide.

& Mode Conversion

& |n some cases it is necessary to include the effects of higher-order modes
because the structure acts as a mode converter. For example, if the mode
1 (dominant) field at one port is converted (as it passes through a structure)
to a mode 2 field pattern at another, then it is necessary to obtain the S-
parameters for the mode 2 field.

& Modes, Reflections, and Propagation

& Itis also possible for a 3D field solution generated by an excitation signal of
one specific mode to contain reflections of higher-order modes which arise
due to discontinuities in a high frequency structure. If these higher-order
modes are reflected back to the excitation port or transmitted onto another
port, the S-parameters associated with these modes should be calculated.
If the higher-order mode decays before reaching any port—either because
of attenuation due to losses or because it is a non-propagating evanescent
mode—there is no need to obtain the S-parameters for that mode.

& Modes and Frequency

& The field patterns associated with each mode generally vary with
frequency. However, the propagation constants and impedances always
vary with frequency. Therefore, when a frequency sweep has been
requested, a solution is calculated for each frequency point of interest.
When performing frequency sweeps, be aware that as the frequency
increases, the likelihood of higher-order modes propagating also increases.
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& Modes and S-Parameters

& When the Wave Ports are defined correctly, for the modes that are included
in the simulation, there is a perfect matched condition at the Wave Port.
Because of this, the S-Parameters for each mode and Wave Port are
normalized to a frequency dependent impedance. This type of S-
Parameter is referred to as Generalized S-Parameter.

& Laboratory measurements, such as those from a vector network analyzer,
or circuit simulators use a constant reference impedance (i.e. the ports are
not perfectly matched at every frequency).

& To obtain results consistent with measurements or for use with
circuit simulators, the generalized s-parameters calculated by Ansoft
HFSS must be renormalized to a constant characteristic impedance.
See the section on Calibrating Wave Ports for details on how to
perform the renormalization.

& Note: Failure to renormalize the generalized S-Parameters may
result in inconsistent results. For example, since the Wave Ports
are perfectly matched at every frequency, the S-Parameters do not
exhibit the interaction that actually exists between ports with a
constant characteristic impedance.
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Excitations

s  Wave Port Boundary Condition
&  The edge of a Wave Port can have the following boundary conditions:

&

A

&

A

Perfect E or Finite Conductivity - by default the outer edge of a Wave Port
is defined to have a Perfect E boundary. With this assumption, the port is
defined within a waveguide. For transmission line structures that are
enclosed by metal, this is not a problem. For unbalanced or non-enclosed
lines, the fields in the surrounding dielectric must be included. Improper
sizing of the port definition will result in erroneous results.

Symmetry - the port solver understands Perfect E and Perfect H symmetry
planes. The proper Wave Port impedance multiplier needs to be applied
when using symmetry planes.

Impedance - the port solver will recognize an impedance boundary at the
edges of the ports.

Radiation - the default setting for the interface between a Wave Port and a
Radiation boundary is to apply a Perfect E boundary to the edge of the
ports.
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s  Calibrating Wave Ports

&  Wave Ports that are added to a structure must be caljbrated to ensure consistent
results. This calibration is required in order to determine direction and polarity of
fields and to make voltage calculations.

8 Solution Type: Driven Modal

& For Driven Modal simulations, the Wave Ports are calibrated using
Integration Lines. Each Integration Line is used to calculate the following
characteristics:

& /mpedance - As an impedance line, the line serves as the path over
which Ansoft HFSS integrates the E-field to obtain the voltage at a
Wave Port. Ansoft HFSS uses the voltage to compute the
characteristic impedance of the Wave Ports, which is needed to
renormalize generalized S-matrices to specific impedances such as
50 ohms.

» Note: If you want to be able to renormalize S-parameters or
view the values of Zpv or Zvi, you must apply Integration
Lines to the Wave Ports of a structure.

& Calibration - As a calibration line, the line explicitly defines the up or
positive direction at each Wave Port. At any Wave Port, the
direction of the field at wt = 0 can be in at least one of two directions.
At some ports, such as circular ports, there can be more than two
possible directions, and you will want to use Polarize E-Field. If you
do not define an Integration Line, the resulting S-parameters can be
out of phase with what you expect.

& Tip You may need to run a ports-only solution first to help determine how
the Integration Lines need to be applied to a Wave Port and their direction.
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& To calibrate a Wave Port, that has already been defined, with an
Integration Line:

1.

Step 3: Create New Line

From the Project Tree, expand Excitations and double click on the
Wave Port to be calibrated

Select the Modes tab.

From the table, select the Integration Line column for the first mode
and choose New Line.

Enter the position and length of the line using one of the following
methods

& Type the start and stop points of the line directly into the x, v,
or z axis fields, referenced to the working coordinates. For
more information on coordinates, refer to “Getting Oriented in
the Drawing Space” in Chapter **, Drawing Basics and Tips.

& Graphically pick the points in the Design Window’s graphics
area. The line is displayed as a vector; the vector indicates
direction. From the Integration Line column, select Swap
Endpoints to reverse the direction of the line, if necessary.

Repeat steps 3 and 4 to define and apply lines to other modes of the
current Wave Port.

Click the OK button when you are finished defining Integration Lines
Repeat steps 1-6 to apply lines to other Wave Ports.

Wave Port

General hodes lPost Processing] Defaults]

Mumber of Modes: |1 Update

Mode | Integration Line | Characteristic Imp. (Z0) |

1 |N0ne ﬂ Zpi

MNone
MNew Line...

[ Polatize E Field

Use Defaults
(] | Cancel
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&  About Impedance Lines

& The S-matrices initially calculated by Ansoft HFSS are generalized S-
matrices normalized to the impedances of each port. However, it is often
desirable to compute S-matrices that are normalized to specific
impedances such as 50 ohms. To convert a generalized S-matrix to a
renormalized S-matrix, Ansoft HFSS first computes the characteristic
impedance at each port. There are several ways to compute the

characteristic impedance (£, Z,,, Z)-

s Ansoft HFSS will always calculate Z,; The impedance calculation using
power and current is well defined for a Wave Port. The other two methods
-Z,, and Z; - require a line of integration to determine voltage. By defining
an Integration Line for each mode, the voltage can be computed.

& In general, the impedance line should be defined between two points at
which the voltage differential is expected to be a maximum. If you are
analyzing multiple modes, define a separate Integration Lines for each
mode since the orientation of the electric field will vary.

& About Calibration Lines

& When the excitation field pattern at a Wave Port is computed, the direction
of the field at wt=0 is arbitrary and can point in one of at least two ways.
The Integration Lines calibrate the port by defining the preferred direction
or the reference orientation. Be sure to define Integration Lines for each
Wave Port so that the preferred direction is the same relative to other ports
having identical or similar cross-sections. In this way, the results of
laboratory measurements (in which the setup is calibrated by removing the
structure and connecting two ports together) can be duplicated.

& Because the calibration lines only determine the phase of the excitation
signal and the traveling wave, the system ignores them during the Ports-
Only solution
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&  Solution Type: Driven Terminal

& The Modal S-matrix solution computed by Ansoft HFSS is expressed in
terms of the incident and reflected powers of the waveguide modes. This
description does not lend itself to problems where several different quasi-
transverse electromagnetic (TEM) modes can propagate simultaneously.
For structures like coupled transmission lines or connectors, which support
multiple, quasi-TEM modes of propagation, it is often desirable to compute
the Terminal S-Parameters.

& To calibrate a Wave Port, that has already been defined, with Terminal
Lines:

1. From the Project Tree, expand Excitations and double click on the
Wave Port to be calibrated

2. Select the Terminals tab.

3. From the table, select the Terminal Line column for the first terminal
and choose New Line.

4. Enter the position and length of the line using one of the following
methods

& Type the start and stop points of the line directly into the x, v,
or z axis fields, referenced to the working coordinates. For
more information on coordinates, refer to “Getting Oriented in
the Drawing Space” in Chapter **, Drawing Basics and Tips.

&  Graphically pick the points in the Design Window’s graphics
area. The line is displayed as a vector; the vector indicates
direction. From the Terminal Line column, select Swap
Endpoints to reverse the direction of the line, if necessary.

5. Repeat steps 3 and 4 to define and apply lines to other terminals of
the current Wave Port.

6. Click the OK button when you are finished defining Terminal Lines
7. Repeat steps 1-6 to apply lines to other Wave Ports.
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&  About Terminal Lines

& The Terminal S-Parameters represent the linear combination of nodal
voltages and currents for the Wave Port. From the nodal voltages and
currents, the admittance, impedance, and pseudo-S-matrices can be
determined.

& By defining a Terminal Line for each conductor across a port, Ansoft HFSS
will automatically convert the Modal Solution to its equivalent Terminal
Solution.

& In general a single terminal line is created from the reference or
“ground” conductor to each port-plane conductor.

& The polarity reference for the voltage is established by the arrow
head(+) and the base(-) of the terminal line. If you decide to create
terminal lines, they must be defined for every port and every terminal
on the port
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s  Considerations for Defining Wave Ports

& Wave Port Locations

& It is recommended that only surfaces that are exposed to the background
be defined as Wave Ports. The background is given the boundary name
outer. Therefore a surface is exposed to the background if it touches the
boundary outer. You can locate all regions of outer by selecting the menu
item HFSS, Boundary Display (Solver View). From the Solver View of
Boundaries, check the Visibility for outer.

Solver View of Boundaries

[
[Mame]  Type | Sowervisibily  [isibitit [ Color]
auter | Default Visible to solver. [v I

Close

& |nterior Wave Ports
&  If you want to apply Wave Ports to the interior of a structure, you
must create an inner void or select the surface of an interior object
that is assign a perfect conductor material property. Inner voids are
automatically assigned the boundary outer. You can create an inner
void by surrounding one object entirely with another object, then
subtracting the interior object.

& Ports are Planar

& A port must lie in a single plane. Ports that bend are not allowed. For
example, if a geometric model has a curved surface exposed to the
background, that curved surface cannot be defined as a port.
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s Wave Ports Require a Length of Uniform Cross Section

& Ansoft HFSS assumes that each port you define is connected to a semi-
infinitely long waveguide that has the same cross section as the Wave Port.
When solving for S-parameters, the simulator assumes that the structure is
excited by the natural field patterns (modes) associated with these cross
sections. The following figures illustrate cross sections. The first figure
shows regions that have been defined as Wave Ports on the outer
conductive surface of a structure.

Port 1

Port 4 .

Port 3
Port 2

& In the next figure, cross sections must be added to the structure. The
waveguide on the left is not modeled correctly because it does not contain
a length of uniform cross section at either Wave Port. To model it correctly,
add a length of uniform cross section at each Wave Port, as shown on the
waveguide to the right.

uniform cross section
added for each Wave Port

no uniform cross section
at Wave Ports
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& The length of the uniform cross section must be long enough to allow non-
propagating modes to die out. This ensures accurate simulation results. For
example, if a non-propagating mode takes approximately one-eighth of a
wavelength to die out, either because of losses or because it is an
evanescent mode, then you should make the uniform cross section one-
eighth of a wavelength. Otherwise, you must include the effects of that
higher-order mode in the simulation.

& Discontinuities placed close to the port may also cause non-propagating
modes to reach the port. Placing the port too close to discontinuities will
cause erroneous results since the boundary condition at the port will
prevent the simulated solution from matching the actual solution (i.e. The
system forces the field at each port to be a linear combination of the modes
you request). The energy from the non-propagating modes that reach the
port will affect the apparent energy in the dominate mode and produce
erroneous results.

& The modes attenuate as a function of e, assuming the wave propagates
in the z-direction. Therefore, the required distance (uniform port length)
depends on the value of the modes propagation constant.

&  When the Wave Ports lengths are correct, for modes that are included in
the simulation there is a perfect matched condition at a Wave Port, as if the
waveguide extended to infinity. For modes that are not included in a
simulation, a Wave Port appears as a perfect conductor.

& Wave Ports and Multiple Propagating Modes

& Each higher-order mode represents a different field pattern that can
propagate down a waveguide. In general, all propagating modes should be
included in a simulation. In most cases, you can accept the default of 1
mode, but where propagating higher-order modes are present you need to
change this to include higher-order modes. If there are more propagating
modes than the number specified, erroneous results will be generated. The
number of modes can vary among ports.
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s Propagating Modes

& Propagating modes are those that have a propagation constant, 3 (rad/m),
that is greater than their attenuation constant, a (Np/meter). One way to
determine which modes need to be modeled is to set up the problem with
multiple modes and generate a solution with no adaptive passes. Then,
inspect the complex propagation constant, y = a + [3, associated with each
mode. To inspect the complex propagation constant (Gamma) after an
analysis has been performed:

1. From the HFSS, Analysis Setup menu, select Matrix Data.

2. A dialog similar to the one shown below will appear, check Gamma
and change the display type to Real/lmaginary.

[ solution Data Q@
Design var: ‘ J
Sirnulation: ‘Setu;ﬂ ﬂ |Sweep'\ ﬂ w
Convergence] Profile  Matrix Data 1
[ 3 Matrix [v Gamma. ‘Real,-’\maginary ﬂ Export...
[ Matrix [~ Zn
[~ 7 Matrix [v All Fregs.
F Gamma Lambcla Epsil
e (Mp/meter, rad/meter) | (meters) pstian
WiavePortl:1 (0, 474.71) 0.013236 0.70375
B /oveFor 1 (0.534.73) 001175 089293
P wavePorz 2 (0, 534.73) 001175 0.89293

& Each additional mode at a port results in an additional set of S-parameters.
For example, if you are analyzing two modes at each port in a three-port
structure, the final result is a 6x6 S-matrix. In general, an n-port solution is
the total number of excitations of all ports, the number of modes, plus the
number of sources.

& |f you choose not to include some higher-order modes in a simulation,
make sure the cross sections on the Wave Ports are long enough so that
the modes die out and are not reflected back.
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&  Wave Ports and Symmetry Planes - The Impedance Multiplier

& When a ports size is reduced because of a symmetry plane, the impedance
needs to be adjusted to account for the loss of voltage and power-flow.

& A Perfect E Symmetry plane must be adjusted by a factor of 2.

& Such models have half the voltage differential and half the
power flow of the full structure, resulting in impedances that
are half of those for the full structure.

& A Perfect H Symmetry plane must be adjusted by a factor of 0.5.
& Such models have the same voltage differential but half the

power flow of the full structure, resulting in impedances that
are twice those for the full structure.

& |If the structure has a combination of Perfect E and Perfect H
Symmetry planes, adjust accordingly.
& Forinstance, you do not have to enter an impedance
multiplier for a structure with both a Perfect E and Perfect H
boundary since you would be multiplying by 0.5 and 2.
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Analysis Setup

s Analysis Setup

&  This chapter provides details on Analysis in the Ansoft HFSS v.10.0 software
such as:

& Add Solution Setup
& Adapt Frequency
& Convergence Criteria
& Initial Mesh Options
&  Adaptive Options
& Low-Order Basis Functions
& Setup
&  Properties
& Add Sweep
& Sweep - Properties and Types of Sweeps
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s  Adaptive Meshing

&  The adaptive meshing constructs a mesh that conforms to the electrical
performance of the device. By employing adaptive meshing, the mesh is
automatically tuned to give the most accurate and efficient mesh possible.
Without adaptive meshing, the responsibility of generating the correct mesh
would be left to the user. This is both error prone and tedious. With Adaptive
Meshing you will know the answer is right the first time.

&  How it Works

& The adaptive meshing algorithm searches for the largest gradients in the E-
field or error and sub-divides the mesh in those regions. It also targets
singularities, such as the edge of a conductor, as locations to add extra
elements.

& The mesh growth for each adaptive pass is controlled by the Tetrahedron
Refinement in Setup Solution (Advanced Tab). You should notice, that the
Tet. Refinement is a percentage. This ensures that between each pass the
mesh is sufficiently perturbed and guarantees that you will not receive false
convergences.

&  After the mesh has been refined, a full solution is performed and the
process is repeated until convergence

& Convergence

& After each adaptive pass, HFSS compares the S-Parameters from the
current mesh to the results of the previous mesh. If the answers have not
changed by the user defined value or Delta S, then the solution has
converged and the current or previous mesh can be used to perform a
frequency sweep. If the solution has converged, then technically, the
previous mesh is as good as the current mesh. In this case, Ansoft HFSS

will use the previous mesh to perform frequency sweeps if they have been
requested.

& Delta S

& The Delta S is the default criteria used to determine mesh/solution
convergence. The Delta S is defined as the maximum change in the
magnitude of the S-parameters between two consecutive passes:

s Max;[mag(SN; - SN-1;)], where i and j cover all matrix entries and N
represents the pass number

& Since this is the magnitude of a vector quantity, it can vary between
Oand?2
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Analysis Setup

s Adaptive Meshing (Continued)

A

A

A

A

3

Since the adaptive meshing is based on the E-field, choosing the proper adapt
frequency can be critical. Like anything in engineering, there are exceptions to
every rule, but in general, the following tips will help you select the correct
adaptive frequency.

Broadband Structures

& For broadband structures, the end frequency should be used since the finer
mesh should be valid at all lower frequency points.

Filters

& For filters or narrow-band devices, a frequency within the pass-band or
operating region should be used since in the stop-band the E-field is only
present at the ports.

Fast Frequency Sweeps

& For Fast Frequency Sweeps, typically use the center of the frequency
band. The Fast Frequency Sweep uses the mesh/solution at the adaptive
frequency point. Since the error in the Fast Frequency Sweep typically
increases as you move away from this point, the center of the frequency
band is usually the preferred solution frequency to extrapolate the entire
band from. It is also important to center the frequency sweep around a
center point that will produce an adequate mesh. This is especially true for
very high Q devices such as narrow-band filters. If the center frequency is
not in the filters pass-band, the bandwidth and resonant frequency will not
be accurate.

Full-Wave Spice Export

& For Full-Wave Spice problems, use the Knee Frequency
(Frnee=0.5/rise_time) to adapt to convergence. Then perform 2-5 more
frequency points to adapt at. The additional points should be selected
between the Knee Frequency and the maximum frequency (Only needs 2-3
passes per frequency point).

& Frequencies below the Knee Frequency should have the largest
impact on the time-domain, therefore the Knee Frequency is used
for the primary adaptive meshing. Unfortunately, the mesh needed
at the higher frequencies may not be resolved enough without
performing the additional adaptive mesh passes.

& Due to the large bandwidths, typically you will use an Interpolating
Sweep. Using multiple frequency sweeps and combining the results
may also be useful.
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Analysis Setup

&  Adaptive Meshing (Continued)
s High-Speed Digital/Signal Integrity
& For high-speed digital simulations you are interested in the performance

over a broad frequency range. To determine the frequency bandwidth that
you need to simulate over, the following guide is recommended:

& BW 2 5'F,, .., where F .. = 0.5/rise_time

# In general, all of the frequencies below the F, ., frequency have the largest
impact on the digital signal. Therefore a good high-speed digital design will
have a clean, well matched response up to at least F,...

s High-Speed Digital (SPICE Export)
& To export to SPICE, for transient simulations, a large bandwidth is required

(25*F,,ee)- The reason for this is that the F .. is an approximation, plus you
want more then 1 sample point over the rise-time.

& When exporting to SPICE, the low frequency is also important. You want
to get as close to DC as possible. Every port setup and every problem is a
little different with regards to how low you can solve in Ansoft HFSS. 99%
of the time you can simulate to at least 100MHz. Below that is trial an
error. When you export to Full-Wave SPICE, the DC component will be
extrapolated from the lowest frequency in the solve. Therefore, going from
1GHz to DC is not going to give a very accurate extrapolation.

& Frequency spacing. The setup for Full-Wave Spice recommends that the
minimum frequency be used as the spacing. This usually results in 1000-
3000 points depending on the bandwidth of the sweep.
& High-Speed Digital (Adaptive Meshing)
& Since the simulation bandwidths can be so large, determining the proper

adaptive mesh frequency can be very difficult. The following technique is
recommended:

1. Adapt at the F,,., until convergence (Delta S 0.02 to 0.01)
2. Pick 2-3 frequency points above F,,.. to adapt at

& Don’t run these to convergence, just do 3-5 passes
3. Solve the Frequency Sweep

& For large bandwidths, either break up the frequency sweep
and/or use Interpolating Sweeps
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s  Adaptive Meshing (Continued)
s High-Speed Digital (Why this technique?)

&

A

A

&

If the frequency points below Fknee have the biggest impact on the digital
response, then meshing at that frequency should produce an accurate
mesh for all frequency points below it.

If you simulate most passive devices over a large enough bandwidth, they
start to exhibit a low pass filter response. So the higher frequency content
contributes less to the time-domain simulation in addition to being filtered
out by the devices frequency response. This is why we don't worry as
much about the higher frequency adaptive passes converging. To
appreciate the significance of this you also have to take into account how
HFSS does its adaptive meshing. It is done by finding the highest gradient
of the electric field. So if the device behaves as a filter and we are
adapting outside the pass band of the filter, we are focusing most of the
mesh only at the ports.

Now if your device performs well beyond Fknee, there is no harm in
adapting at a higher frequency until convergence. Unfortunately, for real
problems(10-40Gb/s) the design challenge is to get the device to work at
least up to the knee frequency.

For these large Bandwidth sweeps, use the Interpolating Sweep. This
sweep is based on the discrete sweep, but it adaptively picks discrete
points and curve fits. So it takes less discrete points to represent a large
bandwidth. The interpolating sweep can use either a polynomial fit or a
rational function. So it can help to break up the sweep. Up to the knee
frequency works good for a polynomial fit and above that the rational
function will work better. The interpolation sweep will always pass through
the start/end frequency points so if you don't change the mesh and make
sure the start and end frequency points match up for your sweeps, they
combine together without a problem.
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s Adaptive Meshing (Continued)
s High-Speed Digital (Design Flow)

&

&

A

Up until this point, the entire discussion of High Speed Digital was based
on the assumption that you are exporting every simulation to SPICE.
There are many stages in the design cycle and going to SPICE is not
required for every part of the design. If you have resonance's, mismatch,
coupling, etc below the Fknee, these should be addressed in the field
solver prior to running SPICE simulations. Therefore, the sweep only
needs to be done to 1.5-2x Fknee to investigate the performance. In
addition, for engineering design purposes, you may not need to go below
1GHz.

During these early stages of design, you may also want to use the Fast
Frequency Sweep since you can get S-Parameters and fields for every
frequency in the Sweep. This allows you to visualize any resonance or
coupling you may be seeing in the S-Parameters.

Another useful tool for package/board analysis is the EigenMode solver. In

many instances, resonances caused by the power and ground plane nets
are the largest contributor to designs problems. By removing everything
except the power/ground nets, the Eigenmode solver can be used to
quickly identify resonances.
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ANSOFT Analysis Setup

& HFSS v10 Mesh Algorithm Improvements

& Fault Tolerant Meshing

& HFSS v10 introduces new feature when it comes to meshing 3D
geometries. It is called Fault Tolerant Meshing. By default the Classical
mesh maker is still default mesh maker since it has been improved over the
years. If the classical mesh maker fails Fault Tolerant mesh maker will get
invoked. You will notice that mesh3D _init_FT line in your profile file
whenever Fault Tolerant mesher gets invoked. By default if the classical
mesh maker was used the profile file will contain only mesh3D _init line.

s Model Resolution length (MRL)

s The model resolution length can be thought as a post initial mesh feature. It
is a feature that could not be supported in the classical mesh maker. So if
the user set the MRL, only the Fault Tolerant mesher will be used. Model
resolution length enables model convergence. In the previous versions of
HFSS the number of tetrahedrons as a basic mesh element could get too
large so the solver would run out of memory. With the MRL we are able to
reduce the number of tetrahedrons using a less memory resources while
keeping he same accuracy as before.

=8 HFSSModel
&7 Model
+-EF Boundaries
-85 Ewcitations
£Z pl
#53 p2
EF
|- Analyzis
- JP Setupl List. .. Inside Selection 3
= S
¥ ﬁ Optimetrics

== Results

Model Resolution Mesh Operation r'$_<|

Mame: |MDdeIF|esqutinn‘I

On Selection

Madel Resalution Length: |2DU |mi| j

Ok | Cancel |

Surface Approximation, ..

Model Resalution, ..

& MRL Default values

& The model resolution length is the length to which mesh will resolve the
model. The default values are 100 times the absolute resolution length
(ResAbs) used by ACIS. ACIS uses 1.0 e-6 user units as the default
ResAbs. Recommended values are of on the order of 0.1 to 0.05 of your
wavelength. You can simply start with values from 0.1 and then try 0.01
and 0.001 and see if they improve the mesh sizes. If the user specifies the
length that the mesh grossly misinterprets the model or changes the
contacts between the objects HFSS will detect this and report this as an
error ( “ MRL too large or object_name lost all surface triangles”)
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s  Setting Convergence

Y

It is very common to request too much accuracy when defining the Delta S.
Remember! The manufacturing process, the laboratory equipment, and the
measurement process all have inherent errors associated with them. Asking
HFSS to provide a level of accuracy that is orders of magnitudes greater then
what you can obtain in the real-world does not buy you anything other then extra
simulation time. Instead, use the Convergence Monitoring and good engineering
judgment to determine when to terminate the adaptive meshing process and how
to set the Delta S. In general a Delta S of 0.02(2%), which is the default, or as
low as 0.01(1%), is sufficient.

&  Solution Convergence - S-Matrix vs. Fields

A

The convergence criteria is based on the S-Matrix. Typically, the S-Matrix
converges prior to field quantities. That is to say if you are looking for the
absolute field value within the problem region, chances are you will need to solve
several more adaptive passes in order to see the same convergence that was
obtained for the S-Matrix. This will also depend on the field quantity you are
solving for. Ansoft HFSS solves for the E-field directly. From the E-field it
calculates the H-field and from the H-field it calculates current. Therefore, the
field quantities will also converge with varying mesh densities.
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s Adding a Solution Setup

& In order to perform an Analysis in Ansoft HFSS a Solution Setup must be added.
To do this, right click on Analysis in the Ansoft HFSS model tree.

E--@ Project3®
Elﬁb HF55Madel

- [F Boundaries
-0 Excitations

..... £ [

----- ﬁ O ptirnetrics

----- = Results

Ei Field Overlays
I T

----- EF Mesh Operations

..... [[72] Part Field Display

F S

[

O,
=& HFSSModel L] | G
..... 7 Model -8 U

- EF Boundaries
83 Excitations

Rewert ko Initial Mesh

E .
- o ] &pply Mesh Dperations

& By default, the General Tab will be displayed. The Solution Frequency and the

Convergence Criteria are set here.

s Enabling/Disabling a Solution Setup

&  When adding a new solution setup, by default, it will be enabled. To disable any
setups, right click on the setup and remove the check mark next to Enable by left
clicking once. Once a solution is disables, it will be grayed out in the project tree.
To enable a disabled project, right click on the disbaled setup and place a check

mark next to Enable by left clicking once.

5 & HFSSModell”
£ Model
¥ Boundaries
+- G Excitations
EF Mesh Operations
- S &nalysis
S Setupl «—
¥ Setupl<—
S Setupie—]
ﬁ Optimetrics
= Resuls
+ Fart Field Dizplay

— Enabled
— Disabled
— Enabled

Ei Field Owerlays

=P Analysis

= Setuig Renames

S Setur ¥ Delete

ﬁ D ptimetric
= Results Broperties...
+-[T1] Port Field Add Sweep...
E_i Field Owe Analyze
oect |
Name |  Vale || Enabled
e Setup
SRt B
Japt Freq 1
=t 5 0.0z
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Analysis Setup

8 Adding a Solution Setup (Continued)

& General Tab

s Solution Frequency - This frequency point is used by the adaptive mesher
to automatically refine the mesh to electrical performance of the device.

&  Solve Ports Only - The Port Solution uses an arbitrary, adaptive 2D
eigenmode solver to determine the natural frequencies or modes
that will be used to excite the structure. The ports only solution can
be used to calculate only the modal field patterns for the 2D cross
sections defined to be ports. This is useful for determining the
number of modes, modal fields, the port length, and/or proper port
setup prior to running a full solution.

& Adaptive Solutions

& Maximum Number of Passes - This number controls the maximum
number of passes the adaptive mesh routine will perform as it
attempts to satisfy the convergence criteria.

& Maximum Delta S Per Pass - This number defines the convergence
criteria for the adaptive meshing process.

Solution Setup b4
Genetal |O'pt\:ms! Advancedl Defaults I
Setup Marme: ;Setum
Solution Freguency: i1D |GH2 LI
[ Solve Parts Only
Maximum Number of Passes: IES
Convergence per pass
® Maximum Delta S ID 0075
™ Use Matrix Convergence Setagniude arc Phose
Use Dfaults |
Ok I Cancel
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& Adding a Solution Setup (Continued)

8  Options Tab
& |nitial Mesh Options

& Lambda Refinement - The Initial Mesh is based only on the 3D solid
model, it has no bearing on the electrical performance of the device
to be simulated. The Lambda Refinement process refines the Initial
Mesh until most mesh element lengths are approximately one-
quarter wavelength for air and one-third wavelength for dielectrics.
A wavelength is based on the Single Frequency value entered in the
Solution Frequency. In almost all cases Lambda Refinement should
be used.

& Use Free Space Lambda - This will force the lambda refinement to
target a mesh size approximately one-quarter of a wavelength for
air. The material properties of objects will be ignored. This may be
useful in applications that have dielectrics with very high
conductivities. Brain tissue or salt water are examples of materials
that will produce very high mesh counts even though the RF
penetration into the material will be limited to a region very close to
the surface.

Solution Setup i %]

General Options |Advanced| Defﬁultsi

~Initial Mesh Optiohs

[v Do Lambda Refinement

Target: 0333 [~ Use free space lambda

—adaptive Options.

Waximum Fefinerment Per Pass: 20 %
[ Maximurm Refinement: 100000

Minimuim Number of Passes: |17
KMinimum Converged Passes |1—

i Solution Options

[ Use Low-Order Solution Basis

Use Defaults |

oK | Cancel

Ansoft High Frequency Structure Simulator v10 User’s Guide 2-11



Analysis Setup

s Adding a Solution Setup (Continued)
& Options Tab

&

Adaptive Options

» Refinement Per Pass -The mesh growth for each adaptive pass is
controlled by the Refinement Per Pass. The Refinement Per Pass is
a percentage. This ensures that between each pass the mesh is
sufficiently perturbed and guarantees that you will not receive false
convergences.

& Minimum Number of Passes - An adaptive analysis will not stop
unless the minimum number of passes you specify has been
completed, even if convergence criteria have been met

s Minimum Converged Passes - An adaptive analysis will not stop
unless the minimum number of converged passes you specify has
been completed. The convergence criteria must be met for at least
this number of passes before the adaptive analysis will stop

& Use Matrix Convergence - You can specify different stopping criteria
for specific entries in the S-matrix. This is done by checking the Use
Matrix Convergence box. The adaptive analysis will continue until
the magnitude and phase of the entries change by an amount less
than the specified criteria from one pass to the next, or until the
number of requested passes is completed.

Solution Setup i x| :
Matrix Convergence ﬁ\
General Options |Advanced I Defau\lsl —
i~ Initia| Mesh Option .
. Eniry Selection Al hd I aximumn Delta [ag 5): nn2
[v Do Lambda Refinerment
e 0% [ Use froe space lambds Maimum Delta (Phase 51 g deg 2
Selected Entr s
—Adaptive Options
Maximum Pefinement Per Pags: 20 24
Matrix Convergence
[ Meaximum Refinement 1000n0
e e '1— Matriz Entry 1| Matriz Entrp 2 | Delta Mag | Delta Phase ‘
Entry Selection: Selected Entries
bdinimum Converged Passes! 1
i R Select Entries: Convergence Delta:
[ Use Low-Order Salution Basis WavePt] T1 . ,7
WPtz Tl Magnitude: (002
Phaze: 5 deg -
Use Defaults
Insert Entrigs »> |
‘wiavePort: T1
WwavePor2 T1
Delete Selected Entries
Cancal oK Cancel |
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8 Adding a Solution Setup (Continued)

8 Options Tab (Continued)

& Use Low-Order Solution Basis - The Low Order Basis Functions reduce the
default second-order basis function to a linear basis function. It is intended
for simulations in which the edge to edge spacing between tetrahedron is
electrically small. In this situation, the basis function, and hence the
number of unknowns, can be reduced. For this assumption to be valid, the
edge lengths for all tetrahedron in the model should be on the order of
1/20th of a wavelength. In versions prior to v10.0, this was set with a
system environment variable called ZERO_ORDER.

& Common Applications :
& On-Chip Spiral Inductors, Capacitors, Transformers, etc.
& Package Analysis - Flip-Chip, BGA, etc.

Ansoft High Frequency Structure Simulator v10 User’s Guide 2-13



Analysis Setup

8 Adding a Solution Setup (Continued)

& Advanced Tab
s Port Adapt Options

&

&

Port Field Accuracy - Usually, the default Port Field Accuracy value
is adequate. You may want improved port accuracy under the
following conditions:

& You are interested primarily in the port impedances. Port
impedances are computed as part of the port solution.

& You need to lower the noise floor to catch S-parameters that
are expected to be in the -70 dB range.

Refining the mesh at the ports causes HFSS to refine the mesh for
the entire structure as well. This occurs because it uses the port field
solutions as boundary conditions when computing the full 3D
solution. Therefore, specifying too small a port field accuracy can
result in an unnecessarily complex finite element mesh

Solution Setup

General ] Options  Advanced l Defaults ]

Initial Mesh Options
[ Use Cumert Mesh from:
c =l

- |

Salution Cptions
[~ Use Absorbing Boundary (ABC) On Ports

Waveport Adapt Options

Port Field Accuracy: |2 )

[ Set Min/Max Triangles

Use Defaults
QK | Cancel
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8 Adding a Solution Setup (Continued)

&  Solution Setp (Continued)
s Set Min/Max Triangles

& The mesh for each model port will be adaptively refined until it
includes the minimum number of triangles. Refinement will then
continue until the port field accuracy or the maximum number of
triangles is reached.

& To specify the minimum and maximum number of triangles in
the port mesh, uncheck the Automatically Set Min/Max
Triangles option.

s Enter a value for the Minimum Number of Triangles. The
default value is 25 for models with lumped gap ports and 90
for models with wave ports.

s Enter a value for the Maximum Number of Triangles. The
default value is 400.

& If you leave Automatically Set Min/Max Triangles selected, HFSS
will determine the reasonable values for the minimum and maximum
number of triangles based on the port’s setup.

&  Defaults Tab

& The Defaults tab allows you to save the current settings as the defaults for
future solution setups or revert the current settings to the standard setting.

General] Dptinns] Advanced Defaults l

Default values are uged ta initialize data for new setups.

The following buttons control default values.
- "Save Defaults”
Save uger-defined defaults bazed on the data faor this setup.

- "Revert to Standard Defaults"
Clear any existing user-defined defaults.

Save Defaults | Fevert to Standard D efaults

QK Cancel
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s Frequency Sweeps

&  Using the converged mesh or initial mesh if no adaptive passes were requested,
the swept frequency response of the device can be obtained. Ansoft HFSS
provides several methods for calculating the frequency response:

» Discrete - performs a full solution at every frequency using the current
mesh. The time required is the single frequency solve times the number of
frequency points. Fields can be displayed at any frequency within the
sweep range if the Save Fields Box is checked.

& Fast - uses an Adaptive Lanczos-Pade Sweep(ALPS) based solver to
extrapolate an entire bandwidth of solution information from the center
frequency. Very good for high-Q devices but it can not be used to solve for
devices that pass through cut-off. Once the band has been extrapolated, a
high number of frequency points can be calculated without a penalty. In
addition, the Fields can be displayed at any frequency within the sweep
range. The time and memory required to solve a fast frequency sweep
may be much larger then the single frequency solve.

& Interpolating - performs solves at discrete frequency points that are fit by
interpolating. Ansoft HFSS determines the frequency points to solve at
based on the error in the interpolation between consecutive passes. The
interpolation error and maximum number of points is defined by the user in
the Edit Sweep. As with the fast frequency sweep, the Interpolating Sweep
can generate a larger number of frequency points. But you only have the
field solution for the last solved frequency. The maximum solution time is
the single frequency solve times the maximum number of points.

= =]

Setup Interpolation Convergence

(+ Uze Al Entries

" Usze Selected Enties |

[Data Tupes For Convergence:
[+ 5 M atrix [ Part Impedance

[ Propagation Constants [v T Matrix

k. | Cancel
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&  Add Sweep

will appear

Pl
£ g8 HFSShodel™ -]
57 Model
- IF Boundaries

- #%G Excitations
. E# Mezh Operations
- Analysis

[ <

ﬁ o Rename

R > Delete

E Re____ —

-FH Par Properties...

Ei Fie Add Swesp, .
.

Project | Analyze

Revert to Initial Mesh

Apply Mesh Operations

& After a Solution Setup has been added you can also add a Frequency Sweep.
To do this, right-click on Setup in the HFSS Model Tree. The Edit Sweep window

Sweep Type —>

ﬂl_\' Prafile
Mame Setupl Convergence
Passes 3 Makrix Data
Edit Sweep
Sweep Mame: ISweep'I
/ Sweep Tupe \ — DC Extrapolation Option:
% Discrete [T Estrapolate to D
(" Fast Iitvimurn Solved Fregquency I LI

™ Interpolating

Setup [nterpolation Convergence. ... |

—
—

Iax Solutions:

&

Error Tolerance:
N\

¥ Snap Magnitude to 0 or 1 &t DL

Shapping Talerance I

Tirme Domain Calculation... |

)~ g

— Frequency Setup

Type: ILinear Step vl

Start It [GHz =]
Stop 10 ECERR
Step Size Ih IGHZ ;I

[ Save Fields [&]l Frequencies)

| Frequency

Dizplay > |

Ok, I Cancel
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A

Add Sweep (Continued)
& Frequency Setup

&

After the sweep type has been chosen, the frequencies of interest must be

specified.
Edit Sweep
Sweep Mame: Sweepl
Sweep Type DC Estrapolation O ptiong
(* Digcrete I~
" Fast
= [
Interpolating l—
Time Domain Calculation... |
ﬂ:requenc:y Setup \ | Frequency
Type: Linear Step -
Start 1 GHz Dizplay »> |
Stop 10 GHz -
Step Size i GHz =~
\l— Save Fields [l Frequencies] )
oK | Cancel |

&

There are three Frequency Setup Options:

A

A

A

A

&

A

Linear Step -- specify a linear range of values with a constant step size

Linear Count -- specify a linear range of values and the number, or count,
of points within the variable range

Single Points -- specify a single values for the sweep definition

Saving Fields

It is possible to save the Field data for every point in the Fast Sweep and
the Discrete Sweep. To save the Field information make sure that the
Save Fields (All Frequencies) box is checked.

For the Interpolation Sweep, only the Field data for the last solved
frequency will be available for post-processing.
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s Add Sweep (Continued)

s DC Extrapolation Options

& When exporting Spice subcircuits it is necessary to include the DC point.
Since Ansoft HFSS does not solve down to DC we can use DC
Extrapolation. The DC Extrapolation option is available in the Discrete and
Interpolating Sweeps.

Edit Sweep
Sweep Mame: Sweepl
Sweep Type DC Extrapaolation Options \
" Discrete ¥ Estrapolate to DC
" Fast Minimum 5 olved Frequency |0.01 GHz =
I¥ Snap Magnitude to 0 or 1 at DC
+ Interpolating
Snapping Tolerance |0.01
Setup Interpalation Convergence... ‘ )
Max Salutions B0 Tirne Domain Calculation..
Enor Tolerance: 0.5 %
Frequency Setup ‘ Frequency

Type: Linear Count  +

Start Display »»
Stop 10 GHz =

Count 1000

0K | Cancel

& Time Domain Calculation

& Ansoft HFSS can calculate the maximum frequency required to obtain an
accurate time domain result. HFSS uses the following equation:

Max. Freq. = (0.5/Signal Rise Time) x Time Steps Per Rise Time

Time Domain Calculation

Signal Rize Time: |‘I |ns j
Time Steps Per Rize Time: o]
Murnber of Time Paoints: 500

Calculate

Frequency Step Size: |D.DDE | GHz j
I axirmurn Frequency: |2.5 |GH2 j
Ok, | Cancel |
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& Frequency Sweeps (Continued)
s  Adding Points to a Fast or Interpolating Sweep
&  After the Fast or Interpolating sweeps have completed, additional
frequency points can be added by changing the number of points in Edit
Sweep Clicking on Analyze will not resolve the entire frequency sweep, it
will just calculate the additional frequency points.
&  Adding Solutions to Interpolating Sweeps
& |If the interpolating sweep does not converge with the requested passes or
you wish to change the target convergence, the values can be changed
and resolved. The interpolating sweep will recalculate the two end
frequencies but after that it will use the previously calculated points and
continue trying to reach the target convergence.

s  Ports Only and Frequency Sweeps
& A discrete or interpolating frequency sweep can be used with the Ports
Only solution.
&  Fast Frequency Sweep Ports Solve
& The Fast Frequency sweep can not be used on ports that pass through cut-

off. You may also experience problems if the sweep frequency approaches
cut-off.

s  Combining Multiple Frequency Sweeps

& For very large bandwidths, breaking the band into smaller frequency
sweeps can improve the results. Since the Fast Frequency Sweep is
extrapolated from the center frequency different error curves at the end
frequencies will prevent the sweeps from aligning. The interpolating sweep
will not have this problem since the solution always passes through the end
frequencies (Assuming the same mesh is used).
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ANSOFT Analysis Setup

& Enhancements and New Features

&  Mesh Re-use

& Copy geometric equivalent meshes - For optimetrics analysis setups you
can request HFSS to copy a mesh that was calculated for one sweep
variation for reuse on a geometrically-equivalent sweep variation.

& Initial Mesh Options
& Use mesh from current design - enables the use of a
mesh from a previous setup.
& Use mesh from other project - enables the use of a
mesh from another model that has the same geometry

i ]
General | Options Advanced | Disfaults |
—Initial kesh Cptions
[+ Use Current Mash fram
| Current Design I ;I
(& OtherDasign Setup Link... |
CTEE— 2<J
Geperal | Patametars I
Project File: I LI _I
Design: ! LI
: Solution: !Default‘“ LI
o]8 | Cancel
b Exiraumm MU e af Trahgles: 500
Uze Defaults
Ok Cancel

HFEFSS .. 2
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ANSOFT Analysis Setup

& Enhancements and New Features

& Matrix Convergence Options - allows the ability to define other convergence
criteria

& Output Variable Convergence - Allows the creation of an output variable to
be used for the convergence criteria. In order to use this, an output variable
expression has to be created, then this field will become active

F 2l

Solution Setup

X

General] Options  Advanced lDefauIts]

Initial Mesh Options
[ Usze Current Mesh fran:

= El

S |

Adaptive Dptions
v Alza se Output Yanable Convergence
Output % ariable: |criteria1 ﬂ

Max Delta Per Pass: |D.EIE
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& Qverview

& Ansoft HFSS has very powerful and flexible data management and plotting
capabilities. Once understood, it will make the whole solution process much
easier, and will help craft the entire problem setup.

&  Topics of Discussion
s  Data management
s 2D Plotting
s 3D Plotting
& Antenna characteristics
& Field Plotting
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s Data Management

&  With every model variation that is solved, a new data entry is stored within the
project results directory. This capability has implications in that the user can
perform a parametric sweep of a model without needing an Optimetrics license.

& NOTE: Automatic parametric sweeps along with the other Optimetrics
functions, Optimization, Sensitivity, and Statistical analyses, DO require an
Optimetrics license.

&  The dataset validity can be checked by selecting HFSS > Results > Browse
Solutions

&
Statistics  Browse
=1+ HF55Model 1 [ Setup Sahation pitch pad_rad |tra...1 h.
= Setupl Setup Adaptive 1 1.85mm 0.425mm 7.0
ey Setpl Adaptive 1185 0.425 01..0
- Sbrd_h='3,4036mm' sbrd_size="20mm' anti_| _ B SpE_ L) 2Bl B ek
- gbrd_h='3.4036mm' Shrd_size="20mm’ anti_| | [S&tup] &daptive_1 1.85mrm 0.425mm n1..0.
- Shrd_h="3,4036mm' sbrd_size ="20mm' anti_ Setupi Adaptive 1 1.85mm 0.428mm 01,0,
. ifj-:fi‘*“ﬁmm' ifj-SizF'lf'mm' anti_L S enupt Adaptive_1  1.85mm 0.425mm 0:1../0.
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_ - 1
.. $brd_h='3,4036mm’ $brd._size="20mm anti_ Setupl Adaptive 1 1.85mm 1.425mm 0.0,
- gbrd_h='3,4036mm' Sbrd_size="20mm' anti_ Setupl Adaptive_1 1.85mm 0.425mm 0.0,
- 8brd_h="3.4036mm’ Sbrd_size="20mm’ anti_ Setupl Adaptive_1 1.85mm 0.428mm 01,0,
= Adaptive_2
- 8brd_h="3.4036mm’" sbrd_size="20mm' anti_
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_
- Sbrd_h="3.4036mm’" sbrd_size="20mm’ anti_
- Sbrd_h='3.4036mm' $brd_size="20mm’ anti_
- Adaptive_3 [
73] I EXRNEE | 2]
Properties... Select All Delete ] 8 Cancel

& By examining this dialog, the user can determine which parametric instances
have been solved, and how many adaptive passes were necessary.
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s Data Management

&  Post-processing steps can also be performed in the new interface for HFSS. The
common operations that were previously performed in the Matrix Data module of
previous releases are:

4 Port Impedance Renormalization
s Port De-embedding
s Differential pair analyses

& Other post-processing operations that used to require the Matrix Data module
that are now computed by default in HFSS version 9.0 are the Y- and Z-matrices.
Also, given that the Solution Type defined early on in the process, negate the
necessity of computing Terminal S-parameters from Modal S-parameters.

&  Port Impedance Renormalization

s Within the new interface, many calculations are made automatically without
user intervention. The wave port renormalization impedances are specified
with the port wizard. By simply editing the properties of a port once a
solution is completed, the port can be re-normalized.

Wave Port
General | Modes Post Processing l Defauls |
Renom Settings
[¥ Renom Value: |5D |Ohn‘| ﬂ
Deembed Settings
[~ Deembed | | J
Posttive distance will deembed into the port.
Use Defaults
oK | Cancel |

s  Port De-embedding

& This same dialog can be used to change the distance that a port will be de-
embedded. The user can go back and edit this value as many times as
necessary. Each time the OK button is pressed, the data, and also the plots
if they exist, will be updated with the newly de-embedded data.

& Positive values of de-embedding will move the reference plane /nto the
model
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Ansoft HFSS Data Reporting

s Data Management

s  Differential pair analyses
& For multiple terminals per port, differential pairs can be created to look at
differential S-parameters instead of single-ended S-parameters. This can
be useful for investigating the possible conversion between differential and
common mode within a given structure.
& Within the wave port dialog, the Differential Pairs tab controls the creation
of the pairs from the individual Terminals
1. To create a differential pair, select New Pair, and select the terminal
lines that represent the positive and negative sides
2. From here, you can also change the Differential and Common mode
impedance setting for each pair.

=

Wave Port
General ] Temminals  Differsntial Pairs l Post Processing ] Diefaults ]
Teminals: Differential Mode: Common Mode:
Posttive | Megative | MName | Ref. £ | MName | Ref. £
T1 T2 Diff1 1000hm Comm1 280hm
¢ 3|

Mew Pair
o]

Cancel
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s Data Management

s Importing Data from other solutions

& Often it is desirable to compare the results of one simulation to the results
of another simulation, HFSS, circuit, or planar, or even measurements.
This can be accomplished readily within the HFSS version 9.0 desktop
environment.

& To import solutions into HFSS Desktop:

& NOTE: The minimum requirements for importing a solution are an
existing model with at least one port.

1. Select HFSS > Results > Import Solutions, and the following dialog
will appear:

Imported Data

Current Imports

Import]:blackbox

Impolt50luti0n...| ImportTable...| DeleteSeIections|
ok,

& The import options are Import Solutions and Import Table.
Solutions represent S-parameter matrices in standard forms
such as Touchstone and Ansoft legacy data in .szg file
format. Tables are simply files containing rows and columns
of data.

2. Selecting Import Solution will bring up the following dialog:

S Parameter Import
File: M arne: |F:\tmp\Designer\blackhnx.34|:| Load File | W
Source Mame: ’W

Avalable Solutions

blackbox

Import Cancel
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Ansoft HFSS Data Reporting

s Data Management

3. From this window, select Browse to find the file to be imported. The
acceptable file formats are: .sNp, .szg, .flp, .yNp, .zNp, and .tou.

4. Click Open to load the file.
5. Click Import to bring the data into the HFSS desktop
6. Click OK when you are done importing solutions

& All solutions will appear in the report editor under the Sweep category
(more on this later)

& For Import Table, the following dialog will appear:
Table Import

File Name: | o= i Er— |

+ Real/lmagData © Mag/Phasze Data

Source Mame: ||I'I'III"I'rt2 T able M ame; |TE||3'|E

Al Colurmns

Column M ame: |

Set Column Mame

|ndependent Data Columing Dependent Drata Columns

[ ]
[« |

¢ Matriz Data ¢ Field Data
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Ansoft HFSS Data Reporting

&  Plotting Data
&  Data plotting can take a variety of forms. The most often used format is 2D

Cartesian plotting, but we also have the capability to plot in 3D as well. Below is a

list of all the quantities that can be plotted on various graphs. For definitions of

each of these quantities, see the online help.
s Eigenmode solution

A

Eigenmode Parameters (modes)

& Driven Modal Solution

A

A

&

&

&

&

S-parameters

Y-parameters

Z-parameters

VSWR

Gamma (complex propagation constant)
Port Zo

& Driven Terminal Solution

A

A

A

&

&

&

&

& Fields

A

A

A

&

&

&

&

A

A

A

& NOTE: For all Field plots, a polyline or surface must be selected before

S-parameters

Y-parameters

Z-parameters

VSWR

Power (at port)

Voltage Transform matrix (T)
Terminal Port Zo

Mag_E

Mag_H

Mag_Jvol

Mag_Jsurf

ComplexMag_E

ComplexMag_H

ComplexMag_Jvol
ComplexMag_Jsurf

Local_SAR (Specific Absorption Rate)
Average_SAR

creating the Field plot.
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&  Plotting Data
s Types of Plots:

&

&

&

A

A

A

A

Rectangular Plot
Polar Plot

3D Rectangular Plot
3D Polar Plot

Smith Chart

Data Table
Radiation Pattern

s  To Create a Plot:
Select HFSS > Results > Create Report

1.

2. Select Report Type and Display Type from the selections above
3. Click OK and the Report Editor will be displayed - we will go over the
options in this dialog on the next page.
M Traces @
~ | Y |-ais Add BlarkTrace
1 |Freq dB[SHp1:Diff1,p1:Diff1]] 1
2 |Freq dB[SHpT:Diff . p1:Comm1]) 1 — .
* |Freq dB[SHp:Diff1p2: Diff1]] 1
Remave Al Traces
Context Sweeps | ¥ Y
Design: | J
Categon: Cuantity: Function:
Salution: |Sehup? - Sweep! =l Variables Stip1-Dift1, 10| ang
Output ¥ ariables St{p1:Dif1,p1:Comm1) ang_rad
Diamain: |Sweep ﬂ Terminal 5 Parameter SHp1:DFl p2: Dk ) dB
Terminal v Parameter SHp1:Diff1 p2:Comm1] im
Terminal £ Parameter Stip1:Comm1.p1:Diff1) maa
| Pawer Stip1:Comm1.p1:Connm1) re
WS R SHp1:Cornm1.p2:Diff1)
Waoltage Transform SHp1:Caomml,p2:Conm )
Terminal Part Zo SHp2:Diff1 1.0k )
Stp2:Ditf1.p1:Comm1)
SHp2:Ditf1 p2:Diff1)
SHpZ:Diff1.p2:Comm1)
Stp2:Comnm1.p1:Diff1]
Stp2:Comm1,pT1:Comm1)
Stp2:Comm1,p2:Diff1)
) | 5tp2:Comm1,p2:Camm1 ]
Output Variables... | ;
Add Trace | |
Apply | Dane | Cancel
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&  Plotting Data
s  Creating a Plot (cont’d)
4. Context
s Design - choose from available designs within a project
& Sweep - choose from available sweeps including adaptive passes
and imported data
4 Domain - defaults to Sweep, but can be switched to Time domain for
plotting S-parameters with an impulse or step response.
5. Sweep/X/Y Tabs
& Sweep - controls the source of the independent variable in the plot.
s NOTE: By default, the Report editor selects Use Current
Design and Project variable values. This will select the

primary sweep of frequency usually, and the current
simulated values of the project variables

& To display a plot with multiple traces for different variable
values, change this setting to Sweep Design and Project
variable values You can then change the primary sweep from
frequency to a variable if desired. This is useful for looking at
S21 versus stub length, for example. Simply select the value
in the Name column next to primary sweep, and change the
value to whatever you desire.

& You can also uncheck the All Points block to select which
values of a variable are to be plotted.

& X - controls any functional operator on the independent variable
& Y - select the value to be plotted and any operator

6. Select Add Trace for as many values as you would like to plot

7. Select Done when finished

&  An example of a multi-trace plot of the sweep tab shown on the previous page is
shown next
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Ansoft HFSS Data Reporting

s  Plotting Data

16 Jun 2003

Ansoft Corporation
XY Plot 5
HF SSModelt

14:01:40

-25.00

-50.00

Y1—_—
dB(St(p1,p2))
L=4mm

Y1——+
dB(St(p1,p2))
L=4.536637807C

Y111
dB(St(p1,p2))
L=4.7774221101

Y 1—KH
dB(St(p1,p2))
L=4.8747158224

dB(St(p1,p2))

-75.00

Y1—¢—
dB(St(p1,p2))
L=4.9627593257

-100.00

-125.00

Y1—o—
dB(St(p1,p2))
L=5.036837807C

0do 500

©10.00
Freq [GHz]

.00

" 20.

Y1
dB(St(p1,p2))
L=5.0634950462
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ANSOFT Ansoft HFSS Data Reporting

s  Plotting Data

s 3D Plots - simply add a third dimension such that instead of plotting a family of
curves, you can plot a 3D surface that represents your data changing with two
independent variables. Below is a 3D plot of the previous family of curves.

dB(5t{p1,p2)}

-G, 5479e-083
=7 4FT7e+0B0a
-1, 4+949e+8E51
-2, Z4sAe+AE1

-2, 9891e+881
-3, 7362e+281
-4, 4333e+851

-5, 2385 +8E1
-5, 9776e+881
-6, 7E47 e+l
| =7, 4718e+B81

-8, 2159e+851
-8, 966Ee +BE1
-9, 713ze+881
-1, B4668e +882
=1, 1287e+882
-1, 1954e+882
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s Plotting Data
& Output Variables

& In addition to being able to plot the built-in solved quantities, you can also
create your own by using output variables.

#  Clicking on the Output Variables button in the Traces dialog shown before,
brings up the following dialog:

QOutput Variables

Output % ariables

Mame | Expression |
Zoomm re[Zot{p1:Commi,p1: Comm1])
Zdiff i re[Zot{p1:Diff1 p1:DifF1])

(5

Marne: |Zdiff Add | Update | Delete

re[Lot[p1:Diff,p1: Dt )

Expression:

Calzulation
Inzert Quattity Inta Expression
Category: Gluantity: Function:
Design: | J Y ariables SHpl:Diffp1:Diff) A | <nones ES
Output Y ariables SHp1:DiffLp1:Comm1) [ |acos C
Repart : Terminal 5 Parameter SHE1:DIf p: D) acosh
Tupe: |Term|na| 5 Parametars ﬂ Terminal ¥ Parameter SHp1:Diff1.p2:Comm1)] ang
Terminal 2 Parameter St{p1:Comm1,p1:0iff1) ang_rad
P . - Power Stp1:Cornrml.p1:Comm1] | azin
Soluir: | Setup : SweepT R o SHip1-Comml p2-Diff1] asinh
Yoltage Transform St{p1:Comm1,p2:Comm) atan
Terminal Part Zo Stp2:Diff1.p1:Dife1) atan2
SU2Dil p1 Commnt) [w] |atarh
Diomair: |Sweep ﬂ < | B3 £onig b
Function Terminations [ohnz]

Inzert Function
Dane
| abs ﬂ

& To create an output variable:
& Type a name into the Name box
& Create an equation in the Expression box
& Click Add

& In the example show above, we have created an output variable that makes
an approximation for Inductance of a spiral inductor. We could also have
created an equation to calculate Q as well.

& NOTE: These output variables can also be used for optimization.
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Ansoft HFSS - Data Reporting

s  Data Plotting - Special Case - Antenna Parameters

&  Since antenna parameters require a special computation setup to determine the
region over which the fields are to be computed, displaying antenna parameters

is a two step process.

&  Create an Infinite Sphere setup:

1. Select HFSS > Radiation > Insert Far Field Setup > Infinite Sphere

Far Field Radiation Sphere Setup

Infinite Sphere l Coordinate System ] Radiation Surface ]

Save As Defaults |

Name |infinte Sphere1]
Phi
Stat o dea =]
Stop 50 ldeg v
Step Size [ tes =]
Theta
Start 180 ldeg x|
Stop 180 ldea v
Step Size |2 |deg -

View Sweep Points... |

o]

Cancel |

Help

2. Enter the values and steps for Theta and Phi

3. You can also change the coordinate system to calculate based upon a
shifted or rotated coordinate system. Select the Coordinate System tab,

and switch to the new CS.

4. You can also change the Radiation Surface over which the far fields are
computed by simply switching to the Radiation Surface tab, and select a

new surface from any that were previously defined.

5. Click OK
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& Data Plotting - Antenna Parameters
s  Creating a 2D plot:
1. Select HFSS > Results > Create Report
2. Select Far Field form the Report Type pulldown
3. Select Radiation Pattern from the Display Type pulldown
4. Select the quantity to be plotted from the Traces dialog

& Note: If multiple Infinite Sphere setups exist, make sure you select
the appropriate one

5. Select Add Trace and Done
& For a definition of the available antenna parameters, see the online help
&  Below is an example of the 2D slices of a patch antenna for LHCP and RHCP

directivity.
22 May 2003 Ansoft Corporation 14:41:50 ¥ 1—0
XY Plot2 dB(DirLHCF)
HFSSModel1 FPhi=0deg, Freg=
10.00 V1
| dB(DirRHCP]
Phi=0deg, Freqg=
0.00
|
| |
-10.00

Y1

_zo_nn\v \/
A |

-200.00 ~100.00 "o0do 10000 200000
Theta [deg]

30.00_
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s  Data Plotting - Antenna Parameters
&  Creating a 3D Plot:

» Follow the procedures above for the 3D plot, except change the Phi and
Theta quantities to match the far field calculation. Also choose an antenna
quantity to plot.

&  Below is an example of a 3D plot for a patch antenna:

dB{DirL3x)

2, 57 78e+008
=5, 2915e-0@1
-3, 6353e+0E8
=6, Fh415e+E6E8

-9, 847 6e+8E8
-1. 2954e+E61
- -1, 6BG6Ee+EE1
-1, 9166e+B81
-2, 227Ze+E81
-2.5378e+881
-2, B485e+0E1
-3, 1591e+881
o -3 4E9T7e+ER1
-3, 7oB3e+BE1
-4. B989e+E681
-4, 4815e+E61
=4, FliZe+EE1
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s Data Plotting - Antenna Parameters

s  Special Case - Antenna Arrays

s When using master and slave boundary condition pairs to emulate an
antenna array, you might want to apply an array factor to the computation
of the antenna patterns. This can easily be done in Ansoft HFSS

& To create an Antenna Array Factor calculation:
1. Select HFSS > Radiation > Antenna Array Setup
2. Select No, Regular, or Custom Array

3. Switch to the next tab, and enter the characteristics of the array, or
enter the filename that contains the element locations

4. Once you click OK, any plots or calculations that are displayed will
be updated with the array factor calculation. To go back to the single
element calculations, select No Array Setup

Antenna Array Setup Antenna Array Setup
Amay Type RegularAnay] Amay Type  Reqular Amay l
First Cell Position
X |D |mm j Y ||} |mm ﬂ rd |D |mm ﬂ
Directions
U Vect x| Y |0 Z |0
" Mo Amay Setup e | |
e | y i z fo
* Regular Amay Setup
Distance Between Cells
" Custom Amay Setup
InUDiection 10 |mm |  nVDrecon [0 |mwm 7|
MNumber of Cells
In U Direction |10 In V Direction |10
Scan Definition
™+ |se Scan Angles
Theta |45 deg > Phi |45 deg =
™ Use Differertial Phase Shift
QK | Cancel Help oK | Cancel | Help
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Ansoft HFSS Data Reporting

s Data Plotting - Antenna Parameters

&  Antenna array - Shown below are field patterns of a single element and an array
setup scanned to 30 degree angle.

ol

22 May 2003 Ansoft Corporation 20:23:40
Radiation Pattern 1 dB(DirTotal}
hf_array FPhi=0deq. Frag]

7:0. + + t + + -é.O t t t t t \7:0

22 May 2003 Ansoft Corporation 15:19:42
Radiation Pattern 1 dB(DirTotal] |
hf_array Phi=0deg, Freg=

} t t t t } } +—
340 -19.2 340
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Ansoft HFSS Data Reporting

s  Data Manipulation

&

&

A

&

Sometimes, the built-in calculated quantities are not adequate even given the
output variable capability. Because of this, Ansoft HFSS has the flexibility built in
with an arbitrary fields calculator.

You can use the Fields Calculator to manipulate field quantities to obtain any
number of values. One common use is to evaluate power flow within a structure.
This can be accomplished by integrating the Poynting vector over a geometric
surface. This can easily be accomplished within the field calculator.
To access the fields calculator:

s  Select HFSS > Fields > Calculator

For a more detailed explanation of the functions within the field calculator, visit
our online technical support at

Fields Calculator
Mamed Expressions Cantext : Part1
e B | Solution: |Setup1 - Lastadaptive ﬂ
B E ™ Smoth{MaglePh Delete iz |2346Hz [
Mag_H Srmoath(tagiatPh Phass |Udeg
Mag_Jvol Smooth[Mag[AtF'h-v: Clear
£ >
Change Y ariable Yalues. . |
Add . Copy to stack. |
[ Push | Pop | Rillp | Riin | Ersely | Clear | Undo |
Input General Scalar Wectar Output
m‘ + | Yec? ¥ | Scal? ¥ | Value |
Geometry... | | 14 | Fdatl... | Ewal |
Constant ¥ | | Paw | Mag | wite, . |
Mumber... | /! | I | Dot | Export. .. |
Read... | Meg | Trig * | Cross |
Function... | abs | iy ® | Diva |
Geom Settings... | Srmooth I Curl
Complex ¥ i hd Tangent
Domain | Max ¥ | Momal |
N | Unit Vec ¥ |
Ln
Log
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s  Field Overlay Plotting

Previously mentioned was the capability to plot field quantities over a geometry
within a 2D plot, but this doesn’t give us a lot of insight. One of the main benefits
of HFSS is that we can visualize what is going on with the electromagnetic fields
within a structure, something that cannotbe measured directly.

Field plots can be applied to geometry selection within the 3D modeler, and can
be modified given different stimulus amplitude, frequency, and phase. We can
also visualize how a field propagates throughout the volume by animating this
plot versus phase, which essentially adds a time base.

To create a 2D / 3D Field Overlay Plot:
Select a face of an object, an entire object, or even multiple object

Y

&

A

1.
2.

3.

Select HFSS > Fields > Plot Fields >

Mag_E

Mag_H

Mag_Jval
Mag_Jsurf
ComplexMag_E
ComplexMag_H
ComplexMag_Jval
ComplexMag_Jsurf
Vector_E

Vector_H
Vector_Jvol
Vector_Jsurf
Vector_RealPoynting
Local_SAR
Average_SAR

You can then change the frequency of the stimulus or phase with the

resultant dialog box:

Ansoft High Frequency Structure Simulator v10 User’s Guide

Modify Field Plot
Mame: Fields Calculatar .. |
™ Speciiy Mame Category: | Standard -

Design:  Partl Quantity Ih Walume
Mag E All

Solution: |Setupl : Sweepl  * ag_H Diel_Btm
Mag_Jwol Diel_Top

Plot Folder: Mag_Jsurt Ar
Complestag_E Alldbjects
: Corplextdag_H
I Specify Folder Compleshag_Jval
Intrinsic Variables Complexhag_Jsurf
Wector_E
E I—L| Wector_H
- CH- Wector_Jval
Wector_Jsurf
Fhase |0deg hd Wector_FealPoynting
Lacal SAR
Average_SAR
Save Az Default
| Dane | Cancel
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s  Field Overlay Plots

&  Resultant modeler window for Magic “T” model with Mag_E plotted on Global: XY

plane

&  Selecting the object “arm”, and plotting within the volume yields:
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&  Field Overlay Plots

&  The 3D plot shown on the previous page is called an Isoval surface plot. This is
not the default

s  To change the field plot type:

1. Selecting: HFSS > Fields > Modify Plot Attributes
Switch to the Plot tab
Select the applicable Plot from the pulldown
Select the IsoValSurface radio button

& You can also leave the default of cloud plot and adjust the cloud
density and point size until the plot looks acceptable

P 0D

-

[hfss_patch_antenna] Part1 -- E Field

Color map ] Scale ] Marer/Amow  Plots l

Plot ||'u'|ag_E1 j Save as default

InValume l

Scalar plot

* |zovalSuface ¢ Cloud

Cloud density I 3
J |
Faint zize _|:|
Yector plok

v Spacing _]

[v Real time rmode Apply | Cloze
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s Field Overlay plots - Source Stimulus

&  Sometimes it might be desirable to have multiple ports excited at the same time,
perhaps out of phase. This is useful for evaluating power combiners. You might
even want need to calculate the incident or reflected power for a plane wave
source.

&  To change the Field Plot stimulus:

&  Select HFSS > Fields > Edit Sources

Edit Sources
Scale Factor: 1w
Source | Type | agnitude Fhasze |
pl:ml Part 0.000000  0.000000
p2:ml Part 1.000000  0.000000
p3:ml Part 0.000000  0.000000
ped:ml Part 1.000000  90.000000
|

s The following field d overlay plots shows what happens to the Magic “T”
when we have a 90 degree phase shift at the 2 E-plane end inputs. The
component doesn’t isolate one port.

e
=
& \
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s Field Overlay Plot - Phase animation

&  The final step in field overlay plots is creating animation. This essentially shows
you how a wave propagates through the structure as you vary phase (time).

&  To create an animated 3D field plot:
1. Select HFSS > Field > Animate

2. Typically, you can accept the defaults, but you may want to change the
number of steps to limit computation time.

Setup Animation
Mame: |Animationl Drescription:
Swept Variable l Diesign Point l
Swept varzable: |F‘hase ﬂ
Start: |DC|BEI
Stop: |13E'C|EQ
Steps: |5
e w1
Animation: Animation1 g [
1 1 1 1 1 1 -
1 :
- :
< «af[=] »| »|
Cancel Speed
Frame: 2, Phase="20deg’ T
Cloze
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s  Mesh Overlay Plot

& Another plot that can be valuable in evaluating a simulation is the mesh overlay
plot. Once created, you can tell which areas of the structure may need more
tetrahedra for an improved quality of mesh.

&  To create a Mesh overlay plot:
1. Select the face, plane, or object to plot the mesh

2. Select HFSS > Fields > Plot Mesh
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s  Viewing in the 3D modeler

& With the ability to plot field quantities and mesh within the 3D modeler, it can
sometimes get crowded, and model details can be obscured by the plots. You
can reduce the clutter by turning off the visibility of objects and even field plots.

s To turn off the visibility of field overlay plots:
1. Select View > Visibility

2. Select the Fields Reporter tab, and check, M, or uncheck, 0, the fields plot
you want displayed.

Visibility: hfss_magict2 - HFSSModel1 - 3D Modeler
aD Modebr] CmorHEys] Enundaﬁes] Excitations HEHSHEDDWEFI
MName | Visibility
1 |Mag_E1 |
? |Mag_E2 1
3 |Mesh1 [w
Name | Show Hide
(NOTE: Selection is always displayed, imespective of Visibilty settings)

Done
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&  Solve Loop

&  Unlike pre-processing, the solution process is very automated. Once the
problem has been defined properly, HFSS will take over and step through several
stages of the solution process. To start the solution process, right click on
Analysis in the HFSS Model Tree and select Analyze.

& |tis important to review this section since the solution setup has a direct impact
on the automated solution process. A closer look at the solution process reveals
it consists of three components:

& Initial Solution - includes the mesh generation, ports solution, and a full
solution at a single frequency

& Adaptive Refinement Loop - refines the mesh and performs a full solution at
the Initial solution frequency until convergence

& Frequency Sweep - calculates the swept frequency response using a mesh
generated by the Adaptive Refinement Loop

& Mesh Re-use

& Copy geometric equivalent meshes - For optimetrics analysis setups you
can request HFSS to copy a mesh that was calculated for one sweep
variation for reuse on a geometrically-equivalent sweep variation.

& Initial Mesh Options
& Use mesh from current design - enables the use of a
mesh from a previous setup.
& Use mesh from other project - enables the use of a
mesh from another model that has the same geometry

Solution Setup @

General] Optionz  Advanced lDefauIts]

Initial Mesh Options
[¥ ze Current Mesh from:

c =
(* Other Design Setup Link...

Adaptive Options
-

I
T

&  The illustration on the following page outlines the steps performed by the solution
process.
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Initial Solution

=

Adaptive Mesh Loop

-

Refine Mesh

(Gradient of E-Field
at Single Frequency)
)

a\

A

No
|

heck Convergencs

Full Volumetric Solution
(S-Parameters/E-Fields)

(Delta S)

A\

YES

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
No Adaptive Meshing !
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

N g ) N ( \ Ports Only &
Seeding and Frequency Sweep
Initial Mesh Lambda Refinement Port Solution [F{--------------
L ) \(Single Frequency)) g ;

4 = N\
Full Volumetric Solution
(S-Parameters/E-Fields)

\. Y /

- - ————"——"————=—=—====

7

\_

/

A 4

Frequency Sweep

\ J

Ansoft High Frequency Structure Simulator v10 User’s Guide

4-2



A

\

AN

4

Solve Loop

&

&  Rem
ﬂ\\

&

&

A

Wehbllpdate Cfbtions
Praject Options I Dl

s Improved Analysis Configuration

ote Analysis

heterogeneous platform support

& Queuing

General  Salver |

&  Configurable default execution priority
To set this option, go to Tools >
Options > HFSS Options > Solver

Mumber of Processors:

™ Desired R&M Limit [MB]

I Maximum R&M Limit (ME)

[refault Process Priority:

HFSS Options x|

111

Mormal Priority ‘I

0

Critic:al [highest) Priorif
Above Mormal Priority
Marmal Pricrit

©

elow Mormal Priority

Idle [lowsest] Pricrit

Cancel

Queue Projects, Designs, Parametric Sweeps, Frequency Sweeps

To enable this feature, go to Tools > Options > General Options > Analysis
Options > Que all Simulations
To view queued projects, go to Tools > Show Queued Simulations

X

| Distributed Analysiz 0ptions |
fault Urits Analysis Options

r General Analysiz Ofion:

Design Type I HF55

™ Show the Re
Drefault Analysis [fbeation
 Local

' Remo

aching

I aching

ote Analysis Dialog

~ Default Remate Mechine D etails:

IP Address (iffmat 192.168.1.2]:

" DNS Name [fbimat; www.server,

& LINC Name [format; Yhserver):

cam): I
I\\dua\_aptarom

Launch as Useg@ption

I Launch siffulations as 'this' user

User Name:

Pagsword:

up:

[V Queue al swmulatinns)

Cancel

Ansoft HFSS Taternal Build - Project3 - HFSSModell - 3D Modeler - [Project3 - HFSS)

T Fle Egf ViewNProject Draw 30 Modeler HFSS | Tools Windowl Help
J O = w ||| = ||J #” Ty Do OO Edit Configuled Libraries  »
ERA 1 Configure Litgaries. ..
o= |- :
- Run Script ...
=61 Project? E-P | Pause Swinh
-8 HFSSModel Record Script X,
- Definitions Update Definitidns. ..
Password Manader...
Options ‘ 4

W show Queued Simulations

Queued Sirmulations

=

Simulation MName

Status

HFSE_NON_IDEAL_GND

Projectl
HFSS_MNOMN_IDEAL GND: HFSSModel2 : Setupl @ Sweepl

EENE

4

HFSS_NON_IDEAL_GMND : HFSSModell : ParameticSetupl

Analysis in progress
Waiting for Analysis
Waiting for Analysis
Waiting for Analysis

Remowve from gueue

Clase |

i
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&  Distributed Analysis
& 10X Analysis Speed-Up

& An automated client-server implementation
& little/no overhead
& setup easily via remote analysis capability

& For Optimetrics instances and partitioned frequency sweeps

& An optional license to augment
& 10 “dependent analyses”

ﬁ Analyziz
=-i§ Optimetrics

-7 Results Rename
s eds > Delete
#-[T1] Part Fielc Broperties...
- [Igig Field Ove

Analyze

';' R adiatior

-2 Definitions

Parallel Analysis

Wiew Analysis Resulk, ..

ﬁ wpa_defeat_for_zol - HFSSModell - Bghz: Interpolating Sweep 'Sweepd', Step #1 : Frequency 3 GHz - Solving Matrix on \smicra? - RUMNING

re________________________________|]
Factor [Est. memory = 1074MEB, disk = 889ME]

wpa_defeat_for_zol - HFSSModell - Bghz: Interpolating Sweep ‘Sweepd’, Step #1 : Frequency 4 GHz - Solving Matrix on \smicral - RUMNNING

r_____________________________]

Factor [Est. memory = 1074MEB, disk = 889ME]

wpa_defeat_for_zol - HFSSModell - Bghz: Interpolating Sweep 'Sweep®', Step #1 : Frequency 5 GHz - Solving Matrix on \smicraz - RUMNNING

r____________________________________]

Factor [Est. memary = 1074ME, disk = B39MB)

wpa_defeat_for_zol - HFSSModell - Bghz: Interpolating Sweep 'Sweepk’, Step #1 : Frequency B GHz - Solving Matrix on \smicral - RUMNING

r____________________________|]

Factor [Est. memory = 1074MEB, disk = 889ME]

Abort I
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s  Monitoring Convergence

&  You can view the Convergence of the entire solution process. Right click on
Analysis/Setup in the HFSS model tree. The Convergence Tab can be used to
display a table or a plot.

‘t\\ Solution Data: crosstalk - HFSS| - |EI|5|
Design Y ariation: I _|
Simulation: ISetup1 j ISweep1 j |J

Convergence | Profile | Matrix Data |

r~ Mumber of Passes — Pasz Mumber I # Tetrahedra I Max bag. Delta S I
Completed 10 1 596 WA
Mfa::timum 10 2 734 00030183
Minimum 10 3 847 00033631

—Max Mag. Delta 5—— 4 1029 00074325
Target 0.02 5 1212 0.0056087
Current  0.002051 £ 14100 0.0063715

Yiew: (+ Table 7 1644 00041813

" Plot a 1905 0.0042157
q 2260 0.0045513
10 ZER0 0002051
COMVERGED

Cloge |

&  Matrix Convergence Options - allows the ability to define other
convergence criteria ——

All - default

& Diagonal
Off-Diagonal
Selected Entries

g

Entiy Selection Maximum Delta (Mag S): 0.02

Masimum Dela [Phase 5] g deg hd

=

Selected Entries

3

3

Matrix Convergence

Matrix Entry 1| tatix Entry 2| Delta Mag | Delta Phase |

Entry Selection: Selected Enties

Select Entries: Convergence Delta:
‘wavePart1:T1 ,—
WavePor2 T1 el | M
Fhase: 5 deg v
Inset Envies >> |
“wavePart]:T1
wWavePort2:T1
Delete Selected Entries

Cancel
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&  Profile

Y

A

&

&

A

A

At any time during or after the solution process, you can examine the computing
resources - or profile data - that were used by HFSS during the analysis. The
profile data is essentially a log of the tasks performed by HFSS during the
solution. The log indicates the length of time each task took and how much
RAM/disk memory was required

% Solution Data: crosstalk ;lglﬂ
Dezign Warniation: I _I
Sirulation: ISetup‘l j ISweep‘I j |¢

Convergence  Frofile | b atrix Datal

Task I Real Tirne | CPU Tirne | temany | Infarmaticr ;I
zolve_part2 Q00001 00:00.00 3488 K 2660 tetrahedra
Interpolation Error; 0.04713509
Frequency: 7.75 GHz Full Salution

W avePortl_zsolve Q0:00:01 00:00:00 28288 K 94 trianglaz
WavePortZ2_solve Q0:00:01 00:00:01 28288 K 94 triangles

adapt_part1 Q00002 00:00:02 41684 k. 2660 tetrahedra
Solver C55 00:00:06 00:00:05 E181E K 14004 matri=
Dizgk 140 00:00:00 00:00:00 [1]4 8487 K
zolve_part2 [0:00:01 00:00:00 33488 K ZBE0 tetrahedra
Interpolating sweep conwverged
Tatal 00:02:09 00:01:28 Time: 01/15,/2003 09:08:37, Status: Mormal Completion
4 | 3

Cloge |

Task -- lists the software module that performed a task during the solution
process, and the type of task that was performed. For example, for the task

mesh3d_adapt, Mesh3d is the software module that adaptively refined the mesh.

Real Time -- the amount of real time required to perform the task.
CPU Time -- the amount of CPU time required to perform the task.

Memory -- the peak amount of memory used by your machine while performing
the task. This value includes all of the applications running at the time; it is not
limited to HFSS..

Information -- general information about the solution, including the number of
tetrahedra used in the mesh.
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&  Matrix Data

& After the Solution is complete the Matrix Data can be viewed by clicking on
Analysis/Setup. Right click on Setup and select Matrix Data. The Solution Data

window will appear.

,‘\\ Solution Data: crosstalk - HF

Dezign Yariation: I

5" v

=10l |

-WavePnrt1:T1[D.D14843, 776 (0007339, GAE) (00091912 -104) (099538 -1
P wavePoit2 72 (099544, 1) (DOOHI912, 104) [D.011297, 74.8) [D014851, 77.1)
P avePort2.T2 (00031637, 104 (093538, 1) (D0V4851, 77.) (00073283, GA1)

Sirnulation: ISetup‘l j ISweep‘l
Eunvelgencel Profile  Maitrix Data I
v SMatix [ Gamma IMagnitudeHF‘hase j Export... I Equivalent Circuit Export... |
[T vMatie [ 20
™ Z Matrix [~ &l Fregs. |1 [GHz) vl ﬂl
Freg | S avePort]:T1 | SwavePort]:T1 | ShwavePortZ T2 | ShwavePortZ T2 |
WavePort1:T1 [0.011353, 639) (0014843, 77E) (099544, -11] [00091837. -104)

Cloge |

& In the Simulation pull-down list, click the solution setup and solved pass -
adaptive, single frequency solution, or frequency sweep - for which you want to

view matrices.
& Select the type of matrix to view.
& S-matrix

& Y-matrix
& Z-matrix
&  Gamma

& Zo (characteristic impedance.)
& The available types depend on the solution type

Ansoft High Frequency Structure Simulator v10 User’s Guide
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&  Matrix Data (cont.)

A

Z

A

A

Data can be displayed in the following formats:
& Magnitude/ Phase
& Real/ Imaginary
& dB/ Phase
& Magnitude
s Phase
& Real
& Imaginary
& dB
The available formats depend on the matrix type being displayed.

You can also select solved frequencies that you would like to display
& To display the matrix entries for all solved frequencies, choose All Fregs.
& To show the matrix entries for one solved frequency, clear All Frequencies
and then select the solved frequency that you want to view.

& For adaptive passes, only the solution frequency specified in the Solution
Setup dialog box is available. For frequency sweeps, the entire frequency
range is available.

To insert of delete one or more displayed frequencies, click Edit Freqgs.

This command is only available if the sweep type is Fast or Interpolating. If you
choose to export the matrix data for the Fast or Interpolating sweep after
modifying the frequencies in the Edit Frequencies dialog box, only those
frequencies displayed under the Matrix Data tab will be exported.

s Exporting Matrix Data

&

A number of export formats are available:
& Touchstone (*.sNp)
& Data Table (*.tab)
& Planar EM/HFSS v6+ (*.szg)
& Neutral Model Format (*.nmf)
&  MATLAB (*.m)
& Citifile (*.cit)
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s Equivalent Circuit Export

&  Itis possible to export Full-Wave Spice, Lumped Element and Partial Fraction
Expansion models from Ansoft HFSS. To do this, click on Analysis/Setup/Matrix
Data/Equivalent Circuit Export.

% solution Data: crosstalk - HFSSMod 10l x|

Desigrn Variation: I _|
Simulatian: ISetup‘I ﬂ ISweep‘I j |“

Eonvergencel Profile  Matrix Data |

¥ SMakiz [T Gamma IMagnitudex’Phase j Export. .. I Equiralent Circuit Expaort. .. I]

[ % Maiz [~ 20

[ Z Matrix " &l Fregs. |1 [GHz) 'l Edit Freqs... I

Freq | SiwavePort]:T1 | SwavePort]: T1 I SiwavePort2: T2 | ShwiavePort2: T2 | |
m‘#ave%rﬂ:ﬂ (0011353, E9.9) (0014843, 77.6) (099544, -11] [0.0091837, -104)
-WavePort‘I:ﬁ [0.014843, V7.6 (0007339, B86] (00091912, -104)[0.93538, -11)
-WavePort2:T2 [0.99544, -11] (00091912, -104) (0011297, 74.8) [0.014851, 7F71)
-WavePortZTZ (00091837, -104) (099538, -11) (0014851, 7771) [0.0073289., £8.1)

Close |

&  The Equivalent Circuit Export Options window will appear
B

Default Directary: IC:;"F‘rngram Fileg/tinzofthfze3s _I
Farmat: IMa:-tweII Spice [*.spc) j
— Full ™ ave Spice
W Full'wave Spice Expart |crnssta|k_fws.spu:
[ esired Fitting Erman [Fercent] ID.E
firimum Drder |2U
fol awirnurn [drder IEDU

v Lumped Element Expart [Low B andwidth) Icmsstalk_lfws.spc

v Partial Fraction Expansion for Matlab [*.m) Icmsstalk_pfe.m

| 0k I Carnbine Sweeps . I Cancel
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&

A

&

&

A

If you have a Driven Terminal solution you can export to PSpice, HSPICE,
Spectre, or Maxwell Spice. You must have a frequency sweep solution and five
or more frequency points to successfully export an equivalent circuit data file.
Select Lumped Element Export (Low Bandwidth) if you want to save the data as

a low-frequency circuit model using simple lumped elements (resistors,
capacitors, inductors, and dependent current sources).

Select Partial Fraction Expansion for Matlab to create a *.m file

Click Combine Sweeps if you want to combine the data from two or more
frequency sweeps into one file. The end points of the sweep ranges can touch,
but may not overlap.

The S-matrices are written to the data file that you specified in the equivalent
circuit data format.
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& List

&  To view Model Parameters, Boundaries, Excitations, Mesh Operations and
Analysis Setup right click on Analysis in the Ansoft HFSS model tree and select

List
= @8 HF3SModell EN=e
|
£ Model =68 List

--ﬂ Boundaries

--E E xcitations

@ Mesh Operationz

o I ndd Solution Setup. ..
(- l Lisk...

i ]
)
&

|

Revert ko Initial Mesh

- Port
i |I§| - Apply Mesh Qperatians

Design List: crosstalk - HFSSModel1l

Model | Bnundariesl E:-:u:itatiu:unsl tesh Dperatiunsl Analyziz Setupl

MHame | Colar | bdodel | Diizplay ‘wireframe | b aterial | Type
ground | M - COppEr Solid
| die mm & - FR4_epowy | Solid
[ |vacet | M - coppEr Solid
[ |tace2 1 2 r Copper Solid
| aibox [ M - vacuum | Salid

[Telete Froperties | I Done I
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4.1

Mesh Operations

s Mesh Operations

&  This chapter provides details on meshing in the Ansoft HFSS v.10.0 software. It
discusses the default meshing of curvature, user control thereof, and the new
volume correction capabilities used in matrix solution. The following topics are
discussed:

Curved Geometry Mesh Adaptation
Faceting Default Settings

Volume Perturbation in FEM Solutions
User-Defining Surface Approximations
Application Recommendations

Model Resolution

Applying Mesh Operations

s  Examples/Benchmarks

The following examples are provided to demonstrate the topics discussed
in the chapter:

&

A

A

A

A

&

&

&

A

A

A

&

Standard Pillbox Resonator

Hemispherical Dielectric Resonator Antenna with Cavity
Accelerator Spoke-Cavity Application

Circular WG Quadrature Ortho-mode Junction (OMJ)
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&  Curve Mesh Adaptation in HFSS v10.0

& HFSS v10.0 meshes handles curved surfaces differently than prior versions of
HFSS. Proper understanding of the differences in curved mesh handling and the
advantages of new capabilities in the HFSS v10.0 solver are essential to
obtaining accurate results.

& The new graphical drawing interface encourages the use of true-curved
drawing, by removing the option to assign a facet count to the construction
of primitives such as circles, cylinders, spheres, and ellipses.

& Faceted primitives are available however as polyhedrons and
polyhedral solids, if still desired.

& Initial meshing is constrained by faceting decisions made by the first pass
of the meshing algorithms. In prior versions of HFSS however, adaptive
mesh points could be placed ‘anywhere’ on the true-surface of the affected
object(s), as shown in the before and after images below. (Initial mesh left,
adapted at right. Note that regular faceting was not maintained after
adaptive mesh alteration.)

& For HFSS v10.0, however, in order to provide more robust meshing with
respect to more complex geometries, the initial faceting selections made
for curved objects are respected throughout the adaptation process, so that
the adapted mesh is a subdivided variation of the same meshed volume as
the initial mesh. An adapted mesh from HFSS v10.0 is shown below.
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&  Faceter Default Settings

& In order to keep initial meshes at reasonable sizes, the initial faceting default
setting is to constrain the mesh surface normals to fall within 30degrees of the
true-curved surface normals.

& This means that a cylindrical surface would be ‘faceted’ into 16 segments
about its circumference, as illustrated below.

& The normal for each flat segment cannot be off by more than 30 degrees
from the normal for the curved true surface which that segment’s face is
approximating.

& Although aided by the Volume Perturbation technique now used in HFSS
v10.0, it is not anticipated that this default faceting will be ‘enough’ for

extremely high-accuracy analysis of resonant cavity volumes, spheroids,
etc.

& The faceting default does not include a stringent aspect ratio default (note
long triangles on top and bottom cylindrical faces).

&  The default however is sufficient for most applications in which the curved
geometry is not itself highly critical to the simulation result, yet where more
faceting would result in an extremely large initial mesh

s E.g. Applicable for:

& ..meshing of transmission line models with both signal and non-
signal vias present to prevent parallel-plate modes in stripline or
CPW configurations

& ..Coaxial applications, where both the inner and outer radius faceting
maintains an effectively congruent distance for characteristic
impedance results.

& ..cylinders or spheres used as radiation boundaries.
& Less Applicable for:
& ...cylindrical cavity resonances to 0.001% frequency accuracy
s ..elliptical waveguide coupling irises
& ..circular waveguides

Ansoft High Frequency Structure Simulator v10 User’s Guide 4.1-3



A HFSS .. 4.1
Mesh Operations

& |ntroduction of Volume Perturbation to HFSS Solutions

&  Despite lower faceting ‘compliance’ to the true-curved geometry as the
adaptation process adds mesh points, HFSS v10.0 introduces a new solution
technology that should result in a more accurate solution from far smaller mesh
counts than in prior versions. This technology is referred to as Volume
Perturbation or Volume Correction.

& In a faceted mesh of a cylindrical solid, small arc-section volumes are ‘lost’
to the cylinder volume and become part of the volume of the cylinder’s
surroundings.

& Since the true geometry definition is known before faceting, the delta-
volumes represented by each of these sliver regions is computable

& The meshing algorithm in HFSS v10.0 can provide ‘adjustment factors’ to
both the tetrahedral center-edge node locations and to the appropriate
volumes of the tetrahedra on either side of the curved boundary, so that the
FEM solution proceeds with the right terms even for a loosely-discretized
mesh

& The end result is higher accuracy from the same mesh, even before the
benefits of adaptive mesh refinement are taken into account.

& Volume Perturbation solutions are always on. No user setting is required to
active them.

Sliver Region (only top surface
mesh outline shown)
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&  User Control of Curved Mesh Faceting

object faces

= Project1 4*
| 8 HFS5Madel”
7 Model

30 Modeler FEE=s Tools Wi
o
=] List...
o valdation Check...
—— 13 Edit Motes..,

[E Solution Tvpe...

IF Boundaries
#3 Excitations

30 Model Editor

follow:

& Surface Deviation is the maximum spacing,
in drawing units, that the tetrahedral surfaces
may be from the true-curved geometry’s
surface.

&  Normal Deviation is the maximum angular
difference, in degrees, that a tetrahedral
face’s normal can have from the surface
normal for the true geometry which it is
meant to represent.

& Aspect Ratio refers to the maximum allowed
aspect ratio of all faces of all tetrahedra of
the selected object or face. This setting
influences mesh quality rather than actual
meshed volume or surface locations.

& Since Volume Perturbation alone is not always enough, users can control the
fidelity to which the initial mesh faceting conforms to geometric curvature by
assigning Mesh Operation Surface Approximations to appropriate objects and/or

s Mesh Operations can be assigned from the HFSS menu, from the Design
Tree, or from the geometry interface’s context-sensitive menu.

On Selection L4

Inside Selection 4

& The Surface Approximation options are shown below right.

Boundaries L -
Surface Approximation, .
Exciations o Surface Approximation
M rations > On Selection L
Analysis Setup L Inside Selection L
Optimetrics Analysis v
S v Select Objects a
Select Faces F
Resulks L
Fields L4 all Object Faces
- N
Radiatian Measure A
Boundary Display {Solver View) view 3
Design Properties. .. £t Y

On Selection E
Inside Selection

Definitions

Surface Apprvadnmiion a‘

Narne:

Surface Deviation

* lgnore

" Set marimum surface deviation length)

[Poizeasesic fom <]

Nomal Deviation
* lgnore
" Use defaults

" Set maximum nomal deviation [angle]:

[ER R

Azpect Ratia

* lgnore
" Use defaults

" Set aspect ratio:

Cancel |

——
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&  Each Setting can be forced, left at the default, or turned off entirely

& [gnore means no evaluation of this T ]
constraint will be done in generation of
the initial meshing, not even to the e |
“built-in” settings HFSS follows without '
surface approximation instructions Surface Deviation
& Use Defaults leaves that constraint at the " lgnere
built-in settings, and is selected if you do & SN T e
not wish to tighten this constraint but also | | =
do not wish to deactivate it.
s Set.. is of course used to apply a user “”mi'De"ia“"”
constraint value which may be tighter or - 'j”c":f “
looser than the built-in constraint used P P
in the absence of specific instructions. | | o
&  Setting looser constraints than the
default may require also setting Aspect Ratio
adjoining objects to the same & lgnore
looser constraint so that the C Use defaults
default does not take precedence (" Set aspect rato: R
at interfaces.
s Usage Suggestions Carcel
s Do not overspecify.
& Itis always easier to ‘add’ than subtract mesh, by running more adaptive
passes or by adding supplemental mesh instructions
& Too stringent a setting (e.g. Normal Deviation of 1 degree) can result in
poor mesh qualities due to aspect ratios, poor mesh gradients to
surrounding objects, etc.
& Use Aspect Ratio settings along with Normal or Surface Deviation settings
& For cylindrical type objects where curved and planar faces meet, the
normal and surface deviation settings apply to the curved faces only.
Setting an aspect ratio limit as well (e.g. 4:1) will force a few additional
triangles on the planar faces and help preserve a cleaner overall mesh
&  Consider using Polyhedrons or Polygons instead if using to ‘reduce’ mesh
& If your design has many curved objects which you want only very coarsely
meshed (e.g. a whole fence of ground vias, for which 30 degree default
normal deviation is unnecessary), and the geometry is not imported,
consider drawing the vias as hexagonal or even square solids instead,
rather than having to ‘remember’ to reduce the meshing fidelity on them all.
Ansoft High Frequency Structure Simulator v10 User’s Guide 4.1-6
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& Model Resolution

Y

A

&

Model resolution enables model convergence and reduce solve times. If in
previous versions the tetrahedron count got too large, the solver could run out of
memory. It would be trying to add meshing elements to areas of the model that
are not important. Now with model resolution, we are able to crank down the
mesh size in order to actually get convergence before memory becomes an
issue.

Model resolution is a length based value that modifies the initial mesh. This
meshing operation allows the user to specify a minimum edge length of any
tetrahedron used for the mesh. By specifying a minimum edge length for a
tetrahedron, the mesher will have to coarsely mesh geometric detail that may not
be electrically important. This saves the solver a tremendous amount of solution
time since the initial mesh is smaller, and the mesher does not have to add mesh
elements to areas that are not electrically important.

When dealing with models that have very high aspect ratios due to small
geometric detail, use a model resolution of 1/10 to 1/20 of the thinnest conductor
to start with. Then adjust the value accordingly.

A Complex Connector

&  Enabled Convergence

-0

(previously unsolvable)
& one half the mesh
& two thirds the memory

-0

& one third the time

-a0

-80

hadel Regalution: S(5.8)
Madel Resclution: 5(9.9)

,,,,,,,,,, Mominal: 518,81
.......... Mamingl: 59,91

-6l

-80
0 5 0 15 20

Freq[(Hzl
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& Model Resolution Con’t
&  Practical Example

& This is part of a complex design that benefited from model resolution. The
grey outline is the reduced model. The pink lines were the original model
details that were removed due to the mesh operation. The original model

had an initial mesh of 184,675 tets. After model resolution, the initial mesh
was 24,691 tets.

B NI )
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s Applying Mesh Operations

& |If you want to refine the mesh on a face or volume but don’t want to generate a
solution, do the following after defining mesh operations:

&

A

A

A

&

If a current mesh has been generated, HFSS will refine it using the defined
mesh operations.

If a current mesh has not been generated, HFSS will apply the mesh
operations to the initial mesh.

If an initial mesh has not been generated, HFSS will generate it and apply
the mesh operations to the initial mesh.

If the defined mesh operations have been applied to the selected face or
object, the current mesh will not be altered.

Define a new mesh operation rather than modify an existing mesh
operation. HFSS will not re-apply a modified mesh operation. Applying
mesh operations without solving enables you to experiment with mesh
refinement in specific problem regions without losing design solutions. You
cannot undo the applied mesh operations, but you can discard them by
closing the project without saving them.
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e

Source: (Canonical)

Description

& A pillbox resonator is a simple cylindrical cavity, the exact resonance of which is
solved analytically as:

e

2

2
f TEmp — & 0 p
N N ANE

f 2\| (o) 17

& Equations for TE and TM modes of order (n, m, p) where p is the
number of half-wave variations in the cavity axis direction

s p.»and g, represent the zeros of the Bessel functions or their
derivatives

& bis cavity radius, and /is cavity height
& ¢, is the speed of light in the enclosed volume media

& Benchmark
& A pillbox project with =10 cm and /= 10 cm was constructed.
&  Volume of cavity was vacuum; wall boundaries were perfect conductors

& Solution was requested for 3 eigenmodes, with Surface Approximations set to
vary the Normal Deviation

& normwas varied from 5 to 45 degrees by 5 degree steps
& Aspect ratio was set at 5:1; Surface Deviation setting was “Ignore”

& Solution setup was 0.25 GHz starting frequency (to assure a starting
frequency did not add mesh beyond those set by the surface approximation
settings

&  Solutions were continued to 0.01% delta-f (real part) or 10 passes,
whichever came first

&  Tabulated results vs. theoretical computations are shown on the page following
s Bessel zeros were computed to about 5 digits (e.g. p;,=1.84118)
& Speed of light used was 299792458 m/s
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&  Results:
HFSS HFSS HFSS Avg. . .
Normfil TMO10 Delta vs. TE111 TE111 Deltagvs. Final Final Delta-f
Deviation Theory Tetrahedra| Convergence
(deq) Result ) Result 1| Result 2| Theory Count @)
(GHz) (GHz) (GHz) (%)
5[ 1.147406] 0.001482( 1.7361| 1.736118| 0.0756005 3347 0.0067755
10| 1.147345] 0.006798| 1.73307| 1.733154( 0.2480399 2670 0.0077428
15| 1.147124) 0.026058| 1.72758| 1.727638( 0.5647448 1882 0.022301
20| 1.146748(0.058827| 1.7192| 1.719607| 1.0370537 1060 0.042848
25| 1.146623( 0.069721| 1.71165| 1.712348| 1.4632887 1087 0.040982
30| 1.146196( 0.106935| 1.69707| 1.697355| 2.3142622 1008 0.052023
35| 1.145602( 0.158703| 1.68868| 1.688798| 2.8019963 890 0.12154
40( 1.144962| 0.214481| 1.67654| 1.677916| 3.4645009 887 0.033112
45( 1.144962| 0.214481| 1.67654| 1.677916| 3.4645009 887 0.033112

& Observations:

& With higher-order modes, absolute error is higher in order of ascending frequency
regardless of hormal deviation faceting applied

& This is expected due to some solution dependence on ‘starting’ frequency.

& Added adaptive elements are ‘shared’ among modes. Yet higher order
modes have more ‘focused’ field peaks as compared to more fundamental
modes. Therefore more rapid improvement for lower order modes are an
artifact of the adaptation technique and not one volume correction can
strongly influence.

& Note that for higher-accuracy analysis of the higher frequency modes, the
solution can be executed with solution settings that will find that as the
lowest frequency mode.

& Even 22.5 degree setting will result in better than 0.05% error for the
fundamental mode solution.

& 40 and 45 degree cases had identical meshes and results
s When used to ‘reduce’ mesh, other quality checks may still constrain the
result to more than just the surface approximation settings requested.
Conclusions:

&  For simple canonical shapes and fundamental modes, increased faceting is
unnecessary unless extremely tight accuracy deviations are required

2
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2

Source:

& K. K. Soand K. W. Leung, “Annular Slot Excited Dielectric Resonator Antenna
with a Backing Cavity,” Proceedings of the 2002 IEEE Antennas and Propagation
Society International Symposium, San Antonio, TX, June 2002, Volume 4

Description:

& A hemispherical dielectric resonator antenna (DRA) is fed by a coaxial cable
across an annular ring slot, which couples the DRA to a hemispherical cavity
beneath it. This project has a combination of spherical and planar-circle curves
which should give good evidence of the utility of the volume correction approach.
The source provides both author-derived analytical results and measurement
results.

s  Benchmark:
& An image of the modeled geometry is shown (below, right).

&  Symmetry was used (1 plane).

& Cavity (vacuum filled) is 25mm radius; DRA is 12.5 mm radius.
DRA material has €, = 9.5

& Annular ring outer radius is 5.8 mm, 1 mm width

& Feed is generated using a lumped gap source port spanning the annular
ring (see detail image)

& A 30mm radius by 35mm height polyhedron (16 sides) is used for the
radiation boundary. s

& Bottom ground plane is treated as >
‘infinite ground’ boundary condition R

2

—

I
\ Feed Detail ) \\v): \

& Solution requested using only default surface approximations

& 10 adaptive passes or to delta-S of 0.01 at adaptive frequency of
3.75 GHz

& 2.5-5 GHz fast sweep requested
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s Results:
&  Plots of S11 vs. frequency and real and imaginary Z11 vs. frequency are shown

&  Results conformed almost exactly to source’s reported measured results, and
were closer to measurements than source analysis

& HFSS v8.5 solved to effectively the same result, but required about 4 times the
mesh

& 3324 at pass 8 (v10) vs. 13,300 tetrahedra at pass 11 (v8.5)

07 May 2003 $11 vs. Frequency 11:50:46 07 May 2003 Z11 Real and Imaginary vs. Frequency 11:49:10
Default Surface Approximations Default Surface Approximations
HFSSModel1 HFSSModel1
0.00 1000.00.
| |
| |
| \
-20.00| — 500.00. 1
| |
! IMAG

o
o
=]

4000 L L L 1 ) S0 TS U S S [ S S R S S

Magnitude (dB)
Resistance or Reactance (Ohms)

|

|

\

\

I | -500.00 I

S0 00 380 2.00 .50 5.00 2.50 3.00 3.50 4.00 4.50 5.00

Freq [GHz] Freq [GHz]

-60.00
2.

& Conclusions:

& This provides an example of a project for which the volume perturbation is
extremely well-suited, by providing the proper dielectric resonance volume

& Past experiments with as many as 24 facets per circumference without
volume perturbation demonstrated a noticable frequency error, therefore
the role of the new solution capability in this success is clear.

&  Solution accuracy was excellent in absolute terms even with default settings, and
greatly exceeded HFSS v8.5’s capabilities

& A second simulation with Normal Deviation set to 15 degrees solved to the
same results and excellent convergence, still beating the HFSS v8.5 mesh
required
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&  Source:
& http://lwww.jlab.org/"piller/spoke/spoke.htm

s Description:

& A Spoke cavity is used in accelerators for ion beams. This variant is a ‘low Beta’
type. The cavity consists of a cylindrical volume with spherical sections
subtracted from the flat ends. The ‘spoke’ is a smaller cylinder with its axis
orthogonal to the main cavity’s axis that cuts through the cavity centerline on a
diameter. There is an input/output beam pipe that runs coaxial with the main
cavity and exits the two concave spheroid ends. Due to symmetry these cavities
are usually analyzed in 1/8 sections with PHC boundary conditions

& Benchmark:

& An image of the modeled cavity geometry from the HFSS graphical interface is
shown (below, right).

& Main cavity 21.908 cm radius by 25.4cm height

& Spherical subtractions have radius 64.572 cm

& Spoke is 3.81 cm radius; beam pipe 1.359 cm radius

& Solved for Normal Deviations from 5 to 30 degrees (as parametric sweep)
& Solution settings 10 passes or to delta-f of 0.01%(real)

& The beam ports were left as PHC bondaries, so port loading is not
included in these simulation results

06 May 2003 Ansoft Corporation 14:51:51 e Y1 —C

XY Plot 1 r_sph=64.572cm, hel
HFSSModell

J.ﬂﬁEﬂsffrf77*777,77‘777777777,,,77777

3.50E08|

I
|
|
[
[
4 [ -
Ex
2 34sE08- 1 =l

340E08 | | I
- I

|
3.35608-
v 10.00 15.00 20.00 2500 30.00

surf_approx [deg]

& Results:

& A plot of solved resonant frequency vs. the Normal Deviation surface
approximation setting used is shown above left. Tabulated results are on the
page following, with mesh and error statistics

&  The reference website indicates that a different solution method for the cavity
obtained a resonance frequency of 338.048 MHz, yet the measurement obtained
348.578 MHz. Deltas to both are shown in the table.
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A

Results, cont.

Normal

Delta vs. Delta vs. Ref. Final Final Delta-f

Deviation |f_r (MHz) Ref. Measurement |Tetrahedra|Convergence
(deq) Analysis (%) (%) Count (%0

5[ 339.332|0.379827717 2.652490978 21160 0.0021053

10| 341.486|1.017015335 2.034551808 9425 0.011095

15| 344.907| 2.029001799 1.053135884 4246 0.10175

20| 347.903| 2.915266471 0.19364389 3356 0.1472

25| 347.353| 2.752567683 0.351427801 3757 0.016916

30| 352.195| 4.184908652 1.037644372 2601 0.3341

&  Observations:

&  Since the reference analysis and measurement do not match, neither can be
taken as an absolute accuracy validator for comparison to the HFSS results.

& The measurement was of a cavity with port loading at the beam pipe(s) and
a probe loop which will themselves perturb results slightly

&  The trend of resonant frequency shift with tighter normal deviation restriction is
quite nearly linear

& Tighter initial faceting results in better reported convergence for the same pass
count

& V8.5 convergence was still not at low levels after the last solved pass. Therefore
it was only coincidentally near the most-refined HFSS v10 solution. Carrying the
HFSS v8.5 solution to good convergence rather than a limited number of
tetrahedra took more mesh than reported for HFSS v10.

& Conclusions:

&  None of the meshes resulted in inadequate volume filling or clearly incorrect

solutions. This is a geometry type for which increased faceting merely fine-tunes
the resulting convergence and final solution outputs.
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&  Source:

& Henry Z. Zhang, “A Wideband Orthogonal-Mode Junction using Ridged Sectoral
Waveguides,” Proceedings of the 2002 IEEE Antennas and Propagation Society
International Symposium, San Antonio, TX, June 2002, Volume 4

& Description:

&  This quadrature orthomode junction (OMJ) uses a tapered septum to convert a
circular, coaxial, quad-ridge waveguide into four contoured ridge waveguides which
have modes analagous to rectangular single-ridge waveguide. The use of tapered
septums intersecting with circular cross-sections necessitates drawing in true

&  Benchmark:
&  The geometry is shown above. Dimensions are as follows:
& QOuter radius 160 mm, Ridge diameter 150mm, center diameter 60mm
& Ridges subtend 45 degrees, evenly spaced at 90 degree intervals
& Septums subtend 2 degrees and extend half the length of the modeled section
(400mm)

& Two small ‘perturbers’ of . = 1.001 (in red) are inserted at the single-
waveguide end to provide stabilization of the degenerate mode order

&  The HFSS v10 project was generated by direct translation of the v8.5 project, and
solved mesh surface approximation settings.

& 900 MHz adapt, swept from 400 - 950 MHz
& 10 passes or to a Delta-S of 0.009
& 10 and 15 degree normal deviation allowance
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A

A

Results

Solution results are shown below, focusing on return loss.

Results for 15 degree normal deviation are still unstable

Delta-S of 0.0342; final mesh of 16,177 tetrahedra

Results for 10 degree normal deviation are excellent

Delta-S of 0.00752; final mesh of 15,897 tetrahedra (shown)

A

A

A

&

Y1

07 May 2003

Reflection Coefficient - All Ports and Modes. 17:04:43
15 Degree Normal Deviation

quad_OMJ

0.00

-10.00-| o

\"‘—’/SINGLE-MUDE PORTS

| FULL &

B
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-50.00
0.
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07 May 2003

Reflection Coefficients
10 Degree Normal Deviation
quad_OMJ

¥1

40,00

0.70 0.90

Freq [GHz)

0.4 0.50 0.60

A

A

&

Conclusions:

Due to very narrow annular gaps at the ridge peaks, this geometry type is poorly
meshed without user-guidance in the form of tighter surface approximation
settings, providing an example for which such guidance is required

However, with 10 degree faceting the solution convergence was better and to a
smaller final mesh than with 15 degree faceting. Therefore in geometric cases
where surface approximations are required for a good answer, they do not
necessarily imply a longer solution time.
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Examples - Contents
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Chapter 5.0 - Antenna Examples
&  5.1-UHF Probe
& 5.2 - Circular Waveguide Horn
& 5.3 - Probe Feed Patch
& 5.4 - Slot Coupled Patch
& 5.5 - Specific Absorption Rate
& 5.6 - CPW Feed Bowtie Antenna
& 5.7 - Endfire Array

&  Chapter 6.0 - Microwave Examples
&  6.1-MagicT
& 6.2-Coax Bend
& 6.3 - Ring Hybrid
& 6.4 -Coax Stub
& Includes Optimetrics Example
& 6.5 - Microstrip - Wave Ports
& Includes Optimetrics Example
& 6.6 - Dielectric Resonator

s Chapter 7.0 - Filter Examples
& 7.1-Bandpass Filter
& 7.2 -Bandstop Filter

s  Chapter 8.0 - Signal Integrity Examples
&  8.1-LVDS Differential Pair
& Includes Optimetrics Example
& 8.1a - LVDS Differential Pair Transient Simulation (Ansoft Designer)
& 8.2 - Segmented Return Path
& 8.2a - Segmented Return Path TDR (Ansoft Designer)
& 8.3 - Non-ldeal Planes
& 8.4 - Return Path

s Chapter 9.0 - EMC/EMI Examples
& 9.1-Heat Sink
& 9.2 - Enclosure

s Chapter 10.0 - On Chip Component Examples
s 10.1 - Spiral Inductor
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Chapter 5.0

s Chapter 5.0 - Antenna Examples

&

&

&

&

A

A

A

5.1 - UHF Probe

5.2 - Circular Waveguide Horn
5.3 - Probe Feed Patch

5.4 - Slot Coupled Patch

5.5 - Specific Absorption Rate
5.6 - CPW Feed Bowtie Antenna
5.7 - Endfire Array
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A

ANSOFT Example - UHF Probe

s  The Ultra-High Frequency (UHF) Probe

&  This example is intended to show you how to create, simulate, and analyze a
UHF probe, using the Ansoft HFSS Design Environment.
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ANSOFT Example - UHF Probe

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model

& 3D Solid Modeling

s Primitives: Cylinders, Boxes

& Boolean Operations: Unite, Subtract
& Boundaries/Excitations

& Ports: Wave Ports
&  Analysis

& Sweep: Fast Frequency

& Results
s Cartesian plotting

& Field Overlays:
s 3D Far Field Plots

5.1
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e

3

g

Getting Started

Launching Ansoft HFSS

1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab

& Use Wizards for data entry when creating new boundaries: ¥
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.
=10l x|

B Projects*

- s HFSShodel1*
&7 hModel
IF Boundaries
#J Excitations
tesh Operations
£F Analysis
i§ Optirmetrics
= Results
B PortField Display
[l Field Overlays
% Radiation

+-(1 Definitions

Froject

&  Set Solution Type
&  To set the solution type:

5.1

1. Select the menu item HFSS > Solution Type | sqlution Type

2. Solution Type Window:
1. Choose Driven Terminal (* Driven Modal
2. Click the OK button

(@ Driven Terminal

(" Eigenmode

0] | Cancel
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s Creating the 3D Model

& Set Model Units
&  To set the units:

1. Select the menu item 3D Modeler > Units | Set Model Units

2. Set Model Units:
1. Select Units: in (inches) _
2. Click the OK button B e =l el

(] I Cancel |

Select units: in -

& Set Default Material

&  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select

2. Select Definition Window: | % fvacium v |[mocel v
1. Type copper in the Search by Name field vacum
. T faelect..
2. Click the OK button
‘Select Definition
Materials | Material Fiters |
—Search Parameters
Search by MName [~ Search Criteria | Librariss ¥ Show definitions in Project
(% by Name " by Property | [fsys] Matenals.
[copped =
Search ] ._| el =
) _ Relative Relative Buk  |#]
/ hlestie Hercahan s Pemittivity Permeahbility Conductivity
cast_iron SysLibrany Maternials 1 &0 15000005iemens/m
chromium SysLibrany Materials 1 1 76000005iemens/m 1
cobalt SysLibrary Materials 1 250 10000000Siemens/m-
copper SysLibrany Materials 1 0.359951 580000005iemens./m
coming_glass SysLibrany Maternzls 575 1 1]
cyanate_ester SysLibrany Materials 38 i 0
diamand SysLibrany Maternzls 165 1 1]
diamond_hi_pres SysLibrary Materials b7 i 0
diamond_pl_cwd SysLibrary Materials 35 1 0
] Dupont Type 100 HN Film ¢m} SysLibrary Materials 35 1 0 |VI
(I 1l | |>_| i
View/Edt Materials .. Add Material .. Clone Material(s} Remove Materials) | Expot to Library... |
oK | cowel |  Hep |
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s Creating Annular Rings

&

A

&

=

4

Creating a ring is accomplished by creating a cylinder that represents the outer
radius and a cylinder that represents the inner radius. By performing a Boolean
subtraction, the resulting geometry is a ring.

For this model, two sets of rings are necessary. Instead of manually creating
both rings, we will create one ring, copy it, and edit the dimensions of the copy.

Create Ring 1
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.31,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 5.0, Press the Enter key
To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: ring_inner
3. Click the OK button
To fit the view:

1. Select the menu item View > Fit All > Active View. Or press the CTRL+D
key
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8  Creating Annular Rings (Continued)
s  Create Ring 1 (Continued)
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.37,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 0.0, dZ: 5.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: ring_1
3. Click the OK button
&  To select objects to be subtracted:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: ring_1, ring_inner
2. Click the OK button
&  To subtract:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
s Blank Parts: ring_1
& Tool Parts: ring_inner
& Clone tool objects before subtract: 0 Unchecked
& Click the OK button

5.1
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&  Creating Annular Rings (Continued)
s  Create Ring 2

1.
2.

3.
4.

Select the menu item Ediit > Select > By Name
Select Object Dialog,
1. Select the objects named: ring_1
2. Click the OK button
Select the menu item Edit > Copy
Select the menu item Ediit > Paste

s  Change the dimensions of Ring 2

1.

-£57 Ohjects
- 4% copper
—-£57 ringl

To change the dimensions of ring_2, expand the model tree as shown
below. It should be noted that order of the editing is important. If you make
the inner radius > then the outer radius, a invalid object will result and it will
be removed from the model.

Using the mouse, double click the left mouse button on the CreateCylinder
command for ring_2

Properties dialog
1. Change the radius to: 0.5 in
2. Click the OK button

Using the mouse, double click the left mouse button on the CreateCylinder
command for ring_inner1

Properties dialog
1. Change the radius to: 0.435 in
2. Click the OK button

3 CreateCylinder
+- [ Subtract v

—£57 ring2

3 CreateCylinder
- Subkract
—-¢5 rving_innerl

i B CreateCylinder

+-L, Coordinate Systems

+ -4 Planes
+ @ Lisks
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8  Create Arm_1
s  To create Arm_1
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-0.1,Y:-0.31, Z: 5.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:0.2,dY:-4.69, dZ: -0.065, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Arm_1
3. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.

&  Group Conductors
&  To group the conductors:
1. Select the menu item Edit > Select All Visible. Or press the CTRL+A key
2. Select the menu item, 3D Modeler > Boolean > Unite
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8  Create the Center pin
&  To create the center pin
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.1,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY:0.0,dZ: 5.1, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: center_pin
3. Click the OK button
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&  Create Arm_2
s  To create Arm_2
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-0.1,Y:0.0, Z: 5.1, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:0.2,dY: 5.0, dZ: -0.065, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Arm_2
3. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.
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&  Create the Grounding Pin
&  To create the grounding pin
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:1.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX: 0.0625, dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY:0.0,dZ: 5.1, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: pin
3. Click the OK button

&  Group Conductors
s  To group the conductors:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Arm_2, center_pin, pin

& Note: Use the Ctrl + Left mouse button to select multiple
objects

2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Unite
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&  Create the Wave port
&  To create a circle that represents the port:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
s X:0.0, Y: 0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius of the circle:
s dX:0.31,dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: p1
3. Click the OK button
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3

Set Default Material |

s  To set the default material:
& Using the 3D Modeler Materials toolbar, choose vacuum

|vacuum v | |Model i ||

Create Air
s  To create Air
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-5.0,Y:-10.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:
& dX:10.0, dY: 20.0, dZ: 12.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

3

g

Create Radiation Boundary
&  To create a radiation boundary
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Air
2. Click the OK button
3. Select the menu item HFSS > Boundaries >Assign> Radlation
4. Radiation Boundary window
1. Name: Rad1
2. Click the OK button
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&  Create Wave Port Excitation 1 (Continued)
s  To select the object p1:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: p1
2. Click the OK button
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1,
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
s X:0.31,Y:0.0, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
s dX:-0.21, dY: 0.0, dZ: 0.0, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
1. Reference Impedance: 50
6. Click the Finish button

Ansoft High Frequency Structure Simulator v10 User’s Guide 5.1-15



." \ 5.1
a..\\'
\NSOF Example - UHF Probe

&  Create Infinite Ground Plane
s  To create an Infinite ground
1. Select the menu item Edlit > Select > Faces
Graphically select the face of the Air object at Z=0

Select the menu item HFSS > Boundaries > Assign> Finite Conductivity
Finite Conductivity Boundary window

P 0D

Finite Conductivity Boundary

1. Name: gnd_plane
2. Use Material: M Checked
3. Click the vacuum button

General ] Defautts |

Mame: |gnd_plane

Parameters

4. Select Definition Window: T —
1. Type copper in the Search I—
by Name fleld ¥ Use Material: | copper |

2. Click the OK button
5. Infinite Ground Plane: M Checked
6. Click the OK button =

¥ Infinite Ground Plane

oK Cancel

&  Create a Radiation Setup
&  To define the radiation setup

1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere

2. Far Field Radiation Sphere Setup dialog
1. Infinite Sphere Tab
1. Name: ff_2d
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start: -180, Stop: 180, Step Size: 2)
2. Click the OK button
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2

Analysis Setup

3

Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 0.55 GHz
&  Maximum Number of Passes: 10
& Maximum Delta S per Pass: 0.02
2. Click the OK button

3

Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 0.35GHz
Stop: 0.75GHz
Count: 401
Save Fields: M Checked
3. Click the OK button

=3

4

4

4
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&  Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_uhf_probe
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

M Solutions: example 5-1 - HFSSModel1

Drezign Wariation: | J ‘“

Simulation: |Setup1 ﬂ

Profle  Comvergence ] Matrix D ata

Y
Mumber of Fasses 25 Apr 2005 AnwitCorporaton 13:22:51 —I%l
Completed G M My . Dl

Masimum 10
2.60E001

Mikirurm 1 (___,-r—"‘_ﬂ o
Targe | Mag_ D

tax Mag. Delta 5
Target 0.02 2.00E001
Curent 0015273 \
Yiews © Table {* Plat 160E001
X |F'a$3 Murnber

=
Y |MaH tag. Delta 5 ﬂ

COMNVERGED

1.00 E001

Max Mag. Delta §

6.00 EQ0Z

Conzecutive Pazses
Target 1
Current 1 na0Eroon

3 4 L3
Page Humbar

E¥- 1 29Eom

Cloze
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&  Create Reports

&  Create Terminal S-Parameter Plot - Magnitude

& To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
Domain: Sweep
Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1),
3. Function: dB
4. Click the Add Trace button
Click the Done button

w n

&

18 Jun 2003 Ansoft Corporation 19:14:04

XY Plot1
HFSSModel1

0.00

-5.00
-10.00 ] \

-15.00

dB(St(p1,p1))

\/
| V

-25.00
300.00 400.00 500.00 600.00 700.00 800.00

Freq [MHz]
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s  Far Field Overlays

&  Create Far Field Overlay
s  To create a 2D polar far field plot :

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: Radiation Pattern
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Geometry: ff_2d

3. In the Sweeps tab, select Phi under the Name column, and on the
drop list, select Theta. This changes the primary sweep to Theta.

4. In the Mag tab

1. Category: Gain
Quantity: GainTotal
3. Function: dB

N

4. Click the Add Trace button 00
5. Click the Done button 30 2
-60 1215 60
-a0
120 120
150 150
180
Q.IU R Y 1|53 T I 9.0
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ANSOFT Example - Conical Horn

& Dual Mode Conical Horn

&  This example is intended to show you how to create, simulate, and analyze a
waveguide horn antenna using the Ansoft HFSS Design Environment.
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ANSOFT Example - Conical Horn

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model:

& 3D Solid Modeling
s  Primitives: Cylinders
4 Boolean: Union, Subtract, Connect

& Boundaries/Excitations
& Excitations: Wave Ports
& Boundaries: Radiation

& Results
s Plotting: Radiation Pattern

5.2
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s  Design Review
s  Port Size/Type

& Since the port is external to the model we could use a Wave Port. The
size of the port is determined by the physical dimensions of the
waveguide. Because the waveguide is circular, we must Polarize the E-
Field for the port definition.

&  Free Space

& Since we are evaluating a radiating structure, we need to create a free
space environment for the device to operate in. This can be achieved by
using the Radiation Boundary condition or a Perfectly Matched Layer
(PML). We will use a Radiation Boundary since the surface will be
cylindrical.

& The Radiation Boundary needs to be placed at least A/4 from radiating
devices. For our example we will assume that ~A/4 (0.6in)
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Example - Conical Horn

e

3

g

Getting Started

Launching Ansoft HFSS

1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab

& Use Wizards for data entry when creating new boundaries: ¥
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.
=10l x|

B Projects*

- s HFSShodel1*
&7 hModel
IF Boundaries
#J Excitations
tesh Operations
£F Analysis
i§ Optirmetrics
= Results
B PortField Display
[l Field Overlays
% Radiation

+-(1 Definitions

Froject

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type

2. Solution Type Window: Solution Type: Project8 - HFSSModel1
1. Choose Driven Modal
2. Click the OK button @ BTz
" Driven Teminal
" Eigenmode
0K | Cancel
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Example - Conical Horn

s Creating the 3D Model

& Set Model Units Set Model Units

&  To set the units:
1. Select the menu item 3D Modeler > Units
2. Set Model Units: [ Rescale to new units

2. Click the OK button

Select units: in -

& Set Default Material

& To set the default material: | lvacuum ||Model

& Using the 3D Modeler Materials toolbar, choose vacuum

&  Create Circular Waveguide
s  Create waveguide
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0,Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.838, dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY:0.0,dZ: 3.0 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Waveguide
3. Click the OK button
s  To fit the view:

1. Select the menu item View > Fit All > Active View.
Or press the CTRL+D key
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&  Create Offset Coordinate System
&  Create CS

1. Select the menu item 3D Modeler > Coordinate System > Create > Relative
CS > Offset

2. Using the coordinate entry fields, enter the origin

& X:0.0,Y:0.0, Z: 3.0 Press the Enter key
z

&  Create Transition Region
s  Create waveguide transition
1. Select the menu item Draw > Cone
2. Using the coordinate entry fields, enter the center position
& X:0.0,Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the lower radius:
s dX:0.838, dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the upper radius:
s dX:0.709, dY: 0.0, dZ: 0.0 Press the Enter key
5. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 0.0, dZ: 1.227 Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Taper
3. Click the OK button
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&  Create Offset Coordinate System
&  Create CS

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:0.0, Z: 1.227 Press the Enter key

Z

&  Create the Throat
&  Create Throat
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position .«
& X:0.0, Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX: 1.547, dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX: 0.0, dY: 0.0, dZ: 3.236 Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Throat
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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3

Group Object
s  To group the objects:

1. Select the menu item Ediit > Select All Visible. Or press the CTRL+A key

2. Select the menu item, 3D Modeler > Boolean > Unite

g

Rename group
s  To rename the group of objects:
1. From the Model tree, select the only object shown
2. Click the Properties button
1. For the Value of Name type: Horn_Air
2. Click the OK button
3. Click the Done button

g

Set Working Coordinate System
&  To set the working coordinate system:

1. Select the menu item 3D Modeler > Coordinate System > Set Working CS

2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

&  Set Default Material lvacuum v ||Model v
s  To set the default material: _gzl‘;ﬁfm
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type pec in the Search by Name field
2. Click the OK button
5.2-9
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&  Create the Horn Wall
s  Create horn
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:1.647, dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 0.0, dZ: 7.463 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Horn
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

s Complete the Horn
s  To select the object
&  Select the menu item Ediit > Select All Visible. Or press the CTRL+A key
& To complete the horn:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
& Blank Parts: Horn
& Tool Parts: Horn_Air
s Clone tool objects before subtract: O Unchecked
&  Click the OK button

Ansoft High Frequency Structure Simulator v10 User’s Guide 5.2-10



A HFSS" .« 5.2

ANSOFT Example - Conical Horn

A& Set DefaUIt Materlal ||J %uvacuum LI||MOde| L”
s  To set the default material:
s Using the 3D Modeler Materials toolbar, choose vacuum

&  Create Air
s  Create Air
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.0 Press the Enter key

3. Using the coordinate entry fields, enter the radius:
& dX:2.2,dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 8.2 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Radiation Boundary
&  To create a radiation boundary
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Air
2. Click the OK button
3. Select the menu item HFSS > Boundaries > Assign> Radlation
4. Radiation Boundary window
1. Name: Rad1
2. Click the OK button
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&  Create the Wave port
&  To create a circle that represents the port:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
& X:0.0,Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius of the circle:
& dX:0.838, dY: 0.0, dZ: 0.0 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: p1
3. Click the OK button
& To select the object p1:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: p1
2. Click the OK button

5.2
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&  Create Wave Port Excitation 1 (Continued)
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1
2. Click the Next button
3. Wave Port : Modes
1. Number of Modes: 2
2. For Mode 1, click the None column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:-0.838, Y: 0.0, Z: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:1.676, dY: 0.0, dZ: 0.0 Press the Enter key
5. Polarize E Field: M Checked
6. Click the Next button
4. Wave Port : Post Processing
5. Click the Finish button

5.2
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s  Create Offset Coordinate System
& Create CS

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:0.0, Z: 7.463 Press the Enter key

&  Create a Radiation Setup
&  To define the radiation setup

1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere

2. Far Field Radiation Sphere Setup dialog
& Infinite Sphere Tab
1. Name: ff_2d
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start: -180, Stop: 180, Step Size: 2)
1. Coordinate System Tab
1. Select Use local coordinate system
2. Choose RelativeCS3
2. Click the OK button
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e

Analysis Setup

3

Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 5.0 GHz
&  Maximum Number of Passes: 10
& Maximum Delta S per Pass: 0.02
2. Click the OK button

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_chorn
3. Click the Save button

s  Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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Example - Conical Horn

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab
& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.
& To view the Matrix Data:
1. Click the Matrix Data Tab
& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

= HEE
Diesign Variation: | J ‘
Simulation: | Setupl j y

Profile  Convergence ] Matrix Data

Mumber of Paszes Fazs Nurmber | # Tetrabedra | Max Mag. Delta 5
& | Completed 4 1 3769 N/

Mazimum 10 2 4333 0.066831

Mirimum 1 3 5011 0.029403

tax bag, Delta 5 4 5315 0.0074453

Target 0.02
Current  0.0074453

Yiews ™ Table " Plat

COMNVERGED

Consecutive Passes
Target 1
Current 1

Cloze
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Example - Conical Horn

e

Far Field Overlays

3

Edit Sources
s  To Modify a Terminal excitation:
1. Select the menu item HFSS > Fields > Edit Sources
2. Edit Sources window
1. Source: p1:m1
1. Scaling Factor: 1
2. Offset: 0
2. Source: p1:m2
1. Scaling Factor: 1
2. OffsetPhase: 90
3. Click the OK button

g

Create Far Field Overlay
&  To create a 2D polar far field plot :
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: Radiation Pattern
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Geometry: ff_2d
3. In the Sweeps tab
1. Primary Sweep: Click on the Name Phi and toggle to Theta
4. In the Mag tab
1. Category: Gain
2. Quantity: GainLHCP, GainRHCP
3. Function: dB
5. Click the Done button
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Example - Conical Horn

25 Apr 2005 Ansoft Corporation 14:55:56
Radiation Pattern 1
HFSSModel1

-120

=150 150
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ANSOFT Example - Probe Feed Patch Antenna

& The Probe Feed Patch Antenna

&  This example is intended to show you how to create, simulate, and analyze a
probe feed patch antenna using the Ansoft HFSS Design Environment.

Patch (Signal)

A
0.32cm
A 4

Infinite Ground
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Example - Probe Feed Patch Antenna

e

3

g

Getting Started

Launching Ansoft HFSS

1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft > HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab

& Use Wizards for data entry when creating new boundaries: ¥
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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Example - Probe Feed Patch Antenna

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.
=10l x|

B Projects*

- s HFSShodel1*
&7 hModel
IF Boundaries
#J Excitations
tesh Operations
£F Analysis
i§ Optirmetrics
= Results
B PortField Display
[l Field Overlays
% Radiation

+-(1 Definitions

Froject

&  Set Solution Type
&  To set the solution type:

1. Select the menu item HFSS > Solution Type

2. Solution Type Window: Solution Type

1. Choose Driven Terminal
2. Click the OK button (" Driven Modal

i Driven Terminal

(" Eigenmode

(04 | Cancel
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ANSOFT Example - Probe Feed Patch Antenna

s Creating the 3D Model

Set Model Units ﬁ

& Set Model Units
&  To set the units:
1. Select the menu item 3D Modeler > Units

2. Set Model Units: oK | Cancel \

Select units: cm -

[ Bescale ta new units

1. Select Units: cm
2. Click the OK button

&  Set Default Material lvacuum v |[Model -
& To set the default material: _galcmtim
22, .,

1. Using the 3D Modeler Materials toolbar, choose Select

2. Select Definition Window:
1. Type Rogers RT/duroid 5880 (tm) in the Search by Name field
2. Click the OK button

‘Select Definition
Materials | Material Fiters |
- Search Farameters
Search by Name —Search Criteria — | Libraries ¥ Show definitions in Project
* by M " by Pro [l e
[Ragers RT/duroid 5850 ] hiis S E e ‘E”E‘] Weedls
sooc | IE = |
] B Relative Relative | Bulk  |#
/ fiopke ‘ Lbstics l Sk | Permittivity Permeability | Conductivity
rhadium SysLibrary Materials 1 il Z22000005iemens./m
Rogers RO3003 ¢m) SysLibrary Materials 3 1 0
Rogers RO300E {m) Syslibrary Matenals 615 1 1]
Rogers RO3010 ¢m) Syslibrary Matenals 10.2 1 1]
Rogers RO3203 ¢m) SysLibrary Materials 302 il 0
Rogers RO %D fm) SysLibrary Materials 10.2 1 0
Rogers RO4003 ¢m) Syslibrary Matenals 3138 1 1] Ml
Rogers RO4232 {m) Syslibrary Matenals 32 1 1] it
Rogers RO4350 ¢m) SysLibrary Materials 348 il 0
Rogers RT/durcid 5870 #m) SysLibrary Materials 233 1 0
Rogers RT/duroid 5820 {tm) Project Materials 22 = a el
X L]
(i il | | e
View/Edt Materils ... Add Materal . Clone Materialis) Remove Materalis) | Ecort to Lbrary... |
oK | cCancel |  Heb |
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Example - Probe Feed Patch Antenna

&  Create Substrate
s  To create the substrate:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-5.0,Y:-4.5, Z: 0.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box
s dX:10.0,dY: 9.0, dZ: 0.32, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Sub1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View. Or press the CTRL+D key
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Example - Probe Feed Patch Antenna

&  Create Infinite Ground
s  To create the infinite ground:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-5.0,Y:-4.5, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX:10.0, dY: 9.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Inf_GND
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Assign a Perfect E boundary to the Infinite Ground
&  To select the trace:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Inf_GND
2. Click the OK button
&  To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Inf_GND
2. Infinite Ground Plane: M Checked
3. Click the OK button
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ANSOFT Example - Probe Feed Patch Antenna

&  Create Infinite Ground Cut Out
s  To create the cut out:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
& X:-0.5,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.16, dY: 0.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Cut_Out
3. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View

&  Complete the Infinite Ground
s  To select the objects Inf_GND & Cut_Out:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Inf_GND, Cut_Out
2. Click the OK button
& To complete the ring:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
Blank Parts: Inf_GnD
Tool Parts: Cut_Out
Clone tool objects before subtract: 0 Unchecked
Click the OK button

&

&

&

e

5.3
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ANSOFT Example - Probe Feed Patch Antenna

8  Create Patch
&  To create the patch:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-2.0,Y:-1.5,2Z:0.32, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX:4.0,dY: 3.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Patch
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

s Assign a Perfect E boundary to the Trace
&  To select the trace:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Patch
2. Click the OK button
s To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Patch
2. Click the OK button
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Example - Probe Feed Patch Antenna

s Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose vacuum

| |vacuum v | |Model i ||

&  Create the Coax
&  To create the coax:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:-0.5,Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.16, dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: -0.5 Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Coax
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

8
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Example - Probe Feed Patch Antenna

&  Set Default Material
&  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type pec in the Search by Name field
2. Click the OK button

&  Create the Coax Pin
&  To create the coax pin:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:-0.5,Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.07, dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 0.0, dZ: -0.5 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Coax_Pin
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Probe Feed Patch Antenna

&  Create the Wave port
&  To create a circle that represents the port:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
& X:-0.5,Y:0.0, Z: -0.5 Press the Enter key
3. Using the coordinate entry fields, enter the radius of the circle:
s dX:0.16, dY: 0.0, dZ: 0.0 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Port1
3. Click the OK button
&  To select the object Port1:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
s X:-0.34,Y:0.0, Z: -0.5, Press the Enter key
Using the coordinate entry fields, enter the vertex
& dX:-0.09, dY: 0.0, dZ: 0.0, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
1. Reference Impedance: 50
6. Click the Finish button

&
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ANSOFT Example - Probe Feed Patch Antenna

& Create the Probe
&  To create the probe:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:-0.5,Y:0.0, Z: 0.0 Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.07,dY: 0.0, dZ: 0.0 Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 0.32 Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Probe
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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ANSOFT Example - Probe Feed Patch Antenna

&  Set Default Material
s To set the default material: [ fvacum < ([vocel  ~]]
1. Using the 3D Modeler Materials toolbar, choose vacuum

&  Create Air
s To create the air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-5.0,Y:-4.5,Z: 0.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box
& dX:10.0, dY: 9.0, dZ: 3.32, Press the Enter key
& To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Probe Feed Patch Antenna

&  Create Radiation Boundary
s  Picking the faces:
1. Select the menu item Edlit > Select > Faces
2. Graphically select all of the faces of the Air object exceptthe face at Z=0.0cm
&  To create a radiation boundary
1. Select the menu item HFSS > Boundaries > Assign> Radiation
2. Radiation Boundary window
1. Name: Rad1
2. Click the OK button

&  Create a Radiation Setup
&  To define the radiation setup

1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere

2. Far Field Radiation Sphere Setup dialog
1. Select the Infinite Sphere Tab
1. Name: ff_2d
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start: -180, Stop: 180, Step Size: 2)
2. Click the OK button
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Example - Probe Feed Patch Antenna

2

Analysis Setup

3

Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 2.25 GHz
&  Maximum Number of Passes: 20
& Maximum Delta S per Pass: 0.02
2. Click the OK button

3

Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 1.0GHz
Stop: 3.5GHz
Count: 201
Save Fields: M Checked
3. Click the OK button

=3

4

4

4
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Example - Probe Feed Patch Antenna

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_probepatch
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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Example - Probe Feed Patch Antenna

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

Solutions: example 5-3 - HFESSModel1

Design Yariation: | J |Qy

Simulation: | Setupl j

Profle  Convergence l bl atriv Data]

Mumber of Passes Pazz Mumber | # Tetrahedra | Max Mag. Delta 5
Completed 10 1 293 M A
Mawimum 20 2 1051 0.18782
Minimum 1 3 1239 0.53991
Max Mag. Delta S 4 1353 0.55301
Target 0.02 5 1482 021444
Current  0.0056456 5 1622 0.2035
View: ® Table ™ Plat 7 1776 0.045432
g 2109 011749
9 2514 0.08376
10 29595 0.0056456
CONVERGED
Congecutive Passes
Target 1
Current 1

Close
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Example - Probe Feed Patch Antenna

&  Create Reports
&  Create Terminal S-Parameter Plot - Magnitude
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1),
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
4. Select the menu Report 2D > Mark All Traces
1. Click the Min button

e st LA L ‘ Ansoft Corporation 16:04:06
XY Plot 1
HFSSModelt

0.00

-10.00— L

-20.90

dB(St(p1,p1)) [db]

s
1.00 1.50 2.00 2.50 3.00 3.50

Freq [GHz]
XY: 1.11GHz -32.19
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Example - Probe Feed Patch Antenna

s  Far Field Overlays

&  Create Far Field Overlay
s  To create a 2D polar far field plot :

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: Radiation Pattern
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: Sweep1
2. Geometry: ff_2d

3. In the Sweeps tab, select Phi under the Name column, and on the
drop list, select Theta. This changes the primary sweep to Theta.

4. In the Sweeps tab, select the row labeled Freq and select the
frequency 2.3625 from the list.

5. In the Mag tab
1. Category: Gain
2. Quantity: GainTotal
3. Function: dB 2.0
4. Click the Add Trace but

ton 77
6. Click the Done button /{‘ ‘\
'\\ ’

-90

-120 120
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Example - Slot Patch

s  The Slot Coupled Patch Antenna

&  This example is intended to show you how to create, simulate, and analyze a
probe feed patch antenna using the Ansoft HFSS Design Environment.

Patch (Signal)

A
Y

Slot (Plane)

0.16cm

Feed (Signal)
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5.4

Example - Slot Patch

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft > HFSS 10 program group. Click HFSS 10

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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Example - Slot Patch

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.
=10l x|

B Projects*

- s HFSShodel1*
&7 hModel
IF Boundaries
#J Excitations
tesh Operations
£F Analysis
i§ Optirmetrics
= Results
B PortField Display
[l Field Overlays
% Radiation

+-(1 Definitions

Froject

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type

5.4

2. Solution Type Window:
1. Choose Driven Terminal Solution Type

2. Click the OK button
( Driwven Modal

(@ Driven Terminal

(" Eigenmode

Ok, Cancel
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ANSOFT
Example - Slot Patch

s Creating the 3D Model

Set Model Units ﬁ

& Set Model Units
&  To set the units:
1. Select the menu item 3D Modeler > Units

2. Set Model Units: oK | Cancel \

Select units: cm -

[ Bescale ta new units

1. Select Units: cm
2. Click the OK button

&  Set Default Material lvacuum v |[Model -
& To set the default material: _galcmtim
22, .,

1. Using the 3D Modeler Materials toolbar, choose Select

2. Select Definition Window:
1. Type Rogers RT/duroid 5880 (tm) in the Search by Name field
2. Click the OK button

‘Select Definition
Materials | Material Fiters |
- Search Farameters
Search by Name —Search Criteria — | Libraries ¥ Show definitions in Project
* by M " by Pro [l e
[Ragers RT/duroid 5850 ] hiis S E e ‘E”E‘] Weedls
sooc | IE = |
] B Relative Relative | Bulk  |#
/ fiopke ‘ Lbstics l Sk | Permittivity Permeability | Conductivity
rhadium SysLibrary Materials 1 il Z22000005iemens./m
Rogers RO3003 ¢m) SysLibrary Materials 3 1 0
Rogers RO300E {m) Syslibrary Matenals 615 1 1]
Rogers RO3010 ¢m) Syslibrary Matenals 10.2 1 1]
Rogers RO3203 ¢m) SysLibrary Materials 302 il 0
Rogers RO %D fm) SysLibrary Materials 10.2 1 0
Rogers RO4003 ¢m) Syslibrary Matenals 3138 1 1] Ml
Rogers RO4232 {m) Syslibrary Matenals 32 1 1] it
Rogers RO4350 ¢m) SysLibrary Materials 348 il 0
Rogers RT/durcid 5870 #m) SysLibrary Materials 233 1 0
Rogers RT/duroid 5820 {tm) Project Materials 22 = a el
X L]
(i il | | e
View/Edt Materils ... Add Materal . Clone Materialis) Remove Materalis) | Ecort to Lbrary... |
oK | cCancel |  Heb |
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Example - Slot Patch

&  Create Substrate
s  To create the substrate:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-7.0,Y:-4.5, Z: 0.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box
s dX:12.0,dY: 9.0, dZ: 0.32, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Sub1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View. Or press the CTRL+D key

LAY

W
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Example - Slot Patch

&  Create the Feed
s  To create the feed:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-5.0,Y:-0.2475, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX:7.0,dY: 0.495, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Feed
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Assign a Perfect E boundary to the Feed
s  To select the feed:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Feed
2. Click the OK button
&  To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Feed
2. Infinite Ground Plane: O Unchecked
3. Click the OK button
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Ao Example - Slot Patch

&  Create Ground
s  To create the ground:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-7.0,Y:-4.5, Z: 0.16, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX:12.0,dY: 9.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ground
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Assign a Perfect E boundary to the Ground
&  To select the ground:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ground
2. Click the OK button
s To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Ground
2. Infinite Ground Plane: O Unchecked
3. Click the OK button
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ANSOFT
Example - Slot Patch

&  Create Slot Cut Out
s  To create the cut out:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-0.0775, Y:-0.7, Z: 0.16, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
& dX: 0.155, dY: 1.4, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Slot
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View

&  Complete the Ground
s  To select the objects ground & slot
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ground, Slot
2. Click the OK button
& To complete the ring:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
& Blank Parts: Ground
& Tool Parts: Slot
s Clone tool objects before subtract: O Unchecked
& Click the OK button
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Ao Example - Slot Patch

8  Create Patch
&  To create the patch:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-2.0,Y:-1.5,2Z:0.32, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX:4.0,dY: 3.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Patch
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

s Assign a Perfect E boundary to the Trace
&  To select the trace:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Patch
2. Click the OK button
s To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Patch
2. Click the OK button
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Ao Example - Slot Patch

8  Set Default Material
s To set the default material: [ fvacum < ([vocel  ~]]
1. Using the 3D Modeler Materials toolbar, choose vacuum

&  Create Air
s To create the air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:-7.0,Y:-4.5, Z: -2.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box
& dX:12.0,dY: 9.0, dZ: 4.32, Press the Enter key
& To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View
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&  Create Radiation Boundary
s  Picking the faces:
1. Select the menu item Edlit > Select > Faces
2. Graphically select all of the faces of the Air object exceptthe face at Z=0.0cm
&  To create a radiation boundary
1. Select the menu item HFSS > Boundaries > Radlation
2. Radiation Boundary window
1. Name: Rad1
2. Click the OK button

&  Create a Radiation Setup
&  To define the radiation setup

1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere

2. Far Field Radiation Sphere Setup dialog
1. Select the Infinite Sphere Tab
1. Name: ff_2d
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start: -180, Stop: 180, Step Size: 2)
2. Click the OK button

Far Field Radiation Sphere Setup
Infinite Sphere I Coordinate System ] Radiation Surface
Name ‘ﬁjd

Phi
Start |D |deg ﬂ
Stop |90 |deg ﬂ
Step Size |90 |deg ﬂ

Theta
Start |"\SD |deg ﬂ
Stop |‘IBD |deg ﬂ
Step Size |f2 |deg ﬂ
Save As Defaults ‘ View Sweep Points |

oK Cancel ‘ Help ‘
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Example - Slot Patch

&  Set Grid Plane
s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > YZ

&  Create Source
s  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
s X:-5.0,Y:-0.2475, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

& dX:0.0,dY: 0.495, dZ: 0.16, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Slot Patch

s Assign Excitation

--&7 Objects
-- 4% Rogers RT/duroid 5880 (tm)
. +-¢7 Subl
s  To select the object Source: - 8 vacuum
. . +-¢7 Alr
1. Select the menu item Ediit > Select > By Name O Sheets
2. Select Object Dialog, -3 Perfect E
. +-3 Feed
1. Select the objects named: Source = Geriund
2. Click the OK button #53 Patch
& Note: You can also select the object from the Model
Tree
+¢# Lists

&  To assign lumped port excitation

1. Select the menu item HFSS > Excitations > Assign > Lumped Port

2. Lumped Port : General

1.
2.
3.
4.

Name: p1,
Resistance: 50
Reactance: 0

Click the Next button

3.

Lumped Port : Terminals

1. Number of Terminals: 1,

2. For T1, click the Undefined column and select New Line

3. Using the coordinate entry fields, enter the vector position
& X:-5.0,Y:0.0, Z: 0.16, Press the Enter key

4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 0.0, dZ: -0.16, Press the Enter key

5. Click the Next button

6. Click the Finish button
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s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 2.25 GHz
&  Maximum Number of Passes: 20
& Maximum Delta S: 0.02
2. Click the OK button

s  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 1.0GHz
Stop: 3.5GHz
Count: 201
Save Fields: M Checked
3. Click the OK button

=3

4

4

4

Ansoft High Frequency Structure Simulator v10 User’s Guide 5.5-14



5.4

Example - Slot Patch

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_slotpatch
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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Example - Slot Patch

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

l
Design Yariation: | _J ky

Simulation; ISetum LJ

Profile Convergence | Matix Data

— Mumber of Passes BN

20 Apr 2005 Ansoft Corporation 17.06:07
Completed 16 Wi g DS S

hawirnurm 20
6.00E-D04

Minimurm 1

=
]
it
L3
=
It
%]
W
i

~MaxMag. Delta 5
Target  0.02
Current  0.078368

A4 0E-L01

Yiew, ( Table e Plot
b ‘Pass MNumber L]

Mo Mag. Delta S

N IMaxMag.DeltaS L] S

i

Target 1

=t
-

C t 1 i
urren 0.A0E400 T = = :

Pass Number

T
|
|
|
|
|
]
|
| |
|
| f
|
|
| [
COMYERGED (I I
Consecutive Fasses- | | ]
i |
|
| |
4

Close
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Example - Slot Patch

&  Create Reports

&  Create Terminal S-Parameter Plot - Magnitude
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1),
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
4. Select the menu Report 2D > Mark All Traces
1. Click the Min button

S .| _Min | Max Ansoft Corporation 17:08:29 Y1—o—]
XY Plot 1 B(St(p1,p17) [dB]
HFSSModel1 etup1 : Sweep1
XY :2.27-10.15
0.00

A

|

-7.50 I

dB(St(p1,p1)) [db]

-10.00

=12.50

1do0 150 2do 7 280 3do 3.
Freq [GHz]
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Example - Slot Patch

s  Far Field Overlays

&  Create Far Field Overlay
s  To create a 2D polar far field plot :

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: Radiation Pattern
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: Sweep1
2. Geometry: ff_2d

3. In the Sweeps tab, select Phi under the Name column, and on the
drop list, select Theta. This changes the primary sweep to Theta.

4. In the Sweeps tab, select the row labeled Freq and select the
frequency 2.3 from the list.

5. In the Mag tab
1. Category: Gain
2. Quantity: GainPhi, GainTheta
3. Function: dB
4. Click the Add Trace button
6. Click the Done button

-30

-90

00 .00 100
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Example - Specific Absorption Rate

s Specific Absorption Rate

&  This example is intended to show you how to create, simulate, and analyze a
simple phantom, which is commonly used to calibrate Specific Absorption Rate
test equipment, using the Ansoft HFSS Design Environment.

& With the explosion of consumer demand for wireless devices, consumers and the
media have become aware of and are concerned with the biological effects of
long-term exposure to radio frequency radiation (RFR). To ensure public safety,
the Federal Communication Commission (FCC) has developed safety standards
that wireless devices are required to meet in order to be sold in the US (Similar
guidelines exist in other countries). The quantity used to quantify the amount of
energy absorbed is the Specific Absorption Rate or SAR.

Nominal Design:
Bowil:
Inner radius = 106.5t5mm
Thickness = 5+0.5mm.
Opening = d2 =170mm
£=4.6
Antenna:

Overall Length = 168mm

9 Gap between dipoles = 1Tmm
\I/' Wire Diameter = 3.6mm
Fluid:
. € =429 5%
0= 0.9 +10%
p=1 g/cm3

Level=d1 =13.4 cm
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Example - Specific Absorption Rate

&  Ansoft HFSS Analysis of Specific Absorption Rate for Flat

Phantom Measurement Standard Outlined in IEEE P1528-2002

& Reference: Draft Recommended Standard for Determining the Spatial Peak
Specific Absorption Rate (SAR) in the Human Head from Wireless
Communication Devices: Measurement Technique

&  The table below summarizes the data from an Ansoft HFSS analysis of flat
phantom models as described in the IEEE draft standard for SAR measurements.

Frequency 19 SAR 10g SAR Local SAR at Local SAR at
(MH2z) surface surface (y=
(above 2cm offset
feedpoint) from

feedpoint)

300 3.06 (3.0) 2.07 (2.0) 4.63 (4.4) 2.20 (2.1)
450 4.98 (4.9) 3.31(3.3) 7.59 (7.2) 3.28 (3.2)
835 9.62 (9.5) 6.26 (6.2) 14.71 (14.1) 4.93 (4.9)
900 10.98 (10.8) 7.02 (6.9) 17.01 (16.4) 5.47 (5.4)
1450 29.83 (29.0) 16.50 (16.0) 53.90 (50.2) 6.54 (6.5)
1800 39.36 (38.1) 20.45 (19.8) 74.39 (69.5) 6.85 (6.8)
1900 40.97 (39.7) 21.21 (20.5) 78.02 (72.1) 6.54 (6.6)
2450 55.42 (52.4) 25.42 (24.0) 115 (104.2) 8.09 (7.7)

3000 65.81 (63.8) 26.48 (25.7) 157.66 (140.2) 8.8 (9.5)

HFSS results: Measured data in parenthesis, from Table 8-1 of paper

& In general there is excellent agreement between the HFSS simulations and
measurements. The possible exception would be the Local SAR above the
feedpoint. This is likely due to the use of 50 Q lumped gap sources as an

approximation to the balun feed for the dipoles. Calculation of 1g and 10g SAR

was done via the fields calculator on explicitly defined volumes in the flat
phantom located immediately below the feed point
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Example - Specific Absorption Rate

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft > HFSS 10 program group. Click HFSS 10

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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Example - Specific Absorption Rate

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select
the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:

1. Choose Driven Modal Solution Type: Project8 - HFSSModel 1
2. Click the OK button

* Driven Modal
(" Driven Terminal

" Eigerrmode

Qg | Cancel
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Example - Specific Absorption Rate

s Creating the 3D Model

5.5

Set Model Units

& Set Model Units

&  To set the units:

Selectunits: 1l -
i > i _
1. Select the menu item 3D Modeler > Units || — q..ce o newunits
2. Set Model Units:
. oK, | Cancel
1. Select Units: mm
2. Click the OK button
s Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
9 . ey . :
Select Definition Window [vacuum = |[Model -
1. Type pec in the Search by Name field vacLLm
; ISelect.
2. Click the OK button
‘Select Definition @
Materials ] hatarial Filters
i Search Parameters
Search by Name i~ Search Criteria | Libraries [v Show definitions in Project
|pev: @ by Mame (" by Propery [sy5] Materials
Search I | i —J
2 N Locafi Orici Eelative Felative Bulk Dielectric Magnetic | Magnetic | Les |
| | - ame ocaton ngin | Permittivity_ Permeabilit}_/ Conductiv'ny Loss Tanggnt Loss Tangent| Saturation | F
| |palladium SysLibrany Materials 1 1.00082 9300000Siemensfm |0 0 0 2
_pec Project Materials 1 1 1e+030Siemens/im 0 0 0 2
|__lpec SysLibrary | Materials 1 1 1e+0305iemens/m 0 0 L 2
__{platinum SysLibrary | Materials 1 1 93000005iemensfm |0 0 L 2
|__|plexiglass SysLibrary | Materials 3.4 1 1] |0.007 0 L 2
__{polyamide SysLibrary | Materials 4.3 1 1] |0.004 0 o 2
|__|palyester SysLibrary | Materials 3.2 1 1] 0003 0 o 2
__|polyethylene SysLibrary | Materials 2.25 1 1] |0.001 0 o 2 |2
|__|Polyflon Copper-Clad ULTEM itm) | SysLibrary | Materials 3.05 1 1] |0.008 0 o 2
__|Palyflan CuFlon {im) SysLibrary | Materials 2.1 1 1] |0.00045 0 o 2z
|__|Polyflon Polyguide (tm) SysLibrary Materials 2,32 1 1] |0.0002 0 o z
__|Palyflan_MNorCLaD {tm) SysLibrary Materials 2.55 1 1] |0.0011 0 o 2z
|__|palyimide SysLibrary Materials 3.5 1 1] |0.008 0 o z
__|polyimideQuartz SysLibrany haterials 4 1 0 a 0 o 2 e
< | >
Wiew/Edit Materials Add Material Clone Material(s) Remowve haterialis) ‘ Exportto Library. |
OK Cancel Help ‘
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Example - Specific Absorption Rate

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:0.0, Z: -6.8, Press the Enter key

s  Create Dipole Antenna Arm 1
s  To set grid plane
1. Select the menu item 3D Modeler > Grid Plane > XZ
s To create the dipole antenna:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:-84.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:1.8,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0, dY: 83.5, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Dipole
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View. Or press the CTRL+D key
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Example - Specific Absorption Rate

&  Create Dipole Antenna Arm 2
s  To create arm 2:
1. Select the menu item Ediit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, Edit > Duplicate > Mirror.
1. Input the anchor point of the mirror plane:
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
2. Input the target point of the vector normal to the mirror plane:
s dX:0.0,dY: 1.0, dZ: 0.0, Press the Enter key

z

&  Group the Dipole Antenna Arms
&  To group the dipole arms:

1. Select the menu item Ediit > Select All Visible

2. Select the menu item, 3D Modeler > Boolean > Unite

&  Set Grid Plane

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XY

s  Create Source
&  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
s X:-1.8,Y:-0.5, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX: 3.6,dY: 1.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source
3. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Specific Absorption Rate

& Assign Excitation
s  To select the object Source:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Source
2. Click the OK button
& Note: You can also select the object from the Model Tree
&  To assign lumped port excitation

-I-&7 QObjects
- 4% pec
+-&7 Dipole
-3 Sheets
--03 Lumped Pol

L2, Coordinate Systems
& Global
, RelativeCs1

+ 4% Planes

€2 Lists

1. Select the menu item HFSS > Excitations > Assign > Lumped Port

2. Lumped Port : General

1. Name: p1,

2. Resistance: 50

3. Reactance: 0

4. Click the Next button
3. Lumped Port : Modes

1. Number of Modes: 1,

2. For Mode 1, click the None column and select New Line
3. Using the coordinate entry fields, enter the vector position

& X:0.0,Y:-0.5, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex

& dX:0.0,dY: 1.0, dZ: 0.0, Press the Enter key

5. Click the Next button
6. Click the Finish button
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Example - Specific Absorption Rate

&  Add New Material
4  To add a new material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. From the Select Definition window, click the Add Material button
3. View/Edit Material Window:
1. For the Material Name type: My_Bowl
2. For the Value of Relative Permittivity type: 4.6
3. Click the OK button
4. Click the OK button

4% View / Edit Material
haterial Name
futyr_Biowl
Properties of the Material Wiew/Edit Material for
MNarme | Type | “alue Lnits | (& Active Design
__|Relative Permitiivity Simpla 4 |
| |Felative Permeability Simple 1 " This Praduct
| |Bulk Conductivity Simple n Siemens/m
| |Dielectric Loss Tangent Simple n ® Ul Fugdusic
| |MeaneticLoss Tangent Simple n
hMagnetic Saturation Simple n Tesla
| |Lande G Factar Simple 2 ‘alidate Material
| |DeltaH Simple n A_per_meter
Set Frequency Dependency ... | | J
Feset | Ok | Cancel |
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s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

&  Create Bowl
&  To create the bowil:
1. Select the menu item Draw > Sphere
2. Using the coordinate entry fields, enter the sphere position
& X:0.0,Y:0.0, Z: 111.5, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:111.5,dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Bowl
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:0.0, Z: 164.0, Press the Enter key
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ANSOFT Example - Specific Absorption Rate

2

&  Create the Opening in the Bowl
&  To select the object Bowil:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Bowl
2. Click the OK button
&  To select the split the bowl object:
1. Select the menu item 3D Modeler > Boolean > Split
2. Split Window
1. Split Plane: XY
2. Keep Fragments: Negative Side
3. Click the OK button

s  Add New Material
&  To add a new material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. From the Select Definition window, click the Add Material button
3. View/Edit Material Window:
1. For the Material Name type: My_BrainFluid
2. For the Value of Relative Permittivity type: 42.9
3. For the Value of Bulk Conductivity type: 0.9
4. Click the OK button
4. Click the OK button

s  Set Working Coordinate System
s To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button
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Example - Specific Absorption Rate

&  Create Brain Fluid
s  To create the brain fluid:
1. Select the menu item Draw > Sphere
2. Using the coordinate entry fields, enter the sphere position
s X:0.0,Y:0.0,Z: 111.5, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX: 106.5, dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: BrainFluid
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create the Shell of the Bowl
&  To select the objects Bowl and BrainFluid:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Bowl, BrainFluid
2. Click the OK button
s To complete the bowil:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
& Blank Parts: Bowl
Tool Parts: BrainFluid
Clone tool objects before subtracting: M Checked
Click the OK button

&

&

e
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Example - Specific Absorption Rate

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:0.0,Z: 134.0, Press the Enter key

&  Set the Fluid Level
&  To select the object BrainFluid:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: BrainFluid
2. Click the OK button
& To select the split the bowl object:

1. Select the menu item 3D Modeler > Boolean > Split
2. Split Window

1. Split Plane: XY
2. Keep Fragments: Negative Side
3. Click the OK button

&  Create a SAR Calculation Line
&  To create a line:
1. Select the menu item Draw > Line
2. Using the coordinate entry fields, enter the vertex point:
s X:0.0,Y:0.0, Z: -129.0, Press the Enter key
3. Using the coordinate entry fields, enter the vertex point:
& X:0.0,Y:0.0,Z: 0.0, Press the Enter key
4. Click the Enter key for the same point to end line creation
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: SAR_Line
3. Click the OK button
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Example - Specific Absorption Rate

s  Set Working Coordinate System
&  To set the working coordinate system:

1.

2.

Select the menu item 3D Modeler > Coordinate System > Set Working CS
Select Coordinate System Window,

1. From the list, select the CS: RelativeCS1

2. Click the Select button

&  Set Default Material
&  To set the default material:

1.

Using the 3D Modeler Materials toolbar, choose vacuum

& Create Air Box
& To create the air box:

1.

2.

Select the menu item Draw > Box
Using the coordinate entry fields, enter the box position
& X:-155.0, Y: -155.0, Z: -44.0, Press the Enter key

Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

& dX:310.0, dY: 310.0, dZ: 257.0, Press the Enter key

&  To set the name:

1.
2.

3.

Select the Attribute tab from the Properties window.
For the Value of Name type: Air
Click the OK button

& To fit the view:

1.

Select the menu item View > Fit All > Active View.
A
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&  Create Radiation Boundary
&  To select the object Air:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Air
2. Click the OK button
&  To create a radiation boundary
1. Select the menu item HFSS > Boundaries > Assign > Radiation
2. Radiation Boundary Window
s Name: Rad1
& Click the OK button

&  Create a Radiation Setup
&  To define the radiation setup
1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere
2. Far Field Radiation Sphere Setup dialog
1. Select the Infinite Sphere Tab
1. Name: ff_2d
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start: -180, Stop: 180, Step Size: 2)
2. Click the OK button

Far Field Radiation Sphere Setup
Infinite Sphere 1 Coordinate System I Radiation Surface
Name |ff_2d
Phi
Start o [deg ~|
Stop [s0 [deg ~|
Step Size |90 [deg ~|
Theta
Start ‘*18!} |deg ﬂ
Stop ‘18!] |deg ﬂ
Step Size ‘E |deg ﬂ
Save As Defaults ‘ View Sweep Points |
oK Cancel | Help ‘
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s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
&  Solution Frequency: 0.835GHz
&  Maximum Number of Passes: 20
& Maximum Delta S: 0.02
2. Click the OK button

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_sar
3. Click the Save button

s  Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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Example - Specific Absorption Rate

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

A&

Dresign W ariation; |

Sirmulatiorn: | Setup j | J @

Convergence | Profile | Matiix Data | N
Mg

Mumber of Paszes
28 Dod DI Ansoff Corporation 180868 M
Completed 5 ==

basimum 20
kirirnLamn Y

04D

=
M Mag. Deks
Max Mag. Delta 5
Target 0.02 00

Curment  0.0716036

View: T Table
{* Plot

x: |F'ass Murmnber ﬂ
Y |Ma:-: kang. Deltaﬂ e

COMVERGED \\

LK ]

20

Mas Mag. Dall 8

Fass Hombsar

Cloze
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Example - Specific Absorption Rate

&  Create Reports

&  Create S-Parameter Plot vs. Adaptive Pass

& Note: If this report is created prior or during the solution process, a real-time
update of the results are displayed

&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive1
2. Click the Y tab
1. Category: Terminal S Parameters
2. Quantity: St(p1,p1),
3. Function: dB
Click the Add Trace button
3. Click the Done button

&

Ansoft Corporation
XY Plot 1 +
HFSSModel1
5.00
-10.00
i
=
T  -15.00
-
2
125
[a1]
-
] I B —
-20.00
2s00\
1.00 1.80 2.60 3.40 4.20 5.00
Pass
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s  Create SAR Plot
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Fields
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: LastAdaptive
Geometry: SAR_Line
3. Click the Y tab
1. Category: Calculator Expressions
2. Quantity: Local_SAR, Average_SAR
3. Function: <none>
4. Click the Add Trace button
4. Click the Done button

N

Ansoft Corporation
XY Plot 2
HFSSModelt
20.00
15.00
- 10.00
>—
5.00 \
o0 ! 00OV
0.00 0.20 0.40 0.60 0.80
NormalizedDistance

5.5
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ANSOFT Example - Specific Absorption Rate

s  Field Overlays

&  Create Field Overlay
s Select the Global YZ Plane
1. Using the Model Tree, expand Planes
1. Select Global:YZ
2. Select the menu item HFSS > Fields > Fields > E > Mag_E
3. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Mag_E
3. In Volume: BrainFluid
4. Click the Done button
s To modify the attributes of a field plot:
1. Select the menu item HFSS > Fields > Modify Plot Attributes
2. Select Plot Folder Window:
1. Select: E Field
2. Click the OK button
3. E-Field1 Window:
1. Click the Scale tab
1. Select Use Limits
2. Min: 2
3. Max: 200
4. Scale: Log
2. Click the Close button
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Example - Specific Absorption Rate

2.
3.

2.
3.

s  Far Field Overlays

&  Create Far Field Overlay
s  To create a 2D polar far field plot :

1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1.

Report Type: Far Fields
Display Type: Radiation Pattern
Click the OK button

3. Traces Window:
1.

Solution: Setup1: LastAdaptive
Geometry: ff_2d

In the Sweeps tab, select Phi under the Name column, and on the
drop list, select Theta. This changes the primary sweep to Theta.
In the Mag tab

1. Category: Gain

2. Quantity: GainL3Y

3. Function: dB

4. Click the Add Trace button a0

Click the Done button ) '( _. SU
Q\b\

-90

0.0 ' " 280 ' " 0.0
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ANSOFT Example - CPW Fed Bowtie Antenna

& The CPW Fed Bowtie Antenna

&  This example is intended to show you how to create, simulate, and analyze a

Coplanar Waveguide (CPW) fed Bowtie antenna using the Ansoft HFSS Design
Environment.

s A Lumped Port excitation will be used ‘,for the CPW feed.

Copper Cladding w/ Cutout

_ Subl Dlelscic) ] 20mm

& Reference:

Guiping Zheng, A. Z. Elsherbeni, and C. E. Smith, “A coplanar waveguide bow-
tie aperture antenna,” Antennas and Propagation Society International
Symposium, 2002. |IEEE, Volume 1, 16-21 June 2002, Page 564-567.
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5.6
Example - CPW Fed Bowtie Antenna

A

A

A

A

Design Review
1. The CPW slots and antenna shape will be openings in a metallized plane. Consider
how the port will look

2. The antenna will be analyzed over a frequency range of 8 - 12 GHz. How large
should the air volume be?

Getting Started

Launching Ansoft HFSS

1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft > HFSS 10 program group. Click HFSS 10

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item Tools > Options > HFSS Options
HFSS Options Window:
1. Click the General tab

s Use Wizards for data entry when creating new boundaries: 4
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7ools > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
s Edit property of new primitives: M Checked
3. Click the OK button
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Example - CPW Fed Bowtie Antenna

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l

B Projects*

- s HFSShodel1*
&7 hModel
IF Boundaries
#J Excitations
tesh Operations
£F Analysis
i§ Optirmetrics
= Results
B PortField Display
[l Field Overlays
% Radiation

+-(1 Definitions

Froject

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Modal
2. Click the OK button

Solution Type: 05_6_HFSS_CPWBOWTIE - HFSSModel

(@ Driven Modal
(— Driven Terminal

(" Eigenmaode

[0];4 | Cancel
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ANSOFT Example - CPW Fed Bowtie Antenna

Set Model Units X

s Creating the 3D Model

Select units: mrm hd

[~ Rescale to new units

s  Set Model Units ok | Concel |

&  To set the units:
1. Select the menu item 3D Modeler > Units
2. Set Model Units:
1. Select Units: mm
2. Click the OK button

&  Set Default Material H T |vacoum  w | |Model -/
& To set the default material: vacuLm
Select, .,

1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:

1. Type “Arlon C” in the Search by Name field and select Arlon CuClad
217 (tm) from the table below.

2. Click the OK button

.
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ANSOFT Example - CPW Fed Bowtie Antenna

&  Create Substrate
s  To create the substrate:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:-17.0,Y:-32, Z: 0.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box
s dX: 34.0,dY: 64.0, dZ: -2.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Sub1
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View or press the CTRL+D key
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ANSOFT Example - CPW Fed Bowtie Antenna

&  Create Copper Cladding
s  To create the ground:
1. Select the menu item Draw > Rectangle
2. Using the Drawing Plane dropdown, set the current plane to XY
3. Using graphical snapping, draw a rectangle to cover the top face of Sub1
& First corner snap X: -17.0, Y: -32.0, Z: 0.0
& Second corner snap dX: 34.0, dY: 64.0, dZ: 0.0
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: CuClad
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View
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&  Assign a Finite Conductivity boundary to the Copper Cladding
& To select the rectangle:
1. In the 3D Modeler Design Tree, right-click on Model and select Expand All
2. Find the entry name CuClad under the category Not Assigned and click it to
select.
&  To assign the Finite Conductivity boundary
1. Right-Click on the 3D Modeler view, and select the menu item Assign
Boundary > Finite Conductivity
2. Finite Conductivity Boundary window
1. Name: Cu_bound
2. Beneath Permeability, Check M Use Material
3. Click the block showing Arlon CuClad 217 (tm) to open the Material
Listing
4. Type “co” in the Name field and select copper from the table below,
and click OK
5. Leave Unchecked O Infinite Ground Plane
6. Click the OK button
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s  Create Feed Cut Out
&  To create the feed gap:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the first corner position
& X:-0.5,Y:0.5, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the diagonal corner:
s dX:13.0,dY: 0.6, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. Leave the Value of Name as Rect1
3. Click the OK button

&  Create Bowtie arm
&  To create the bowtie polygon:
1. Select the menu item Draw > Line
2. Snap to the first vertex position
& Location X: -0.5, Y: 0.5, Z: 0.0
3. Using the coordinate entry fields, enter the second vertex
s X:-6.7,Y:21.0, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the third vertex
s X:6.0,Y:21.0, Z: 0.0, Press the Enter key
5. Using the coordinate entry fields, enter the fourth vertex
s X:0.5,Y:1.1, Z: 0.0, Press the Enter key
6. Double-click on the starting vertex to finish and close the polyline.
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. Set the Value of Name as Bowtie
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View
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ANSOFT Example - CPW Fed Bowtie Antenna

& Unite Feed and Bowtie
&  To select the objects Bowtie and Rect1
1. In the 3D Modeler Design Tree, right-click on Model and select Expand All

2. Under the category Unassigned select Bowtie and Rect1. (Use the CTRL
key to select multiple objects)

&  To complete the bowtie arm:

1. Select the menu item 3D Modeler > Boolean > Unite. (The united object
will take the name of the first item selected, Bowtie

& Mirror the Bowtie
&  To create the other side of the Bowtie:

1. Select the object Bowtie from the 3D Modeler Design Tree

2. Select the menu item Edit > Duplicate > Mirror

3. Set the starting vertex of the mirror normal using the coordinate entry box:
& Location X:0,Y:0,Z:0

4. Set the ending vertex of the mirror normal using the coordinate entry box
&  Location dX: 0, dY: 1.0, dZ: 0.0
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&  Open the Bowtie Aperture in the Copper Cladding
s  To subtract the Bowtie from the Cladding

1. Select the objects Bowtie, Bowtie_1 and CuClad from the 3D Modeler
Design Tree

2. Select the menu item 3D Modeler > Boolean > Subtract

3. Subtract Window o)
& Blank Parts: CuClad Blank Parts © Toolpats R
s Tool Parts: Bowtie, Bowtie_1 e | [povio

& Clone tool objects before
subtracting: M Checked =

& Click the OK button |

[+ Clone tool objects betore subtracting

oK | Cancel | Help

&  Assign a Mesh Operation on the Bowtie geometry
&  To assign the mesh operation:

1. Select the objects Bowtie and Bowtie_1 from the 3D Modeler
Design Tree

2. Select the menu item HFSS > Mesh Operation > Assign > On Selection >
Length Based

3. Element Length Based Refinement Window :
s Name Length1
& Restrict Length of Elements:

4] Checked Narmne: Lengthl
& Maximum Length of Elements: Length of Elements

3 mm Restrict Length of Elements ra
A Restnct the Number Of Elements: taximum Length of Elements:

O Unchecked 3 —

4. Click the OK button

MNumber of Elements
Restrict the Mumber of Elements [

Meximur Nurnber of Elements

|
(0] Cancel
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ANSOFT Example - CPW Fed Bowtie Antenna

&  Create the Lumped Port
&  To draw the port rectangle:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the first corner position
& X:12.5,Y:-0.5, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the diagonal corner:
s dX:-1.0,dY: 1.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. Enter the Value of Name as P1
3. Click the OK button
&  To select the object Port1:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: P1
2. Click the OK button
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Example - CPW Fed Bowtie Antenna

&  Create the Lumped port, cont.
&  To assign lumped port excitation
Select the menu item HFSS > Excitations > Assign > Lumped Port

1.
2.

3.

4.

Lumped Port : General
1. Name: Port1
2. Resistance: 50 ohm
3. Reactance: 0 ohm
4. Click the Next button
Lumped Port : Modes

1. Number of Modes: 1,

2. In the row for Mode 1, click None in the Integration Line column and

select New Line

3. Using the coordinate entry fields, enter the vector position
& X:12.5,Y:0.0, Z: 0.0, Press the Enter key

4. Using the coordinate entry fields, enter the vertex
s dX:-1.0,dY: 0.0, dZ: 0.0, Press the Enter key

Click the Finish button

Lumped Port : General

Name: F’nrt‘l\

Full Port Impedance

Resistance: |SD

lom  ~|

Reactance: |D

[onm =]

Lumped Port : Modes

Use Defaulls Number of Modes: ,17
N
Mode [ Integration Line ¥ Characteristic Impedance (Zo)
1 ‘Nune ﬂZp\
None
New Line
Use Defaults

&
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ANSOFT Example - CPW Fed Bowtie Antenna

s Set Default Material
s To set the default material: [ vacm _ »llwecs ]
1. Using the 3D Modeler Materials toolbar, choose vacuum

& Create the Air Volume

The analysis will be performed between 8 - 12 GHz. Therefore the minimum
distance between the air volume wall and the radiating aperture should be one
quarter wavelength at 8 GHz, or 0.25%(3e11/8e9) = 9.375mm. The following
dimensions round this up to 9.5mm spacing.

&  To create the air volume
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the starting position
& X:-17.0,Y:-32.0, Z: -9.5 Press the Enter key
3. Using the coordinate entry fields, enter the diagonal corner:
s dX: 34.0,dY: 64.0, dZ: 19.0 Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: AirBox
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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& Assign the Radiation Boundary
To select the air volume
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: AirBox
2. Click the OK button
&  To assign the boundary:
1. Right-click in the graphical view and select the Menu pick Assign Boundary >
Radiation
2. For the Value of Name type: Rad1
3. Click the OK button

&  Create a Radiation Setup

&  To define the radiation setup
1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite

Sphere
2. Far Field Radiation Sphere Setup dialog [Far Field Radiation Sphere setup
1. Select the Infinite Sphere Tab Infinite Sphere lCocrdinate System] Radiation Surface

1. Name: ff_all
2. Phi: (Start: -90, Stop: 90,
Step Size: 10)

Name |ff_a||\

Phi

Start [-e0 |deg =l
3. Theta: (Start: 0, Stop: 360, . @ ; -
Step Size: 10) ” ”
) StepSize |10 |deg =l
2. Click the OK button
Theta
Start |D |deg j
Stop [360 |deg |
Step Size |'|U |deg ﬂ

Save As Defaults | View Sweep Points |
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s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 10 GHz
& Maximum Number of Passes: 6
& Maximum Delta S: 0.01
2. Click the OK button

s  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Step
Start: 8.0GHz
Stop: 12.0GHz
Step: 0.02
Save Fields: M Checked
3. Click the OK button

=3

4

4

4
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NSOF Example - CPW Fed Bowtie Antenna

&  Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_cpwbowtie
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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A\

s  Solution Data
s  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
&  To view the Profile:

1.

Click the Profile Tab.

& To view the Convergence:

1.

&

Click the Convergence Tab
Note: The default view is for convergence is Table. Select

the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive during solution.

2. Click the Close button when done viewing or simulation complete.

d
Design Yariation: |

]Setup1 LJ

Profile Convergence | Matiix Data |

g

Simulation:

=
MaxMag DeRa 5

— Mumber of Passes

20 Apr 2005 Ansoft Corporation 11:18:08

Completed B

Maxirmum B
2 0E-BH

hinierium 1

=t
Target iag Dol

~ Max Mag. Delta s
Target 0.01
Current  0.0747147

1.50E-001

View, ( Table & Plot

b9 ‘Pass MNumber 1.00E-DM

L [
Mo Mag. Delta S

N ]Max Mag. Delta 5
NOT CONYERGED

5.00E-D02

Consecutive Passes-
Target 1
Current 0

| \\

)
4 i

Fass Number

ead 1

0.00E+HHND. 3

Close
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&  Create Reports

&  Create Modal S-Parameter Plot - Magnitude
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: S Parameter
2. Quantity: S(Port1,Port1),
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
4. Select the menu Report 2D > Mark All Traces
1. Click the Min button to see the best match displayed
5. Right-click on the graph and select Exit Marker Mode

} .| _Min | Max Ansoft Corporation 11:40:27 Y1—o
XY Plot 1 dB($¢Port1,Port1)
HFSSModel1 Setup1 : Sweep1

XY :10.50 -16.85

0.00

-10.00

dB(S(Port1,Port1)) [db]

=15.00

200 - -
8.00 9.00 10.00 11.00 12.00

Freq [GHz]
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&  Create Reports

&  Create Modal S-Parameter Plot - Impedance

&  To create a report:
1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular

3. Click the OK button
3. Traces Window:

1. Solution: Setup1: Sweep1

2. Domain: Sweep

3. Click the Y tab

Category: Z Parameter
Quantity: Z(Port1,Port1),

1.

P 0N

deembedded up to the aperture itself.

Function: re

Click the Add Trace button

Function: im

Click the Add Trace button

In the tabular listing of assigned Traces, click the Y1
entry beside im(Z(Port1,Port1)) and from the dropdown

switch to Y2
4. Click the Done button
5. Note: Since a Lumped Port excitation was used, this plot is not

Ansoft Corporation
XY Plot 2
HFSSModel1

100.00

200.00

o
4

i

50.00

re(Z(Port1,Port1))

o
S

0.00

50.00

8.00

9.0

0

10.00
Freq [GHz]

-50.00
0

im(Z(Port1,Port1))

Y1—o—]

re(Z(Port1,Port1))
Setup1 : Sweep1

Y2—+

im(Z(Port1,Portl))
Setup1 : Sweep1

5.6
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s  Far Field Overlays

&  Create Far Field Overlay
s  To create a 2D polar far field plot :

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: Radiation Pattern
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: Sweep1
2. Geometry: ff_all
3. Inthe Sweeps tab:

1. Select Phi under the Name column, and on the drop list,
select Theta. This changes the primary sweep to Theta.

2. Highlight the second row which now reads Phi. Uncheck O
All Values above the list to the right. Highlight only -90deg
and Odeg from this list.

3. Select the row labeled Freq and select the frequency 10.44
GHz from the list.

In the Mag tab
1. Category: Directivity
2. Quantity: DirTotal " = "
3. Function: dB
4. Click the Add Trace button o
5. Click the Done button

>

60

15.19

80 0

-120 120

-150 150
180

I t t t t t t t i
5.0 253 3.0
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ANSOFT Example - CPW Fed Bowtie Antenna

s  To create a 3D polar far field plot :
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: 3D Polar Plot
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Geometry: ff_all

3. In the Sweeps tab, select the row labeled Freq and select the
frequency 10.44 GHz from the list.

4. In the Mag tab

1. Category: Gain

2. Quantity: GainTotal

3. Function: dB

4. Click the Add Trace button
5. Click the Done button

dB{GainTotal)

4. 3676e+B08
2, 5154 e+BE08
6. 63180e-B01
-1. 1592 +B06

-3, 8414e+BEE
-4, 8937 e+B0E
-6, THEDe+B0E
-, 5982e+008
-1.8451e+881
-1.23835e+801
-1.4155e+8@1
-1. 6B@7e+BE1

-1. 7560e+B@1
I -1.971Ze+B81

-2.1564e+B8@1
-2, 3416e+@81
-2.5269e+8@1
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A HFSS".. 5.7

ANSOFT

Example - Endfire Antenna Array

& The Endfire Waveguide Array

&

&

&

A

This example is intended to show you how to create, simulate, and analyze a
Waveguide array antenna using the Ansoft HFSS Design Environment

A WavePort excitation will be used for the feed
PMLs (Perfectly Matched Layers) will be used for the radiation load
Master/Slave boundary conditions will be used to create the array

& Reference:

A

A

[11 C.A. Balanis, “Antenna Theory - Analysis and Design”, Harper and Row,
Publishers, Inc., 1982, ISBN 0-06-040458-2, section 6.2.

[2] S.W. Lee and W.R. Jones, “On the Suppression of Radiation Nulls and
Broadband Impedance Matching of Rectangular Waveguide Phased Arrays”,
IEEE Trans. on Antennas Propagat., vol. AP-19, No. 1, pp. 41-51, Jan. 1971.
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Example - Endfire Antenna Array

s  Design Review

1. Instead of modeling the entire array, we will make use of the master/slave boundary
conditions and only model a unit cell.

2. Since the Master/Slave boundary conditions also allow us to change the scan angle,
we will need a better radiation load on the top of the antenna than a simple radiation
boundary condition. We will need to use a PML.

s  Ansoft HFSS Design Environment

& The following features of the Ansoft HFSS Design Environment are used to create
this passive device model

& 3D Solid Modeling

& Primitives: Box

s  Other: Perfectly Matched Layer (PML)
& Boundaries/Excitations

& Ports: Wave Ports

& Boundaries: Master/Slave, Impedance
& Analysis

& Sweep: None
& Results

s Cartesian plotting
& Field Overlays:

& Radiation Patterns
&  Optimetrics

& Parametric sweep

& Getting Started

s Launching Ansoft HFSS

1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft > HFSS 10 program group. Click HFSS 10
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Example - Endfire Antenna Array

s Setting Tool Options
&  To set the tool options:

& Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > HFSS Options
2. HFSS Options Window:
1. Click the General tab

& Use Wizards for data entry when creating new boundaries:
M Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item 7ools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button

s Opening a New Project
s To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select Insert HFSS Design.

=18l =|

= Projects®

- HFSSMadell*
7 hodel
EF Eoundaries
B3 Excitations
tesh Operations
5 Analysis
§ Optimetrics
k= Results
B FortField Display
[T Field Overays
% Fadiation

+- [ Definitions

Froject
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Example - Endfire Antenna Array

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Modal
2. Click the OK button

Solution Type: 05_7_HFS55_PMLARRAY - HFSSModel1

(o Driven Modal
(" Driven Terminal

(" Eigenmode

(0]:8 | Cancel

s Creating the 3D Model

& Set Model Units
&  To set the units:
1. Select the menu item 3D Modeler > Units

2. Set Model Units: Set Model Units
1. Select Units: in
2. Click the OK button Selepme [ [
[ Rescale to new units %

&  Set Default Material
&  To set the default material:

1. Using the 3D Modeler Materials toolbar, make sure that vacuum is the
default material

VdCLILIMm bl
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ANSOFT Example - Endfire Antenna Array

&  Create Waveguide
&  To create the waveguide:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:0,Y:0, Z: 0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box
s dX:0.4,dY: 0.9, dZ: 1.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: waveguide
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View or press the CTRL+D keys
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ANSOFT Example - Endfire Antenna Array

&  Create Airbox
&  To create the airbox:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-0.05, Y:-0.05, Z: 1.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box
s dX:0.5,dY: 1.0, dZ: 1.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: airbox
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View
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Example - Endfire Antenna Array

&  Create PML load
&  To select the proper face of the airbox:
1. Select the menu item Edlit > Select > Faces
2. Graphically pick the top face of the airbox that was just created.
&  To assign the PML boundary
1. Select the menu item HFSS > Boundaries > PML Setup Wizard
2. PML Setup Wizard: Cover Objects
1. Select: Create PML Cover Objects on Selected Faces
2. Uniform Layer Thickness: 0.2in
3. Click the Next button
3. PML Setup Wizard: Material Parameters
1. Select: PML Objects accept Free Radiation
1. Min Frequency: 9 GHz
2. Minimum Radiating Distance: 1in
3. Click the Next button
2. Review settings on the PML Setup Wizard: Summary page
3. Click the Finish button

=
\
Top face selected PML added
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&  Make the PML obiject visible

& By default, the PML wizard will turn off visibility of the PML object once it is
created. We want to turn it back on again.

1. Select the menu item View > Active View Visiblility
2. Check the box next to PML_airbox1
3. Click Done

&  Create the Master/Slave boundary objects

& Set Grid Plane

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > YZ

s  Draw the Master / Slave objects
s  To draw the first Master/Slave rectangle:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
& X:0.45,Y:-0.05, Z: 1.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle
& dX:0,dY:1.0,dZ: 1.2, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: master1
3. Click the OK button

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ
&  To draw the second Master/Slave rectangle:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
& X:-0.05, Y:-0.05, Z: 1.0, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the rectangle
s dX:0.5,dY: 0, dZ: 1.2, Press the Enter key
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&  Create the Master/Slave boundary objects (continued)

&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: master2
3. Click the OK button

&  To duplicate the objects to create the slaves
1. Select the menu item Ediit > Select > Objects
2. Select the menu item Ediit > Select > By Name
3. Select the object, master1
4. Select the menu item Edit > Duplicate > Along Line

5. Using the coordinate entry fields, enter the start position of the duplicate
vector

& X:0,Y:0, Z: 0, Press the Enter key
6. Using the coordinate entry fields, enter the end point of the duplicate vector
& dX:-0.5,dY: 0, dZ: 0, Press the Enter key

7. When the dialog box pops up requesting the total number of copies,
change the value to 2, Press the OK button.

8. Repeat this process for the object master2 using a duplicate vector of
<0,1,0>

& Change Slave boundary names
&  To change the duplicated master boundary to slave boundary
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: master1_1
2. Click the OK button
3. Select the menu ltem: Edlit > Properties
4. Change the name to: slave1
5. Repeat the process for master2_1 - slave2
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s  Assign Master/Slave Boundaries
&  To create a Master boundary

1. Select the menu item Edit > Select > By Name

2. Select Object Dialog,
1. Select the objects named: master1
2. Click the OK button

3. Select the menu item HFSS > Boundaries > Assign > Master

4. Master Boundary window
1. Name: master1
2. Coordinate System: U Vector: click Undefined pulldown
3. Using the coordinate entry fields, enter the start position

s X:0.45, Y:-0.05, Z:1.0, Press the Enter key

4. Using the coordinate entry fields, enter the stop position of the
vector

& dX:0,dY:1,dZ: 0, Press the Enter key
5. Forthe V vector, check the Reverse Direction box
s  Repeat the process for master2 using the following points:
1. Using the coordinate entry fields, enter the start position
s X:0.45,Y:-0.05, Z:1.0, Press the Enter key
2. Using the coordinate entry fields, enter the stop position of the vector
s dX:-0.5, dY: 0, dZ: 0, Press the Enter key
&  To create a Slave boundary
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: slave1
2. Click the OK button
3. Select the menu item HFSS > Boundaries > Assign > Slave
4. Slave Boundary window
1. Name: slave1
Master Boundary: click on Undefined pulldown and select Master1
Coordinate System: U Vector: click Undefined pulldown
Using the coordinate entry fields, enter the start position
& X:-0.05, Y: -0.05, Z:1.0, Press the Enter key

P 0N
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&  Assign Master / Slave Boundaries (continued)

s  To create a Slave boundary (continued)

1. Using the coordinate entry fields, enter the stop position of the
vector

s dX:0,dY:1,dZ: 0, Press the Enter key
2. Click the Next button

3. Make sure that Use Scan Angles To Calculate Phase Delay is
checked

1. For Phi, enter 0 deg
2. For Theta, enter a variable name theta_scan, and hit Enter
3. For the Add Variable dialog, enter 30deg for theta_scan
&  Repeat the process for slave2:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: slave2
2. Click the OK button
3. Select the menu item HFSS > Boundaries > Assign > Slave
4. Slave Boundary window
1. Name: slave2
2. Master Boundary: click on Undefined pulldown and select Master2
3. Coordinate System: U Vector: click Undefined pulldown
4. Using the coordinate entry fields, enter the start position
& X:0.45,Y:0.95, Z:1.0, Press the Enter key

5. Using the coordinate entry fields, enter the stop position of the
vector

& dX:-0.5,dY: 0, dZ: 0, Press the Enter key
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s  Assign Impedance Boundary
&  To create the impedance boundary on the PML object:
1. Select the menu item Edit > Select > Faces
2. Graphically pick the top face of the PML object

3. Select the menu item: HFSS > Boundaries > Assign > Impedance
4. Name: TopLoad

5. Resistance: 377*cos(theta_scan)
6. Reactance: 0

& Create WavePort
&  To assign waveport to waveguide object:
1. Select the menu item Edlit > Select > By Name
2. Select Face dialog: Select the object waveguide from the left column
3. Select different FacelDs until the bottom face of the waveguide is

highlighted.
4. Click OK
by
Select Face

Ohbject name: Face ID:

airbox Facel10

master] Facel11

master? FacelZ

PrAL_airbox] Face?

slawel Faced

slawe? Faced

wanveguide

Ok | Cancel
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s  Create WavePort (continued)

s  To assign waveport to waveguide object (continued):
1. Select the menu item HFSS > Excitation > Assign > WavePort

2. Name: p1

3. Click Next

4. Wave Port: Modes
1. Click Next

5. Wave Port: Post-Processing
1. Click Finish

&  Create Facelist for Post-Processing

&  Far field calculations cannot be made on the impedance surface nor on the PML
object. We need to create a facelist on which to calculate the radiation patterns.

&  To create the facelist:
1. Select the menu item Edit > Select > Faces

2. Select the menu item Edit > Select > By Name
3. Select Face dialog: Select the object airbox from the left column
4. Select different FacelDs until the top face of the wavequide is highlighted.
5. Click OK
Select Face
Ohbject name: Face ID:
airbax Faceds
master] Face3s
master? Face3?
PrAL_airbowl Face3d
slawel Face3d
slawve? Face40
wanveguide

OFK. | Cancel

¥
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s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 9.25 GHz
& Maximum Number of Passes: 5
4 Maximum Delta S: 0.0001
2. Click the OK button

&  Create a Radiation Setup
&  To define the radiation setup

1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere

2. Far Field Radiation Sphere Setup dialog
1. Select the Infinite Sphere Tab
1. Name: ff_all
2. Phi: (Start: 0, Stop: 0,
Step Size: 10)
3. Theta: (Start: 0, Stop: 360,
Step Size: 2)
2. Switch to the Radiation Surface tab

3. Make sure that Use Custom Radiation Surface is enabled and
Facelist1 has been selected

4. Click the OK button
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&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_pmlarray
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze All

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive during solution.

2. Click the Close button when done viewing or simulation complete.

L L
Diesign Yariation: ]theta_scan='30deg' _J Q&
Simulation: ISetum LJ

Profile Convergence | Matix Data

=
Nurnber of Passes 18 Apr 2005 Ansoft Corporation 16:49:48 -

Completed 5 M Mg DR E

Maxirnurm b

- 5.00E-002
initriuem 1 | | Y1—]

 hax Mag. Delta S
Target  0.0001 4.00E-002
Current  0.0086337

3.00E-002

Yiew, ( Table o Flot
e IPass Murnber L]

Menc Mag. Delta S

2.00E-002

S IMax Mag. Delta 5 Lj
MNOT COMNYERGED

1.00E-002

Consecutive FPasses -

Target 1

Current 0 0.00E+100.
Fl

Fass Number

Close
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&  Far Field Plots

s  Create Far Field Plot
s  To create a 2D polar far field plot :

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: Radiation Pattern
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Geometry: ff_all
3. Inthe Sweeps tab:

1. Select Phi under the Name column, and on the drop list,
select Theta. This changes the primary sweep to Theta.

4. In the Mag tab
1. Category: Directivity

2. Quantity: DirTotal Ansoft Corporation
) Radiation Pattern 1

3. Function: dB HFSSModelt

4. Click the Add Trace button 100

5. Click the Done button

L 90

7.0 -24.1 7.0
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A

Add Array Factor to Plot
s  To setup array factor:

1. Select the menu item HFSS > Radlation > Antenna Array Setup

P 0D

First Cell Position:
X:0in, Y:0in, Z:0in
Directions: U vector
X:1,Y:0,20
Directions: V Vector
X:0,Y:1,Z0
Distance Between Cells
U Direction: 0.5 in
V Direction 1in
Number of Cells

U Direction: 25

V Direction 25

A
A
A

A

A

&

&

& Theta: theta_scan

Phi: 0 deg

A

Select the radio button for Regular Array Setup
Switch to the Regular Array tab

Scan Definition: Use Scan Angles

B3
Antenna Array Setup A
Array Type RegularArrayl
First Cell Position
x p i =] v fm =] zfo fin =]
Directions
U Vector b4 |1 ¥ |D 7 ]D
V Vector x o vy i z o
Distance Between Cells
In U Direction 05 in v | InVDirection |1 in -
Number of Cells
—_—
In U Direction 25 InV Direction {25
Scan Definition -
(@ Use ScanAngles
Theta theta_scan | 4] Phi 0 |deg j
¢ Use Differential Phase Shift
0K Cancel I Help I
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;&NSO Example - Endfire Antenna Array

s Add Array Factor to Plot (continued)

Ansoft Corporation
Radiation Pattern 1

90

HFSSModel1
0
30 30
60 60
90
120 120
180
340 | 378 340

5.7
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Example - Endfire Antenna Array

=

N

Optimetrics Setup - Parametric Sweep

&  For this array design, we want to see the effect of scan angle on the input match
of the antenna. To do this, we must sweep the scan angle with a parametric
sweep.

s  Add a Parametric Sweep
1. Select the menu item HFSS > Optimetrics Analysis > Add Parametric
2. Setup Sweep Analysis Window:
1. Click the Sweep Definitions tab:
1. Click the Add button
2. Add/Edit Sweep Dialog
1. Select Variable: theta_scan (this is the only variable defined,
so it is greyed out)
2. Select Linear Step
3. Start: Odeg
4. Stop: 60deg
5. Step: 10deg
6. Click the Add button
7. Click the OK button

3

Analyze Parametric Sweep
&  To start the solution process:
1. Expand the Project Tree to display the items listed under Optimetrics
2. Right-click the mouse on ParametricSetup1 and choose Analyze

&  Optimetrics Results
&  To view the Optimetrics Results:
1. Select the menu item HFSS > Optimetrics Analysis > Optimetrics Results
2. Select the Profile Tab to view the solution progress for each setup.
3. Click the Close button when you are finished viewing the results
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Example - Endfire Antenna Array

&  Create S-Parameter Plot-S11 ateach 0
&  To create a report:

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular Plot
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Click the Sweeps tab

1. Select Sweep Design and Project variable values

3. In the Sweeps tab:

1. Select Freq under the Name column, and on the drop list,
select theta_scan. This changes the primary sweep to
theta_scan.

4. Click the Y tab

1. Category: S Parameter

2. Quantity: S(p1,p1)

3. Function: dB

4. Click the Add Trace button
5. Click the Done button

Ansoft Corporation
XY Plot 1
HFSSModel1

-10.00

=15.00 i

-20.00 i

dB(S(p1.p1)) [db]

=25.00 |
-30.00] \ /

-35.00 |
0.00 10.00 20.00 30.00 40.00 50.00 60.00

theta_scan [deg]
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A HFSS .
ANSOFT Chapter 6.0

&  Chapter 6.0 - Microwave Examples
& 6.1-MagicT
&  6.2-Coax Bend
& 6.3 - Ring Hybrid
& 6.4 - Coax Stub
& Includes Optimetrics Example
& 6.5 - Microstrip - Wave Ports
& Includes Optimetrics Example
& 6.6 - Dielectric Resonator
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ANSOFT

& The Magic T

&  This example is intended to show you how to create, simulate, and analyze a Magic
T, which is a commonly used microwave device, using the Ansoft HFSS Design
Environment.

Length

y
A

A
v

Width

Nominal Design:

Waveguide:
Width = 50.0 mm
Height = 20.0 mm
Length = 50.0 mm
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HFSS ..

8  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to create
this passive device model

A

&

&

A

A

3D Solid Modeling
& Primitives: Box

s Boolean Operations: Unite, Duplicate

Excitations

s Ports: Wave Ports
Analysis

& Sweep: Fast Frequency
Results

& Cartesian plotting
Fields

& 3D Field Plots, Animations

6.1
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s Getting Started

&  Launching Ansoft HFSS

1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

s  Setting Tool Options
&  To set the tool options:

& Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > HFSS Options
2. HFSS Options Window:
1. Click the General tab

& Use Wizards for data entry when creating new boundaries: ¥
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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s  Opening a New Project
s  To open a new project:

1. In an Ansoft HFSS window, click the [0 On the Standard toolbar, or select

the menu item File > New.

2. From the Project menu, select /nsert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

s  Set Solution Type Project

s  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Modal
2. Click the OK button

Solution Type

(@ Driven Modal
(" Driven Terminal

(" Eigenmode

Ok, | Cancel
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6.1

8 Creating the 3D Model

& Set Model Units
& To set the units:

1. Select the menu item 3D Modeler > Units

2. Set Model Units:
1. Select Units: mm
2. Click the OK button

P Set Default Material
&  To set the default material:

1. Using the 3D Modeler Materials toolbar, choose ve|v....,...

&  Create Top Arm
&  Tocreate arm 1:

1.  Select the menu item Draw > Box

Set Model Units

Selectunits: mrm hd

[ Rescale to new units

Ok | Cancel |

|vacuum - | |Model hd ||

2. Using the coordinate entry fields, enter the box position
s X:-25.0,Y:-10.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the base

rectangle:

& dX:50.0, dY: 20.0, dZ: 75.0, Press the Enter key

& To set the name:

2. For the Value of Name type: Arm
3. Click the OK button
s  To fit the view:

1. Select the Attribute tab from the Properties window. >

1. Select the menu item View > Fit All > Active View.

Or press the CTRL+D key

<

X\
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ANSOFT

s  Create Wave Port Excitation 1
s  Picking the port face:
1. Select the menu item Edit > Select > Faces
2. Graphically select the top face of the arm at Z=75mm
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1
2. Click the Next button
3. Wave Port : Modes
1. Click the Next button
4. Wave Port : Post Processing
1. Click the Finish button

_— > y
< T

o

Wave Port Face

X\
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ANSOFT

s Set Object Selection
s  Set select to objects
1. Select the menu item Edit > Select > Objects

&  Create Arm 2
&  To create arm 2:
1. Select the menu item Edit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, Edit > Duplicate > Around Axis.
1. Axis: X
2. Angle: 90
3. Total Number: 2
4. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.

s Create Arm 3 & 4
s  To select the object Arm_1:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Arm_1
2. Click the OK button
&  To create arm 3 & 4:
1. Select the menu item, Edlit > Duplicate > Around Axis.
1. Axis: Z
2. Angle: 90
3. Total Number: 3
4. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active Vie
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& Group the Arms
&  To group the arms:
1. Select the menu item Edit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, 3D Modeler > Boolean > Unite
& To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Boundary Display
s To verify the boundary setup:
1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.

& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished

Solver View of Boundaries
[Mame]  Twpe | Salver Visibility [ivisibility [ Color |
pl User Defined Visible to solver. |
p2 User Defined Visible to sohver |
p3 User Defined Visible to saker. I =
pd User Defined Visible to solver. I |
outer | Default Visible 1o solver. |
Close
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& Analysis Setup

& Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
&  Solution Frequency: 4.0GHz
& Maximum Number of Passes: 5
& Maximum Delta S per Pass: 0.02
2. Click the OK button

&  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 3.4GHz
Stop: 4.0GHz
Count: 1001
Save Fields: M Checked
3. Click the OK button

4

4

Z

Z
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s  Save Project
&  To save the project:
1. Inan Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_magic_t
3. Click the Save button

&  Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

s  Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

I Solutions: hfss_magic_t - HFSSModel1

Design Wariation: | J ‘/

Simulation: | Setupl j

Profle  Convergence | Matis Data |

£y

Mumber of Passes 28 Mar 2008 an Tt Corporaton 14:27:22 —M
Completed 4 M 1 . Del
Maximum 5

o o S.00ED02
MinirmLrn 1 ] —]

Targe | Moy 04
Max Mag. Delka S
Target 0.02
Cument 001786

400 EQ02

Wiew:  Table " Plat
H |F'ass Mumber

.00 E002

Mat Mag. Delta &

Lef L

¥ |Ma:-: Mag. Delta 5
COMWERGED

2.00E002

Conzecutive Pazses
Target 1

Current 1 LO0ENDZ

Face Humber

E¥- 4 Es01

Cloze
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&  Create Reports

&  Create S-Parameter Plot vs. Adaptive Pass

& Note: If this report is created prior or during the solution process, a real-time
update of the results are displayed

&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive1
2. Click the X tab
1. Use Primary Sweep: O Unchecked
2. Category: Variables
3. Quantity: Pass
3. Click the Y tab
1. Category: S Parameter
2. Quantity: S(p1,p1), S(p1,p2), S(p1,p3), S(p1,p4)
3. Function: dB
4. Click the Add Trace button
4. Click the Done button

Ansoft Corporation
XY Plot 2
HFSSModel1

-20.00—

Y1

-40.00

-60.00.
3.40 3.50 3.60 3.70 3.80 3.90 4.00
Freq [GHz]
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6.1

3.

0.00

2.

&  Create S-Parameter Plot
&  To create a report:
1.

Select the menu item HFSS > Results > Create Report
Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular
3. Click the OK button
Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: S Parameter
2. Quantity: S(p1,p1), S(p1,p2), S(p1,p3), S(p1,p4)
3. Function: dB
4. Click the Add Trace button
Click the Done button

Ansoft Corporation
XY Plot 1
HFSSModell

»

-20.00

Y1

-40.00

-60.00—

1.00

200 300 400 500
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s  Create Field Overlay
&  To select an object:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Arm
2. Click the OK button
3. Select the menu item HFSS > Fields > Fields > E > Mag_E
4. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Mag_E
3. In Volume: All
4. Click the Done button
s To modify the attributes of a field plot:
1. Select the menu item HFSS > Fields > Modify Plot Attributes
2. Select Plot Folder Window:
1. Select: E Field
2. Click the OK button
3. E-Field Window:
1. Click the Plot tab
1. IsoValType: IsoValSurface
2. Click the Apply button.
4. Click the Close button

s  Field Animations
s  To Animate a Magnitude field plot:
1. Select the menu item View > Animate
2. In the Swept Variable tab, accept the defaults settings:
1. Swept variable: Phase

2. Start: Odeg
3. Stop: 180deg
4. Steps: 9

3. Click OK

Ansoft High Frequency Structure Simulator v10 User’s Guide 6.1-14



A HFSS . 6.2

ANSOFT Example - Coaxial Connector

& The Coaxial Connector

&  This example is intended to show you how to create, simulate, and analyze a
coaxial connector, using the Ansoft HFSS Design Environment.
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Example - Coaxial Connector

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model

& 3D Solid Modeling
s Primitives: Cylinders, Polylines, Circles
& Boolean Operations: Unite, Subtract, and Sweep

& Boundaries/Excitations
& Ports: Wave Ports and Terminal Lines

& Analysis
s Sweep: Fast Frequency

& Results
& Cartesian plotting

& Field Overlays:
& 3D Field Plots, Animations, Cut-Planes
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Example - Coaxial Connector

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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Example - Coaxial Connector

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Terminal
2. Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

0] | Cancel
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Example - Coaxial Connector

A

Creating the 3D Model

=

A

Set Model Units

&  To set the units:

1. Select the menu item 3D Modeler > Units

2. Set Model Units:

1. Select Units: cm

6.2

Set Model Units

Select units: cm b

[ Rescale ta new units

H oK Cancel
2. Click the OK button |
s Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
WacuuIm - |||Model -
1. Type pec in the Search by Name field vacLLm
; ISelect.
2. Click the OK button
Select Definition @
Materials ] hatarial Filters
i Search Parameters
Search by Name i~ Search Criteria 1 Libraries [v Show definitions in Project
|pev: @ by Mame (" by Propery [sy5] Materials
Search I | ol —J
2 N Locafi Orici Eelative Felative Bulk Dielectric Magnetic | Magnetic | Les |
- ame ocaton ngin | Permittivity_ Permeabilit}_/ Conductiv'ny Loss Tanggnt Loss Tangent| Saturation | F
| |palladium SysLibrany Materials 1 1.00082 9300000Siemensfm |0 0 0 2
_pec Project Materials 1 1 1e+030Siemens/im 0 0 0 2
|__lpec SysLibrary | Materials 1 1 1e+0305iemens/m 0 0 L 2
__{platinum SysLibrary | Materials 1 1 93000005iemensfm |0 0 L 2
|__|plexiglass SysLibrary | Materials 3.4 1 1] |0.007 0 L 2
__{polyamide SysLibrary | Materials 4.3 1 1] |0.004 0 o 2
|__|palyester SysLibrary | Materials 3.2 1 1] 0003 0 o 2
__|polyethylene SysLibrary | Materials 2.25 1 1] |0.001 0 o 2 |2
|__|Polyflon Copper-Clad ULTEM itm) | SysLibrary | Materials 3.05 1 1] |0.008 0 o 2
__|Palyflan CuFlon {im) SysLibrary | Materials 2.1 1 1] |0.00045 0 o 2z
|__|Polyflon Polyguide (tm) SysLibrary Materials 2,32 1 1] |0.0002 0 o z
__|Palyflan_MNorCLaD {tm) SysLibrary Materials 2.55 1 1] |0.0011 0 o 2z
|__|palyimide SysLibrary Materials 3.5 1 1] |0.008 0 o z
__|polyimideQuartz SysLibrany haterials 4 1 0 a 0 o 2 e
< | >
Wiew/Edit Materials Add Material Clone Material(s) Remowve haterialis) ‘ Exportto Library. |
OK Cancel Help ‘
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Example - Coaxial Connector

8  Create the Conductor 1
s  To create the conductor
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key O
[ [0 v [0 J& @ 7
3. Using the coordinate entry fields, enter the radius:
& dX:0.152, dY: 0.0, dZ: 0.0, Press the Enter key
[ [353  Jldv: [0.0000 |ldz:  [0.0000 ]|
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 1.448, Press the Enter key

Fa
| di:  [0.0000 Jldv:  [0.0000 |dz: IW”
&  To set the name:
1. Select the Attribute tab from the Properties window. v
2. For the Value of Name type: Conductor1
2
%\‘ Y

3. Click the OK button
& To fit the view:

1. Select the menu item View > Fit All > Active View.
Or press the CTRL+D key

&  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
s X:0.0,Y:0.0, Z: 1.448, Press the Enter key

s  Create a Section 3,
& To section the conductor
1. Select the menu item Ediit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item 3D Modeler > Surface > Section
3. Section Window
&  Section Plane: XY
& Click the OK button
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Example - Coaxial Connector

&  Rename the Section
&  To set the name:
1. Select the menu item HFSS > List
2. From the Model tab, select the object named Section1
3. Click the Properties button
1. For the Value of Name type: Bend
2. Click the OK button
4. Click the Done button

&  Set Grid Plane

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > YZ

s  Create Conductor Bend
&  To create the bend:
1. Select the menu item Draw > Arc > Center Point
2. Using the coordinate entry fields, enter the vertex point:
& X:0.0,Y:04, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radial point:
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the sweep arc length:
s X:0.0,Y:04, Z: 0.4, Press the Enter key
5. Using the mouse, right-click and select Done Qi:;‘
6. Click the OK button when the Properties dialog appears
4  Sweep Bend:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Bend, Polyline1
2. Click the OK button
3. Select the menu item Draw > Sweep > Along Path
4. Sweep along path Window
s Angle of twist: 0
s Draft Angle: 0
& Draft Type: Round

& Click the OK button
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Example - Coaxial Connector

3

Set Grid Plane
s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ

g

Create Offset Coordinate System
s  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
s X:0.0,Y:04, Z: 0.4, Press the Enter key

=

&  Create the Conductor 2
s  To create the conductor
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position ¢
& X:0.0,Y:0.0,Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.152, dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.436, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Conductor2
3. Click the OK button -
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
s X:0.0,Y:0.436, Z: 0.0, Press the Enter key
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Example - Coaxial Connector

s Create the Conductor 3
s  To create the conductor
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius: .
s dX:0.225, dY: 0.0, dZ: 0.0, Press the Enterkey A £
4. Using the coordinate entry fields, enter the height: I
s dX:0.0,dY: 1.3, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Conductor3 L}
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Group the Conductors
&  To group the conductors:
1. Select the menu item Edit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, 3D Modeler > Boolean > Unite
& To fit the view:
1. Select the menu item View > Fit All > Active View.

s Set Default Material
s To set the default material: | fvacoom < fmocer ]
1. Using the 3D Modeler Materials toolbar, choose vacuum
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Example - Coaxial Connector

&  Create the Female End
s  To create the female end:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.511,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 1.3, dZ: 0.0, Press the Enter key -
s To set the name: c .:5
1. Select the Attribute tab from the Properties window. |
2. For the Value of Name type: Female
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

s  Create the Female Bend
&  To create the bend:

1. Select the menu item Draw > Cylinder

2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0,Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the radius:
s dX: 0.351,dY: 0.0, dZ: 0.0, Press the Enter key

4. Using the coordinate entry fields, enter the height:
s dX: 0.0, dY: -1.236, dZ: 0.0, Press the Enter key

s  To set the name: 2
1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: FemaleBend
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Coaxial Connector

s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global

2. Click the Select button O O

&  Set Grid Plane

s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XY

&  Create the Male End
&  To create the male end:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.351, dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 2.348, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Male
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Coaxial Connector

s  Group the Vacuum Objects
&  To unite the objects Female, FemaleBend and Male:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Female, FemaleBend, Male
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Unite
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Add New Material
&  To add a new material:

1. Using the 3D Modeler Materials toolbar, choose Select

2. From the Select Definition window, click the Add Material button

3. View/Edit Material Window:
1. For the Material Name type: My_Ring
2. For the Value of Relative Permittivity type: 3
3. Click the OK button

4. Click the OK button | view 7edit Material

taterial Name
‘My_Ring

P i fthe Materials Materiall
roperties of the Materials Material TR

Name | Type Yalue ‘ Units | Ansoft Products
| |Fielative Permittivity Simple 3 1l products
. Felative Permealbility Simple 1 WwiHfss
| |Bulk Conductivity Simple 0 Siemens/m
| |Dielectric Loss Tangent Simple 0
| |Magnetic Loss Tangent Simple 0
| |Magnetic Saturation Simple 0 Gauss

Lande G Factor Simple 2
| |DettaH Simple 0 Oe

Select Ansoft Product

Validate Now

Set Frequency Dependency ... |

Feset | oK | Cancel ‘
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ANSOFT Example - Coaxial Connector

&  Create the Ring
&  To create the ring:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.736, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.511,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 0.0, dZ: 0.236, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ring
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Complete the Ring
s  To select the objects Ring and Male:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ring, Female
2. Click the OK button
s  To complete the ring:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
s Blank Parts: Ring
&  Tool Parts: Female
& Clone tool objects before subtract: ¥ Checked
& Click the OK button
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Example - Coaxial Connector

&  Add New Material
4  To add a new material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. From the Select Definition window, click the Add Material button
3. View/Edit Material Window:
1. For the Material Name type: My_Teflon
2. For the Value of Relative Permittivity type: 2.1
3. Click the OK button
4. Click the OK button

&  Create the Male Teflon
&  To create the teflon:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.46, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.511,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 0.788, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: MaleTeflon
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

6.2
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Example - Coaxial Connector

&  Create Wave Port Excitation 1

&  Note: To simplify the instructions, a 2D object will be created to represent the
port. This is not a requirement for defining ports. Graphical face selection can
be used as an alternative.

&  To create a circle that represents the port:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius of the circle:
s dX:0.351,dY: 0.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: p1
3. Click the OK button
s  To select the object p1:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: p1
2. Click the OK button
& Note: You can also select the object from the Model Tree

—-¢57 Ohjects
- ! My_Ring
+-£57 ring
-4 my_keflon
+- £ MaleTeflon
—|- 4 pec
+ ¢35 conduckar3
- S wacuum
+ ¢35 Female
= Sheets
- Unassigned
= |:|
3 CreateCircle
[ Coverlines
-1, Coordinate Svstems
@ clobal
1l Relatives1
1 Relativesz2
1 RelativeCs3
+-4= Planes

+ @ Lisks
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Example - Coaxial Connector

&  Create Wave Port Excitation 1 (Continued)
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1,
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:0.351,Y: 0.0, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:-0.199, dY: 0.0, dZ: 0.0, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
1. Full Port Impedance: 50
6. Click the Finish button

&  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: RelativeCS3
2. Click the Select button

& Set Grid Plane
&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ
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Example - Coaxial Connector

&  Create Wave Port Excitation 2

&  Note: To simplify the instructions, a 2D object will be created to represent the
port. This is not a requirement for defining ports. Graphical face selection can
be used as an alternative.

&  To create a circle that represents the port:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
s X:0.0,Y:1.3, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius of the circle:
s dX:0.511,dY: 0.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: p2
3. Click the OK button
s  To select the object p2:
1. Select Object Dialog,
1. Select the objects named: p2
2. Click the OK button
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Example - Coaxial Connector

s  Create Wave Port Excitation 2 (Continued)
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p2,
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:0.511,Y:1.3, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:-0.286, dY: 0.0, dZ: 0.0, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
1. Full Port Impedance : 50
2. Click the Finish button
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Example - Coaxial Connector

&  Create the Female Teflon
s  To create the Teflon:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0,Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.511,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX: 0.0, dY: -0.236, dZ: 0.0, Press the Enter key
s  To set the name: . . | @
1. Select the Attribute tab from the Properties window
2. For the Value of Name type: FemaleTeflon ‘V
3. Click the OK button e
s  To fit the view: — |
1. Select the menu item View > Fit All > Active View.

s  Complete the Vacuum Object
s  To select the objects Female, MaleTeflon, FemaleTeflon
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Female, MaleTeflon, FemaleTeflon
2. Click the OK button
&  To complete the vacumm objects:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
» Blank Parts: Female
&  Tool Parts: MaleTeflon, FemaleTeflon
& Clone tool objects before subtract: ¥ Checked
&  Click the OK button
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Example - Coaxial Connector

&  Complete the Model
&  To complete the model:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,

1. Select the objects named: Conductor1, Female, MaleTeflon,
FemaleTeflon

2. Click the OK button
3. Select the menu item 3D Modeler > Boolean > Subtract
4. Subtract Window
& Blank Parts: Female, FemaleTeflon, MaleTeflon
& Tool Parts: Conductori
& Clone tool objects before subtract: ¥ Checked
& Click the OK button

s Boundary Display
s To verify the boundary setup:
1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.

& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished

Solver View of Boundaries

[Mame]  Type | Sowervisibiity — [wisibility [ Color]
Waw . User Defined Visible to solver.
Waw . User Defined Visible to solver.
outer | Default “isible to solver.

Uan

smetal Default Yisible to sokser.

Close
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Example - Coaxial Connector

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 8.1GHz
&  Maximum Number of Passes: 10
& Maximum Delta S: 0.02
2. Click the OK button
3. Click the Options tab:
& Minimum Converged Passes: 2
4. Click the OK button

&  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 0.1GHz
Stop: 8.1GHz
Count: 801
Save Fields: M Checked
3. Click the OK button

4

4

=3

=3
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Example - Coaxial Connector

3

Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_coax
3. Click the Save button

e

Analyze

g

Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

g

Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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Example - Coaxial Connector

Solution Data

&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
&  To view the Profile:

1.

Click the Profile Tab.

& To view the Convergence:

1.

&

Click the Convergence Tab

Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:

1.

&

Click the Matrix Data Tab

Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

I Solutions: hfss_coax - HFSSModel1

Dezign Yanation; |

Sirnulation: |Setup1

Profile  Convergence ] K atrix Data

Murnber of Faszes
Completed 3
Maxirurn 10
Fimirum 1

tMax Mag. Delta 5
Target 0.02
Current 0012232

View: { Table {* Plat

H |F'ass M urnber

=l
Y |Ma:-:Mag.DeItaS ﬂ
COMYERGED

Conzecutive Passes
Target 2
Current 2

28 Mar 2008 AnwttZorporaton 181452

LO0EDZ

LB0EDO2

LEOEDOZ

fMat Mag. elta §

140 ED02

--—-—_—-—-—--—-—--———-

Pacs Humbar

L20ED02

E¥- 3 LEIE-OR

Cloze
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Example - Coaxial Connector

& Create Reports

&  Create Terminal S-Parameter Plot vs. Adaptive Pass

& Note: If this report is created prior to or during the solution process, a
real-time update of the results are displayed

& To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive1
2. Click the X tab
1. Use Primary Sweep: O Unchecked
2. Category: Variables
3. Quantity: Pass
3. Clickthe Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1), St(p1,p2),
3. Function: dB
4. Click the Add Trace button
4. Click the Done button

ssssssssss

0.60 120 180
Pass
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Example - Coaxial Connector

s Create Terminal S-Parameter Plot - Magnitude
& To create a report:

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Clickthe Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1), St(p1,p2),
3. Function: dB
4. Click the Add Trace button
4. Click the Done button

Ansoft Corporation
XY Plot 2
HFSSModel1

-10.00

-20.00

Y1

RV

] l v
5000

0d0 200  4d0  edo sdo
Freq [GHz]

"1o0.

6.2
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Example - Coaxial Connector

&  Create Terminal S-Parameter Plot - Phase
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1), St(p1,p2),
3. Function: ang_deg
4. Click the Add Trace button
4. Click the Done button

17 Jun 2003 Ansoft Corporation
XY Plot 3
HF 5 5Model1

200.00

13:03:36

1IN
_ N N

Y 1 [deqg]

: RN

L AN

NI O

0. 2, 4. 6.00 3.
Freq [GHz]

+
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ANSOFT Example - Coaxial Connector

+-¢5 Model
+-1#, Coordinate Systems
-1-48 Planes

s  Field Overlays

£F RelativeC51:X2
£F RelativeC51:YZ
£F RelativeCS2:XY
£F RelativeC52:XZ
£7 RelativeCS2:YZ
£F RelativeC53:XY
£F RelativeCS3:XZ
£7 RelativeCS3:YZ
*2¢ Points

+- ¢ Lists

&  Create Field Overlay
& To create a field plot:
1. Select the Global YZ Plane
1. Using the Model Tree, expand Planes
2. Select Global:YZ
2. Select the menu item HFSS > Fields > Fields > E > Mag_E
3. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Mag_E
3. In Volume: All
4. Click the Done button
s  To modify a Magnitude field plot:

1.
2.
3. E-Field Window:
1.

2.

1. Select the menu item HFSS > Fields > Modify Plot Attributes
2. Select Plot Folder Window:

Select: E Field
Click the OK button

Click the Scale tab

1. Select Use Limits ]
2. Min: 1.0 ‘\F 1
3. Max: 1000.0

4. Scale: Log
Click the Close button

|
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6.2

Coaxial Connector

&  Edit Sources
s  To Modify a Terminal excitation:
Select the menu item HFSS > Fields > Edit Sources

1.
2.

3.

Select p2:T1 from the Edit Sources wi

& Check the Terminated box

Click the OK button

s  To Select the Electric Field plot:

1.
2.
3.

Expand the Project tree
Expand the Field Overlays

Click on the E Field or Mag_E1 to
display the field plot

8  Field Animations
s  To Animate a Magnitude field plot:

1.
2.

3.

Select the menu item View > Animate

ndow

- hfes_coax_training”
3 HFSSModei1®
€77 Model
[ Boundaries
+- %5 Excitations
BEF Mesh Operations
+-fF Analysis
B Optimetrics
+- = Resuts
+-[T] Port Field Display
= [igi Field Overays
~ P E Field1
S (Mg ET
? Radiation
+-|27 Definitions

Project ]

In the Swept Variable tab, accept defaults settings:

1. Swept variable: Phase

2. Start: Odeg . o
Animation: Animation1 24
3. Stop: 180deg . . E] ] =
4. Steps: 9 ]
Click the Close button p | q | =] » | > ‘ 5 \;J
peEE

Frame: 9, Phaze="160deq’

Export...
Cloze
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A HFSS". 6.3
ANSOFT Example - 180° Ring Hybrid

s The 180° Ring Hybrid

&  This example is intended to show you how to create, simulate, and analyze a ring
hybrid, using Ansoft HFSS.
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6.3
Example - 180° Ring Hybrid

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and
select the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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Example - 180° Ring Hybrid

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Terminal
2. Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

0] | Cancel

Ansoft High Frequency Structure Simulator v10 User’s Guide

6.3-3



6.3

Example - 180° Ring Hybrid

=

N

g

g

Creating the 3D Model

Set Model Units

To set the units:
Select the menu item 3D Modeler > Units | =ee=uni=
Set Model Units:

A

1.
2.

1.
2.

Select Units: mm
Click the OK button

Set Default Material

To set the default material:
Using the 3D Modeler Materials toolbar, choose Select
Select Definition Window:

A

1.
2.

1.
2.

3.

Click the Add Material button
View/Edit Material Window:

Set Model Units

mim -7

[ Rescale to new units

Ok | Cancel |

1. For the Material Name type: My_Sub
2. For the Value of Relative Permittivity type: 2.33
3. For the Value of Dielectric Loss Tangent type: 4.29e-4

4. Click the OK button
Click the OK button

|vacuum A | |M0del

wACLILIM
ISelect. .,

I

View / Edit Material

Material Mame
by _Sub

Properties of the Materials Materiall

Filter Praperies by
Ansoft Products

Set Freguency Dependency

Feset | OK Cancel ‘

MName | Type Walue ‘ Units |
| |Relative Permitivity Simple Al products
|__|Relstive Pemeshility Simple 1 VIHFSS
|__|Bulk Canductivity Simple 0 Siemens/m
| |Dielectric Loss Tangent Simple 0.000429
|__|Magnetic Lass Tangent Simple 0
|__|Magnetic Saturation Simple 0 Gauss
|__|Lande G Factor Simple 2
| |DeftaH Simple 0 Oe

Select Ansoft Product

Walidate Now
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s  Create Substrate
s  To create the substrate:
1. Select the menu item Draw > Regular Polyhedron
2. Using the coordinate entry fields, enter the center position
& X:0.0,V:0.0, Z: -1.143, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX: 22.345mm/cos(30*pi/180), dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY: 0.0, dZ: 2.286, Press the Enter key
&  Segment Number Window
& Number of Segments: 6
& Click the OK button
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Substrate
3. Click the OK button
s  To fit the view:

1. Select the menu item View > Fit All > Active View.
Or press the CTRL+D key
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&  Create Trace
&  To create the trace:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:-0.89154, Y: 0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
s dX:1.78308, dY: 22.345, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Trace
3. Click the OK button

& To fit the view: : v

1. Select the menu item View > Fit All > Active View.

8  Assign a Perfect E boundary to the Trace
&  To select the trace:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Trace
2. Click the OK button
&  To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Trace
2. Click the OK button
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\ 6.3
W\ . .
NNSOFT Example - 180° Ring Hybrid

&  Create Wave Port Excitation 1

& Note: This structure requires 4 ports with 1 terminal lines per port. We could use
face selection to select the ends of the substrate that represent the port, define
terminal lines, assign excitation, and repeat for port2-4. Since we can duplicate
port definitions, it is more efficient to define a rectangle with the appropriate port
definition and copy it to the location of ports 2-4. The second method is
described here:

s  To set grid plane
1. Select the menu item 3D Modeler > Grid Plane > XZ
&  To sit the view
s Select the menu item View > Modify Attributes > Orientation
& Select Viewing Direction form the List Window
1. From the list select the view name: Right
2. Click the Apply button
3. Click the Close button
&  To create the rectangle graphically:
1. Select the menu item Draw > Rectangle

2. Using the mouse, position the active position indicator such that it snaps to
the vertex of the lower left corner of the substrate face. The shape of the
active position indicator will change to a square when it snaps to the vertex

3. Click the left mouse button to select this point as the start position.
4. Continued on next page...
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\NISOFT Example - 180° Ring Hybrid

&  Create Wave Port Excitation 1 (Continued)
4. Using the mouse, position the active position indicator such that it snaps to
the vertex of the upper right corner of the substrate face. The shape of the
active position indicator will change to a square when it snaps to the vertex

5. Click the left mouse button to set the opposite corner of the rectangle.
z

o &

&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Port
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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ANSOFT Example - 180° Ring Hybrid

&  Create Wave Port Excitation 1 (Continued)
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 1, Click the Update button
2. For T1, click the Undefined column and select New Line
Using the coordinate entry fields, enter the vector position
& X:0.0,Y:22.345, Z: -1.143, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 0.0, dZ: 1.143, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
6. Click the Finish button

w

Wave Port Face

Terminal Line
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ANSOFT Example - 180° Ring Hybrid

&  Create the remaining Traces and Wave Ports
&  To select objects:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Trace, Port
2. Click the OK button
&  To duplicate the objects:
1. Select the menu item, Edit > Duplicate > Around Axis
2. Duplicate Around Axis Window
1. Axis: Z
2. Angle: 60deg
3. Total Number: 4
4. Click the OK button

&  Create Outer Ring
s  To set grid plane
1. Select the menu item 3D Modeler > Grid Plane > XY
s  To create the ring:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:11.795, dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Outer
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit Drawing.
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ANSOFT Example - 180° Ring Hybrid

&  Group the Conductors
&  To group the conductors:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Trace, Trace_1, Trace_2, Trace_3, Outer
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Unite
s  To fit the view:
1. Select the menu item View > Fit Drawing.

&  Create Inner Ring
& To create the ring:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:10.795, dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Inner
3. Click the OK button
&  Select objects:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Trace, Inner
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Subtract
4. Subtract Window
1. Blank Parts: Trace
2. Tool Parts: Inner
3. Clone tool objects before subtracting: OO Unchecked
4. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit Drawing. Or press the CTRL+D key
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et Example - 180° Ring Hybrid

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 4.0 GHz
&  Maximum Number of Passes: 20
& Maximum Delta S: 0.02
2. Click the OK button

s  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Step
Start: 2.0 GHz
Stop: 7.0 GHz
Step: 0.05 GHz
Save Fields: M Checked
3. Click the OK button

=3

4

4

4

Ansoft High Frequency Structure Simulator v10 User’s Guide 6.3-12



Fy | 6.3
ANSOF! Example - 180° Ring Hybrid

&  Create Reports

&  Create Terminal S-Parameter Plot vs. Adaptive Pass

& Note: If this report is created prior or during the solution process, a real-time
update of the results are displayed

&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive1
2. Click the X tab
1. Use Primary Sweep: O Unchecked
2. Category: Variables
3. Quantity: Pass
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1), St(p1,p2), St(p1,p3), St(p1,p4)
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
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6.3
Example - 180° Ring Hybrid

&  Create Terminal S-Parameter Plot - Magnitude
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1), St(p1,p2), St(p1,p3), St(p1,p4)
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
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6.3

Example - 180° Ring Hybrid

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_ringhybrid
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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HESS™ 6.3
Example - 180° Ring Hybrid

&  Solution Data Convergence Profile ]Matrix[lata

&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

M Solutions: hiss_ringhybrid - HFESSModel1

Design Variation: | J ‘ 4
Simulation: | Setupl j
Profile  Convergence lMatri:-: Data
Mumber of Passes T ancettCorporaten 10:08: 14 —I—l"&‘ =
Completed 3 Mmhmv.ﬁ
Maximum 20
MinirnLim 1 EREAN =
4 Targe | Mg . DY
Max Mag. Delta 5 :\
Target 0.02 LovELd i
Current  0.079334 :\
Wiew, { Table + Plat % LEREDN
e |F'ass Mumber j E ] \
Y |h-1a:-: Mag. Delta 5 j g M \\
CONVERGED ] \\___,_.--—\
s.00BD02
Conzecutive Passes f \
Target 1 1 P
Current 1 0.00E+000] -
) Pa st Humbsr
Y- 4 -4 Snom
Cloze
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HFSS" . 6.3
Example - 180° Ring Hybrid

&  Terminal S-Parameter Plot vs. Adaptive Pass

o] ]

Ansoft Corporation Y1 —0—

XY Plot 1 dB(St(p1,p1)) [cb]

HFSSModel1 Setup1 : Adaptive_1

0.00 Y1

. dB(St(p1.p2)) [db]
- —r Setup1 : Adaptive_1

Y1 ——

-10.00 dB(St(p1.p3)) [db]
] — Setup1 : Adaptive_1

] Y1 —k—
7 dB(St(p1,p4)) [db]
-20.00 Setup1 : Adaptive_1

EEEENAN
; V \/\

000 25  s5do 7.8
Pass

&  Terminal S-Parameter Plot - Magnitude

Y1

o] ]

Ansoft Corporation Y1 —0—

XY Plot 2 ngS‘(f? ‘§1 ) [d$]
HFSSModel1 elupl - Sweep

T | l dB(St(p1,p2)) [db]
] / ﬁ% Setup1 : Sweep1
-10.00 <>< //-;

S

/\ el
-20.00 \ A =
| dB(St(p1,p4)) [db]
Setup1 : Sweep1
-30.00 ]

dB(St(p1,p3)) [db]
\\
-40.00- Xv

Setup1 : Sweep1
-50.00 |

200  3d0  a00 500 600 7.0
Freq [GHz]

Y1
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A HFSS" .. 6.4

ANSOFT Example - Coaxial Stub Resonator

& The Coaxial Stub Resonator

& This example is intended to show you how to create, simulate, and optimize a
coaxial stub resonator, using the Ansoft HFSS Design Environment.
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HFSS" .. 6.4

ANSOFT Example - Coaxial Stub Resonator

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model:

& 3D Solid Modeling
s Primitives: Cylinders
s Boolean: Union
s Duplicate: Around Axis

& Boundaries/Excitations
& Excitations: Wave Ports

& Analysis
& Sweep: Fast Frequency

&  Optimization
s Parametrics Setup
& Optimetrics Setup

& Results
& Data: Tabular
& Plotting: Cartesian
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6.4

Example - Coaxial Stub Resonator

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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6.4

Example - Coaxial Stub Resonator

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Terminal
2. Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

0] | Cancel
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Example - Coaxial Stub Resonator

s Creating the 3D Model

6.4

Set Model Units

& Set Model Units

&  To set the units:

Selectunits: mim -
i > i _
1. Select the menu item 3D Modeler > Units || — q...oe o newunits
2. Set Model Units:
. Ok | Cancel
1. Select Units: mm
2. Click the OK button
s Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
9 . ey . :
Select Definition Window [vacuum = |[Model -
1. Type pec in the Search by Name field vacLLm
; ISelect.
2. Click the OK button
‘Select Definition @
Materials ] hatarial Filters
i Search Parameters
Search by Name i~ Search Criteria | Libraries [v Show definitions in Project
|pev: @ by Mame (" by Propery [sy5] Materials
Search I | i —J
2 N Locafi Orici Eelative Felative Bulk Dielectric Magnetic | Magnetic | Les |
| | - ame ocaton ngin | Permittivity_ Permeabilit}_/ Conductiv'ny Loss Tanggnt Loss Tangent| Saturation | F
| |palladium SysLibrany Materials 1 1.00082 9300000Siemensfm |0 0 0 2
_pec Project Materials 1 1 1e+030Siemens/im 0 0 0 2
|__lpec SysLibrary | Materials 1 1 1e+0305iemens/m 0 0 L 2
__{platinum SysLibrary | Materials 1 1 93000005iemensfm |0 0 L 2
|__|plexiglass SysLibrary | Materials 3.4 1 1] |0.007 0 L 2
__{polyamide SysLibrary | Materials 4.3 1 1] |0.004 0 o 2
|__|palyester SysLibrary | Materials 3.2 1 1] 0003 0 o 2
__|polyethylene SysLibrary | Materials 2.25 1 1] |0.001 0 o 2 |2
|__|Polyflon Copper-Clad ULTEM itm) | SysLibrary | Materials 3.05 1 1] |0.008 0 o 2
__|Palyflan CuFlon {im) SysLibrary | Materials 2.1 1 1] |0.00045 0 o 2z
|__|Polyflon Polyguide (tm) SysLibrary Materials 2,32 1 1] |0.0002 0 o z
__|Palyflan_MNorCLaD {tm) SysLibrary Materials 2.55 1 1] |0.0011 0 o 2z
|__|palyimide SysLibrary Materials 3.5 1 1] |0.008 0 o z
__|polyimideQuartz SysLibrany haterials 4 1 0 a 0 o 2 e
< | >
Wiew/Edit Materials Add Material Clone Material(s) Remowve haterialis) ‘ Exportto Library. |
OK Cancel Help ‘
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HFSS" .. 6.4

Example - Coaxial Stub Resonator

&  Set Grid Plane

s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ

&  Create the Conductor 1
s  To create the conductor
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.86, dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: -6.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window
2. For the Value of Name type: Conductor
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View. Or press the CTRL+D key
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HFSS" .. 6.4

ANSOFT Example - Coaxial Stub Resonator

s Create the Stub
&  To create the stub
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.86, dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX: 0.0, dY: 4.75, dZ: 0.0, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Height, type: L, Click the Tab key to accept
& Add Variable L: 4.75mm, Click the OK button..
& To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Stub
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Set Default Material
&  To set the default material: % [vacoum = [Mocel -]
1. Using the 3D Modeler Materials toolbar, choose vacuum
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Example - Coaxial Stub Resonator

&  Create the Body
&  To create the body
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:2.0,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY:-6.0,dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Body
3. Click the OK button

&  Create Wave Port Excitation 1

&  Note: To simplify the instructions, a 2D object will be created to represent the
port. This is not a requirement for defining ports. Graphical face selection can
be used as an alternative.

&  To create a circle that represents the port:
1. Select the menu item Draw > Circle
2. Using the coordinate entry fields, enter the center position
& X:0.0,VY:-6.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius of the circle:

s dX:2.0,dY:0.0,dZ: 0.0, Press the Enter key [= &7 obiects
s To set the name: - 6 per
) + ¢ Conduckar
1. Select the Attribute tab from the Properties window. +-£P stub
2. For the Value of Name type: p1 = & vacuum
. +¢57 Body
3. Click the OK button 5 B Sheets
s To select the object p1: == '-'”E;igned
. . =/~ §upl
1. Select the menu item Ediit > Select > By Name Y CreateCircle
2. Select Object Dialog, " D Coverlines
. . + Coordinake Syskems
1. Select the objects named: p1 + B Flanss
2. Click the OK button B Lists

& Note: You can also select the object from the Model Tree
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A HFSS . 6.4

ANSOFT Example - Coaxial Stub Resonator

&  Create Wave Port Excitation 1 (Continued)
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1,
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:2.0,Y:-6.0, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:-1.14, dY: 0.0, dZ: 0.0, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
1. Full Port Impedance: 50
6. Click the Finish button
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A HFSS" . 6.4

ANSOFT Example - Coaxial Stub Resonator

8  Create Port 2 Arm
s  To select the objects Conductor, Body, & p1:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Body, Conductor, p1
s Note: Use the Ctrl + Left mouse button to select multiple objects
2. Click the OK button
&  To create the port 2 arm:
1. Select the menu item, Edit > Duplicate > Around Axis.
1. Axis: X
2. Angle: -90
3. Total Number: 2
4. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Stub Body
&  To select the objects Body:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Body
2. Click the OK button
&  To create the stub body:
1. Select the menu Select the menu item, Edit > Duplicate > Around Axis.
1. Axis: X
2. Angle: 180
3. Total Number: 2
4. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Coaxial Stub Resonator

&  Group the Body Objects
s  To select the objects Body, Body_1, Body_2:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Body, Body_1, Body_2
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Unite
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Group the Conductor & Stub Objects
&  To select the objects Conductor, Conductor_1, Stub:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Conductor, Conductor_1, Stub
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Unite
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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‘\\ 6.4

Example - Coaxial Stub Resonator

s Boundary Display
s To verify the boundary setup:

1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.
& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary
3. Click the Close button when you are finished

[Name]  Type Solver Visihility [visibility [ Color |

pl User Defined “isible to solver. /.

p2 User Defined “isible to solver. [ .

outer  Default Visible to solver. [ |

smetal Default Visible to solver. I |==
Close

&  Mesh Operations
&  To select the object Body
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Body
2. Click the OK button
&  To create a mesh operation:

1. Select the menu item HFSS > Mesh Operations > Assign > Inside
Selection > Length based

2. Element Length Based Refinement Window:
1. Name: Body_Mesh
2. Restrict Length of Elements: O Unchecked
3. Restrict the Number of Elements: M Checked
1. Maximum Number of Elements: 2000
Click the OK button

>
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6.4

Example - Coaxial Stub Resonator

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 13.0 GHz
&  Maximum Number of Passes: 10
& Maximum Delta S: 0.02
2. Click the OK button

s  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Step
Start: 5.0 GHz
Stop: 20.0 GHz
Step: 0.01 GHz
Save Fields: M Checked
3. Click the OK button

=3

4

4

4
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6.4

Example - Coaxial Stub Resonator

&  Create Terminal S-Parameter Plot - Magnitude
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular Plot
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1), St(p1,p2),
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
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Example - Coaxial Stub Resonator

3

Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_stub_resonator
3. Click the Save button

e

Analyze

g

Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

g

Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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Example - Coaxial Stub Resonator

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

—

& Solution Data: hfss_coaxstub4 - HFSSModel1 M=)

Dezign Y ariation: |L='4. Fhmm'

Sirnlatian; | Setupl j | J @

Conwergence | Profile | Matris Data |

Murnber of Pazzes
17 Jun 2082 Ansoff Corporation 18: 6612 M
Completed 3 R

basimum 10
S T I A,

LK

=
Fan: Msg. Dy
tax bag. Delka S oot
Target 002

Current  0.017379 a2

View: © Table
{+ Plot

L |F'ass Murnber ﬂ ooz
Y |Ma:-: kdag. Deltaﬂ

Mas Mag. Dol 8

COMVERGED

Pass Hombsr

Cloze
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Example - Coaxial Stub Resonator

& Data Markers

&  The plot we created prior to the simulation will automatically be updated when the
analysis completes. The xy plot should currently be displayed. If it is not, select
the menu item Window > XY Plot1to switch to the plot display

& Mark All Traces
1. Select the menu item Report 2D > Mark All Traces
2. Click the Min button

3. When you are finished, select the menu item Report 2D > Mark All Traces
to remove the marker.

)' ‘ Min‘ Max| Ansoft Corporation 16:52:02 Y1—C—
XY Plot 1 dB(St(p1,p1))
HFS$SModel1
XY - 13.630.00
20.00 Y1
dB(St(p1.p2))
- XY - 1363-616
0.00
-20.00
>_
-40.00
-60.00
5.00 7.50 10.00 12.50 15.00 17.50 20.00

Freq [GHz]
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Example - Coaxial Stub Resonator

s Optimetrics Setup - Parametric Sweep

&  During the design of a microwave device, it is common practice to develop
design trends based on swept parameters. Ansoft HFSS with Optimetrics
Parametric Sweep can automatically create these design curves.

s  Add a Parametric Sweep
1. Select the menu item HFSS > Optimetrics Analysis > Add Parametric
2. Setup Sweep Analysis Window:
1. Click the Sweep Definitions tab:
1. Click the Add button
2. Add/Edit Sweep Dialog
1. Select Variable: L
Select Linear Count
Start: 4.0mm
Stop: 5.5mm
. Count: 5
6. Click the Add button
7. Click the OK button
2. Click the Options tab:
1. Save Fields and Mesh: ¥ Checked
3. Click the OK button

Eal

&  Analyze Parametric Sweep
&  To start the solution process:
1. Expand the Project Tree to display the items listed under Optimetrics
2. Right-click the mouse on ParametricSetup1 and choose Analyze

&  Optimetrics Results
&  To view the Optimetrics Results:
1. Select the menu item HFSS > Optimetrics Analysis > Optimetrics Results
2. Select the Profile Tab to view the solution progress for each setup.
3. Click the Close button when you are finished viewing the results
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Example - Coaxial Stub Resonator

&  Create Terminal S-Parameter Plot - S12 at each L

&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular Plot
3. Click the OK button
3. Traces Window:
Solution: Setup1: Sweep1

—_

2. Domain: Sweep
3. Click the Sweeps tab

1. Select Sweep Design and Project variable values
4. Click the Y tab

1. Category: Terminal S Parameter
2. Quantity: St(p1,p2)
3. Function: dB
4. Click the Add Trace button
5. Click the Done button

17 Jun 2003 Ansoft Corporation 20:36:07

XY Plot 3
HF5SModel1

T

-20.00 /

-40.00

dB(St(p1,p2))

-60.00 i

-80.00
5.00 7.50 10.00 12.50 15.00 17.50 20.00
Freq [GHz]

Ansoft High Frequency Structure Simulator v10 User’s Guide 6.4-19



A\ -

Example - Coaxial Stub Resonator

=

N

Optimetrics Setup - Optimization

&  The Parametric Sweep was useful for generating design curves. For this simple
design with only a single variable we could use the design curves to make
educated guesses at performance targets that are not contained in the
Parametric Sweep. Ansoft HFSS and Optimetrics with Optimization takes the
guess work out of achieving performance targets. To demonstrate this we will
target a minimum S12 at 13GHz. Since this device has a very high Q, we will
consider anything <= -40dB at 13GHz to be a minimum. From the Parametric
Sweep, we can see that the search range can be limited to the range 4.7-5.1mm.
Since we are only interested in obtaining an optimum solution for 13GHz, we will
add an additional Solution Setup that does not include the frequency sweep.
This will reduce the amount of simulation time required to achieve the
performance goal.

=

A

Add an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 13.0 GHz
& Maximum Number of Passes: 10
& Maximum Delta S per Pass: 0.02
2. Click the OK button

=

A

Define Optimization Design Variables
&  To Define Optimization Design Variable
1. Select the menu item HFSS > Design Properties
2. Click the Optimization radio button:
1. Name: L
Include: M Checked
Min: 4.0 mm
Max: 5.5 mm
3. Click the OK button

P wDn
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Example - Coaxial Stub Resonator

8  Add Optimization Setup
1. Select the menu item HFSS > Optimetrics Analysis > Add Optimization
2. Setup Optimization Window:
1. Click the Goals tab:
Optimizer: Quasi-Newton
Max. No. of Iterations: 10
Click the Add button

From the Solution Column, click on the Setup1:Last Adaptive and
select Setup2:LastAdaptive from the list of solutions

Click the Edit Calculation button
Setup Output Variables dialog:

1.
2.
3.
4.

10.
11.

12.

1.

> 0N

5.
6.
7.

Category: Terminal S Parameter

Quantity: St(p1,p2)

Function: mag

Click the Insert Quantity Into Expression button
Name: s21_mag

Click the Add button

Click the Done button

Condition: <=

Goal: 0.01

Weight:1

Acceptable Cost: 0
Click the Variables tab:

1.
2.

Min: 4.7 mm
Max: 5.1mm

Click the OK button

Cost Function

Solution

Calculation | Calc. Range | Condition | Goal | Weight |

Setup? : LastAdaptive 521_mag

Freq(Single value at 13GHz) €= o1 ]

Add
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ANSOFT Example - Coaxial Stub Resonator

8  Analyze Optimization
&  To start the solution process:
1. Expand the Project Tree to display the items listed under Optimetrics
2. Right-click the mouse on OptimizationSetup1 and choose Analyze

&  Optimetrics Results
&  To view the Optimetrics Results:
1. Select the menu item HFSS > Optimetrics Analysis > Optimetrics Results
2. Click the Close button when you are finished viewing the results

M Post Analysis Display |Z||E|[g|

|Dptimi2atinn5etup1 j J

Resut | Profie |

View: 7 Table
" Plat [ LogScale

20 Mar 2005 Brizoft Corporation 13:34:26 o

002

0.0z \

T
\

0.00.

tteration

RY: 5-000

Cloze

Ansoft High Frequency Structure Simulator v10 User’s Guide 6.4-22



HECSG™ 6.4

Example - Coaxial Stub Resonator

&  Create Terminal S-Parameter Plot of Optimum Result

& Once the Optimization completes, the design will automatically be updated
with the Optimum value. To view the performance of the device versus
frequency will require you to analyze the HFSS project with the optimum
design value.

s  To analyze the optimum design
1. Select the menu item HFSS > Analyze
s  To view the plot

& The existing XY Plot 1 will automatically be updated when the solution
completes.

& To change to the XY Plot 1 window, select the menu item Window > XY
Plot 1.

Ansoft Corporation
XY Plot 1
HFSSModel2

-20.00 /

=  -40.00
-60.00 |
-80.00 : — — — — —_—
. 7.50 10.00 12.50 15.00 17.50 20.00
Freq [GHz]
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ANSOFT Example - Wave Ports

&  Microstrip Wave Port

&  This example is intended to show you how wave port size can influence the
results of any simulation using the Ansoft HFSS Version 10 Design Environment.
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Example - Wave Ports

s  Ansoft Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model

& 3D Solid Modeling
s Primitives: Boxes, Rectangle
& Boolean Operations: Duplicate Along Line

& Boundary/Excitation
& Ports: Wave Ports and Integration Lines

& Analysis
s Solution: Ports Only
s Sweep: Interpolating

& Results
& Cartesian plotting

& Fields Overlays
s Port Field Display
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6.5

Example - Wave Ports

e

g

3

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and
select the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

&

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item Tools > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
s Use Wizards for data entry when creating new boundaries: 4
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item Tools > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button

Ansoft High Frequency Structure Simulator v10 User’s Guide
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6.5

Example - Wave Ports

s  Design Review

A

&

A

A

&

Generally speaking when we assign a wave port to a microstrip line, or any
quasi-TEM line, we need to include some area around the actual transmission
line. The big question is, “how much area?”

Below you will see the cross section of a simple microstrip line with naming
conventions shown.

~bw
o
w
<«
|
A
h
A\ 4

As a rule of thumb, we typically create a 2D rectangle to represent the wave port
stimulus for this type of structure. The dimensions of the rectangle are roughly
five times the width of the transmission line by four times the height of the
substrate.

REMEMBER: These are only guidelines !!!

The height of the port will be affected by the permittivity of the substrate. The
higher the permittivity, the less the fields will propagate in the air, and the shorter
the port can be made.

The width of the port will affect the port impedance and
propagating modes. The narrower the width (image on
right), the more the fields will couple to the side walls of
the port. This effect may not be physical. The wider the
port, the greater chance that a higher frequency
waveguide mode can propagate.

This example will explore this last phenomenon. —=Ay :u

N
- ! I
Yy
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\SOFT Example - Wave Ports

s Opening a New Project
&  To open a new project:

& Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select
the menu item File > New.

& From the Project menu, select Insert HFSS Design.

=l ol x|
- Projecte™
-l HFSSModel1*
7 hModel
I Boundaries
#2 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation
+-[Z3 Definitions
FProject
&  Set Solution Type
s To set the solution type: Solution Type
&  Select the menu item HFSS > Solution Type
& Solution Type Window: @@ Driven Mol
& Choose Driven Modal ~ Driven Terminal
& Click the OK button -
igenmode
s  Set Model Units ok | Cancel
& To set the units:
s Select the menu item 3D Modeler > Units
&  Set Model Units: _ _
s Select Units: mil SUSIOUS
&  Click the OK button Select unitz: | mil -

| Rescale to new units

1] | Cancel ‘
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Example - Wave Ports

|vacuum A | |M0del -
&  Add New Material yaoum
. ISelect, .,
&  To add a new material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. From the Select Definition window, click the Add Material button
3. View/Edit Material Window:
1. Material Name: My_Rogers
2. Relative Permittivity: 3.38
3. Click the OK button
4. Click the OK button
View / Edit Material
b aterial Hame
My _Rogers
Properties of the Materialz My_Rogers Filter Prapeties by
ame | Type | Yalue | nits Anzoft Products
Relative Permittivity Simple | 3.38 (1Al products
Relative Permeability Simple |1 e
Bulk. Conductivity Simple |0 Siemensdm
Dielectric Logz Tangent Simple |0
Magnetic Loss Tangent | Simple |0
ki agnetic S aturation Simple |0 Fauss
Lande G Factor Simple |2
DeltaH Simple |0 Qe
Select Anzoft Product
[C]All products
[IHFSS
Yalidate Mow
Set Frequency Dependency .. |
| | Cancel |
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&  Create Substrate
s  To create the substrate:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:-400.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:200.0, dY: 800.0, dZ: 8.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Substrate
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

8  Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type pec in the Search by Name field
2. Click the OK button
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Example - Wave Ports

&  Create Trace
&  To create the trace:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:-9.25, Z: 8.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:200.0, dY: 18.5, dZ: 1.4, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Trace
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Ground
&  To create the ground:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:-400.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:200.0, dY: 800.0, dZ: -1.4, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ground
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Wave Ports

s Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose vacuum

&  Create Air
s  To create the Air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:-400.0, Z: -1.4, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:200.0, dY: 800.0, dZ: 200.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Radiation Boundary
&  To select the object Air:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Air
2. Click the OK button
&  To create a radiation boundary
1. Select the menu item HFSS > Boundaries > Assign > Radiation
2. Radiation Boundary Window
& Name: Rad1
&  Click the OK button
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ANSOFT Example - Wave Ports

&  Set Grid Plane
s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > YZ

&  Create the Wave Port
&  To create a rectangle that represents the port:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the center position
s X:0.0,Y:-200.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
& dX:0.0,dY: 400.0, dZ: 50.0, Press the Enter key
s  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Position, type: Omil, -Port_Width/2, Omil, Click the Tab key to accept
& Add Variable Port_Width: 400mil, Click the OK button
3. For YSize, type: Port_Width, Click the Tab key to accept
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Port1
3. Click the OK button
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Example - Wave Ports

&  Assign the Excitation 1
s  To select the object p1:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1,
2. Click the Next button
3. Wave Port : Modes
1. Number of Modes: 5
2. For Mode 1, click the None column and select New Line
3. Using the coordinate entry fields, enter the vector position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
s dX:0.0,dY: 0.0, dZ: 8.0, Press the Enter key
& For Mode 1, click the Zpi column and select Zpv
1. Click the Next button
4. Wave Port : Post Processing
1. Click the Next button

5. CIICk the FInISh bUtton General Modes ] Post Processing ] Defaults I
Mumber of Modes: |5 Update
Mode | Integration Line | Characteristic Imp. (Zo) |
1 Defined Zov
2 Nane Zpi
3 None Zpi
4 None Zpi
] None Zpi

I Polarize E Field

Use Defaults

QK | Cancel |
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ANSOFT Example - Wave Ports

&  Create Wave Port Excitation 2
s  To select the object Port1:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button
&  To duplicate the port:

1. Select the menu item, Edit > Duplicate > Along Line

6.5

2. Using the coordinate entry fields, enter the first point of the duplicate vector

s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the second point of the duplicate

vector

& dX:200.0, dY: 0.0, dZ: 0.0, Press the Enter key

4. Duplicate Along Line Windows
1. Total Number: 2
2. Click the OK button

5. Click the Done button

Ansoft High Frequency Structure Simulator v10 User’s Guide

6.5-12



‘\\. 6.5

Example - Wave Ports

s Boundary Display
s To verify the boundary setup:
1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.

& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished

Narme Type S alver Visibility [ wisibily | Calor |
Fadi User Defined  Wisible to solver. [ |
pl Uzer Defined  Wigible bo salver. [ N
pe User Defined  Wisible to solver. [
oLter Default Overridden by ather boundaries. lnvi... [ ]
srnetal Drefault Yizible to solver. B |

Cloze |
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Example - Wave Ports

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 20GHz
2. Check Solve Ports Only 4
3. Click the OK button

s  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Frequency Setup Type: Linear Count
& Start: 0.1GHz
& Stop: 50.1GHz
& Count: 81
3. Edit Setup Interpolation Basis Window:
1. Click the button for Setup Interpolation Basis
&  Sweep Type: Interpolating
& Error Tolerance: 0.5%
& Max Solutions: 20
2. Click the OK button
4. Click the OK button
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Example - Wave Ports

&  Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_waveports
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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Example - Wave Ports

A

Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Matrix Data:
1. Click the Matrix Data Tab
2. Click the Close button

M Solutions: hfss_waveports - HFSSModel2

Design Variatiorn: | Port_w/idth="400mi J ‘ “

Simulatian: |Setup1 j |F'|:urtDnIy j

Prafile ] Corvergence  Matriz Data l

[ v Garnma |2|:| [GHz) ﬂ Expart... |
[ [ Zo

[ Al Fregs. |

Freq | Gamma | Lambda | Epsilnn|
pl:1 [EVEE8,  590)] 0.0092826 26076
pl:2 (31785, 90) 0.019768 0575
pl:3 [ 43021, 0o 1]

pl:4 [ 80995, 0o 1]

pl:5 [ 11565, 0o 1]

p21 [E7B6S, 50)] 0.0093004 25577
p22 [31787. 90] 0019767 057507
pa:3 [ 43021, oo 1]

pe:4 [ 809,94, oo 1]

pa:5 [ 11863, 0o 1]

InE:

Cloze
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&  Create Reports

&  Create Propagation Constant vs. Frequency
&  To Create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Clickthe Y tab
1. Domain: Sweep
2. Category: Gamma

3. Quantity: Gamma(p1:1),Gamma(p1:2), Gamma(p1:3),
Gamma(p1:4), Gamma(p1:5)

4. Function: im
5. Click the Add Trace button
3. Click the Done button
4. See next page for plot and discussion of results
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Example - Wave Ports

&  Create Reports

2000.00

1500.00.

1000.00.

RSCcsanzeaunsr

0.0 10,00 20,00 30,
Freq [GHz]

i
[

-
/
5

&  Discussion
&  What does this plot tell us?

& Given the physical size of the wave port object that we created, the fundamental
mode (p2:1) is a quasi-TEM mode that propagates from DC on up.

& This also shows that higher order modes can propagate (b>0) at a high enough
frequency. The second modes starts propagating at “14 GHz.

&  Therefore, if we only needed to simulate up to 10 GHz, we wouldn’t need to size
our port any different, however, if we need to simulate up to 50 GHz, then we
need to resize our port to eliminate the higher order propagating modes.

&  The last part of the exercise will explore this.
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Example - Wave Ports

& Field Pattern Plots

& |t might be illuminating to look at the field patterns at the port to discover which
modes are excited.
s  To display the Mode field patterns in the modeler:
1. From within the project manager, expand the section Port Field Display
2. Expand p1, and select Mode 2

1. The field pattern will be overlaid on the 3D model. From the plot
below, Mode 2 is clearly not a microstrip mode, but a TE,,-like
waveguide mode.

|0l x|

|- Analysis Ead
- JF Setup
}- Sweepl
i§ Optimetrics
=™ Results
B3 XY Plot 1
=[] Port Field Display
—-ff p1
[T Maode 1
[f1] Maode 2
[T Mode 3
[T Maode 4
[T Made 5
+-[f] p2
[ Field Overays
';' Radiation
127 Definitions e |

Project

1
J

4- —
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s Optimetrics Setup - Parametric Sweep

s  Add a Parametric Sweep
1. Select the menu item HFSS > Optimetrics Analysis > Add Parametric
2. Setup Sweep Analysis Window:
1. Click the Sweep Definitions tab:
1. Click the Add button
2. Add/Edit Sweep Dialog
1. Variable: Port_Width
2. Select Linear Step
3. Start: 200mil
4. Stop: 600mil
5. Step: 100mil
6. Click the Add >> button
7. Click the OK button
2. Click the OK button
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3

Save Project
&  To save the project:
1. Inan Ansoft HFSS window, select the menu item File > Save.

2

Analyze

g

Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

g

Analyze
&  To start the solution process:
1. Expand the Project Tree to display the items listed under Optimetrics
2. Right-click the mouse on ParametricSetup1 and choose Analyze

+ hfss_lwds_opt1
= hfss_waveport2
@8 HFSSModel1
&7 Model
+-FF Boundaries
+ -#%3 Excitations
EF Mesh Operations
+- JP Analysis
- Optimetrics

+- = Results Rename

+[F7] Port Field Display | #% Delete
[ Field Overays
';' Radiation

+-[27] Definitions LI [%
View Analysis Result, ..

Properties...
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&  Create Reports

&  Create Propagation Constant vs. Frequency vs. Port_Width
&  To Create a report:

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Modal S Parameters
2. Display Type: Rectangular
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: Sweep1
2. Click the Sweeps tab

1. Select the Sweep Design and Project Variable Values button
3. Click the Y tab

1. Domain: Sweep
2. Category: Gamma
Quantity: Gamma(p1:2),
Function: im
5. Click the Add Trace button
4. Click the Done button
5. See next page for plot and discussion of results

~ @
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&  Create Reports

)]

Ansoft Corporation ) Y1—S—
XY Plot 2 im(Gamma(p1:2))

HFSSModel2 Port_Width=200mil
Setup1 : Sweep1

1250.00 Y1

7 im(Gamma(p1:2))
7 Port_Width=300mil
7 Setup1 ; Sweep1

1000.00

Y1—LC—
im(Gamma(p1:2))
Port_Width=400mil
Setup1 : Sweep1

750.00

Y1—k—
im(Gamma(p1:2))
Port_Width=500mil
Setup1 ; Sweep1

500.00

im(Gamma(p1:2))

Y1—%—
im(Gamma(p1:2))

/ / Port_Width=600mil
Setup1 ; Sweep1
250.00 /

N/

0.00 10.0 20.00 30.00 4000 5000 6000
Freq [GHz]

s  Discussion
& What does this plot tell us?

&  This shows that as we decrease the width of the port, the frequency at which the
higher order mode starts to propagate increases.

&  Therefore, by properly sizing the wave port, you can eliminate any higher order
propagating modes if you believe that they do not exist.

& You need to use caution if you are simulating very high frequencies, i.e.,
millimeter wavelengths, as you may not be able to make the ports small enough
to eliminate these modes. You probably shouldn’t even try as the higher order
modes might represent real world effects.
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ANSOFT

Example - Dielectric Resonator

& Dielectric Resonator

&

A

&

Dielectric
resonator

This example is intended to show you how to create, simulate, and analyze a
shielded cylindrical dielectric resonator using the Ansoft HFSS Design
Environments eigen mode solver.

A dielectric resonator is intended to operate within a given frequency range and
the electromagnetic field in the vicinity of the resonator is expect to exhibit
behavior specific to the desired modes of operation. However, when employing
resonant circuits, frequencies of undesired modes may interfere with the desired
modes.

It is therefore of great practical importance to be able to determine the resonant
frequencies, mode patterns, energy and dissipated power of the modes existing
in a given structure, such that operation of and coupling to the resonator can be
determined.

Cavity

/

Substrate with ground plane
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Example - Dielectric Resonator

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model:

s 3D Solid Modeling
s  Primitives: Cylinders
& Variables: Project and model variables

& Materials/Boundaries/Excitations
& Materials: Defining custom materials
& Boundaries: Perfect E

& Solution Setup
4 Parametric sweep

& Results
s Eigenmode Data - convergence of the individual modes
& Formatting plots
s Fields: E- & H-Field
s Fields: Plotting on custom cut-planes
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s  Design Review

&  This example is taken from the book "Finite Element Software for Microwave
Engineering" by Tatsuo Itoh, Giuseppe Pelosi and Peter P. Silvester, 1996,
John Wiley & Sons ISBN 0-471-12636-5 (page 62 onwards)

&  The goal of this simulation is to determine how the resonant modes set up in
the dielectric resonator changes as the geometry around the resonator
changes. In particular a variation of the distance from the dielectric resonator
top to the cavity top will be examined.

& There are two methods we could use to analyze this problem:

s Method 1: Define e.g. a microstrip transfering in and out of the cavity and
define excitation of the microstrip. The microstrip will have a loading
effect on the cavity depending on location, termination etc. Therefore an
investigation using this approach will be dependent on the feed structure
and modes may be missed.

& Method 2: Use the Eigenmode solver to determine the natural
resonances of the cylindrical dielectric resonator alone.

&  To follow the procedure in the reference, we will use the second method. As
the eigenmode solver does not use ports we will only have to define the
geometry and the boundary conditions. We will solve for the first 6 modes
appearing in the structure.
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& Details of the model

s The commonly used resonant modes in cylindrical dielectrics are denoted TE, . 5,
TMy m 5 @and HEM,, .. 5, respectively, for transverse electric, transverse magnetic,
and hybrid mode. The subscripts m, n, and & are the azimuthal, radial and axial
wavenumbers, respectively.

&  The dimensions in the model are as follows and a picture showing the
dimensions given below as well.

Hwall 6-15mm
Cavity | R | 15mm
€0 1
5mm
Dielectric resonator | D | 10mm
er 36
h_s 1mm
Substrate | R | 15mm
€S 9.6

- r - -
v

—>
A
v
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Example - Dielectric Resonator

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or
select the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.
).

=] Frojects™

- HFSShodel1*
&7 hodel
¥ Boundaries
BG Excitations
 Mesh Operations
£ Analysis
i§ Optimetrics
E= Results
B Faort Field Display
[l Field Overlays
+F Radiation

+-_3 Definitions

Froject

&  Set Solution Type
s  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:

6.6

1. Choose Eigenmode | Solution Type: Project12 - HFSSModel1

2. Click the OK button
" Driven Modal
" Driven Terminal

{+ Eigermode

ak. | Cancel
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s Creating the 3D Model

&  Set Model Units Set Model Units
&  To set the units: Selectunits:  |mm -
1. Select the menu item 3D Modeler > Units
2. Set Model Units:
1. Select Units: mm
2. Click the OK button

[ Rescale to new units

Ok | Cancel |

& Set Default Material

& To set the default material: | lvacuum ||Model v

& Using the 3D Modeler Materials toolbar, choose vacuum

&  Create the cavity
s  Create a cylinder
1. Select the cylinder icon from the 3D modeler toolbar
2. Using the coordinate entry fields, enter the base center
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the 3D Modeler toolbar make sure that the base coordinate entry
plane is set to xy. Then set the cavity radius in the x entry field and the
height in the z-entry field. Note: It is not yet possible to use parameters
directly in the coordinate entry field.

s dX: 15, dY: 0.0, dZ: 10, Press the Enter key
s  Parameterize the height of the cavity
1. In the ‘Height’ entry box write a parameter name called ‘Hwall’.
2. Upon hitting the Enter key HFSS will ask you for the value of the parameter
3. Write "10mm’ - do not forget the units!
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Cavity

[~ 390000 BDo0es0ne < dm 5
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&  To set the Wireframe view:
1. Select the Attribute tab from the Properties window.
2. Display Wireframe: ¥ Checked
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.

Or press the CTRL+D key
. ) |vacuum - | |Mode| hd
&  Create New Materials and Set Default Material "
&  Create new materials: ~ioelect..

1. Using the 3D Modeler Materials toolbar, choose Select
Click ‘Add Material’-button.
Set Material Name to subs
Set the dielectric permittivity, €, to 9.6 and leave the rest with their defaults
Click 'OK’
6. Add new material called DielRes with =36
s  To set the default material:
1. You can now set default material by selecting subs in the list and clicking OK

P 0N

&  Create the substrate
&  Create a cylinder
1. Select the cylinder icon from the 3D modeler toolbar
2. Using the coordinate entry fields, enter the base center
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Set base coordinate entry plane to xy. Then set the radius in the x entry field
and the height in the z-entry field.

s dX:15,dY: 0.0, dZ: -1.0, Press the Enter kgy
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Substrate
& You can now set transparency and color to your likings
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&  Set Default Material
s  Set the default material:
1. Using the 3D Modeler Materials toolbar select the material created previously
called DielRes.
8  Create the Dielectric Resonator
&  Create Cylinder representing resonator
1. Select the cylinder icon from the 3D modeler toolbar
2. Using the coordinate entry fields, enter the base center
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Set base coordinate entry plane to xy. Then set the radius in the x entry field
and the height in the z-entry field.

& dX:5.0,dY: 0.0, dZ: 5.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: DielRes
s You can now set transparency and color to your likings

s Setting Boundary Conditions

We have know defined the complete model, the only thing missing before running the
analysis is what boundary condition should be applied to the other part of the cavity
and the substrate.

HFSS assigns per default ‘Perfect Electrical Conductor’ (PEC) to any boundary exposed
to the background. This default assignment can be overriden if you wanted to
enclose the resonator in e.g. a aluminum cavity. This would have an effect on the
quality factor and the resonant modes. How much influence we could easily
determine using the eigenmode solver.

However for this exercise we will just stick to the default behaviour of HFSS, and
therefore we will effectively enclose the resonator in perfectly conducting cavity.
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2

Analysis Setup

3

Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
Minimum Frequency: 3 GHz
& Number of Modes: 6
& Maximum Number of Passes: 14
& Maximum Delta Frequency per Pass: 2.5%
2. Under the Options tab:
& Minimum Converged Passes : 3

4

&  Save Project
&  To save the project:
1. In-an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_diel_res
3. Click the Save button

s  Analyze

& Model Validation

s  Itis possible to check the validity of the model you have built before sending it off
to be solved. This can e.g. be extremely useful before starting a large simulation.

1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

A Analyze Setupl: Adaphive Pass #2 - Refining Mesh - Completed

) |
&  To start the solution process:

1. Select the menu item HFSS > Analyze
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&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data

& To view the Profile (memory use, solution time and no. of
tetrahedra):

1. Click the Profile Tab.
s To view the Convergence:
1. Click the Convergence Tab

_.\\ Solution Data: hfss_diel_res - Modell ;lglzl

Design Variation: Iall='1 Omm' Rad="15mm’ h_res="Smm" h_s="1mm'’ _I

Simulation: ISetup1 j ILaslAdaptive j J

Canver gence | Prafile | Eigenmode Dalal

[ Mumberaf Passes== e JR— wares | 217]
Completed 11 ]
I aimu m 14
FinirnLy m T p—

=

~Max Delta Freq. %——

Target 025

Curent 013168 *

Yiew: € Table ; \ /
& Flot

- [Pass Number 7] &

: [Man DelaFrea. v

Max Dolta Fra, %
Pt
T —
| e

00
CONVERGED —

Conzecutive Passes —

Target 4

Curren| t 3 Facs Humbar

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

s To view the Eigenmode Data:

1. Click the Eignemode Data Tab. You will notice that the
following modes has been found:

Eigenmode Frequency [GHz]
tode 1 50078
Mode 2 5.0021
Mode 3 53321
Mode 4 5 5525
tode & 71435
Mode B 71443
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&  Solution Data (continued)

2. You will notice that some of the modes comes in pairs - they
are degenerate modes. You will also see this later in the
exercise when we plot the fields inside the structure.

» Note: To view a real-time update of the Eigenmode Data, set
the Simulation to Setup1, Last Adaptive

2. Click the Close button

s We will now view the convergence of the individual modes rather than looking at
the convergence through the HFSS convergence criteria, Af in percent.

1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Eigenmode Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive_1
Click the Y tab
Category: Eigen Modes

Quantity: Mode(1), Mode(2), .... Mode(6). You can use CTRL for
multiple select.

5. Function: Re
6. Click the Add Trace button
7. Click the Done button
4. The plot you now see we need to format at bit to make it more easily

Eal

readable.
1. Double click on the y-axis numbers. This will get you the following
dialogue: ¥ Axis Properties (¥ 1) i Im] [
Color | Font | Line Style | Scaiing | Title | el
- Resst |

N REN

e e T [ " AENE

Green: F " HEANERE

Bue S o WAl B
SavedsDefaut [ 0K | Cose |
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&  Solution Data (continued)

2. Click the Scaling-tab.
3. Click the checkbox ‘Scientific Notation’
4. Write e.g. ‘Resonant Frequency [Hz] in the ‘Label’ text field

» Note: To view a real-time update of the Eigenmode Data, set
the Simulation to Setup1, Last Adaptive

2. Click the Close button

&  As you can see, the modes HFSS has found stays fairly constant in frequency
versus iteration number after pass number 7. It is also easily identified that mode
pair 5 & 6 as well as mode pair 1 & 2 are actually one and the same. The glitch in
mode 5 between adaptive pass 4 and 6 is caused by the fact that mode 5 is not
well represented by the mesh at pass no. 4. However, as mode 5 is degenerate
we could most likely have plotted the fields at adaptive pass 4 by looking at the
field distribution of mode 6 instead, and using our knowlegde that the fields of the
degenerate modes are orthogonal.

21 Jun 2004 Ansoft Corporation 11:40:21
HY Plat 1
HFSSModel1

i
rehode(t )

7 50E09
1 ¥
reviade(2))

7.00E09 | N

/./' 1 ——]
} rethdade(3 i

£ 50ED8 ]

T
rehade(d))

/
jgEeeasEssasns -

£.00E08_]

Fezonant Frequency [Hz]

5 50ED0 e 5]

5 00E0e | T
1 retode(s)

450808
00 10l 2.00 30 40 500 6.0 70 20 90 10.4o
Pass
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&  Field Overlays

& We will now take the opportunity to look at the eigenmodes that HFSS has found.
HFSS includes a number of different plotting techniques which will be explored in
this section.

&  Create Field Overlay

& To create a field plot:

1. Select the Global:XZ-plane in the model tree under the folder Planes.
2. Select the menu item HFSS > Fields > Fields > E > Mag_E
3. Create Field Plot Window

1. Solution: Setup1 : LastAdaptive

2. Quantity: Mag_E

3. In Volume: All

4. Click the Done button

4. You will now see the distribution of the Magnitude of the E-field on the XZ-
cross plane for the complete model.

Mode 1: Magnitude of E-Field
& Note: HFSS will be default display the first mode in the structure.
6. To change the mode excitation of the structure
1. Select the menu item HFSS > Fields > Edit Sources
2. Edit Sources window
1. Set source: EigenMode_1 to magnitude: 0 and phase: 0
2. Source: EigenMode_2 to magnitude: 1 and phase: 0
3. Click the OK button
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s Magnitude of E plots in the XZ-plane

s  The following is a plot of the different mode field distribution in the XZ-plane,
which has been created by modifying the source excitation.

- /?' - /?,
Mode 1: Magnitude of E-Field Mode 2: Magnitude of E-Field

T—

Mode 3: Magnitude of E-Field Mode 4: Magnitude of E-Field

e |

Mode 5: Magnitude of E-Field Mode 6: Magnitude of E-Field
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s Magnitude of H plots in the XZ-plane

&  The following is a plot of the different mode field distributions in the XZ-plane for
the H field.

& Note: The field distribution patters for the H-field will at the default excitation

(phase = 0) at times (depending on the setup) seemingly not provide any field -
i.e. the

Mode 1: Magnitude of H-Field Mode 2: Magnitude of H-Field
l e
Mode 3: Magnitude of H-Field Mode 4: Magnitude of H-Field

Mode 5: Magnitude of H-Field Mode 6: Magnitude of H-Field
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s Plotting Field Data on Custom Cut-plane

& Itis possible to plot the field data on a custom defined cutplane. We will do this in the
following:

1.

1.

Create a new coordinate system which contains the cross plane of interest.

Select 3D Modeler->Coordinate System->Create->Relative CS->Both

2. Set origin to be at the center of the resonator by using the coordinate
entry field:
& X:0.0,Y:0.0,Z:5.00/ 2, Press the Enter key
3. Set the X-axis location
s dX:5.00, Y: 0.0, Z: -5.00/ 2, Press the Enter key
4. Set the XY-plane (remember to select Absolute referencing on the
coordinate toolbar)
?mg-;d;:elp\es %
é__'fbfﬂsnnamr W [oetes e [28717 0 [0.0000 [absalae | [cartesian *]fom
i M- subs
jggﬂi.y & X:0.0,Y:5.0,Z: 0.0, Press the Enter key
FI-lg. Coordnate Systems 5. You will now see a new coordinate system called RelativeCS1. The cut-
: g g':lgr'vpm planes of this coordinate system can be selected in the Model Tree
B Pl under the tab called Planes.
o ey 6. Select RelativeCS1:XY
= Globalivz 7. Select HFSS > Fields > Fields > H > Mag_H and accept the defaults

== MelabwolS1sy
tewt Relabvel51R2
----- «F RelalveC31:Y2

except setting Phase to 180deg. Do the same for Vector_H.
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s Optimetrics Setup - Parametric Sweep

&  We would now like to examine how the resonant frequencies changes as we
change the the heigh of the cavity, H,y,,. Ansoft HFSS with Optimetrics
Parametric Sweep can automatically create these design curves.

s Since the structure already is parameterized with respect to H,,,;, we will only
need to create a parametric sweep. Afterwards we can then generate design trend
curves to see how the modes shift.

& Note: This exercise, will depending on the speed of your computer take quite
some time. It took approximately 3.5 hours to solve on a 2.2GHz machine using at
most 130Mb of RAM. Therefore if you want to follow this part of the exercise, you
may want to reserve yourself more time than what is alloted during the standard
Ansoft Training courses. Nevertheless, the exercise will give you some important
insight into how the parametric analysis works together with the eigenmode solver
in HFSS. Therefore, you may want to consider to

1. Reduce the Maximum number of adaptive passes used to 8

2. Reduce the number of H,,, steps to 4 (using ‘Linear Count’ in the analysis
setup)

3. Reduce the number of modes solved for to 4 (the TE, , 5, TMg 1, 5, and HEM
modes + 1 degenerate)..

s  Add a Parametric Sweep
1. Select the menu item HFSS > Optimetrics Analysis > Add Parametric
2. Setup Sweep Analysis Window:
1. Click the Sweep Definitions tab:
1. Click the Add button
2. Add/Edit Sweep Dialog
1. Variable: HWall
2. Select Linear Step
3. Start: 6mm
4. Stop: 15mm
5. Step: Tmm
6. Click the Add >> button
7. Click the OK button
2. Click on the General tab:
1. Save Fields: ¥ Checked
3. Click the OK button

Ansoft High Frequency Structure Simulator v10 User’s Guide 6.6-18



‘\\ | o0

Example - Dielectric Resonator

&  Save Project
&  To save the project:
1. Inan Ansoft HFSS window, select the menu item File > Save.

& Analyze
&  To start the solution process:
1. Select the menu item HFSS -> Analyze

& As previously mentioned this will take a couple of hours to solve depending
on your solution settings.

&  Create Reports

s Create Mode plot vs. H,,,,
&  To Create a report:

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Eigenmode Paramters
2. Display Type: Rectangular
3. Click the OK button

3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Click the Sweeps tab

1. Select the Sweep Design and Project Variable Values button,
to be able to look at the parametric sweeps and not only the
nominal design

2. In the table make sure H,y,, appears in the top of the Name
column

3. Click the Y tab
1. Category: Eigen Modes
2. Quantity: Mode(1), Mode(2), .... Mode(6).
3. Function: Re
4. Click the Add Trace button
4. Click the Done button

4. Results can be seen on the following page, together with results from the
reference stated on page 3.
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s Mode dependence on H

wall
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Modes found by Itoh et al.
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Example - Dielectric Resonator

s Parametric investigation of mode dependence on H,,

&  From the mode investigations on the previous page it is apparent that the results
seems to qualitative the same. However ‘Mode 1’ which one would immediately
think represents the TM;s-mode seems to flatten off towards4.92GHz rather than
rising to 5.72GHz at H,,,,=15mm. This appears as a wrong result, but really is
not. Rather this is due to the fact that :

& HFSS orders the modes such that the lowest resonant frequency always
will be Mode1, the second lowest resonant frequency will always be Mode2
etc. Thatis

fiodet < Tmode2 < fmodes < -+ < fuodefn]

&  Therefore to correlate the results we need to take this into consideration. We thus
see that

s The TEys-mode is represented by Mode 4 upto H,,,,=12mm and thereafter
by Mode 3

& The TMgy,5-mode is represented by Mode 1 upto H,,,,=8mm. Upto 12mm by
Mode 3 and then finally by Mode 4 upto 16mm.

& The hybrid mode, HEM, will be represented by Mode 3 upto Hy,,=8mm
and upwards by Mode 1/ Mode 2 (which again will be degenerate.

&  If we needed to determine the above without using a reference like Itoh, we
would need to look at field plots to determine what the different modes found by
HFSS represents. But as you have seen this is a fairly easy task simply but
plotting the E and / or H fields in a cross section or within either the complete
model volume or within specific parts of the model.

&  This concludes the exercise.

Ansoft High Frequency Structure Simulator v10 User’s Guide 6.6-21



THIS PAGE INTENTIONALY LEFT BLANK



A HFSS" .
ANSOFT Chapter 7.0

&  Chapter 7.0 - Filter Examples
& 7.1 -Bandpass Filter
& 7.2 -Bandstop Filter
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A HFSS" .. 7.1

ANSOFT Example - Bandpass Filter

& Bandpass Filter

&  This example is intended to show you how to create, simulate, and analyze a
bandpass filter using the Ansoft HFSS Design Environment.

Nominal Design:
Feenter = 1.50 GHz
BW =1 GHz
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S@ Example - Bandpass Filter

s  Ansoft Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model

& 3D Solid Modeling
s Primitives: Cylinders, Boxes
& Boolean Operations: Duplicate Around Axis

& Boundary/Excitation
& Ports: Wave Ports and Terminal Lines

& Analysis
& Sweep: Fast Frequency

& Results
& Cartesian plotting

& Fields Overlays
s 2D & 3D Field Plots
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Example - Bandpass Filter

e

g

3

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and
select the Ansoft, HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

&

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item Tools > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
s Use Wizards for data entry when creating new boundaries: 4
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item Tools > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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Example - Bandpass Filter

s Opening a New Project
&  To open a new project:

& Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

& From the Project menu, select Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
&  Select the menu item HFSS > Solution Type
& Solution Type Window:
& Choose Driven Terminal
&  Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

0] | Cancel
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Example - Bandpass Filter

8 Creating the 3D Model

& Set Model Units

&  To set the units:
& Select the menu item 3D Modeler > Units

s Set Model Units: Set Model Units

& Select Units: in
& Click the OK button

Select units: in -

[ Rescale to new units

&  Set Default Material ok | Cancel |

&  To set the default material:
s Using the 3D Modeler Materials toolbar, choose vacuum

&  Create Body ||J “ufvacium  w ||Model ~||
& To create body:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:-1.0,Y:-1.7, Z: -0.3125, Press the Enter key
2. Using the coordinate entry fields, enter the opposite corner of the box
s dX:2.0,dY: 3.4, dZ: 0.0, Press the Enter key
1. Using the coordinate entry fields, enter the box hieght
s dX:0.0,Y:0.0, Z: 0.625, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: air
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Eit All > Active View. Or press the CTRL+D key
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Example - Bandpass Filter

| [
& Create coax outer diameter ,;‘; i
&  To create the outer diameter: xz M

1. From the Drawing Plane toolbar, change the active plane to YZ.
2. Select the menu item Draw > Cylinder
3. Using the coordinate entry fields, enter the center position
& X:1.0,Y:-0.9, Z: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the radius of the cylinder
s dX: 0.0, dY: 0.14, dZ: 0.0, Press the Enter key
5. Using the coordinate entry fields, enter the height of the cylinder
s dX:0.75, dY: 0.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: feed1
3. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View.

& Set Default Material
&  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:

|vacuum - | |M0de| -
1. Type pec in the Search by Name field VAL
2. Click the OK button T ielect.
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Example - Bandpass Filter

s  Create coax inner diameter
&  To create the inner diameter:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the center position
& X:1.0,Y:-0.9, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius of the cylinder
s dX: 0.0, dY: 0.06, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height of the cylinder
s dX:0.75, dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name: ¢
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: feedin1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create the coax feed probe
&  To create the coax feed probe:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the center position
& X:1.0,Y:-0.9, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius of the cylinder
s dX: 0.0, dY: 0.06, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height of the cylinder
s dX:-0.15, dY: 0.0, dZ: 0.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window
2. For the Value of Name type: feedprobe1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Bandpass Filter

&  Create the resonators

&

&

A

A

&

A

To create I1:
1. Select the menu item Draw > Box

2. Using the coordinate entry fields, enter the box position
& X:0.85, Y:-0.9625, Z: -0.03, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the box

s dX:-1.7,dY: 0.125, dZ: 0.06, Press the Enter key

N

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: |1
3. Click the OK button

=

To create 12:
1. Select the menu item Draw > Box

2. Using the coordinate entry fields, enter the box position

s X:-1.0,Y:-0.75, Z: -0.03, Press the Enter key

—
{

3. Using the coordinate entry fields, enter the opposite corner of the box

s dX:1.818, dY: 0.125, dZ: 0.06, Press the Enter key

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: 12
3. Click the OK button

To create 13:
1.  Select the menu item Draw > Box

2. Using the coordinate entry fields, enter the box position

& X:1.0,Y:-048, Z: -0.03, Press the Enter key

[

3. Using the coordinate entry fields, enter the opposite corner of the box

& dX:-1.818, dY: 0.125, dZ: 0.06, Press the Enter key

To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: I3
3. Click the OK button

—
:
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Example - Bandpass Filter

&  Create the resonators (Continued)
&  To create |4:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-1.0,Y:-0.2, Z: -0.03, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box
s dX: 1.818, dY: 0.125, dZ: 0.06, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: 14 il
3. Click the OK button

&  Create the Wave port
s  Picking the port face:
1. Select the menu item Edit > Select > Faces
2. Graphically select the outer face of the coax line at X=1.75in
&  To assign the wave port excitation:
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port: General
s Name: p1
&  Click the Next button
3. Wave Port: Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:1.75,Y:-0.9, Z: -0.14, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
s dX:0.0,dY: 0.0, dZ: 0.08, Press the Enter key
5. Click the Next button
4. Wave Port : Differential Pairs
1. Click the Next button
5. Wave Port : Post Processing
1. Full Port Impedance : 50
6. Click the Finish button
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ANSOFT Example - Bandpass Filter

s Set Object Selection
&  Set select to objects
1. Select the menu item Ediit > Select > Objects

&  Create rest of model by duplication
&  To select objects to be duplicated:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: feed1, feedpin1, feedprobe1, I1, 12, 13, |4
s Note: Use the Ctrl + Left mouse button to select multiple objects
2. Click the OK button
& To create rest of model:
1. Select the menu item Ediit > Duplicate > Around Axis
& Axis: Z
Angle: 180
Total Number: 2
Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View.

&

&

&
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Example - Bandpass Filter

s Boundary Display
s To verify the boundary setup:
1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.

& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished

Solver View of Boundaries
Mame Type Solver Visibilty | wisibily | Color |
pl Uszer Defined  Wisible to solver. [ |
p2 Usger Defined  Wisible to solver. e |
outer Drefault Wizible to salver. [ |
zmetal Default Yizible to zolver. [ |3
Cloze

Ansoft High Frequency Structure Simulator v10 User’s Guide

7.1-11



‘\\ | 7.1

Example - Bandpass Filter

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
&  Solution Frequency: 1.5GHz
& Maximum Number of Passes: 15
& Maximum Delta S per Pass: 0.02
2. Click the OK button

&  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 0.6GHz
Stop: 2.4GHz
Count: 451
Save Fields: M Checked
3. Click the OK button

4

4

4

4
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Example - Bandpass Filter

3

Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_bpf
3. Click the Save button

e

Analyze

g

Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

g

Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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Example - Bandpass Filter

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

&  To view the Matrix Data:

1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

M Solutions: hfss_bpf - HESSModel1

Dezign Yanation; | J ‘J

Simulation: |Setup1 j

Profile  Convergence ] K atrix Data

Murnber of Faszes AI ki

25 MBr 2008 anwttCarporaton 1508227
Completed 10 M My . Del |

Maximurm 15

o o SO0ED01
irirmum 1 ]

tMax Mag. Delta 5
Target 0.02 B00ED01

Current  0.019018
View: { Table {* Plat
5 4O00ED01

e |F'ass MHumber j
=l

Y |Ma:-: Mag. Delta S
COMYERGED

Mag. Celta &

ZO0EDH1

Conzecutive Passes \____—Pf-m_h__ﬂ
Target 1 [ Tre

Current 1 .00E000

4 & a ) i
Pace Humbar
LR r )

Cloze
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Example - Bandpass Filter

&  Create Reports

&  Create S-parameter vs. Frequency
&  To Create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Clickthe Y tab
1. Domain: Sweep
2. Category: Terminal S-Parameters
3. Quantity: S(p1,p1), S(p2,p1)
4. Function: dB
5. Click the Add Trace button
3. Click the Done button

17 Jun 2003 Ansoft Corporation 12:54:43
XY Plot1
HFSSModel1

0.00.

e A
LAV

Y1
—

-60.00.
0.50 1. 1.5 2.0 2

Freq [GHz]

7.1

Ansoft High Frequency Structure Simulator v10 User’s Guide

7.1-15



A\ &

Example - Bandpass Filter

&  Add a zoomed trace to the existing plot —
s  To modify an existing plot: S %
& Right mouse click on the existing plot

Fit Al
& Select Modify Report... from the context menu
s To add the trace: Data Marker
. Mark All Traces
1. Traces Window: Arrows
1. Solution: Setup1: Sweep1 Add Label ...
2. Clickthe Y tab
1. Domain: Sweep Accumulate
2. Category: Terminal S-Parameters Print ..
3. Quantity: S(p2,p1) Properties ...
4. Function: dB ke
Export to File ...

5. Click the Add Trace button

3. From the listing at the top of the Traces window, select the axis
pulldown for the second instance of S(p2,p1), and select Y2

4. Click the Done button

5 | ¥ -
1 |Freqg dB[Stp1.p1]] 1
Freq dB[Stpz.p1]] T

Freq dB[Stp2.p1]] Vi |

Add ElankTracs |

(=]

Femove Trace |

i

Remove All Traces |
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Example - Bandpass Filter

s  Change Plot Scale
& Plot window:
1. Double click on the Y-axis on the right side of the plot,

2. Y Axis Properties Dialo
_ P _ 9 Y Axis Properties (dB(St(p2,p1))) =
1. C“Ck the Scallng tab Caolor ] Fant I Line Style  Scaling ] Title I ﬂ
2. Autoscale: D UnCheCked tanual Scaling Format
1 v L o
3. Min: -1.0 Min: .00 Lirit: Lineat Lt
; ] " Log {+ Right
4. Max: 0.0 P a: 0.00 Field ‘idth: 3
i Precisior [ Seientific Notation
5. Click the OK button Minor Divs; ’T:l fEsRIaT: El ¥ Shaw Minor Grid
M ajor Divs: 43: & Al ezt
[ Autoscale Label: [dB(Stpz.p1]]
Save sz Default | ak | Cloze |
17 Jun 2003 Ansoft Corporation 12:53:26
XY Plot 1
HF S SModel1
N ?& NS \W h
20,00 i) /\ \/ -0.25
- 000 050 3
> \[ E
1 i m
i | -
-60.00 -0.75
-50.00 -1.00
0.5 1. 1.51 2. 2.5
Freq [GHz]
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ANSOFT Example - Bandpass Filter

&  Field Overlays

&  Set Sources: Terminate Port
s To set the port termination:
1. Select the menu item HFSS > Fields > Edit Sources
2. Edit Sources Window:
1. Select source: p2:T1
& Terminated: M Checked
& Resistance: 50
4 Reactance: 0
2. Click the OK button

Edit Sources @

Source | Type | Solved Magnitude | Solved Phase | Scaling Factar | Dffset Phase | Uit | T erminated ‘ Resistance ‘ it ‘ Reactance | Uit ‘
pl:T1 Port 0'deg 1.000000 0 deg

m“mmm--n

| .Y
w

Ok, | Aypply Cloze
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ANSOFT Example - Bandpass Filter

s Field Overlays (Continued)

&  Create Field Overlay
s  Select the Global XY Plane
1. Using the Model Tree, expand Planes
1. Select Global:XY
2. Select the menu item HFSS > Fields > Fields > E > Mag_E
3. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Mag_E
3. In Volume: All
4. Click the Done button
s  To modify the attributes of a field plot:
1. Select the menu item HFSS > Fields > Modify Plot Attributes
2. Select Plot Folder Window:
1. Select: E Field
2. Click the OK button
3. E-Field1 Window:
1. Click the Scale tab
1. Select Use Limits
2. Min: 5
3. Max: 1500
4. Scale: Log
2. Click the Close button
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ANSOFT Example - Microstrip Bandstop Filter

&  The Microstrip Bandstop Filter

&  This example is intended to show you how to create, simulate, and analyze a
microstrip filter using the Ansoft HFSS Design Environment.

L1

L2

Nominal Design:

L1 =91.2 mil
L2 = 86.4 mil
S =4.8 mil
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Example - Microstrip Bandstop Filter

e

g

3

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and
select the Ansoft > HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

&

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

Select the menu item Tools > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
s Use Wizards for data entry when creating new boundaries: 4
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item Tools > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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Example - Microstrip Bandstop Filter

s Opening a New Project
&  To open a new project:

& Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

& From the Project menu, select Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
&  Select the menu item HFSS > Solution Type
& Solution Type Window:
& Choose Driven Terminal
&  Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

0] | Cancel
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Example - Microstrip Bandstop Filter

s Creating the 3D Model

& Set Model Units

A

To set the units:

1. Select the menu item 3D Modeler > Units
2. Set Model Units:

7.2

—=

Set Model Units

Select units: il hd
1. Select Units: mil :
[ Rescale to new units
2. Click the OK button
Ok | Cancel ‘
s Set Default Material
s  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window: lvacoum Mol -
1. Type pec in the Search by Name field vacum
. ISelect.
2. Click the OK button
Select Definition @
Materials ] hatarial Filters
i Search Parameters
Search by Name i~ Search Criteria 1 Libraries [v Show definitions in Project
|pev: @ by Mame (" by Propery [sy5] Materials
Search I | ol —J
2 N Locafi Orici Eelative Felative Bulk Dielectric Magnetic | Magnetic | Les |
- ame ocaton ngin | Permittivity_ Permeabilit}_/ Conductiv'ny Loss Tanggnt Loss Tangent| Saturation | F
| |palladium SysLibrany Materials 1 1.00082 9300000Siemensfm |0 0 0 2
_pec Project Materials 1 1 1e+030Siemens/im 0 0 0 2
|__lpec SysLibrary | Materials 1 1 1e+0305iemens/m 0 0 L 2
__{platinum SysLibrary | Materials 1 1 93000005iemensfm |0 0 L 2
|__|plexiglass SysLibrary | Materials 3.4 1 1] |0.007 0 L 2
__{polyamide SysLibrary | Materials 4.3 1 1] |0.004 0 o 2
|__|palyester SysLibrary | Materials 3.2 1 1] 0003 0 o 2
__|polyethylene SysLibrary | Materials 2.25 1 1] |0.001 0 o 2 |2
|__|Polyflon Copper-Clad ULTEM itm) | SysLibrary | Materials 3.05 1 1] |0.008 0 o 2
Folyflan CuFlon (tm) SysLibrary | Materials 2.1 1 1] |0.00045 0 o 2z
|__|Polyflon Polyguide (tm) SysLibrary Materials 2,32 1 1] |0.0002 0 o z
__|Palyflan_MNorCLaD {tm) SysLibrary Materials 2.55 1 1] |0.0011 0 o 2z
|__|palyimide SysLibrary Materials 3.5 1 1] |0.008 0 o z
__|polyimideQuartz SysLibrany haterials 4 1 0 a 0 o 2 e
£ »
Wiew/Edit Materials Add Material Clone Material(s) Remowve haterialis) ‘ Exportto Library. |

o]

Cancel

Help

Ansoft High Frequency Structure Simulator v10 User’s Guide

7.2-4



7.2

Example - Microstrip Bandstop Filter

&  Create Input 1
&  To create the input:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX:-4.8,dY:-14.4, dZ: 0.1, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Input1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create L1
s  To create L1:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:-4.8,dY: 91.2,dZ: 0.1, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For YSize, type: L1, Click the Tab key to accept
1. Add Variable L1: 91.2mil, Click the OK button
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: L1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

Ansoft High Frequency Structure Simulator v10 User’s Guide 7.2-5



A HFSS ..

ANSOFT Example - Microstrip Bandstop Filter

&  Create S for Stub 1
s  To create S:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

7.2

3. Using the coordinate entry fields, enter the opposite corner of the box:

s dX:4.8,dY: 4.8, dZ: 0.1, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For XSize, type: S, Click the Tab key to accept
1. Add Variable S: 4.8mil, Click the OK button
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: S_Stub1
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

Z
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ANSOFT Example - Microstrip Bandstop Filter

&  Set Grid Plane

s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ

&  Create Source 1
s  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:-14.4, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:-4.8,dY: 0.0, dZ: -5.0, Press the Enter key
s To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source1
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

Ansoft High Frequency Structure Simulator v10 User’s Guide 7.2-7



A\ 12

Example - Microstrip Bandstop Filter

& Assign Excitation
s  To select the object Source:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Source1
2. Click the OK button
& Note: You can also select the object from the Model Tree
&  To assign lumped port excitation
1. Select the menu item HFSS > Excitations > Assign > Lumped Port
2. Lumped Port : General
1. Name: p1,
2. Resistance: 50
3. Reactance: 0
4. Click the Next button
3. Lumped Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:-2.4,Y:-14.4, Z: -5.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 0.0, dZ: 5.0, Press the Enter key
4. Click the Next button
5. Wave Port : Post Processing
1. Full Port Impedance : 50

& Set Grid Plane

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XY
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Example - Microstrip Bandstop Filter

s  Create Offset Coordinate System
&  To create an offset Coordinate System:
1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset
2. Using the coordinate entry fields, enter the origin
& X:4.8,Y:0.0, Z: 0.0, Press the Enter key

s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: RelativeCS1

2. Click the Select button

&  To set the name:
& Note: After selecting the coordinate system, its properties will be displayed
in the property window. If you do not see the properties, repeat the steps to
set the working coordinate system, or select the CS from the model tree.

1. For the Value of Name type: CS_Stub1

&  To parameterize the origin:
& Note: After selecting the coordinate system, its properties will be displayed
in the property window. If you do not see the properties, repeat the steps to
set the working coordinate system, or select the CS from the model tree

1. For the Value of Origin type: S, 0, 0, Click the Tab key to accept
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ANSOFT Example - Microstrip Bandstop Filter

s  Create L2 for Stub 1
s  To create L2:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX:4.8,dY: 86.4, dZ: 0.1, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For YSize, type: L2, Click the Tab key to accept
1. Add Variable L2: 86.4mil, Click the OK button
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: L2_Stub1
3. Click the OK button
s  To fit the view:

1. Select the menu item View > Fit All > Active View.
Z

&  Set Working Coordinate System
& To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button
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Example - Microstrip Bandstop Filter

s  Create Offset Coordinate System
&  To create an offset Coordinate System:
1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset
2. Using the coordinate entry fields, enter the origin
& X:-4.8,Y:91.2,Z: 0.0, Press the Enter key

s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: RelativeCS1

2. Click the Select button

&  To set the name:
& Note: After selecting the coordinate system, its properties will be displayed
in the property window. If you do not see the properties, repeat the steps to
set the working coordinate system, or select the CS from the model tree.

1. For the Value of Name type: CS_L1

&  To parameterize the origin:
& Note: After selecting the coordinate system, its properties will be displayed
in the property window. If you do not see the properties, repeat the steps to
set the working coordinate system, or select the CS from the model tree

1. For the Value of Origin type: -4.8, L1, 0, Click the Tab key to accept
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ANSOFT Example - Microstrip Bandstop Filter

&  Create Input2
&  To create the input:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX:4.8,dY:4.8+14.4, dZ: 0.1, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Input2
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create S for Stub 2
s  To create S:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:-4.8,dY: 4.8,dZ: 0.1, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For XSize, type: -S, Click the Tab key to accept
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: S_Stub2
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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ANSOFT Example - Microstrip Bandstop Filter

&  Set Grid Plane

s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ

8  Create Source 2
s  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:4.8+14.4, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

& dX: 4.8,dY: 0.0, dZ: -5.0, Press the Enter key
s To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source2
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

Ansoft High Frequency Structure Simulator v10 User’s Guide 7.2-13



A\ 12

Example - Microstrip Bandstop Filter

& Assign Excitation
s  To select the object Source:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Source2
2. Click the OK button
& Note: You can also select the object from the Model Tree
&  To assign lumped port excitation
1. Select the menu item HFSS > Excitations > Assign > Lumped Port
2. Lumped Port : General
1. Name: p2,
2. Resistance: 50
3. Reactance: 0
4. Click the Next button
3. Lumped Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:2.4,Y:19.2, Z: -5.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 0.0, dZ: 5.0, Press the Enter key
4. Click the Next button
5. Wave Port : Post Processing
1. Full Port Impedance : 50

&  Set Grid Plane

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XY
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Example - Microstrip Bandstop Filter

s  Create Offset Coordinate System
&  To create an offset Coordinate System:
1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset
2. Using the coordinate entry fields, enter the origin
& X:-4.8,Y:0.0, Z: 0.0, Press the Enter key

s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: RelativeCS1

2. Click the Select button

&  To set the name:
& Note: After selecting the coordinate system, its properties will be displayed
in the property window. If you do not see the properties, repeat the steps to
set the working coordinate system, or select the CS from the model tree.

1. For the Value of Name type: CS_Stub2

&  To parameterize the origin:
& Note: After selecting the coordinate system, its properties will be displayed
in the property window. If you do not see the properties, repeat the steps to
set the working coordinate system, or select the CS from the model tree

1. For the Value of Origin type: -S, 0, 0, Click the Tab key to accept

Ansoft High Frequency Structure Simulator v10 User’s Guide 7.2-15



A HFSS" .. 7.2

ANSOFT Example - Microstrip Bandstop Filter

&  Create L2 for Stub 2
s  To create L2:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:4.8, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX:-4.8,dY: -86.4, dZ: 0.1, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For YSize, type: -L2, Click the Tab key to accept
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: L2_Stub2
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Microstrip Bandstop Filter

s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

&  Create Ground
s  To create the ground:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-34.4,Y:-34.4,Z: -5.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX: 64.0,dY: 164.8, dZ: -0.1, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Position, type: -S-29.6mil, -34.4mil, -5mil, Click the Tab key to accept
3. For XSize, type: 54.4mil+2*S, Click the Tab key to accept
4. For YSize, type: 73.6mil+L1, Click the Tab key to accept
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ground
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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Example - Microstrip Bandstop Filter

&  Add New Material
4  To add a new material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. From the Select Definition window, click the Add Material button
3. View/Edit Material Window:
1. Material Name: My_Alumina
2. Relative Permittivity: 9.9
3. Click the OK button
4. Click the OK button

kd aterial Marme
ky_Alimina

F ties of the Materials My_Alumi , .
roperties of the M aterials My_Alurming Fiter Properties by

M ame | Tupe | Yalue | [ ritz | Anzoft Products
Relative Permittivity Simple 9.9 (ANl products
| Fielative Permeability Simple |1 CllpiRes
| Bullk: Conductivity Simple |0 Siemenz/m
| Dielectric Loss Tangent | Simple |0
| k agnetic Logz Tangent Simple |0
| kM agnetic S aturation Simple |0 Gauss
| Lande G Factar Simple |2
| |DeltaH Simple |00 Oe

Select Anzoft Product

[CJAll products
[(HF55

Yalidate Mow

Set Frequency Dependency ... |

| | Cancel |
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Example - Microstrip Bandstop Filter

&  Create Substrate
s  To create the substrate:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-34.4,Y:-34.4,Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX: 64.0,dY: 164.8, dZ: -5.0, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Position, type: -S-29.6mil, -34.4mil, Omil, Click the Tab key to accept
3. For XSize, type: 54.4mil+2*S, Click the Tab key to accept
4. For YSize, type: 73.6mil+L1, Click the Tab key to accept
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Substrate
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

s Set Default Material
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose vacuum
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Example - Microstrip Bandstop Filter

s  Create Air
s  To create the Air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-34.4,Y:-34.4,Z: -5.1, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX: 64.0,dY: 164.8, dZ: 50.0, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Position, type: -S-29.6mil, -34.4mil, -5.1mil, Click the Tab key to accept
3. For XSize, type: 54.4mil+2*S, Click the Tab key to accept
4. For YSize, type: 73.6mil+L1, Click the Tab key to accept
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Radiation Boundary
&  To select the object Air:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Air
2. Click the OK button
&  To create a radiation boundary
1. Select the menu item HFSS > Boundaries > Assign > Radiation
2. Radiation Boundary Window
& Name: Rad1
&  Click the OK button
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Example - Microstrip Bandstop Filter

s Boundary Display
s To verify the boundary setup:
1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.

& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished

Narme Type S alver Visibility | visibility | Color |
Fadi User Defined  |Wisible to solver. T |l
pl Uzer Defined  Wisible bo solver. |
pe User Defined  |Wisible to solver. [ |
oLter Defauilt Owerridden by other boundaries. Invi... | [
srnetal Dretault Vizible bo solver. I |

Cloze
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Example - Microstrip Bandstop Filter

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 20.0GHz
& Maximum Number of Passes: 20
& Maximum Delta S per Pass: 0.02
2. Click the OK button

&  Adding a Frequency Sweep
&  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Step
Start: 4.0GHz
Stop: 20.0GHz
Step: 0.05GHz
Save Fields: M Checked
3. Click the OK button

4

4

4

4
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&  Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_msbsf
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Ports on Local Machine -
|
Adapting pl, Pass 4
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ANSOFT Example - Microstrip Bandstop Filter

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

&  To view the Matrix Data:

1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

M Solutions: hfss_msbsf - HFSSModel1

Dezign Y ariation: |L‘I='91.2mil'L2='85.4mil'S='4.8mil' J ‘J
Simulation: | Setupl j

Frafile Convergence l b atri D1 ata

A
Mumber of Pazses DT an e Corperaton 1:1gE2 —|—|
T

Completed 3 mmﬁ
Maximum 20

. 2O00EH01
Fikirmuim 1 T

Tarye | My
kax Mag. Delta 5
Target 0.02
Current  0.018033

LD BN

View T Table * Plat
K |PEISS MNumber

(RLd=mT]

Maz Mag. Dslta §

[
[

Y |Ma:< tag. Delta 5
COMVERGED

6.00EH0T

Consecutive Passes

Target 1

Current 1 .00 00

&
Fa oo Humbisr

E¥- 3-235-0m

Close

Ansoft High Frequency Structure Simulator v10 User’s Guide 7.2-24



HESG™ 7 2

Example - Microstrip Bandstop Filter

&  Create Reports

&  Create S-parameter vs. Frequency
&  To Create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Clickthe Y tab
1. Domain: Sweep
2. Category: Terminal S-Parameters
3. Quantity: St(p1,p1), St(p2,p1)
4. Function: dB
5. Click the Add Trace button

3. Click the Done button
0.00

-10.00

-20.00 \
-30.00 /\

-40.00

-0
2.50 5.00 7.50 10.00 12.50 15.00 17.50 20.00

Freq [GHZz]
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AN H F S STMV 10
Chapter 8.0

s  Chapter 8.0 - Signal Integrity Examples
&  8.1-LVDS Differential Pair
& Includes Optimetrics Example
& 8.1a - LVDS Differential Pair Transient Simulation (Ansoft Designer)
& 8.2 - Segmented Return Path
& 8.2a - Segmented Return Path TDR (Ansoft Designer)
& 8.3 - Non-ldeal Planes
& 8.4 -Return Path
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Example - LVDS Differential Pair

& LVDS Differential Pair

&  This differential pair example is intended to show you how to create, simulate,
and analyze a differential pair using the Ansoft HFSS Design Environment.

s  Low Voltage Differential Signaling (LVDS) technology is used for high-
performance backplanes. The LVDS is used for multi-point communications and
uses a bus similar to system show below. The following illustrations detail the
passive device you will be creating.

Nominal Design:

LAYER 1 (TOP SIDE) Traces:
1 Width= 6mil

LAYER 2 (SIGNAL 1) 26mil Spacing= 18mil
Thickness=0.7mil

LAYER 3 (BOTTOM SIDE) Length: 1000mil
Substrate:
Thickness=26mil

£=44
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SO Example - LVDS Differential Pair

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model.

& 3D Solid Modeling
s Primitives: Box, Rectangles
» Boolean Operations: Duplicate Along Line, Sweep Along Vector

&  Boundaries/Excitations
& Ports: Wave Ports, Terminal Lines

& Analysis
s Sweep: Interpolating

& Results
& Cartesian and Smith Chart plotting

& Field Overlays
s 3D Field Plots

HFSS .. 8.

1a
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s  Design Review
&  Before we jump into setting up this device lets review the design.
& Trace Width = 6mils
& Trace Length= 1000mils
& Dielectric Height= 13mils x 2
& 1/20z copper Traces/Grounds= 0.7mils
& Port Size= 777

& Port Width

& From the Using Ports section, the port width should be at least 3-5 times
the stackup(78-130mils). Since the traces are not centered, lets use 5x
and add the pair spacing(18mils) for a total port/model width of 220mils.

&  Trace Length

& Since we are modeling a uniform transmission line, we do not need to
simulate the 1000mils length. Lets reduce the model to 100 mils and use
de-embedding to add the extra length.

&  Material Properties

& To start with, lets make an engineering assumption that the material
properties are constant over frequency. In addition, we will assume that
the modeling the traces as perfect conductors will not have an impact on
the performance of the device. This will speed up the simulation. As an
additional exercise, the model can be modified to include frequency
dependent materials and lossy conductors.

&  Ground Planes

& Since we are ignoring the metal conductivity, we do not need to create
objects for the ground planes. Instead, we will utilize the background
(Perfect Conductor) boundary. If we need to investigate the effects of
copper, a finite conductivity boundary condition can be used to simulate the
copper ground planes.
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&  Solution Setup

&  Since we are going to use the model for SPICE simulation, the frequency range
of interest is going to be determined by the rise-time(tr) of the input signal. The
maximum frequency is calculated by taking 0.5/tr, or the knee frequency, and
multiplying it by the number of samples per tr. The minimum frequency should
be selected as close to DC as possible.

&  The following values will be used for the Solution Setup

& Rise-Time(tr): 330ps

& Number of Samples: 5
& Upper Frequency: (0.5/330ps)*5 = 7.58GHz or 8.0GHz
& Lower Frequency: 0.01GHz
& Frequency Spacing: 0.01GHz
& Single(Adaptive) Frequency: 8.0GHz
& Adaptive Passes: 10
& Delta S: 0.02
& Sweep Type: Interpolating
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e

Getting Started

3

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

g

Setting Tool Options
&  To set the tool options:
& Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
1. Select the menu item Tools > Options > HFSS Options
2. HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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Example - LVDS Differential Pair

s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Terminal
2. Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

o]

Cancel
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8.1a

Example - LVDS Differential Pair

s Creating the 3D Model

s  Set Model Units
&  To set the units:
1. Select the menu item 3D Modeler > Units
2. Set Model Units:

Set Model Units

Select units: mmil -

[ Bescale ta new units

1. Select Units: mil ok | Cancel |
2. Click the OK button
&  Set Default Material
& To set the default material:

1. Using the 3D Modeler Materials toolbar, choose Select

2. Select Definition Window: fvacum | [Model -
1. Type pec in the Search by Name field vacLLm
2. Click the OK button T e

Select Definition @
Materials ] hatarial Filters
i Search Parameters
Search by Name i~ Search Criteria 1 Libraries [v Show definitions in Project
|pev: @ by Mame (" by Propery [sy5] Materials
Search I | i —J
2 N Locafi Orici Eelative Felative Bulk Dielectric Magnetic | Magnetic | Les |
- ame ocaton ngin | Permittivity_ Permeabilit}_/ Conductiv'ny Loss Tanggnt Loss Tangent| Saturation | F
| |palladium SysLibrany Materials 1 1.00082 9300000Siemensfm |0 0 0 2
_pec Project Materials 1 1 1e+030Siemens/im 0 0 0 2
|__lpec SysLibrary | Materials 1 1 1e+0305iemens/m 0 0 L 2
__{platinum SysLibrary | Materials 1 1 93000005iemensfm |0 0 L 2
|__|plexiglass SysLibrary | Materials 3.4 1 1] |0.007 0 L 2
__{polyamide SysLibrary | Materials 4.3 1 1] |0.004 0 o 2
|__|palyester SysLibrary | Materials 3.2 1 1] 0003 0 o 2
__|polyethylene SysLibrary | Materials 2.25 1 1] |0.001 0 o 2 |2
|__|Polyflon Copper-Clad ULTEM itm) | SysLibrary | Materials 3.05 1 1] |0.008 0 o 2
__|Palyflan CuFlon {im) SysLibrary | Materials 2.1 1 1] |0.00045 0 o 2z
|__|Polyflon Polyguide (tm) SysLibrary Materials 2,32 1 1] |0.0002 0 o z
__|Palyflan_MNorCLaD {tm) SysLibrary Materials 2.55 1 1] |0.0011 0 o 2z
|__|palyimide SysLibrary Materials 3.5 1 1] |0.008 0 o z
__|polyimideQuartz SysLibrany haterials 4 1 0 a 0 o 2 e
< | >
Wiew/Edit Materials Add Material Clone Material(s) Remowve haterialis) ‘ Exportto Library. |
OK Cancel Help ‘
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s HFSS ., 8.1a
ANSOFT Example - LVDS Differential Pair

s  Create Trace 1
s  To create trace 1:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:9.0, Z: -0.35, Press the Enter key
[0 v [0 Jz [ ]
3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:100.0,dY: 6.0, dZ: 0.7, Press the Enter key
[ [100 E ldz:  [7 |

&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Position, type: 0.0mil, S/2, -0.35mil, Click the Tab key to accept
& Add Variable S: 18mil, Click the OK button
3. For YSize, type: W, Click the Tab key to accept
& Add Variable W: 6mil, Click the OK button 2
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: trace1
3. Click the OK button
& To fit the view:

1. Select the menu item View > Fit All > Active View.
Or press the CTRL+D key
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A HFSS 3.1a
ANSOFT Example - LVDS Differential Pair

8  Create Trace 2
s  To create trace 2:
1. Select the menu item Edit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, Edit > Duplicate > Mirror.
1. Input the anchor point of the mirror plane:
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key
2. Input the target point of the vector normal to the mirror plane:
s dX:0.0,dY:-1.0, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the menu item HFSS > List
2. From the Model tab, select the object named trace1_1
3. Click the Properties button
1. For the Value of Name type: trace2
2. Click the OK button
4. Click the Done button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

Ansoft High Frequency Structure Simulator v10 User’s Guide 8.1a-9



8.1a
Example - LVDS Differential Pair

&  Add New Material
4  To add a new material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. From the Select Definition window, click the Add Material button
3. View/Edit Material Window:
1. Material Name: My_FR4
2. Relative Permittivity: 4.4
3. Click the OK button
4. Click the OK button

oY View / Edit Material
Material Name
by FR4
Froperties of the Material Yiew/Edit bateral for
MName | Type Walue | Lnits | (@ Active Design
Relative Permittivity Simple 4.4
| |Relative Permeability Simple 1 (" This Product
| |Bulk Conductivity Simple 0 Siemensfm
Dielectric Loss Tangent Simple 0 ® -l Fioelsic
Magnetic Loss Tangent Simple 0
| |Magnetic Saturation Simple 0 Tesla
| |Lande G Factor Simple 2 ‘alidate Material
| |DeltaH Simple 1] A_per_meter
Set Frequency Dependency ... | | J
| | Cancel |
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A 8.1a
\NSOF Example - LVDS Differential Pair

&  Create Substrate
&  To create substrate:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:-100.0, Z: -13.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:100.0, dY: 200.0, dZ: 26.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: substrate
&  To set the transparency:
1. Select the Attribute tab from the Properties window.
2. Click the button for Transparency
1. Move the slide bar to 0.8 (Opaque=0, Transparency=1)
2. Click the OK button
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.
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NSOF Example - LVDS Differential Pair

&  Create Wave Port Excitation 1

& Note: This structure requires 2 ports with 2 terminal lines per port. We could use
face selection to select the ends of the substrate that represent the port, define
terminal lines, assign excitation, and repeat for port2. But since we can duplicate
port definitions, it is more efficient to define a rectangle with the appropriate port
definition and copy it to the location of the 2" port. The second method is
described here:

s  To set grid plane
s  Select the menu item 3D Modeler > Grid Plane > YZ
&  To create a rectangle that represents the port:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the rectangle position
& X:0.0,Y:-100.0, Z: -13.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the rectangle:
& dX:0.0,dY: 200.0, dZ: 26.0, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Port1
3. Click the OK button
&  To select the object Port1:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button &7 Objects

& Note: You can also select the object from the -4 My_FR4

Model Tree --&7 substrate

© CreateBox

- 4% pec

+-&7 tracel

+-&7 trace2
3 Sheets
--E3 Unassigned

+
K
0
8
o
=
[n1]
=3
m
2z
W
m
=
LA

& Planes
+ ¢ Lists

+
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\“\ 8.1a
NSOFT Example - LVDS Differential Pair

&  Create Wave Port Excitation 1 (Continued)
&  To assign wave port excitation
1. Select the menu item HFSS > Excitations > Assign > Wave Port
2. Wave Port : General
1. Name: p1
2. Click the Next button
3. Wave Port : Terminals
1. Number of Terminals: 2, Click the Update button
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:0.0,Y:0.0, Z: -13.0, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 12.0, dZ: 12.65, Press the Enter key
For T2, click the Undefined column and select New Line
Using the coordinate entry fields, enter the vector position
s X:0.0,Y:0.0, Z: -13.0, Press the Enter key
7. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY:-12.0, dZ: 12.65, Press the Enter key
8. Click the Next button
4. Wave Port : Differential Pairs
1. Click the New Pair button
2. Click the Next button
5. Wave Port : Post Processing
6. Click the Finish button

o o

Wave Port Face
Terminal Lines
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\“\ 8.1a
NSOFT Example - LVDS Differential Pair

s  Create Wave Port Excitation 2
s  To select the object Port1:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button
&  To duplicate the port:
1. Select the menu item, Edlit > Duplicate > Along Line
2. Using the coordinate entry fields, enter the first point of the duplicate vector
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the second point of the duplicate
vector

& dX:100.0, dY: 0.0, dZ: 0.0, Press the Enter key
4. Duplicate Along Line Windows
1. Total Number: 2
2. Click the OK button
s  To set deembedding:
1. Select the menu item HFSS > List
2. From the Excitations tab, select the excitation named p2
3. Click the Properties button
1. Deembed: M Checked
2. Deembed Distance: -900mil (Positive Values are into the Port)
3. Click the OK button
4. Click the Done button
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NSOF Example - LVDS Differential Pair

s Boundary Display
s To verify the boundary setup:

1. Select the menu item HFSS > Boundary Display (Solver View)

From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

A

2.

Note: The background (Perfect Conductor) is displayed as the outer
boundary.

&

Note: The Perfect Conductors are displayed as the smetal boundary.
Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished.

&

MName Type Solver Visibility [visibility | colar ]
=) User Defined isible to sobver. N
pZ User Defined isible to sobver. [ .
outer Detault isible to sobver. [ [
smetal  Default isible to sobver. [ —1

Close
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\“\ 3.1a
NSOF Example - LVDS Differential Pair

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 8.0GHz
&  Maximum Number of Passes: 20
& Maximum Delta S: 0.02
2. Click the Options tab:
4 Do Lambda Refinement: ¥ Checked
& Target: 0.05
& Use Low-Order Solution Basis: M Checked
3. Click the OK button

&  Adding a Frequency Sweep
s  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Interpolating
2. Click the Setup Interpolation Basis button
& Max Solutions: 20
v Error Tolerance: 0.5%
User All Entries: Selected
Click OK
3. Extrapolate to DC: M Checked
& Minimum Solve Frequency: 0.01 GHz
4. Snap Magnitude to 0 or 1 at DC: 0O Unchecked
5. Frequency Setup Type: Linear Step
&  Stop: 8.0GHz
s Step: 0.01GHz
6. Click the OK button

Z

z

z
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8.1a

NSOF! Example - LVDS Differential Pair

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_lvds_diffpair
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, see the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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\“\ 8.1a
NSOFT Example - LVDS Differential Pair

&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

A&

Dresign W ariation; |S ="18mil' " ="Grmil’

Simulat[)\{:u: | Setup j | J @

Convergence | Profile | Matix Data |

Mumber of Pazzes PR— Patesf Carparalien 151820 ﬁlﬁl
Completed 7 ==
Masimurn 20

Mimimum N/ o —

Manc Mag. Deka

Max Mag. Delta 5
Target 0.02 008

Cument  0.017477
Wiew: © Table L

5
&
' Plat S SENEN
x: |F'ass Murmnber ﬂ 2
Y |Ma:-: kang. Deltaﬂ paE
COMVERGED

z = 4 E L
Fass Hombsar

Cloze
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8.1a
Example - LVDS Differential Pair

&  Create Reports

&  Create Differential Pair S-Parameter Plot
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Domain: Sweep
3. Click the Y tab
1. Category: Terminal S Parameters
2. Quantity: St(p1:Diff1,p1:Diff1), St(p1:Diff1,p1:Comm1),
St(p1:Diff1,p2:Diff1)
3. Function: dB
4. Click the Add Trace button
4. Click the Done button

24 Nov 2003 Ansoft Corporation 16:17:13
XY Plot1
HF SSModel1

0.00

20.00 | e il S o 4—/—’_—_‘\ /——

o

-80.00 /

-100.00
0.00

Y1

2.00 4.00 6.00 8.0
Freq [GHz]
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HFSS" 8.1
Example - LVDS Differential Pair

s  Create Differential and Common Pair Impedances Data Table
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Data Table
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Clickthe Y tab
1. Category: Terminal Port Zo
2. Quantity: Zot(p1:Diff1,p1:Diff1), Zot(p1:Comm1,p1:Comm1)
3. Function: mag
4. Click the Add Trace button
3. Click the Done button

Freq [GHz]  |mag(otip1:Diff1,p1:0i...| mag(fotip1:Comm1.pl:...
1 8. 000000 116. 769026 32.6711604
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A 8.1a
i Example - LVDS Differential Pair

&  Matrix Data - Export S-parameters to a file
&  To view the Matrix Data:
1. Select the menu item HFSS > Results > Solution Dala,
2. Solution Data dialog
1. Click the Matrix Data Tab
2. Simulation: Setup1, Sweep1
3. Click the Export button.
1. Filename: hfss_lvds_diffpair
2. Save as Type: Touchstone
3. Click the Save button
4. Click the OK button to accept 50 ohm reference impedance
4. Click the Close button

-
Design “ariation: | J |<y

Simulation: |Setup1 ﬂ |Sweep1 ﬂ

Proﬁle] Convergence Matrix Data \

[v Shatric [ |Ei (GHz) ﬂ Export... ‘
| R [ AllFregs. Edit Fregs... | Equivalent Circuit Export... ‘
[ Z bdatrix

|MagnitudefPhase(deg) ﬂ

|Terminal Data ﬂ

Freg | Sp1:0ith | S:pl:Comm | 5:p2:0iff] | S:p2:Commi |
plDifl (022926, -126) (0.0098812, 31.8) (097331, -154) (0.0033287. -86.5)

( { i

P pt:Commi (0.0088812, 31.8) (0.22151, -111)  (0.0047456, -94.6) (0.9751, -153)
( ( {
it { [

P cooifft (097331, -154) (00047456, -94F) (0.22926 -2.29) (0.0091607, -169)
P o2:commi (0.0039287, -865) (09751, -153)  (0.0091607, -169) (0.22156, -14.7)

Close
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Example - LVDS Differential Pair

&  Field Overlays

&  Set Sources: Common
&  To set the field excitation:
1. Select the menu item HFSS > Fields > Edit Sources
2. Edit Sources Window:
1. Select source: p1:T1
& Magnitude: 1
& Phase: 0
2. Select source: p1:T2
& Magnitude: 1
& Phase: 0
3. Select source: p2:T1
& Terminated: M Checked
& Resistance: 50
& Reactance: 0
4. Select source: p2:T2
&  Terminated: ¥ Checked
& Resistance: 50
& Reactance: 0

Scale Factor 1%
Saource | Type | k agnitude Phaze | Terminated | Resizstance | R
pl:T1 Part 1.000000 0.000000 [ MNA& MA
pl:T2 Fart 1.000000 ] [ MAA MNA
p2T1 Fart L A& [w R0, 000000 0.c
p2T2 Fart L A& [w R0, 000000 0.c
< >

Cancel
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A HFSS" .. 8.1a

ANSOFT Example - LVDS Differential Pair

s  Create Field Overlay
&  To create a field plot:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button
3. Select the menu item HFSS > Fields > Fields > E > Mag_E
4. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Mag_E
3. In Volume: All
4. Click the Done button
s To modify the attributes of a field plot:
1. Select the menu item HFSS > Fields > Modify Plot Attributes
2. Select Plot Folder Window:
1. Select: E Field
2. Click the OK button
3. E-Field Window:
1. Click the Scale tab
1. Select Use Limits
2. Min: 5
3. Max: 10000
4. Scale: Log
2. Click the Plot tab
1. IsoValType: Fringe
2. If real time mode is not checked, click the Apply button.
4. Click the Close button
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8.1a

NSOF! Example - LVDS Differential Pair

s  Create Field Overlay
&  To create a field plot:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Port1
2. Click the OK button
3. Select the menu item HFSS > Fields > Fields > E > Vector_ E
4. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Vector_E
3. In Volume: All
4. Click the Done button
& To modify the attributes of a field plot:
1. Select the menu item HFSS > Fields > Modlify Plot Attributes
2. Select Plot Folder Window:
1. Select: E Field
2. Click the OK button
3. E-Field Window:
1. Click the Marker/Arrow tab
1. Type: Cylinder
2. Map Size: O Unchecked
3. Arrow Tale: O Unchecked

4. If real time mode is not checked, click the Apply button.
4. Click the Close button

B bk & A 4 A
%2 b Eb by v v b Ad L] .ﬁ v ddedd dweodbbrend
ARV WSV T BERY T Y ¥ " fdve & f« e P Y el T Ey
A T F PP P PYYYees J”-T*“ ’T‘._L N N N L
SARSRCPPPPPPPPZP PP I NYR Y T UL UA SRSy A"
Yy TELEFEY YYEY O ¥EF N TEAAY Y
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A HFSS" .. 8.1a

ANSOFT Example - LVDS Differential Pair

s  Set Differential Mode Field Excitation
&  To set the field excitation:
1. Select the menu item HFSS > Fields > Edit Sources
2. Edit Sources Window:
1. Select source: p1:T1
& Magnitude: 1
& Phase: 0
2. Select source: p1:T2
& Magnitude: 1
& Phase: 180
3. Select source: p2:T1
&  Terminated: M Checked
4 Resistance: 50
4 Reactance: 0
4. Select source: p2:T2
& Terminated: M Checked
& Resistance: 50
& Reactance: 0
5. Click the OK button

& The field plots will automatically be updated to reflect the changes.

;'f',l .| .!.'- ...'.Ii,

AL L AR RE g &g g 'Mf_‘ bl Jiddvddivedbbvond
S S NNV N NN R S — R fzn T ey ey
Ch A FETrTFTF VY «r)zl{

ﬂl.-l} ‘LJ.. kLgLLLLh#*LLL“r
L & rfﬁ'"“'@}*f{dfﬁfif bj"ﬁ“ﬂ““‘-ﬁ‘t“‘"‘t"*“‘ﬂ“
; 4 & Aok ™ = ‘ ARE '
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HFSSTMHU 81a
ANSOFT Example - LVDS Differential Pair

s Optimetrics Setup - Parametric Sweep

&  During the design of a device, it is common practice to develop design trends based on
swept parameters. Ansoft HFSS with Optimetrics Parametric Sweep can automatically
create these design curves.

& We will parameterize this design using two variables:

1. Variable W will vary the width of traces: 6 < W < 12 mils
2. Variable S will vary the spacing between traces: 15<S < 21 mils

6 <W <12 mils
15 <S <21 mils

s

& In the post processor you will able to display results and see how Differential impedance
changes with the respect to trace width and spacing between traces.
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A " 8.1a
ANSOF? Example - LVDS Differential Pair

s Optimetrics Setup - Parametric Sweep

s  Add a Parametric Sweep
1. Select the menu item HFSS > Optimetrics Analysis > Add Parametric
2. Setup Sweep Analysis Window:
1. Click the Sweep Definitions tab:
1. Click the Add button
2. Add/Edit Sweep Dialog

1. Variable: W

2. Select Linear Count

3. Start: 6mil

4. Stop: 12mil

5. Count: 3

6. Click the Add >> button
7. Variable: S

8. Select Linear Count

9. Start: 15mil

10. Stop: 21mil

11. Count: 3

12. Click the Add >> button

13. Click the OK button
2. Click on the Options tab:

1. Save Fields And Mesh: ¥ Checked

3. Click the OK button

=
N
Sweep Definiions l Table ] General ] Calcu\aticns] Options 1
Sync# | Variakble | Description Add...
L Lingar Count from Bmil to 12mil, count=3
) Linear Count from 15mil to 18mil, count=3
Operation Description
0K Cancel
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HFSS" 8.1
Example - LVDS Differential Pair

&  Save Project
&  To save the project:
1. Inan Ansoft HFSS window, select the menu item File > Save.

& Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Expand the Project Tree to display the items listed under Optimetrics
2. Right-click the mouse on ParametricSetup1 and choose Analyze

+ hfss_lwds_opt1
= hfss_waveport2
@8 HFSSModel1
&7 Model
+-FF Boundaries
+- g Excitations
EF Mesh Operations
+- JP Analysis

+- = Results Rename

+[F7] Port Field Display | #% Delete
[ Field Overays
';' Radiation

+-[27] Definitions LI [%
View Analysis Result, ..

Properties...
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8.1a
Example - LVDS Differential Pair

&  Create Reports

&  Create Terminal Port Zo vs S
&  To Create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Click the Sweeps tab
1. Select the Sweep Design and Project Variable Values button

2. From the table, select Freq from the Name column and toggle
the Primary Sweep to S

3. Click the Y tab
1. Category: Terminal Port Zo
2. Quantity: Zot(p1:Diff1,p1:Diff1), Zot(p1:Comm1,p1:Comm1)
3. Function: mag
4. Click the Add Trace button

4. Click the Done button
120.00

100.00.

80.00

60.00

40.00.

20.00
15.00 17.00 19.00 21.00

S [mil]
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8.1a
Example - LVDS Differential Pair

&  Field Overlays

&  Create Field Plotvs S
& Using the project tree, expand the Field Overlay, E Field.
s Double Click on Mag_E1 to make the field plot visible
s Right-Click on Mag_E1 and select Animate
& Setup Animation
& Swept Variable: S
s Click the OK button =I-{g] hfss_lvds_opt1®

) _ ) _ |- HFSSModel1*
&
s The Animation dialog will appear. &P Model

¥ Boundaries
+ - #%g Excitations
EF Mesh Operations
X +- JB Analysis
+- i Optimetrics
1 E + E Results
= : +.[F7 Port Field Display

4‘ 4|‘ -‘ |)‘ }‘ i [l Field Overlays

Speed e .

| o x|

Frame: 2. 5="18mil' ¢ Rename

Export... Sip Vector_E %
';' Radiation | Delete
Cloze + D Definitions Ml:lljlﬁl' Flat. ..

Animate... [%

v Plot visibility

Project

&  Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save.

s  Exiting HFSS
s  To Exit HFSS:
1. Select the menu item File > Exit
1. If prompted Save the changes
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Example - LVDS Differential Pair

8 Ansoft Designer - Transient Simulation

&  Launching Ansoft Designer

1. To access Ansoft Designer, click the Microsoft Start button, select Programs, and
select the Designer program group. Click Ansoft Designer.

s Opening a New Project
s  To open a new project:

1. In an Ansoft Designer window, click the [ On the Standard toolbar, or select
the menu item File > New.

2. From the Project menu, select Insert Circuit Design.
3. Click None button when prompted for Choose Layout Technology.

& Note: In this example we are not creating a layout or using
components such as transmission lines that require substrate or stack
up information. If we did, then it is recommended to choose a stack
up from the list or create your own.

- Project1*

-4 Circuitl
Data
Excitations
] Ports
i Analysis
i§ Optimetrics
Results

+-[] Definitions

Project | Lomponents | Search |

Project Manager Window
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Example - LVDS Differential Pair

s  Creating the Circuit

Vinl
Voutl

100
HIPA

A
/@ o2

e —
1L

s  Component Placement
& |Importing S-parameters
1. Select the menu item Draw > N-Portor click the EE toolbar button.
2. In the N-port data window,
1. Select the Link to file radial button

2. Click the browse button to locate and select your Touchstone file:
hfss_lvds_diffpair.s4p

3. Click the Open button
3. Click the Ok button
N-port data

N-Port Data l Network Data ] Moise Data ] DC Behavior | Port Impedance ]

Interpolation: ||Jnear j

Mame: [lvds_dffpaid

Extrapolation: |Same as interpolaticuﬂ

Data Source File

(" Erter data in spreadshest f* |se path

" Import data " In personaliib folder
f« Link to file ™ In userib folder

" In syslib folder

hfss_lvds_opt1 s4p - e Browse button

oK | Cancel
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Example - LVDS Differential Pair

s  Component Placement - continued

1. To place the new component, single click with the left mouse button in the
middle of the screen.

1
2
[—

s

&  Placing Resistors, Voltage Sources, and Voltage Probes
1. Click the Components tab in the Project Manager window.
& Resistors : Expand Lumped -> Resistors
s Voltage Sources: Expand Sources -> Independent Sources
s Voltage probes: Expand Probes

+- & Favorites A
& MostRecently Used
=4 Circuit Elements
+-i@l Coaxial Cable
<[ Coplanar Waveguide
-7 Filters
-1 Five Layer
+-[13 Four Layer
+-[23 Grounded Coplanar Waveguide
+-i@ Ideal Distributed
i@l Ideal Microwave
-3 Lumped
+ ﬂj _General Components
+ ﬂj Active Linear
[ ﬂj All Pass Networks
+-@ Capacitors
+-&@ Crystals
+- @@ Inductors
+-f@ Mutually Coupled Inductors
+ ﬂj Parallel Combinations
- ﬂj Resistors
=z Chip Resistor
== Resistor
™4 Resistor, Noise Temp.
+- i@ Series Combinations
i@ Transformers v

Tabs for Project, Components, and Search Project _Components | Search |
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b Example - LVDS Differential Pair

s  Component Placement - continued
& Place 3 Resistors in the schematic
1. In the Components Tab, under Lumped -> Resistors, double click
Resistors
2. Click the left mouse button 3 times to place 3 resistors in the
schematic.

3. To end the placement, click the right mouse button and select
Finish. (You can also end the placement by pressing the space bar)

& Note: Before placing a component on the schematic use the R key to
rotate. If a component is already placed, use the <ctrl> R key to rotate.

AN B

50

i
ot

100

AAA~D

50
& Change the value of the resistors
1. Right mouse click the component and then select Properties in the
pull down menu
2. Change the value from 100 to 50, then hit Enter

& Note: alternatively, you can left mouse button click on the resistor to
bring up the Properties window (shown below) and change the value
from 100 to 50, then hit Enter

M arne W alue it
R 100
Status Arctive
Info RES

Faram alues |GE”ETE'|J Symbnll
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A HFSS" .. 8.1b

ANSOFT Example - LVDS Differential Pair

s  Component Placement - continued
& Place Piecewise Linear Source

1. In the Components Tab, under Sources -> Independent Sources,
double click on Voltage Source.

2. Left mouse click to place the source in the schematic
3. Press the space bar to finish the placement

caAVAVAVE S

50

oV

-4
3

1

BAAN-E

50

& Source Selection dialog
1. In the Properties Window, click Edit
2. For Name type Vpos
3. For Type, choose Piecewise Linear
4

Click on the Waveform List Box (which is the unmarked column in
between Unit and Description as shown below)

W Spuice Selection

" Yoltage £ Current

Mame: IVDDS

Tuype: !Piecewise Lirear L!

Parameters I Diagram i

Froperty |V alue Dezcnption

A - A
- | L ist-af wavetorm p |:|ir'|t:5:|

Waveform List Box

0K Cancel
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Example - LVDS Differential Pair

s  Component Placement - continued
& Piece-wise Waveform List dialog
1. Click on the Radial button next to Enter time/value points.
2. Enter two points:
Time Value

Piece wise Waveform List

0 0 € Link ta file
330ps 1V | Brawse.
& Note: make sure you hit ' Enter time/value points
Enter after typing values : D“me |;’a'“8|

1. Click OK to finish 2 T0ps 1Y
2. Click OK to exit out
of Source Selection

ok, | Cancel |

s Adding Second Source
1. Repeat the same steps as adding the first source except change:
1. For Name, type Vneg
2. The data points to:
Time Value

0 0
330ps -1V
—\VV\E
50 1 3
Y [o— —F]
2 4 o
[&— —&] S

50
ov
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NEOF Example - LVDS Differential Pair

s  Component Placement - continued
Adding Wiring to connect components
1. Select the menu item Draw -> Wire
Place the cursor (which is now an X) over a node and left mouse click once
Drag the mouse to the connection node and left mouse click once.
Repeat this procedure until the connections below are made

Z

P 0D

Z

Adding Ground Connections

1. Select the menu item Draw > Ground (alternatively you can select the
toolbar icon)

2. Place 2 ground connections on the ends of the voltage sources

Y

A

Adding Voltage Probes
1. In the Components tab, expand the Probes.
2. Place 4 Voltage Probes and name them Vin1, Vin2, Vout1, Vout2.

3. Place a Voltage Probe w/Ref. Node across the 100 Ohm resistor and name
it Vdiff

Vinl
Voutl

HIPA

Vout2

100
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NSOF! Example - LVDS Differential Pair

&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: Ivds_diffpair_transient
3. Click the Save button

s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. In the Project Manager window, click the Project tab
2. Select the menu item Circuit -> Add Solution Setup
3. Analysis Setup Window:
1. For Analysis Type, choose Transient Analysis
2. Click Next
3. Analysis Control
1. Length of Analysis: 2ns
2. Maximum Time Step Allowed: 1ps
4. Convolution Control
1. Maximum Sampling Frequency: 8GHz
2. Delta Frequency: 0.01GHz
5. Click Finish

4. Select the menu item Circuit -> Analyze

Circuitl - Transient! on Local Machine - RUNNING
I
b1 o100
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HFSS . 3.1b
Example - LVDS Differential Pair

&  Create Reports

8  Plot Input, Output and Difference waveforms
&  To create a report:

1. Select the menu item Circuit -> Create Report

2. Create Report Window:
1. Report Type: Standard
2. Display Type: Rectangular Plot
3. Click the OK button

3. Traces Window:
1. Category: Voltage

2. Quantity: V(VPRB:Vin1), V(VPRB:Vin2), V(VPRB:Vout1),
V(VPRB:Vout2), V(VPRB:Diff)

3. Function: <none>
4. Click the Add Trace button
5. Click the Done button

1.50

0.90_ V4 P

0.30

AN

-0.30

-0.90

-1.50 , , , , , , , , , , " " , , , ,
0.00 0.50 1.00 1.50 2.00

Tima nearl
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A HFSS" .. 8.2a

ANSOFT

s Segmented Return Path

&  This example is intended to show you how to create, simulate, and analyze a trace
over a slot in the ground plant using the Ansoft HFSS Design Environment.

5cm 6 mm 3.4cm 1cm

»d »d »d »
Ll | Ll | Ll | »

A

1cm
3mm

v

Nominal Design:
Board:

i Thickness= 1.3mm
I 1.3mm g=4.5

A
LAYER 2 (BOTTOM SIDE) Trace:

LAYER 1 (SIGNAL 1)

Length= 8.2cm
Termination: 47Q
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s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to create
this passive device model

& 3D Solid Modeling
s Primitives: Box, Rectangles
s Boolean Operations: Subtract

& Boundaries/Excitations
s Ports: Lumped Port, Terminal Lines
& Boundary Conditions: Lumped RLC, PML

& Analysis
s Sweep: Interpolating Sweep

& Results
& Cartesian and Smith Chart plotting

& Field Overlays
s Magnitude and Vector Field Plotting
4  Animation
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s Design Review
&  Before we jump into setting up this device lets review the design.
& Trace Width = 3mm
& Trace Length=8.2cm
& Dielectric Height= 1.3mm
& Port Size/Type= 7?7?77
s Free Space= PML or Radiation Boundary

& Port Size/Type
# Since the trace is internal to the model, let’s use a lumped gap source port

&  Trace Thickness/Material Properties

& To start let's make an engineering assumption that the trace thickness and
conductivity will not have an impact on the performance of the device. This
will speed up the simulation.

&  Free Space

& We should expect some radiation to occur because of the slot in the ground,
however, it should not be very strong. Because there is limited radiation the
separation from the device and the free-space boundary can be kept to a
minimum. The incidence angle of the radiation is unknown, therefore we
should use a PML. The maximum spacing will be “A/20 @ 1GHz or about
1.5cm
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e

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft, HFSS 10 program group. Click HFSS 10.

3

=

&  Setting Tool Options

&  To set the tool options:
& Note: In order to follow the steps outlined in this example, verify that the

following tool options are set :
1. Select the menu item Tools > Options > HFSS Options
2. HFSS Options Window:

1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥

Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked

2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select
the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project
&  Set Solution Type
. Solution T
&  To set the solution type: —
1. Select the menu item HFSS > Solution Type -~ Drven Madal

2. Solution Type Window:
1. Choose Driven Terminal
2. Click the OK button ¢ Figenmads

0] | Cancel

(@ Driven Terminal
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A

=

A

=

A

Creating the 3D Model

Set Model Units

To set the units:

A

1.
2.

1.
2.

Set Model Units

Set Default Material
To set the default material:

A

1.
2.

1.
2.

3.

Select the menu item 3D Modeler > Units | ===t Jem b
Set Model Units: [ Rescale to new units
Select Units: cm ok | Carcall |
Click the OK button
Using the 3D Modeler Materials toolbar, choose Select
Select Definition Window: lvacoum | [model -
Click the Add Material button ¥acLLIm
. . . . T f=elect.
View/Edit Material Window:
1. For the Material Name type: My_FR4
2. For the Value of Relative Permittivity type: 4.5
3. Click the OK button
Click the OK button
A% View / Edit Material
Material MName
hhy_FR
Froperties of the Material Wiew/Edit Material for
MName ‘ Type Value ‘ Units | @ Adtive Design
| |Relative Permitivity Simple 45
Felative Permeshility Simple 1 (" This Product
:Eu\kCDnduc:l\vity Simple 1} Siemens/m Py
| |Dielectric Loss Tangent Simple o IEElES
_Magnet!:LossTangem Simple o
: r;?jlegclfsa?:ﬂ?mn glrr:g:z g Teee Yalidate Material
| |DeltaH Simple 1} A_per_meter
Set Freguency Dependency .. ‘ | J
‘ Cancel |
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ANSOFT

8  Create Board
&  To create the board:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle: Z

s dX:6.0,dY: 10.0, dZ: -1.3mm, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Board
3. Click the OK button
s To fit the view:
1. Select the menu item View > Fit All > Active View or press the CTRL+D key

&  Create Ground
&  To create ground:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: -1.3mm, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:6.0,dY: 10.0, dZ: 0.0, Press the Enter key 2
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ground
3. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.
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ANSOFT

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:5.0, Z: -1.3mm, Press the Enter key

8  Create Ground Cut Out
s  To create cut out:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:4.0,dY: 6.0mm, dZ: 0.0, Press the Enter key
s  Select Ground & Rectangle1:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ground, Rectangle1
2. Click the OK button
s To complete the ground object:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
& Blank Parts: Ground
Tool Parts: Rectangle1
Clone tool objects before subtract: 0 Unchecked
Click the OK button

&

&

e
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&  Assign a Perfect E boundary to the Ground
&  To select the ground:
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ground
2. Click the OK button
s  To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Ground
2. Click the OK button

&  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

&  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
s X:1.0,Y: 8.0mm, Z: 0.0, Press the Enter key
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ANSOFT

&  Create Trace
s  To create trace:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle: z

& dX: 3.0mm, dY: 8.2, dZ: 0.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Trace
3. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.

&  Assign a Perfect E boundary to the Trace
&  To select the trace:
1. Select the menu item Edit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Trace
2. Click the OK button
s  To assign the Perfect E boundary
1. Select the menu item HFSS > Boundaries > Assign > Perfect E
2. Perfect E Boundary window
1. Name: PerfE_Trace
2. Click the OK button
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&  Set Grid Plane
s  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ

&  Create Source
s  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
s X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

& dX: 3.0mm, dY: 0.0, dZ: -1.3mm, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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. I =& Object
s Assign Excitation L 4 My, R4
&  To select the object Source: +& Board
1. Select the menu item Ediit > Select > By Name ) !;ﬂf "
2. Select Object Dialog, -0 Sheets
1. Select the objects named: Source - 5 Unassigned
+ 03 50urce;
2. Click the OK button +-1z, Coordinate Systems
s Note: You can also select the object from the Model Tree |* g E_‘at”ES
+ ISLS

&  To assign lumped port excitation
1. Select the menu item HFSS > Excitations > Assign > Lumped Port
2. Lumped Port : General

1. Name: p1,
2. Resistance: 50
3. Reactance: 0
4. Click the Next button
3. Lumped Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:1.5mm, Y: 0.0, Z: -1.3mm, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 0.0, dZ: 1.3mm, Press the Enter key
5. Click the Finish button
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s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:8.2, Z: 0.0, Press the Enter key

&  Create Resistor
s  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX: 3.0mm, dY: 0.0, dZ: -1.3mm, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Resistor
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.
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8  Assign Lumped RLC
&  To select the object Resistor:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Resistor
2. Click the OK button
&  To assign lumped RLC boundary
1. Select the menu item HFSS > Boundaries> Assign > Lumped RLC
2. Lumped RLC Boundary
1. Name: R,
Resistance: M Checked
Resistance: 47 Ohm
For Current Flow Line, click Undefined and select New Line
5. Using the coordinate entry fields, enter the vector position
& X:1.5mm, Y: 0.0, Z: -1.3mm, Press the Enter key
6. Using the coordinate entry fields, enter the vertex
s dX:0.0,dY: 0.0, dZ: 1.3mm, Press the Enter key
7. Click the OK button

P 0N
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s Set Default Material
s To set the default material: [ vacm _ »llwecs ]
1. Using the 3D Modeler Materials toolbar, choose vacuum

&  Set Working Coordinate System
s To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

&  Create Air
&  To create the air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:-1.5,Y:-1.5, Z: -1.5, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:9.0,dY: 13.0, dZ: 3.0, Press the Enter key
s To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Air
3. Click the OK button
&  To fit the view:
1. Select the menu item View > Fit All > Active View.
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ANSOFT

8.2a

. Select Face
s  Assign a Perfectly Matched Layer (PML) S -
s To select the air: T Face1ss
1. Select the menu item Ediit > Select > Faces | it Focoios
2. Select the menu item Edit > Select by name T Faete
3. Object Name: Air
1. FacelD: <Select All>
2. Click the OK button [ o ] Cancel
&  To assign the PML boundary

1. Select the menu item HFSS > Boundaries > PML Setup Wizard
2. PML Setup Wizard: Cover Objects

1. Select: Create PML Cover Objects on Selected Faces
Uniform Layer Thickness: 1cm
Create joining corner and edge objects: M Checked
4. Click the Next button
3. PML Setup Wizard: Material Parameters
1. Select: PML Objects accept Free Radiation
1. Min Frequency: 0.01 GHz
2. Click the Next button

2. Review settings on the PML Setup Wizard: Summary page.
3. Click the Finish button

2

&

SN

“‘// A, N
(< s
=S
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&  Create a Face List

&  Since we are using the PML, we need to create a face list that will be used for the
radiation calculation.

&  To create a face list
1. Select the menu item Edlit > Select > Faces
2. Select the menu item Edit > Select > By Name
3. Select Object Dialog,
1. Select the objects named: Air
2. FacelD: <Select All>
3. Click the OK button
4. Select the menu item 3D Modeler > List > Create > Face List

&  Create a Radiation Setup
&  To define the radiation setup

1. Select the menu item HFSS > Radlation > Insert Far Field Setup > Infinite
Sphere

2. Far Field Radiation Sphere Setup dialog
s Infinite Sphere Tab
1. Name: Radiation
2. Phi: (Start: 0, Stop: 90, Step Size: 90)
3. Theta: (Start: -180, Stop: 180, Step Size: 2)
1. Click the OK button
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s Boundary Display

s To verify the boundary setup:

1. Select the menu item HFSS > Boundary Display (Solver View)

8.2a

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The background (Perfect Conductor) is displayed as the outer
boundary.

& Note: The Perfect Conductors are displayed as the smetal boundary.

& Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished.

MName Type Solver Visibility [visibility | colar |
FerdE_Ground Uszer Defined “isible to salver. [ | |
FerdE_Trace Uszer Defined “isible to salver. [ I
LumpRLC1 User Defined Visible to sohver. [ [
FtdL_radiationl Uszer Defined “isible to salver. [ 1
FtdL_radiation? Uszer Defined “isible to salver. [ [ |
FtdL_radiation3 Uszer Defined “isible to salver. [ (|
FtdL_radiationd Uszer Defined “isible to salver. [ 1
FtdL_radiations Uszer Defined “isible to salver. [ | |
FtdL_radiationB Uszer Defined “isible to salver. [ I
=) User Defined Visible to sohver. [ [
outer Default “isible to sohser. [ 1

Close
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s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 2.5GHz
&  Maximum Number of Passes: 20
4 Maximum Delta S: 0.03
2. Click the Options tab:
4 Do Lambda Refinement: ¥ Checked
& Target: 0.1
& User Low-Order Solution Basis: M Checked
3. Click the OK button

&  Adding a Frequency Sweep
s  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Interpolating
2. Click the Setup Interpolation Basis button
& Max Solutions: 20
& Error Tolerance: 0.5%
& Click the OK button
3. Extrapolate to DC: M Checked
&  Minimum Solve Frequency: 0.01 GHz
4. Snap Magnitude to 0 or 1 at DC: O Unchecked
5. Frequency Setup Type: Linear Step
& Stop: 2.5GHz
»  Step: 0.01GHz
6. Click the OK button
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&  Save Project
&  To save the project:
1. In an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_seg_gplane
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

& To view the Matrix Data:
1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

=

4 Solution Data: hfss_slotgnd - HFSSModel1 =JIo&s

Drezign * ariation: |

Simulation: | Setupl ﬂ | J @

Canvergence | Profile | Matris Data |

Mumber of Pazzes S P PrpT i“lﬁl
Completed 7 ]
Mawirnurn 20
. 126
b irvirinm M A —i
him sg. e |
bax bMag. Delka S
108
Target 0.02
Current  0.0054473
= ATE
Wiew: © Table E_
& Plat £
= oED
R |P'ass Murnber ﬂ =
N |Ma:-c Mag. Deltaﬂ 2z
CONVERGED =
LT \_?
E z 4 .

Fass Huomib=sr

Cloze
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&  Create Reports

&  Create Terminal S-Parameter Plot vs. Adaptive Pass

& Note: If this report is created prior or during the solution process, a real-time update
of the results are displayed

&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive1
2. Clickthe Y tab
Category: Terminal S Parameter
2. Quantity: St(p1,p1)
3. Function: dB
4. Click the Add Trace button
3. Click the Done button

Y

N\

.20 \

{ N

-1.40

1.00 2.00 3.00 4.00 5.00 6.00 7.00

Pass
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&  Create Terminal Z-Parameter Plot - Real/lmaginary
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button

) ¥ | Y -]

3. Traces Window: " IFreq el o1l v
1. Solution: Setup1: Sweep1 | 2 |Freq mZtp1.p1)) v =]

2. Domain: Sweep E

3. Click the Y tab w

1. Category: Terminal Z Parameter
Quantity: Zt(p1,p1)
Function: Re
Click the Add Trace button
5. Category: Terminal Z Parameter
6. Quantity: Zt(p1,p1)
7. Function: Im
8. Click the Add Trace button
4. To add an additional Y-Axis for im(Zt(p1,p1)
1. Select Y1 for Row 2 in Y-axis column and toggle it to Y2
5. Click the Done button

18 Jun 2003 Ansoft Corporation 10:05:33
XY Plot 1
HFSSModel1

> 0N

400.00. 200.00
300.00. /\A 100.00

i
i

I T 1T T

-200.00
.00 1.50 2.00 2.50
Freq [GHz]

re(Zt{p1,p1))
im(Zt(p1,p1))

100.00. Al 100.00

0.00.
0.
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&  Create Terminal S-Parameter Plot - Smith Chart
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Smith Chart
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Sweep1
2. Click the Polar tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1)
3. Function: <none>
4. Click the Add Trace button
3. Click the Done button
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&  Matrix Data - Export S-parameters to a file
&  To view the Matrix Data:
1. Select the menu item HFSS > Results > Solution Dala,
2. Solution Data dialog
1. Click the Matrix Data Tab
2. Simulation: Setup1, Sweep1
3. Click the Export button.
1. Filename: hfss_seg_gplane
2. Save as Type: Touchstone
3. Click the Save button
4. Click the OK button to accept 50ohm reference impedance
4. Click the Close button

-
Design Wariation: | J @

Simulation: |Setup1 ﬂ |Sweep1 ﬂ

Proﬁlel Convergence MatrixData l

v SMatrix | |D (GHz) ﬂ Expart.. |
[ YMetix [ Zo [ AllFregs. Edit Fregs... | Equivalent Circuit Expoart... |
[ Z hatrix

|Magnitude,.’Phase(deg) b

=l
|Terminal Data j

Freg | S:pl |
p1 (0031168, 180)
.

Close
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&  Create 3D Polar Far Field Plot
&  To create a 3D Far Field Plot

1. Select the menu item HFSS > Results > Create Report

2. Create Report Window:
1. Report Type: Far Fields
2. Display Type: 3D Polar Plot
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: LastAdaptive
2. Domain: Radiation
3. Click the Mag tab
1. Category: rE
2. Quantity: rETotal
3. Function: dB
4. Click the Add Trace button
4. Click the Done button
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&  Field Overlays

&  Create Field Overlay
»  To create a field plot:

1. Confirm you are in Object Select mode by right-clicking in the geometry
window, and selecting from context menu if necessary.

Select the menu item Ediit > Select > By Name
Select Object Dialog,
1. Select the objects named: Board
2. Click the OK button
4. Select the menu item HFSS > Fields > Plot Fields > Mag_E
5. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
Quantity: Mag_E
In Volume: All
. Click the Done button
&  To modify a Magnitude field plot:
1. Select the menu item HFSS > Fields > Modify Plot Attributes
2. Select Plot Folder Window:
1. Select: E Field
2. Click the OK button
3. E-Field Window:
1. Click the Scale tab
1. Select Use Limits
2. Min: 1
3. Max: 4500
4. Scale: Log
2. Click the Plots Tab
1. Scalar Plot: IsoValSurface
2. Click the Close button

w n

P 0N
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s  Create Field Overlay
&  To create a field plot:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Ground
2. Click the OK button
3. Select the menu item HFSS > Fields > Plot Fields > Vector_ RealPoynting
4. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Vector_RealPoynting
3. In Volume: All
4. Click the Done button
& To modify the attributes of a field plot:
1. Select the menu item HFSS > Fields > Modlify Plot Attributes
2. Select Plot Folder Window:
1. Select: Poynting
2. Click the OK button
3. Poynting Window:
1. Click the Scale tab
1. Select Use Limits
2. Min: 0.01
3. Max: 2500
4. Scale: Log
2. Click the Marker/Arrow tab
1. Type: Cylinder
2. Map Size: O Unchecked
3. Arrow Tale: O Unchecked
4. If real time mode is not checked, click the Apply button.
4. Click the Close button

s  Exiting HFSS
& To Exit HFSS:
1. Select the menu item File > Exit
1. If prompted Save the changes
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8.2b

8 Ansoft Designer - Transient Simulation

&  Launching Ansoft Designer

1. To access Ansoft Designer, click the Microsoft Start button, select Programs, and
select the Designer program group. Click Ansoft Designer.

s Opening a New Project
s  To open a new project:

1. In an Ansoft Designer window, click the [ On the Standard toolbar, or select
the menu item File > New.

2. From the Project menu, select Insert Circuit Design.
3. Click None button when prompted for Choose Layout Technology.

& Note: In this example we are not creating a layout or using
components such as transmission lines that require substrate or stack
up information. If we did, then it is recommended to choose a stack
up from the list or create your own.

- Project1*

-4 Circuitl
Data
Excitations
] Ports
i Analysis
i§ Optimetrics
Results

+-[] Definitions

Project | Lomponents | Search |

Project Manager Window
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s  Creating the Circuit

vl V2
N\ DD -
ov 50 Z=50
Sourcel P=10000mil

&  Component Placement
s Importing S-parameters
1. Select the menu item Draw > N-Portor click the EE toolbar button.
2. In the N-port data window,
1. Select the Link to file radial button

2. Click the browse button to locate and select your Touchstone file:
hfss_seg_gplane.s1p

3. Click the Open button
3. Click the Ok button

N-port data &|

N-Port Data ] Metwork Data ] Moise Data l DC Behaviorl PortImpedance l

Name: |NetworkDatal Interpolation:  |Linear -
Data Source File
(~ Enter data in spreadsheet @ Use path
(" Importdata (" In personallib folder
(@ Linkto file (" Inuserlib folder
(" In syslib folder
< Browse
| Show common reference node
oK Cancel
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s  Component Placement - continued

1. To place the new component, single click with the left mouse button in the
middle of the screen.

&  Placing Resistors, Voltage Sources, and Voltage Probes
1. Click the Components tab in the Project Manager window.
& Resistors : Expand Lumped -> Resistors
s Voltage Sources: Expand Sources -> Independent Sources
s Voltage probes: Expand Probes

+- & Favorites A
& MostRecently Used
=4 Circuit Elements
+-i@l Coaxial Cable
<[ Coplanar Waveguide
-7 Filters
-1 Five Layer
+-[13 Four Layer
+-[23 Grounded Coplanar Waveguide
+-i@ Ideal Distributed
i@l Ideal Microwave
-3 Lumped
+ ﬂj _General Components
+ ﬂj Active Linear
[ ﬂj All Pass Networks
+-@ Capacitors
+-&@ Crystals
+- @@ Inductors
+-f@ Mutually Coupled Inductors
+ ﬂj Parallel Combinations
- ﬂj Resistors
=z Chip Resistor
== Resistor
™4 Resistor, Noise Temp.
+- i@ Series Combinations
i@ Transformers v

Tabs for Project, Components, and Search Project Components | Search |
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s  Component Placement - continued
& Place a Resistor in the schematic
1. In the Components Tab, under Lumped -> Resistors, double click
Resistor
2. Click the left mouse button once to place a resistor in the schematic.

3. To end the placement, click the right mouse button and select
Finish. (You can also end the placement by pressing the space bar)

=\ ce

100

& Change the value of the resistor
1. Right mouse click the component and then select Properties in the
pull down menu
2. Change the value from 100 to 50, then hit Enter
& Note: alternatively, you can left mouse button click on the resistor to
bring up the Properties window (shown below) and change the value
from 100 to 50, then hit Enter

M arne W alue it
R 100
Status Arctive
Info RES

Faram alues l GE”ETE'” Symbnll
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s  Component Placement - continued
& Place a Coaxial Cable in the schematic
1. In the Components Tab, under Coaxial Cable, double click Coaxial
Cable, K
2. Click the left mouse button once to place a coaxial cable in the
schematic.

3. Press the space bar to finish the placement

1
A/ \/\, & =) & 3—
50 7=50
P=10000mil

s Change the physical length of the coaxial cable
1. Right mouse click the component and then select Properties in the
pull down menu
2. Change the value of P to 10000mil, then hit Enter

Mame YWalue | Init |
£ 50
P 10000 mil
K 1
C1 0
C2 ]
Status Active
Info COAXK
Param Values | General | Symbol |
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s  Component Placement - continued
& Place Piecewise Linear Source

1. In the Components Tab, under Sources -> Independent Sources,
double click on Voltage Source.

2. Left mouse click to place the source in the schematic
3. Press the space bar to finish the placement

1
CAVAVAVao ) e o —
oV 50 7=50

Sourcel P=10000mil

& Source Selection dialog

1. In the Properties Window, click Edit
For Name type Vin
For Type, choose Piecewise Linear

Click on the Waveform List Box (which is the unmarked column in
between Unit and Description as shown below)

Eal

Il Source Selection

& “oltage " Current

Mlarme: |“\“fin

Twpe: |Piecewise Linear -

Parameters l Diagram ]

Property |Value i N Description

- List of waveform points

Waveform List Box

]9 | Cancel |
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s  Component Placement - continued
& Piece-wise Waveform List dialog

1. Click on the Radial button next to Enter time/value points.

2. Enter two points:
Time Value

0 0
1ns 1V

# Note: make sure you hit Enter after typing values

1. Click the OK button
1. Click the OK button

Piece-wise Waveform List

i Link to file

(@ Entertimefsalue points

Time |‘v“alue |

LD 0%
i1n5 1%

a4

Cancel
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s  Component Placement - continued

&  Adding Wiring to connect components
1. Select the menu item Draw -> Wire
2. Place the cursor (which is now an X) over a node and left mouse click once
3. Drag the mouse to the connection node and left mouse click once.
4. Repeat this procedure until the connections below are made

s  Adding Ground Connections

1. Select the menu item Draw > Ground (alternatively you can select the
toolbar icon)

2. Place a ground connection on the end of the voltage source

s  Adding Voltage Probes
1. In the Components tab, expand the Probes.
2. Place 2 Voltage Probes and name them v1, v2.

vl V2
SND :
oV 50 Z=50
Sourcel P=10000mil
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s  Creating the Circuit

s  Save Project
& To save the project:
1. In an Ansoft Designer window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_seg_gplane_tdr
3. Click the Save button

&  Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. In the Project Manager window, click the Project tab
2. Select the menu item Circuit -> Add Solution Setup
3. Analysis Setup Window:
1. For Analysis Type, choose Transient Analysis
2. Click Next
3. Analysis Control
1. Length of Analysis: 8ns
2. Maximum Time Step Allowed: 1ps
4. Convolution Control
1. Maximum Sampling Frequency: 2.5GHz
2. Delta Frequency: 0.01GHz
5. Click Finish
4. Select the menu item Circuit -> Analyze

Circuitl - Transient! on Local Machine - RUNNING
I
b1 o100
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&  Create Reports

s  Plot Input, Output waveforms
&  To create a report:

1. Select the menu item Circuit -> Create Report

2. Create Report Window:
1. Report Type: Standard
2. Display Type: Rectangular Plot
3. Click the OK button

3. Traces Window:
1. Category: Voltage
2. Quantity: V(VPRB:V1), V(VPRB:V2)
3. Function: <none>
4. Click the Add Trace button
5. Click the Done button

: //rv\/

0.00 ' "~ 200 ' © 4.00
Time [nsec]

.0
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&  Create Reports

&  Plot TDR
&  To create a report:
1. Select the menu item Circuit -> Create Report
2. Create Report Window:
1. Report Type: Standard
2. Display Type: Rectangular Plot
3. Click the OK button
3. Click on Output Variables button to create TDR equation
1. Name: type TDR
2. Expression: V(VPRB:v2)/(V(VPRB:v1)-V(VPRB:v2))*50
& Note: To create the above expression, follow these steps:
Category: Voltage
Quantity: V(VPRB:v2)
Click Insert Quantity into Expression button
Type / then type (
Quantity: V(VPRB:v1)
Click Insert Quantity into Expression button
Type -
Quantity: V(VPRB:v2)
Click Insert Quantity into Expression button
. Type)
. Type *50

© 0 N o g &~ 0w N =

—_
)

3. Click the Add button
4. Click the Done button

+ Traces Window:
+ Category: Output Variables
+ Quantity: TDR
+ Function: <none>
+ Click the Add Trace button
+ Click the Done button (see next page for TDR plot)
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10.

Time [nsec]

2.00

50.00

55.00
45.00
40.00
<5.00
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Example - Non-ldeal Planes

& Non-ldeal Ground Plane

&  This example is intended to show you how to create, simulate, and analyze non-
ideal ground planes using the Ansoft HFSS Design Environment.

trace1

top_gnd N

bot_gnd H

trace2

Nominal Design:

Ground:
Thickness = 0.1 mm
Board:
Thickness = 0.9 mm
=
Trace:

Length = 10 mm

Width =1 mm

Thickness = 0.1 mm
Via:

Diameter =1 mm

Height = 0.9 mm
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Example - Non-ldeal Planes

s  Ansoft HFSS Design Environment

&  The following features of the Ansoft HFSS Design Environment are used to
create this passive device model

& 3D Solid Modeling

s Primitives: Box, Rectangles, Cylinders

& Boolean Operations: Subtract, Unite, Duplicate
& Boundary

& Boundary Conditions: Perfect H/Natural
& Excitations

s Ports: Lumped Gap Source Port, Terminal Lines
&  Analysis

& Sweep: Fast Frequency
& Results

& Cartesian plotting
& Fields

s Fast Frequency Sweep/Field Plots

Ansoft High Frequency Structure Simulator v10 User’s Guide 8.3-2



A\ -

Example - Non-ldeal Planes

s  Design Review
&  Before we jump into setting up this device lets review the design.
& Port Size/Type= 7?7?77
& Free Space= 7?77?

& Port Size/Type
& Since the trace is internal to the model, lets use a lumped gap source port

&  Trace Thickness/Material Properties

& To start with perfect conductor, lets make an engineering assumption that the
trace conductivity will not have an impact on the performance of the device.
This will speed up the simulation.

& Free Space

& Since we are only interested in the modes that occur between the ground
planes, we can use a Perfect H or open boundary condition. We should
expect to get the same answer using an Open(Perfect H) or
matched(Radiation) boundary. The radiation boundary takes longer to solve
since it requires a complex solve.

# You do need to use some caution when using Perfect H boundary
conditions in place of radiation boundaries. The Perfect H and
Symmetry Perfect H are mathematically equivalent. Therefore if you
are simulating a subsection of a larger geometry, you have the
potential to create modes that are the result of the boundary condition
or non-physical. In our example, the Perfect H is applied to the outside
of the model and not along any symmetry planes.

& It should be noted that the Perfect H boundary condition can be used
with the Driven and Eigenmode solver. The Radiation boundary is
only supported by the Driven Solution.

Ansoft High Frequency Structure Simulator v10 User’s Guide 8.3-3



8.3

Example - Non-ldeal Planes

e

3

g

Getting Started

Launching Ansoft HFSS
1. To access Ansoft HFSS, click the Microsoft Start button, select Programs, and select
the Ansoft HFSS 10 program group. Click HFSS 10.

Setting Tool Options
&  To set the tool options:

A

Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :
Select the menu item 7oo/s > Options > HFSS Options
HFSS Options Window:
1. Click the General tab
& Use Wizards for data entry when creating new boundaries: ¥
Checked
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
Select the menu item 7oo/s > Options > 3D Modeler Options.
3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked

3. Click the OK button
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s Opening a New Project
&  To open a new project:

1. Inan Ansoft HFSS window, click the [ On the Standard toolbar, or select

the menu item File > New.

2. From the Project menu, select /Insert HFSS Design.

=l81=|

- Projecte™

-l HFSSModel1*
7 hodel
¥ Boundaries
3 Excitations
B4 Mesh Dperations
£ Analysis
i§ Optimetrics
E= Results
B PortField Display
[T Field Overlays
 Radiation

+-[20 Definitions

Project

&  Set Solution Type
&  To set the solution type:
1. Select the menu item HFSS > Solution Type
2. Solution Type Window:
1. Choose Driven Terminal
2. Click the OK button

Solution Type

(" Driven Modal
(@ Driven Terminal

(" Eigenmode

0] | Cancel
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s Creating the 3D Model

A Set Model Units Set Model Units
&  To set the units: Selectunitss  |mm -
1. Select the menu item 3D Modeler > Units || — q..ce o newunits
2. Set Model Units:
1. Select Units: mm ] sl |
2. Click the OK button
& Set Default Material

s To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select

2. Select Definition Window: vacum v [Model
1. Type pec in the Search by Name field ¥acLLIm
T faelect..

2. Click the OK button

Select Definition @
Materials ] hatarial Filters
i Search Parameters
Search by Name i~ Search Criteria 1 Libraries [v Show definitions in Project
|pev: @ by Mame (" by Propery [sy5] Materials
Search I | ol —J
2 N Locafi Orici Eelative Felative Bulk Dielectric Magnetic | Magnetic | Les |
- ame ocaton ngin | Permittivity_ Permeabilit}_/ Conductiv'ny Loss Tanggnt Loss Tangent| Saturation | F
| |palladium SysLibrany Materials 1 1.00082 9300000Siemensfm |0 0 0 2
_pec Project Materials 1 1 1e+030Siemens/im 0 0 0 2
|__lpec SysLibrary | Materials 1 1 1e+0305iemens/m 0 0 L 2
__{platinum SysLibrary | Materials 1 1 93000005iemensfm |0 0 L 2
|__|plexiglass SysLibrary | Materials 3.4 1 1] |0.007 0 L 2
__{polyamide SysLibrary | Materials 4.3 1 1] |0.004 0 o 2
|__|palyester SysLibrary | Materials 3.2 1 1] 0003 0 o 2
__|polyethylene SysLibrary | Materials 2.25 1 1] |0.001 0 o 2 |2
|__|Polyflon Copper-Clad ULTEM itm) | SysLibrary | Materials 3.05 1 1] |0.008 0 o 2
__|Palyflan CuFlon {im) SysLibrary | Materials 2.1 1 1] |0.00045 0 o 2z
|__|Polyflon Polyguide (tm) SysLibrary Materials 2,32 1 1] |0.0002 0 o z
__|Palyflan_MNorCLaD {tm) SysLibrary Materials 2.55 1 1] |0.0011 0 o 2z
|__|palyimide SysLibrary Materials 3.5 1 1] |0.008 0 o z
__|polyimideQuartz SysLibrany haterials 4 1 0 a 0 o 2 e
£ I | »
Wiew/Edit Materials Add Material Clone Material(s) Remowve haterialis) ‘ Exportto Library. |
OK Cancel Help ‘
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8  Create Trace
&  To create the trace:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-0.5,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:1.0,dY:-10.0, dZ: 0.1, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window. :
2. For the Value of Name type: Trace
3. Click the OK button
& To fit the view: !
1. Select the menu item View > Fit All > Active View. Or press the CTRL+D key

&  Create Via Pad
&  To create the via pad:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
& dX:0.75,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY:0.0,dZ: 0.1, Press the Enter key
s  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Via_pad
3. Click the OK button
s  To fit the view: X
1. Select the menu item View > Fit All > Active View.
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&  Group the Trace & Via Pad
s  To group the dipole arms:
1. Select the menu item Ediit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, 3D Modeler > Boolean > Unite

&  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
s X:0.0,Y:0.0, Z: -0.2, Press the Enter key

&  Create Ground 1
&  To create ground:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
s X:-10.0, Y: -20.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

& dX:20.0,dY: 40.0, dZ: 0.1, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Ground
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.
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&  Create Anti-Pad
&  To create the anti-pad:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:1.0,dY: 0.0, dZ: 0.0, Press the Enter key

4. Using the coordinate entry fields, enter the height:
s dX:0.0,dY:0.0,dZ: 0.1, Press the Enter key

s  To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: Antipad

3. Click the OK button
s  Select Ground & Antipad:

1. Select the menu item Edit > Select > By Name

2. Select Object Dialog,
1. Select the objects named: Antipad, Ground
2. Click the OK button

&  To complete the ground object:

1. Select the menu item 3D Modeler > Boolean > Subtract

2. Subtract Window
& Blank Parts: Ground
& Tool Parts: Antipad
& Clone tool objects before subtract: O0 Unchecked
& Click the OK button
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s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:-0.5,Y:-10.0, Z: 0.0, Press the Enter key

& Set Grid Plane
&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XZ
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s  Create Source
s  To create source:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:1.0,dY: 0.0, dZ: -0.1, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Source
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.
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-I-&7 QObjects
s  Assign Excitation e
s  To select the object Source: + & Trace
1. Select the menu item Ediit > Select > By Name : g:;cé‘(;‘a“: )
2. Select Object Dialog, - B3I Sheets
1. Select the objects named: Source =03 Unassigned
+ -3 Source
2. Click the OK button + 1. Coordinate Systems
s Note: You can also select the object from the Model Tree |+ # Planes
s To assign lumped port excitation " O Lsts

1. Select the menu item HFSS > Excitations > Assign > Lumped Port
2. Lumped Port : General
1. Name: p1,
2. Resistance: 50
3. Reactance: 0
4. Click the Next button
3. Lumped Port : Terminals
1. Number of Terminals: 1,
2. For T1, click the Undefined column and select New Line
3. Using the coordinate entry fields, enter the vector position
& X:0.5,Y:0.0, Z: -0.1, Press the Enter key
4. Using the coordinate entry fields, enter the vertex
& dX:0.0,dY: 0.0, dZ: 0.1, Press the Enter key
5. Click the Finish button
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s  Set Working Coordinate System
&  To set the working coordinate system:
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1. Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

2. Using the coordinate entry fields, enter the origin
& X:0.0,Y:0.0, Z: -0.45, Press the Enter key

&  Duplicate Objects
&  To duplicate the existing objects:
1. Select the menu item Edit > Select All Visible. Or press the CTRL+A key.
2. Select the menu item, Edit > Duplicate > Around Axis.
1. Axis: X
2. Angle: 180
3. Total Number: 2
4. Click the OK button
s  To fit the view: =
1. Select the menu item View > Fit All > Active View.

&  Set Grid Plane

&  To set the grid plane:
1. Select the menu item 3D Modeler > Grid Plane > XY
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s  Set Working Coordinate System
&  To set the working coordinate system:

1.
2.

Select the menu item 3D Modeler > Coordinate System > Set Working CS

Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

&  Create Via
&  To create the via:

1.
2.

3.

4.

Select the menu item Draw > Cylinder

Using the coordinate entry fields, enter the cylinder position

& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
Using the coordinate entry fields, enter the radius:

& dX:0.5,dY: 0.0, dZ: 0.0, Press the Enter key
Using the coordinate entry fields, enter the height:

s dX:0.0,dY: 0.0, dZ: -0.9, Press the Enter key

&  To set the name:

1.
2.
3.

Select the Attribute tab from the Properties window.
For the Value of Name type: Via
Click the OK button

& To fit the view:

1.

Select the menu item View > Fit All > Active View.

s  Create Offset Coordinate System
&  To create an offset Coordinate System:

1.

2.

Select the menu item 3D Modeler > Coordinate System > Create >

Relative CS > Offset
Using the coordinate entry fields, enter the origin
& X:-5.0,Y:-10.0, Z: -0.2, Press the Enter key
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&  Create Ground Via
s  To create the Ground Via:
1. Select the menu item Draw > Cylinder
2. Using the coordinate entry fields, enter the cylinder position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
s dX:0.5,dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height: \\
s dX:0.0,dY: 0.0, dZ: -0.5, Press the Enter key /*\
s  To set the name:
1. Select the Attribute tab from the Properties window. !
2. For the Value of Name type: Via_GND
3. Click the OK button
s  To fit the view:
1. Select the menu item View > Fit All > Active View.

s  Set Working Coordinate System
s  To set the working coordinate system: -
1. Select the menu item 3D Modeler > Coordinate System > Set Working CS
2. Select Coordinate System Window,
1. From the list, select the CS: Global
2. Click the Select button

s Set Default Material
s To set the default material: | fvacim v |[Mocel
1. Using the 3D Modeler Materials toolbar, choose vacuum
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&  Create Board
&  To create the board:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-10.0, Y: -20.0, Z: 0.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:20.0,dY: 40.0, dZ: -0.9, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window. =
2. For the Value of Name type: Board /
3. Click the OK button g

& To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Air
s  To create the Air:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:-15.0,Y:-25.0, Z: -5.0, Press the Enter key

3. Using the coordinate entry fields, enter the opposite corner of the base
rectangle:

s dX:30.0, dY: 50.0, dZ: 10.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties windo
2. For the Value of Name type: Air
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.
2.
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&  Assign Perfect H/Natural Boundaries
&  To select the object Air:
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Air
2. Click the OK button
s  To assign Perfect H Boundary
1. Select the menu item HFSS > Boundaries> Assign > Perfect H...
2. Click the OK button

&  Boundary Display
s To verify the boundary setup:
1. Select the menu item HFSS > Boundary Display (Solver View)

2. From the Solver View of Boundaries, toggle the Visibility check box for the
boundaries you wish to display.

& Note: The Perfect Conductors are displayed as the smetal boundary.

s Note: Select the menu item, View > Visibility to hide all of the
geometry objects. This makes it easier to see the boundary

3. Click the Close button when you are finished.

Solver View of Boundaries
Mame Tupe Salver Yisibility | Wisibility | Calar |
PerfH1 User Defined  Wisible to solver. | |
pl Uszer Defined  “Wisible to solver. [ 1R
p2 User Defined  Wisible to solver. [
outer Drefault Owerridden by other boundaries. .. [ | [
smetal Default Vizible to zaleer. B |
Cloge
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s Analysis Setup

&  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item HFSS > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Solution Frequency: 10.0GHz
&  Maximum Number of Passes: 20
& Maximum Delta S: 0.02
2. Click the Options tab:
4 Do Lambda Refinement: ¥ Checked
& Target: 0.05
& Use Low-Order Solution Basis: M Checked
3. Click the OK button

&  Adding a Frequency Sweep
s  To add a frequency sweep:
1. Select the menu item HFSS > Analysis Setup > Add Sweep
1. Select Solution Setup: Setup1
2. Click the OK button
2. Edit Sweep Window:
1. Sweep Type: Fast
2. Frequency Setup Type: Linear Count
Start: 0.1GHz
Stop: 10.0GHz
Count: 991
Save Fields: M Checked
3. Click the OK button

4

z

z

z
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&  Save Project
&  To save the project:
1. In.an Ansoft HFSS window, select the menu item File > Save As.
2. From the Save As window, type the Filename: hfss_nonidealgnd
3. Click the Save button

s Analyze

&  Model Validation
&  To validate the model:
1. Select the menu item HFSS > Validation Check
2. Click the Close button

& Note: To view any errors or warning messages, use the Message
Manager.

8 Analyze
&  To start the solution process:
1. Select the menu item HFSS > Analyze

Setupl: Solving Pors an Local kMachine -
|
Adapting pl, Pass 4
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&  Solution Data
&  To view the Solution Data:
1. Select the menu item HFSS > Results > Solution Data
& To view the Profile:
1. Click the Profile Tab.
& To view the Convergence:
1. Click the Convergence Tab

& Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

&  To view the Matrix Data:

1. Click the Matrix Data Tab

& Note: To view a real-time update of the Matrix Data, set the
Simulation to Setup1, Last Adaptive

2. Click the Close button

s

& Solution Data: hfss_nonidealgnd - HFSSModel1 M=)

Dezign Y ariation: |

Sirnlatian; | Setupl j | J @

Conwergence | Profile | Matris Data |

Murnber of Pazzes

15 Jun 2083 Ansoff Corporation gL =y | M
Completed 12 R
bazimum 15
Minimum N = T
Fan: Msg. Dy
tax bag. Delka S
Target 002 080
Current  0.0713508
-
Yiew: { Table i -
* Plat z
o |F'ass Murnber ﬂ £
Y |Ma:-: kdag. Deltaﬂ e =3 \
COMVERGED
[ K- ]
2 4 &8 - 18 1
Fass Komber

Cloze
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&  Create Reports

&  Create Terminal S-Parameter Plot vs. Adaptive Pass

& Note: If this report is created prior or during the solution process, a real-time
update of the results are displayed

&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Adaptive1
2. Click the X tab
1. Use Primary Sweep: O Unchecked
2. Category: Variables
3. Quantity: Pass
3. Click the Y tab
1. Category: Terminal S Parameter
2. Quantity: St(p1,p1) and St(p1, p2)
3. Function: dB
4. Click the Add Trace button
4. Click the Done button

18 Jun 2003 Ansoft Corporation 10:55:01
XY Plot 3
HFSSModelt

Ve

4.00.

Y1

_8.00.

/

-10.00-
0.
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&  Create Terminal S21 Plot vs Frequency
&  To create a report:
1. Select the menu item HFSS > Results > Create Report
2. Create Report Window:
1. Report Type: Terminal S Parameters
2. Display Type: Rectangular
3. Click the OK button
