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Introduction

In this tutorial, a dipole antenna will be constructed and analyzed using
the HFSS simulation software by Ansoft. The example will illustrate both the
simplicity and power of HFSS through construction and simulation of this
antenna structure. The following notes will provide a brief summary of goals.

General navigation of software menus, toolbars, and quick keys.
Variable assignment.

Overview of commands used to create structures.

Proper design and implementation of boundaries.

Analysis Setup.

Report Creation and options.
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Creating the Project

From the Project Manager window Right-Click the project file and select
Save As from the sub menu. Name the file “dipole” and Click Save.
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To begin working with geometries, you must insert an HFSS design. Right-
Click the project file and select Insert -> Insert HFSS Design from the menu.
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> Note:

Always create a personal folder to store all HFSS projects. You may find that you do
not have access rights to some portions of the hard drive. This will also allow the user
to quickly backup/copy data from projects.
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Variable Definition

Due to the nature of this design we will use Driven Modal as the solution type.
From the HFSS menu select Solution Type and Driven Modal. The units are
chosen as mm by choosing the heading 3D modeler and Units from the menu.
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HFSS relies on variables for any parameterization / optimization within the
project. Variables also hold many other benefits which will make them necessary
for all projects.

Fixed Ratios (length, width, height) are easily maintained using variables.
Optimetrics use variables to optimize the design according to user-defined
criteria.
All dimensions can be quickly changed in one window as opposed to altering
each object individually.

Click the HFSS heading and select Design Properties at the bottom of the
menu.
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Variable Definition

This will open the variable table. Add all variables shown below by selecting
Add. Be sure to include units as needed.



Properties: dipolel - HFSSModel1

Local Yariables |

" Value " Dptimization " Turing € Senaitivity " Statistics
Mame: I Walue I Lnit I Description | Read-anly I Hidden | |
lambda 110 mm I_ I_
dip_rad lambda/200 [ [
radiation_rad dip_rad+[lambda/4] I_ I_
gap_sic 0125 mm [ [
dip_length ‘res_lengthd2-(gap_src/2) I_ I_
radiation_height gap_sied2 + dip_length + lambdas10 [ [
res_length 475%lambda I_ I_
¥ Show Hidden
Add. . Hemye
ok I Cancel
> Note:

Creating variables before defining the structure will allow the user to build
the geometry much faster than using a fixed system.




Creating the model

The 3D Modeler toolbars play a vital role in the creation of geometric
structures within HFSS. By default, the 3D modeler toolbars should be visible on
the screen. If you cannot locate the toolbar then right-click on the upper border of
the form and select them from the drop down menu.
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We will start by creating the dipole element using the Draw Cylinder button
from the toolbar. Choose 3 Arbitrary points inside the drawing area. These points
will be defined using the variables created previously so there is no need to
specify points.
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Follow the format below for structure size. Give the name dip7 to this object.
Assign the material PEC and click OK . PEC (Perfect Electric Conductor) will
create ideal conditions for the element.

Properties: dipolel - HF55Modell - 3D Modeler I i

Command  Attribute |

Mame | Yalue I LIrik I Description | Read-only |
M arme dip1 ]

l pe | N
Solve Inzide v ]
=i Orientation Global ||
| Model 2 r
= Diizplay WWireframe - | ]
] Calar Edit | ]
=il Transparent 1] | ]

™ Show Hidden

1] 4 I Cancel




Creating the Model

Under the Command tab, enter the following information:

Propetrties: dipolel - HFSSMaodel1 - 3D Modeler x|

Alirute Command |

Mame Walle Uit Description
I | uri | |

Command | CreateCylinder

Coordinate Systemn .Global

Center Position (O, Omm . gap_srcd2
s z
— Radiuz dip_rad
| Height [din. length

[~ Show Hidden

Ok I Cancel |

The next command is essential when building symmetric structures. Right-
Click the drawing area and select Edit -> Duplicate -> Around Axis.

{7 Select Objects L]
Select Faras i
fdext-Behind B
all Object Faces
Measure L4
Wiy L4
Paste Chrl+Y
¥ assign Matetial. ., Be
: > Delete Del
Assign Boundary L4
Assign Excitation L4 Properties. .
Aszign Mesh Operation ®
Arrange k
B Plc ﬁ..g Along Line I
[
sl Ple ﬁ Around Axis. .. Scale
T e 7
Alk Mirror
C':q-wlnn-_—-n_l EUrFace L&
Boolean 4
Sieep 1
Delste Last Operation




Creating the Model

A mirror image is produced by enter the following:
i

Az i U
Angle: I‘ISDdeg jldeg j
Total number: |2 j

Cancel |

The dipole structure is illustrated below:
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Ideally, the structure is one solid geometry. A slot has been created at the
origin in this example. This will allow later placement of a source for excitation.



Creating the Port

In the section the user will create a Lumped Gap Source. This will provide
an excitation to the dipole structure. Begin by selecting the YZ plane from the
toolbar. Using the 3D toolbar, click Draw Rectangle and place two arbitrary
points within the model area.
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Enter the following:
x|

Command  Attibute |

Mame I Walue | Unit I Dezcription | Fiead-only |
M ame FOUNCE -
[ | Qrientation Global =
" |Model ~ ]
| Display Wirshrame M B
| calor | Edit | [ ]
T i | m

™ Show Hidden

0k I Cancel




Creating the Port

Click the Command tab and enter the following:

Properties: dipolel - HF55Modeli - 3D Modeler

Atributs  Command |

Mame | YWalue | Urit | Description I

Commard CreateRectangle

Coordinate System | Global

Position Orom , -dip_rad , -gap_src/2
e %
| " |vsize | dip_rad2
| : Z5ize |gap_sic

I™ Show Hidden

]9 I Cancel I

Please note that the variable gap src was chosen relatively small in
comparison to the dipole structure. This was done to minimize effects due to the
source and place emphasis upon the structure. The source is depicted below.




Creating the Port

With the source geometry in place, the user must provide an excitation. A
lumped port will be used for the dipole model. This excitation is commonly used
when the far field region is of primary interest. In the project explorer, right-click
Excitation -=> Assign -=> Lumped Port.

-8 HF5SModei®
£ Model
ﬂ Boundaries

Wave Port, ..

ﬁ, i Edit Impedance Mult Lumped Port...
ﬁ Opt List... Incident Wave...
E el  Delete Yoltage, ..

A Por Wisualization. . Current.,.

& Fiel Bepriaritize. .. Magnetic Bias. ..

1

Name the port source and leave the default values for impedance. Click
Next and enter the following:

Lumped Port : Modes . |
Hurnber of Modes: |1

Usze Defaults |

< Back I Firizh I Cancel

Using the mouse, position the cursor to the bottom-center of the port.
Ansoft's snap feature should place the pointer when the user approaches the
center of any object. Left-click to define the origin of the E-field vector. Move the
cursor to the top-center of the port. Left-click to terminate the E-field vector. Click
finish to complete the port excitation.
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Radiation Boundary

In this section, a radiation boundary is created so that far field information
may be extracted from the structure. To obtain the best result, a cylindrical air
boundary is defined with a distance of A/4. From the toolbar, select Draw
Cylinder and choose 3 arbitrary points within the model window.

|of © % Il 7|
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Enter the following:

Propetties: dipolel - HFSSModell - 3D Modeler _X_i
Command  Attribute |

Name | Walle | Unit | Dezcription | Read-only |
MName radiation =
Material air | =]
Solve Inside v =
Orientation Global =]
Model Ira =
Display ‘wireframe o =]
Calar Edit | [

™ Show Hidden

oK I Cancel
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Radiation Boundary

Click the Command tab and enter the following:

Properties: dipolel - HFSSModell - 3D Modeler x|
Attibute  Command |
MName I “alue | it | Diescription |
Command CreateCylinder

Coordinate System  Global

Center Position Ornrn , O |, -radiation_kheight
[ z
i Fadius radiation_rad
[ [Height radiation_height'2

™ Show Hidden

ok I Cancel |

Assuming all steps were properly completed, the boundary should
resemble the illustration below:
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Radiation Boundary

With the geometry complete, the actual radiation boundary may now be
assigned. From the 3D toolbar select face from the drop down window as shown
below.

/@l =)

Click |J ®| and select all faces as follows:

Select Face D x|

Dbject name:

0K I Cancel |

With all faces selected, right-click the Boundary icon in the object explorer
and select Boundary -> Assign -> Radiation.

= dipclel” < =22 !
=68 HF55Model” é--:[t
€7 Model Pl ;
: | -4 air
Dg mE i fissi 4 Perfect E..,
- uit,
¥ PR List... Perfect H...
@ Mesh Geleteall Firite Conductivity.. .
Elﬁ finaly ‘isualization. .. Impedance. ..
Eﬁj 5 Repricritize. .. Layered Impedance. ..
: k = - Radiatian...
i PML Setup ‘Wizard, .,
——— Swmmekry. .
ﬂglﬂ:t_i Mastet. ..
M= Slave. .,
I Lumped RLC. ..

Leave the default name Rad1 and click OK.
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Solution Setup

In this section a solution must be defined to display the desired data. We
are primarily interested in the frequency response of the structure. We will also
explore HFSS's ability to calculate general antenna parameters such as
directivity, radiation resistance, radiation efficiency, etc... . From the project
explorer, select Analysis -> Add Solution Setup.

G Excitations -]
LB source
EF Mesh Operations

F Port | el Analyee
Ei Field Reyerk bodnitial Mesh

: ;’ R adi Sl Mesh Drerations
-2 Defiritior | |

Enter the following:

Solution Setup il |

General I.-’-‘«dvancedl Poits | Defaultz |

‘Solution Frequency: I29-9?92 |GH2 j

[~ Solve Ports Orly

—Adaptive Solutions

M aimum Number of Passes: |2d

b awimumn Delta 5 Per Pass: 0.0z

Use Defaults |

Ok I Cancel |

Leave all other settings as default. Click OK when complete.
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To view the frequency response of the structure, a frequency sweep must

Solution Setup

be defined. From the project explorer select Setup1 -> Add Sweep.
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Project I

Mame l

=-#%G Ercitations ;!
L source

----- EF Mesh Operations

=t ‘ﬁ’ Analysiz |
: o

_____ ﬁ Opl Rename
E]"E Re: > Delete

- Par

[ Fiel

..... Hal

Properties. ..

Analyze
Rewert to Initial Mesh

Apply Mesh Cperations

Prifile
Mame Setupl Convergence
Passes 3 [Vatriz Data
Enter the following:
frarsueer x
— Sweep Type — [DC Extrapolation Optiohs
" Discrete [” Extrapolate to DC
* Fast IE‘H2 LI

" |nterpolating

I & S alutintis |2D

Efrorn Tolerance |D- 3 |52

fifatrim S olved Frequency |':' 1

¥ “Enap Magnitude fa ar | at DG

ID.D‘I

Time Domain Calculation.... |

Shappia | olerance

| Frequency

Dizplay > |

¥ Save Fields

— Frequench Setup
Type: I Linear Caunt = I
Start i25 IGHZ |
Stap I35 |GH2 j
Catint |1EIDEI

o |

Cancel




Structure Analysis

At this point, the user should be ready to analyze the structure. Before

running the analysis, always verify the project by selecting T, from the
3D toolbar. If everything is correct the user should see: 7
¥alidation Check: dipolel - HFS5Modell T x|
¥ 30 Model
w HFS5Madell ¥ Boundaries and Excitations
¥ Mesh Operations
Yalidation Check completed. & Analysis Setup
” Optimetrics
| ¥ Radiation
bt I Cloze |

Analyze the structure by clicking #

Allow 5-20 minutes for the analysis, depending on the machine.
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Create Reports

After completion of the analysis, we will create a report to display both the
resonant frequency and also the radiation pattern. Click on the heading HFSS
and select Results -> Create Reports.

LIpEImeLrics Analysis ’

@. Analyze
Results Create Report, .,
Figlds L4 Solukion Data...

Radiation 4 Cutput Mariables, ..

Boundary Display (Solver Yiew)
Design Properties. .. )

B orearerareTS

: “oHH CreateFaceCs :
=4 pec Clean Up Solutions. .

Browse Solutions...

=-¢57 elerment i, Import Solutions. ..
PR Createcylinder

Choose the following in the Create Report window:

Create Report E]
Target Dezign: | IFSShd adell _J
Report Type: |M|:u:1al 5 Parameters :_j
Display Type: JFlec:tangular Plat L{
]9 | Cancel I
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Create Reports

Select the following highlighted parameters and click Add Trace to load the
options into the Trace window.

il
# | i |Y-axis| Add Blank Trace |
Freq im{Z(source source]] Y1
Freq refZ[source.source]] 11 S i |
Remove & Traces |

1

— Contest Swesps I s ¥
Design: |HFS‘3MrJdEI‘I ﬂ
Categorny: Guantity; Furction:
Solution. |Setup1 - Sweep] j Wariables Z[zourse source) ang
) Output ¥ ariables ang_rad
Domain: |Sweep L! 5 Parameter dB10
' Parameter dBz0
Z Parameter im
T EAptome,. | ESWH Il
amma h
Fort Za

- Set Termibations. . |
Output Wariables. . |
| Add Trace I Feplace Jrace |

Aol | Done | Cancel |

Click Done to display a graph of impedance vs. frequency .
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Create Reports

Looking at the graph below, both real and imaginary components of the

impedance are displayed.

28 Apr 2004 Ansoft Corporation 18:03:56 Y——
XY Plot 2 imi( Z(z0Urce, SOUFCE
HFSSModell
200.00 | | w1
| e Z(source sourct
oo I /
- | E———
g /
] |
0.00 I
-100.00 |
24.00 26.00 28.dlD 20.00 2z2.00 24.00 26
Freq [GHz]

The input resistance can be directly determined from the graph. We will
mark the point at which imaginary component crosses zero. This mark will allow
the user to determine input impedance at the point of resonance. Right-Click the

graph and select Zoom In.

=T
Modify Repart ...
|~

Fit Al

frace Tvpe
Duata Marker
Mark &ll Traces
Arrows
To Addlabel ...

Accurulate

Prift ;..
Propetties ..,
Copy ko Clipboard
Export ko File ...

“ =

¥

Using the mouse select a zoom window around the imaginary component

as it crosses zero.
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Create Reports

Mark the zero point by right-clicking the plot window and selecting Data
Marker. | |

Modify Report ...

Zoom In
— Fital |

Trace 'i'.\.'pia ¥

Data Marker

Mark All Traces
Brrows
&dd Label ...

[Elete

Delete all Tags
Accumulake

Print ...
Properties ...
Copy to Clipboard
Export to File .,

Select a point as close as possible to zero along the imaginary line. You
will not be able to choose exactly zero due to the resolution chosen (1000 points)
in the solution setup. Left-click to mark the point as shown below:

28 Apr 2004 Ansoft Corporation 18:04:44 ¥ —
XY Plot 2 im( Z(z0urce zourc
HFSSModelt
20,00
| ==
| relZizource sourc
10.00 i
por 0.00 1‘
= ey
| |
-10.00
] i
-20.00 |
2030 30.40 20.50 2060 SD.JZD 2020 20490 21.00

Freq [GHz]

1= 3062GHz
1= 003

Right-click the plot window and select Fit All. Follow the same procedure
to mark the real component at exactly the same frequency of the imaginary
component.
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Create Reports

Both marked data can be seen in the graph below:

2004 Ansoft Corporation 18:06:42 ¥
XY Plot 2 im( Z{source sourcy
HFSSModelt
200.00
11—t

e Z(source Sourcs

100,00

/
//

s
_.—'—'_'_'_'_'_'_'-'_'_'_F'
———
0.00 | i
= |
-100.00 | |
24.00 2600 2200 20000 3200 34.00 36.00
Freq [GHz]
GHz 2= 30 63GHz
""2=78.83

The input resistance of the antenna is 78.83 ohms according to the graph.
Performing calculations from a text, the user should compute a resistance
between 65 and 75 ohms. The port was previously defined with an impedance of
50 ohms. This will produce sub-optimal results due to mismatched impedance.
This will be corrected shortly.
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Create Reports

In the next step, we will plot S vs. frequency. Create a Report as
previously shown and add the following trace:

% Traces [

[ -] Add BlarkTrace
¥
Remove &l Traces

Output Yaniables. ..

Lol

W | i
| |Freq dB[S[source source]]
~ Context Siweeps | >< e I
Dissigr: [ HF5 Shiodelt =
Categon,: Guantity
Solution: I Setupl : Sweepl j ariables 5
. Clutput Vaniables
Damain: |5 weey it
I £ J v Parameter
Z Parameter
TR Ophons, | WSWR
Gamma
Port Zo

St Temnirations... |

Add Trace I Heplace Trace |

ol ]

Function:

ang
ang_rad

im

Daone

I Cancel |

Click Done when complete.




The graph is displayed below:

28 Apr 2004

-5.00

Ansoft Corporation

XY Plot 3
HF55Modell

18:08:00

Create Reports

11—
ciB(Ss0urce, sourc)

-7.50

\

{dB{S{source,source))

-1Z2.50

-10.00

\

/

-15.00

s
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<1= 29 94GHz
1= -14.57

oo

26,00 25,00

2000
Freq [GHz]

F2.00 F4.00

6

The point of resonance was marked at -14.57dB. In order to compute
accurate antenna parameters, the input must be matched. From the project
explorer, right-click source and select Properties. Adjust the port impedance as

shown:
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General I Modesl Defaultsl

M arne: |snulc:e

Resistance: I?E‘

[ohm =]

Reactance: ID

{ohm =]

Use Diefaults |

o ]

Cancel




Create Reports

We will now re-analyze the structure with a properly matched port. In
order to preserve memory and calculation time, right-click Analysis -> Revert to
Initial Mesh in the project explorer.

o

-

E'E Resu @ Analyze
g i ><

>

E ucitations

G zource

Mezh Operations

Al

=

s 3 Add Solution Setup. ..

Optire List...

Fevert to Initial Mesh

Apply Mest Gperations

=) |

Re-analyze the structure. When complete create another plot of Sq vs.

frequency as shown below:

Note the improved response of -55.81dB at resonance.
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Create Reports

HFSS has the ability to compute antenna parameters automatically. In order
to produce the calculations, the user must define an infinite sphere for far field
calculations. Right-click the Radiation icon in the project manager window and
select Insert Far Field Setup => Infinite Sphere.

- [T Port Field Display ||| | S
. E‘i Field Qyarl s i

-
Insert Mear Figld Setup
W Ankenna drray Setup, ..

Coording
Planes

Accept all default parameters and click Done. Right-click [nfinite Sphere
-> Compute Antenna Parameters... from the project explorer as shown:

| &% Radiation ._]” | £ 2
P ? , A =162 ¢
; o Rename
iject | > Delets
Properkies...

Compuke Antenna Parameters...

M arne I Walue
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Create Reports

Select all defaults and results are displayed as follows:

. [
—|Inputs
Setup Mame: Infinite: Spherel
Frequenci: 29.9792GHz

Solution: Lastdaptive Expart |

Design Y ariation: dip_length='2 36875mm'

Array Setup: Mone

Antenna Parameters:

(uantity Walue I |Inits |
b aw U 01471 W s
| Peak Dirsctivity 16826
" |Peak Gain 1.8634
T Peak Realized Gain 1.8485
R adiated Power 1.0936 W
[ Accepted Power 0952 i
il Incident Power 1 W
j R adiation Efficiency 1.1074

P awirmum Field D ata;

iE Field Value  |Units] AtPhi | At Theta |

Total 10531 W 200deg  |90deq
% 47775 ¥ 160deg | 130deg
I 4.7607 ¥ |270deg  |S0deg
= 10,531 Y 200deg |90deg
= Phi 0.087119 Y 90deg  |90deg
i Theta 10531 W 200deg  |90deq
= |LHere 7.4511 Y

210deq  |90deq

From the chart the Peak Directivity is 1.68. Calculations from standard
antenna texts will show this model to be approximately 1.63. All other
parameters can be seen as slightly elevated above the expected. Adjustments to
the radiation boundary might provide more accuracy.
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Create Reports

Next, the far field will be plotted. Create Reports as previously shown.

Modify the following:

Target Design: | HFSShadel|

X
[7|
=

Report Type: | Far Fields

Display Tupe: |[EE TR et e L

(] l Cancel |
Enter the following:
_ipix
| Ang | Mag | Ackd BlarkTrsce |
Hemove Trace
Bemove SlliTraces
— Context Sweeps | Ang I Mag I
Desigr: IHFS?M'Ed?” j & Usze cument Design and Project vaniable values
) " Sweep Design and Project variable valuss I~ Allalues
Solution: ISetup'I : Lasthdaphive :J —
M ame | Tupe I [iescription | Odeqg -
= z 10deg
Geometry: Ilnfinite Spherel j | |Phi Primary Sweep All'/alues 20deqg
Point[z] 90deg A0deg
_ T
Freq Praint(s] 29 9¥92GHz 5ldeg
Eldeg
7ldeg
BDdeE
100deg
110deg
120deg
130deg o
140deg
. 150d
Edit Sweep... Reset | 1 EDd:g ﬂ
Olutput Variables. . | Spply Todl Selectad Traces |
Add Trace | Heplace Trace |
Aoply | Dore | Cancel |

Select the Mag and enter the following:

27




Create Reports

Traces L — i’
Zn | Mag | Add BlankTrace |

1 Phi dBLEaiI"IPhi]
Femayve Trace |
Remaove All Traces |

- Context Sweeps| Ang | Mag |
Dresign: |HFSSMUdeI1 LI
Categony: Quantity: Function:
Seliion: ISEtuljI : Lastidaptive j Wariables GainT otal <ROnes -
Output Yariables i abz
Gearetry: |Infinite Spherel =l r[g_ s gam heta it
irectivi ai acos
Gainy agin
Realized Gain GainZ aginh
Axial Ratio GainLHCP atan
Folarization R atio GainRHCF atanh
Antenna Params GainL%e Cog
GainL3r ciogh
dBm
dBw
eYen
Exp
int
i |
; : Set Tiefminations.. |
Output Yariables. . |
Add Trace I Feplace Trace |

Apply | Dione | Cancel |

Select Add Trace and click Done when complete.
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The radiation pattern is displayed below:

23 Apr 2004 Ansoft Corporation
Radiation Pattern 1
HFSSModell
o]
20 =0
920
&0 =]
-
954
!
-an / \| 20
-120 120
-150 450
-120
k t t |
-38.0 708 -38.0

18:22:31

Create Reports

==
B GainPhi)
Theta=90degy, Freg



Conclusion

This tutorial was intended to introduce the user to the basic commands and
the general procedure for simulation. The software is complex in nature and
requires extensive knowledge Electromagnetic Theory to fully utilize its
capabilities. The dipole antenna was intended to accelerate the software learning
curve and generate interest in the subject.
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