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SECTION 1: DUAL BAND MIMO PIFA ANTENNA
Prepared by: Kobina Ackon Annan & Sean Donkor (Telecom Eng. 2021)

INTRODUCTION

ANSYS HFSS is a 3D electromagnetic (EM) simulation software for designing and simulating
high frequency electronic products such as antennas, antenna arrays, RF or microwave
components, high speed interconnects, filters, connectors, IC packages a printed circuit board.
Engineers worldwide use ANSYS HFSS software to design high frequency, high speed electronics
found in communication systems, satellites and 10T products.

This book introduces the structure and design of a dual band MIMO PIFA antenna for Bluetooth
and WIFI application in laptops operating at 2400/5000 for Wi-Fi and 2450 for Bluetooth. This
guide will typically walk you through the steps to build the geometry, setup the solution, run the
analysis, and evaluate the results by generating plots using ANSYS HFSS 2020.

By following the steps in this guide you will learn how to perform the following tasks in HFSS:
1. Draw the geometric models.

2. Add the boundaries and excitation.

3. Specify solution setting for the design.

4. Run HFSS transient simulation.

5. Create plots for the results.

For basic design tutorials using HFSS:

https://www.youtube.com/playlist?list=PLdIVd39LNkpSaTzAFCS jh3sV3Gc21mNg



https://www.youtube.com/playlist?list=PLdIVd39LNkpSaTzAFCS_jh3sV3Gc21mNg

1. STARTING HFSS

To be able to start the project you would have to first start or launch the software.

» Launching ANSY'S Electronics Desktop 2015
a. Select Programs > ANSYS Electromagnetics > ANSYS EM Suite 2020 R1
b. Select ANSYS Electronics Desktop 2020 R1
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2. CREATING THE PROJECT

» To begin working with geometrics you need to insert an HFSS design.
a. From the toolbar, double click on the HFSS icon to open an HFSS project.
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3. WORKING WITH THE GEOMETRICS

» On the left side of the HFSS window, right click on Project from the Project Manager
pane.
a.

Select Save As from the pop up.
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4. DRAW THE GEOMETRIC MODELS

+« Creating the Radiating Patch.
» From the Draw Ribbon Tab, select the rectangle tool
> In the Modeler Window, click and drag from the origin to draw the rectangle.
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From the History Tree, right click on the CreateRectangle to change the dimensions and
position of the rectangle.
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CREATING THE SLOTS.

From the Draw Ribbon Tab, select the Rectangle tool.
In the Modeler Window, click and drag to draw the rectangle.
From the History Tree, right click on the CreateRectangle to change the dimensions and
position of the rectangle.
= Position: 27.1,2 ,0 mm
= AXis: Z
= Xsize: -12.51 mm
= Ysize: 0.1 mm



» Select Apply Select OK

Draw another rectangle

» From the History Tree, right click on the CreateRectangle to change the dimensions and
position of the rectangle.

Y
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6. CREATING THE SHORTING PLATE.

» From the Draw Ribbon Tab, select the rectangle tool
> In the Modeler Window, click and drag from the origin to draw the rectangle.
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From the History Tree, right click on CreateRectangle under Rectangle2 to change the

dimensions and position of the rectangle.

= Position: 0, 0, -0.5 mm

= Axis: X

= Ysize: 3 mm
= Zsize: 0.5 mm

Select Apply
Select OK

Select Rectangle2 > Select Thicken

Sheet > Set the value to 0.05 mm
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From the History Tree, right click on the Rectangle2 to change its properties.
= Name: Short
= Material: Copper
= Colour: default
= Transparency: 0
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Select OK
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Cancel
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7. CREATING THE FEEDING PORT.

» From the Draw Ribbon Tab, select the circle tool.
» In the Modeler Window, click and drag to draw the circle.
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» From the History Tree, right click on CreateCircle under Circlel to change the dimensions
and position of the circle.
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8. CREATING THE FEED LINE.

» From the Draw Ribbon Tab, select the cylinder tool.
> In the Modeler Window, click and drag to draw the cylinder.
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From the History Tree, right click on the Cylinderl to change its properties.

=  Name: feed

= Material: Copper

= Colour: brown
= Transparency: 0
Select Apply
Select OK

From the History Tree, right click on CreateCylinder under Cylinderl to change the
dimensions and position of the cylinder.
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CREATING THE FEED LINE COVER.

From the Draw Ribbon Tab select the Cylinder tool.
In the Modeler Window, click and drag to draw the circle.
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From the History Tree, right click on CreateCylinder under Cylinder2 to change the
dimensions and position of the Cylinder. | e up.o.ss-rsoean - wodee
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10. CREATING THE GROUND PLANE.

» From the Draw Ribbon Tab, select the rectangle tool.
> In the Modeler Window, click and drag to draw the rectangle.
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» From the History Tree, right click on Create Rectangle under Rectangle3 to change the
dimensions and position of the rectangle.
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> Select Apply
» Select OK
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» Select Rectangle3 > Select Thicken Sheet > Set the value to 0.05 mm
» From the History Tree, right click on the Rectangle3 to change its properties.

= Name: Ground

= Material: FR4 epoxy
= Transparency: 0.6

= Select Apply

= Select OK
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/

11. CREATING THE SUBSTRATE

» From the Draw Ribbon Tab, select the Box tool
> In the Modeler Window, click and drag from any point to draw the box.

[ ANSYS Electronics Desktop 2020 RT - DUAL BAND MIMO PIFA ANTENNA - HFSSDesign1 - 3D Modeler - [DUAL BAND MIMO PIFA ANTENNA - HFSSDesign - Modeler]

i1 File Edit View Project Draw Modeler HFSS Tools Window Help
{ Cut ¥ Undo  Select Edge MR ) < Pan @), Fit an 96 EO|NY|® oviga0m|F | @ b @mMeasure
Eacopy (¥ Redo ® Select by Name % % Burotate - @uFtseees § @ O | © A | L L 2ifve @Al lal o 4 e
Save [ Paste X Delete ® Zufm @ Orient - @e R O 1. & 4@ N B - unis
Desktop  View | Draw | Model  Simulation  Resufts  Automation
Project Manager ~ 2 x [[5 Model
DUAL BAND MIMO PIFA ANTENNA® 4P Solids Z
& HFSSDesign1 (Driventodal)* -4 vacuum
i & =D Components et cox 1}
L4 Model L. CreateBox
{28 Cireuit Elements & Cylinderl
{-£F Boundaries &7 Cylinder2
£ Excitations L.l CreateCyli
£ Hybrid Regions 3 Sheets
L B8 Mesh £1-E3 Unassigned
S Analysis 183 Circlel
+..{@) optimetrics 40 CreateCire
i Results %[O Coverline:
{0 PortField Display £ 53 Ground
- Mgy Field Overlays .1 CresteRect
+..% Radiation [ Coverline:
{2 Definitions =3 patch
Project7® 3 short
& HFSSDesign? (DrivenModsl) le. Coordinate Systems
(2 Definitions 4B Planes
& Lists

From the History Tree, right click on CreateBox under Box1 to change the dimensions
and position of the box.

Properties: lap_try_9.5 - HFSSDesign1 - Modeler X
= Position: -10 ,-2 ,0 mm
n XSize: 210 mm Cummr:z:e Cm;.j.;zx [ unt [ Evaluated Value Description
= Ysize: 320 mm :Ez::ul:atesys. Gw‘;bin o |0mm 2
= Zsize: -0.5mm om0 oom
_ZSiZE 05 mm -0.5mm

Select Apply
Select OK

I Show Hidden

o]

Cancel |
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» From the History Tree, right click on the Box1 to change its properties.

n N ame: Su bst rate Properties: lap_try_9.5 - HFSSDesign1 - Modeler
= Material: Air —
= Colour: blue e T
Material "air" "air" ]
= Transparency: 0.8 sovehide | [ -
Orientation Global -
» Select Apply Vo = -
Growy Model -
> Select OK e Wit [ -
Material Appea I~ -
Color [ ]
[ ]
™ Show Hidden
oK |

12. MODELLING ANTENNA-2

In modelling antenna 2, there are two options;

1. Repeat the steps for creating the individual components but with different coordinates for

their positions.

2. Copy and paste the individual components, thereafter, change the coordinates for their

positions.

=58 Model
E-&7 Solids
|_—‘_|' air
B Box1
a CreateBox
[—]' copper
’ Feed
o
’ patch
o
' short
-
=-4F FR4_epoxy
’ ground
-4 Teflon (tm)
’ Outer
o
L IEX CreateCyli
-4 vacuum
B4 Box2
-3 Sheets
E|- Wave Port
-3 Circlel
e8] Circle?
m-l~ Coordinate Systems
(-4 Planes
&€ Lists
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Using Option 2

+ Copy and Paste the components.
> In the History Tree, select Patch, Short, Feed, Outer, Circle
» Press Ctrl + C to copy the selected components
» Single click inside the Modeller Window
» Press Ctrl + V to paste the components

+«+ Change the coordinates of the components.
> Select the Create Rectangle under Patchl
» Type the new coordinates for the Position as shown in the table below.
> Repeat this step for the other pasted components using their new coordinates.

Component Coordinates
Patchl 0,313,0mm
Shortl 0,313,0mm
Feedl 5,314,-5.3mm
Outerl 5,314 ,-5.3mm
Circlel 5,314 ,-5.3mm

*

+ Creating Radiation Box
» From the Draw Ribbon Tab, select the Box tool
> In the Modeler Window, click and drag from any point to draw the box.

9.5 - HF55Design1 - 30 Modeler - SOLVED - [lap_try_9.5 - HF5SDesign1 - Modeler]
der HFSS Tools Window Help

- w @ Q “Pan @, Fit an

me % % FuRotate | @, Fit selected | G
® zoom @ orient - @ <

Simulation  Results  Automation
E-gh Model
-7 Selids zZ
1 4 air
&7 Boxl
4% copper
& Feed
[P Feed!
#-&7 patch
&7 patchl
&7 short
& shortl
1 & FRY_epoxy

4147 ground
1.4 Teflon (tm)
&7 Outer

o
i
i

® oo
L
& | g

=

a
a

-
<

Nl B

D=
©®| @
®

Lo o Meas

= Ruler

Units

B3 Sheets

-2, Coordinate Systems
€8 Planes
P Lists
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» From the History Tree, right click on CreateBox under Box1 to change the dimensions and
position of the box.

Properties: lap_try_9.3 - HFSSDesign1 - Modeler %

= Position:-100 ,-100 ,-5.3 mm  comer

n XSIZE 400 mm I Na:\e |C Vah;e [ unt [ Evaluated value | Description [

" Ysize: 500 mm T T E—

" Zsize: 60 mm e
» Select App|y | |zsee 60 P
» Select OK

[” Show Hidden
oK Cancel

» From the History Tree, right click on the Box1 to change its properties.
= Name: RadBox

[ | M a‘teri al : Vacu u m Properties: lap_try_9.5 - HFS5Design1 - Modeler x
Attribute
= Colour: green
Name | Value ‘ Unit | Evaluated Value Deescription ‘ Read-only |
= Transparency: 0.9 e FadBox =
Material "vacuum” “vacuum” ]
> Select Apply Tooverise | -
Orientation Giobal r
> Select OK [ Moce v -
Group Model r
| Display Wirefra. .. [~ r
[ [ Materal Appea... [ (]
| |color | — ]
| Transparent 0.9 ]
[~ Show Hidden

oK I Cancel

13. ASSIGNING BOUNDARIES AND EXCITATIONS

Radiation Boundary

The purpose of using boundary conditions in HFSS is to define the behaviour of the
electromagnetic. Field on the object interfaces and at the edges of a problem region. Defining
boundary conditions reduces the electromagnetic or geometric complexity of the model.

» Create Boundary

Right click on RadBox inside the History Tree.
Select Assign Boundary from the pop-up.
Select Radiation.

Select Ok from the pop-up.

YV V V
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Save
2 Paste X Delete

Desktop View Draw Model
Project Manager v 0 x
- lap_try_9.5*

- HFSSDesign1 (DrivenModal)*
'g 30 Components
’@ Model
Circuit Elements
EF Boundaries

[/ Excitations

=

Zoom

Y o ' Orient ~

Simulation Results Automation

Ben|lo

Iv s alnle |=]

[~

oo

Units

E-4s Model

B-&7 Solids

E| &F air

7 Substrate
¥ copper
77 Feed

&7 Feedl

Radiation Boundary

Mame: I

£ Hybrid Regions
B8 Mesh
[]--}5’ Analysis
@ Optimetrics
[]-- Results
I Part Field Display
] ﬁ Field Overlays
] ? Radiation =
-2 Definitions -7 RadBox
=-3 Sheets
-3 Wave Port
-3 Circle
3 Circlel
@-la. Coordinate Systems
B4 Planes
B Lists
Expand All I
Collapse All Anisctropic Impedance...
Select N Aperture..,

Coupled... ¥
bt b Finite Conductivity...
Group > Half Space...

Create 30 Component... Impedance...
Replace with 30 Component... Layered Impedance...
& Assign Material.. Linked Impedance...

Lumped RLC...

View ’ Perfect ...
Properties... Perfect H..
Create Array ... Radiation...
Create Open Region ... Symmetry...
Update Open Region Padding... Fresnel (SBR+)
Assign Boundary > PML Setup Wizard...
Assign Excitation ¥
Assign Hybrid ¥
Assign Mesh Operation >
Plot Fields >
T
Plot Mesh... 150
Plot VRT >

Cancel
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Wave Ports

Wave ports are used to excite transmission lines like microstrip, and hollow waveguides. A wave
port represents the region through which electromagnetic energy enters or exits the solution space.
In HFSS a wave port is treated as if it were a semi-infinitely long wave guide or transmission line
of the exact same cross-section attached to them where it’s excited. Wave ports yield S, Y, Z
parameters, characteristic wave impedance and the propagation constant gamma. The S-
parameters generated by a wave port are normalized to the matched loads and can also be
normalized to any constant complex impedance.

e = Paste X Delete - “oom 'Orient' @ (SN | (o] | L | = ﬂl[},l 3||5,|
Desktop View Draw Model Simulation Results Automation
Project Manager » 0 x @ 0% Model
2 lap_try_9.5* Bl Solids
C1 g HFSSDesign1 (DrivenModal)* -4 air
é 3D Components -7 Substrate
..... 4 Model ,__—_|g copper
-.[3F] Circuit Elements u_/' Feed
=-EF Boundaries 57 Feedl
-8} Excitations L;_/' patch
;@ﬁ J/‘ patchl
") L7 shert
ﬁ Hybrid Regions B shortl
..... B Mesh -4 FRA_epoxy
- JF Analysis . @47 ground
@ Optimetrics Es Teflon (tm)
-] Results J/‘ Outer
-l Port Field Display El-7 Outerl
[]---ﬁ Field Qverlays I':'Is vacuum
(-’ Radiation H-47 RadBox
[-[23] Definitions EIIZI Sheets
=0 Wave Port
I:I Circle
-3 Circlel
[]---]4 Coordinate Systems
-4 Planes
¢ Lists

% Create Excitation

> Right click Circle inside the History Tree ~ "*""* .
» Select Assign Excitation from the pop-up Neme: [T
> Select Wave port erre
> Right click None from the pop-up — %’ SRS
> Select New Line.
» In the Modeller Window draw a line from
the centre of the circle to its circumference.
» Ensure that the None has changed to Defined
» Click Next at the bottom of the pop-up.

> Select Finish.
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Wave Port : General

T METILNIEE 3 PRI ¥ U R i L |

hed Setti
D Settings Name l—
Number of Modes: IW

Mode | ion Line Ch istic | d; 7o)

[ Deembed Distance: |0 Imm LI

Fositive distance will deembed the port into the model.

Get Distance Graphically... |

Use Defaults

Mode Alignment and Polarity:
% Set mode polarity using integration lines

" Mign modes using integration lines
< Back I Finish I Cancel {~ Mign modes analytically using coordinate system

U uis Line: IUndeﬁned ~| T Reverse Direction

I™ Fitter modes for reporter

Use Defaukts

< Back Mext > Cancel

> Repeat the above steps for Circlel to create the wave port for Antenna-2.

14. SPECIFYING SOLUTION SETTINGS

®,

+ Performing Analysis Setup

» Right click on HFSS on the Menu Bar.
Select Analysis Setup from the drop down menu.
Select Add Solution Setup.
Select Advanced.
Select Multi-Frequencies under Adaptive Solutions
Fill out the details as shown in the second image below

- BAND MIMO PIFA ANTEMMNA - HFSS5Design - 3D Modeler - [DUAL BAND MIMO PIFA ANTEMNA - HFS5DesignT - Modeler]
deler  HFSS  Teels Window Help

YV YV VYV

. Solution Typew 86" H@(\NJ T Mupee
jame B List. ected 809‘.11 A 03|~ E
&% Validation Check... merh @ L | | | @

0. Analyze All

Simt
— Submit Job...

W=
“H TR Edit Notes...
Toolkit >
3D Medel Editor
Set Object Temperature...
Design Settings...
Model >
Boundaries >
Excitations >
Hybrid >
Mesh H3
Optimetrics Analysis > |}~ Add Frequency Sweep...
E Fields T
[ gadation ’ Revert to Initial Temperature
Results >

Revert to Initial Mesh
Boundary Display (Sohver View) Generate Mesh

P BT View Mesh Feedback...

Design Datasets... Clear Linked Data




Driven Selution Setup

General ]Optlons ] Advanced ] Hybrid I Expression Cache | Dervatives I Defaults ]

Setup Name ’Setumi
[+ Enabled ™ Solve Ports Only
Adaptive Solutions
Solution Frequency: % single " Multi-Frequencies " Broadband
Frequency | 5 |GH2 ﬂ
Maximum Mumber of Passes 6
{+ Maximum Delta 5 0.02

" Use Matrix Convergence

> Select OK.

X Driven Selution Setup

General WOpﬂons I Advanced I Hybrid ] Expression Cache | Derivatives ] Defaults }

Setup Mame

Solution Frequency:

Setup1

¥ Enabled ™ Solve Ports Only

Adaptive Solutions

" single (" Multi-Frequencies " Broadband

Frequency Unit Max, Delta Add ‘

2.4
2.45

5

GHz
GHz
GHz

0.02
0.02
0.02

[ mee ]

» In the next pop-up window, select Fast under Sweep Type.
» Under Frequency Sweeps change the following parameters:

=  Start: 0 GHz
= End: 8 GHz
» Select OK.

Inserting Far Fields
>
» Select Radiation from the drop
down menu.

Select Insert Far Field Setup.

Select Infinite Sphere.

P&

Edit Frequency Sweep

Right click on HFSS on the Menu Bar.

HF55  Tools

i)

General ] Defaults ]

Sweep Name:

=

v Enabled

Sweep Type:

| Fast

=]

Freguency Sweeps [401 points defined]

I Linear Count

Distribution

Start

End

Add Above

Add Below Preview ...

Window  Help
Solution Type...

List...

Validation Check...
Analyze All

Submit Job...

Edit Notes...

Toolkit

3D Model Editor
Set Object Temperature...
Design Settings..

Model
Boundaries
Excitations

Hybrid

Mesh

Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results

Boundary Display (Solver View]

Design Propertics...
Design Datasets...

[ |
= 7
i

B

o

@a
@

:lv

N

©m
o=
p

fr0
i
i

—
Insert Far Field Setup >

Infinite Sphere...

Insert Near Field Setup > Antenna Parameter Overlay..
Antenna Array Setup... Source Group...

Compute Antenna/Max Params... I

|/
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» Fill in the section under Phi with the following ke Sphere | Conrdnate System | Raditon Suface|

parameters.
n Start. '180 Mame Irfinite Sphere1
= Stop: 180 -
= Step Size: 1 sat  [180 [des =]
o ) ) ) Stop [180 ldeg |
» Fill in the section under Theta with the following ,
Step Size |'I |deg ﬂ
parameters.
= Start: 0 S
= Stop: \’%60 sat o peamme
- .
> Cli itg)KSIZG' 1 Stop [360 ldeg |
IC .
. . Step Size |1 |deg ~|
> Apply Design Settings.
. R Save As Defaults View Sweep Points...
> Right click on HFSS on the Menu Bar. | pPors. |
» Select Design Settings from the drop down menu. == T
. . ance elp
» Select the Validations tab.
» Check the box for Skip Intersection Checks.
> Click OK.
esign Settings *
Set Material Ovenide 1 Lossy Dielectrics ] DC Exdrapolation I
- - Walidations arameters ol 'arameters
< Perform Validations o e
» Right click on HFSS on the Menu Bar.
. . ™ Ignore Unclassified Objects
> Select Validation Check from the drop down . J
W Skip Intersection Checks
» menu. Ertity Check Level - [Stit =]
» Ensure all Validation Checks have been
completed. =
> CIICk Closel & Perform full validations with standard port validations
¢~ Perform full validations with extended port validations
¢ Perform minimal validations
Validation Check: DUAL BAND MIMO PIFA ANTENMA - HF55Design *
o Design Sethi
y HFSSDesignl ; Sgsr:dgl:delemngs I Save as defautt
¥ Boundaries and Excitations
‘Yalidation Check completed. ¥ Mezh Operations m
¥ Analyzis Setup
<« Optimetrics
¥ Radiation
| Cloze
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15. RUN HFSS TRANSIENT SIMULATION

7
A X4

Run Simulation
» Select Simulation on the Ribbon Tab.
> Click Analyze All.

,:.L AMSYS Electronics Desktop 2020 R1 - DUAL BAND MIMO PIFA ANTEMMNA - HF35Design1 - 30 Modeler - [DUAL BAND MIMO PIFA ANTEMNMA - HF.. — O X
87 File Edit View Project Draw Modeler HF55  Tools Window Help - 8 x
# Cut  ¥) Undo EEE Active: Local - e |
— == ==
53 Copy 0 f EEAnalym Config —_ — =
Save Mesh Mesh Setup Sw Optlmetrlcs Validate Analyze HPC Scheduler Submit Monitor
(8 Paste 3{ Delete Settings Feedback All Options
Desktop View Draw Model Simulation Results Automation o A
Project Manager v I x I EI"‘@ Maodel Component Libraries * 1 =
=] DUAL BAND MIMO PIFA ANTENNA® . B Solids ,Z ______ & Couritos .
o .
+« Plotting the S Parameters.
» Click on Results on the Ribbon Tab.
» Select Modal Solution Data Report.
» Select the 2D Graph on the menu.
i ANSYS Electronics Desktop 2020 R1 - lap_try_9.5 - HFSSDesign1 - 3D Modeler - SOLVED - [lap_try_9.5 - HFSSDesignT - Modeler] - X
1" File Edit View Project Draw Modeler HFSS Tools Window Help - & x
6 cut 9 und [ Delete 2l Repart: Y] Bl s Solutl
el T [ [ e L] i (@ . B S e
Save Open  Output | Fields  Emission  Far Fields User Defined  Solutiol
ﬁ‘_‘.Paste A Delete Report - Variables = Report - Test Report - Report - Pavame(:rs Renm- Report - Data [ Import Solutions
Desktop  View  Draw  Model  Simulation  Results Y 15,50 on
reject Manager 2 3 HEGh Model Component Libraries X
1B lap_try_2.5% (5437 Solids, 4% Favortes
%5 HFSSDesign1 (Driventodal)* 56 air 20 Stacked Polar Data Table Most Recertly Used
& 3D Companents &7 Substrate| ™ -~ Elg HFSS Componerts
G Model -4 copper Q/’ - 3 Antennas
Circuit Blements £ FR4_epoxy 23 Bicone:
& Boundaries ¥ Teflon (tm) | Smith Chart 30 Polar 30 Spherical 3 Bowtie
D Excitations & vacuum £ Chip
Dipals
o (i
fF Analysis L, CoordinsteSystems| - ur smith Contour -3 Monopole
@ optimetrics 2B Planes -3 PIFA
) Resuits - Lists @ PIFA_17GHz_DT
5 Parameter Plot 1 @ PIFA_24GHz DT
4/l s Parameter Plot 2. @ PIFA_WithAibox_1.7(
WX, 2.45 Gain Plot @ PIFA_WithArbox_24C
Gomnz 9 I p
K Report: lap_try_9.5 - HFSSDesign] - 5 Parameter Plot 4 - dB(S(1,1) X
EaiE Trace I Families ] Families Display ]
selten:  [setp: s sneeo ] Primary Sweep: |Freq =] [ I
1 H c W -
» Select the following parameters in the pop-up Al % o il
menu [Eeeo v [ ) EER) S
. Category: Quantity| ¥ Function:
» Category: S Parameter o
el Output Variables 52,1
» Quantity: S(1,1) T
» Function: dB
» Click on New Report. Utte Report e iovraze
@ Redime deanam
Output Variabies... | optons.. | New Report | Apply Trace | Add Trace | Close
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[P ANSYS Hectronics Desktop 2020 R1 - Iy 55 - HFSSDesign - § Pramete Plot 4 - SOLVED - ap_try. 8.5

Window Help
i e
Fan -

B0 File Edt View Project Report?D HFSS Took

9 undo | [ Docking windows -

@ zoom in

Ra Cory 5 Lyouts - @ zo0m out

B pate X 0

Desktop

save Zoom

View | Smuition  Resuts  Automation

- HFSSDesignl - § Parsmeter Plot 4]

e

Copy
image

oA

Project Manager > 7%

& Hybrid Regons

S Parameter Plot 4 HFSSDesign1 ANSYS

o e
@ fF dnaiysa
p—
5[0 Resuits
5 B3 5 Perameter ot 1
4] 5 Parameter ot 2
B8 2.45GanFiat
9 GaTotal
8 sanporz
& & sanrot
411 VSR Fiot 1
5Ll Antenr Params Table 1
£ 8 2.4GHz Gan ot
1 cBiGanTots)
5§ 56z GanFlot
5 3 GanPot
3 GanPots
B &) GanPots
1 Ganpot7
E-1l Antenna Params Table 2
B3 5 Perameter ot 3
i apis(s, )
& EJ S Parameter Plot 4
1 eBis(i,0)
i wis(z)
& @ GonPiots
1 cBiGanTot)
1 [ Fort Feld Dy

-10.00 -

2000

v

2000

4000

Curve Info
— s,
Selup’ - Sweep.

— s
Selup - Sweep.

i1 iy Fiekd Overlays S0 J !
5% Radation
£ Infinte Sphere

T
400
Freq (GHz)

R/
0‘0

Plotting the Radiation Pattern
» Click on Results from the Ribbon Tab.
» Click on Far Fields Report.

T4 ANSYS Electronics Desktop 2020 R1 - Iap_try_9.5 - HFSSDesign1 - 3D Modeler - SOLVED - [lap_try_9.5 - HFSSDesign1 - Modeler] - X
B File Edit View Project Draw Modeler HFSS Tools Window Help -8 x
I I 4 Cut ¥} Undo M elete All Reports |§| Iz‘ B2 Browse Solutions
3 Copy (™ Redo \# Modify Report (WY lean Up Solutions
Save Open  Output Modal Solution Fields _ Emission Antenna User Defined  Solution
[, Paste X Delete Report ~ Variables Data Report~ Report = Test Report = ~ Parameters Report~  Report~ Data mport Solutions
Desktop  View  Draw  Model  Simulation  Results  Automation (AR N
AT
; P
Project Manager ~ 2 x 5 gh Model a0 Component Libraries > 3 x
& Hybrid Regions ~ 2 Solids % Favor
(=Xt 20 Stacked  Mag/éng Polar  Data Table %2 Favortes
-8 Mesh %3 Most Recently Used
o JP Analysis &7 Substrate g9 HFSS Componerts
= — =
{7 optimetrics copper Fame | -3 Antennas
Resuits B FRA epoxy 411 Bicone
-E S Parameter Plot 1 4] Teflon (tm) ] 3D Polar 3D Spherical 2D Contour 3 Bowtie
i 5 Parameter Plot 2 = & vacuum 43 Chp
E-§ 2.45Gain Plot i &7 RadBox 3 Dipole
.53 Sheets E g:fm
1 Wave Port w
{3 Monopole
-1z, Coordinate Systems {3 PIFA
)4 Planes @ PIFA_1.7GHz_DT
- Antenna Params Table 1 B8 Lists & PIFA_24GHz_DT
- B o DIEA WA 1

» Select 3D Polar from the drop down
menu.

» Select the following parameters in the
pop-up menu

= Sources: 1:1

= Category: Gain

= Quantity: GainTotal
= Function: dB

» Click on New Report.

X

ﬂ_ Report: lap_try_9.5 - HFS5Design1 - New Report - New Trace(s)

[~ Context

Solution: ISempl:LastAdauhvE -
Geometry: |(Infinite Spherel hd

Trace | Families |

IPh\

~I[A
Bl

Primary Sweep:

Secondary Sweep: |Theta

Phi: [ Default [Phi

Sources: 11

(B I E N EN

Theta: W Defauit [Theta

Mag: IdB(Gaantal)

Range
Function

Function:

Category:

Variables
Quiput Variables

System Gain
rE

Directivity
it

NewReport | apely rrace | add Trac |

Update Report
(IV Real tme %l

Output Variables. .. | Dphons‘..l
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[l ANSYS Electronics Desktop 2020 R1 - lap_try_9.5 - HFSSDesign1 - Gain Plot - SOLVED - [lap_try_8.5 - HFSSDesign1 - Gain Plot 9]

wl

Save

Desktop  View

Froject Manager

File

Edit View Project Report3D HFSS Tools

[T] Docking Windows ~ Q

- Layouts ~

4 cut  ¥) Undo
53 Copy (™ Redo
[ Paste X Delete

Simulation

> 3 x

Results

Zoom

Automation

Window Help

& zoom In i " s
&) zoom out o Center

Fan  Rotate
R cursor

@ ovient -
Add
List

@, it Al E

@, Fit Selected

Animate  Copy
Image

oA

Ready
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88 Mech

- £ Analysis

[ optimetrics
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3 s Parameter Plot 1
4t 5 Parameter Plot 2
# 2.45GainFlot
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# 2.4GHz Gain Flot
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-8} 5GHz Gain Plot
3 Gain Plot 4
£23 Gain Plot 5
23 Gain Flot 6
# GainPlot7
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B 5 Parameter Plot 3
4 dB(s(1,1)
[ 5 Parameter Plot 4
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] Fort Field Display
+- Wiy Field Overlays

~
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Min: -40.2
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s

ANSYS

(5] Show 0 Messages | = Show Progress
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SECTION 2: HORN-FED REFLECTOR ANTENNA
Prepared by: Kwakye Akosah Jeffrey & Emmanuel Frimpong (Telecom Eng. 2021)

INTRODUCTION

Ansys HFSS is a 3D electromagnetic (EM) simulation software that can be used to design and
simulate high-frequency electronic items including antennas, antenna arrays, RF or microwave
components, high-speed interconnects, filters, connectors, IC packages, and printed circuit boards.
Ansys HFSS software is used by engineers all over the world to develop high-frequency, high-
speed electronics that can be found in communications networks, advanced driver assistance
systems (ADAS), satellites, and internet-of-things (1oT) devices.

This document is intended to show you how to create, simulate, and analyze horn-fed reflector
antenna system efficiently, using the ANSYS Electronics Desktop; HFSS and HFSS-IE Design
Environments.

This example is intended to show you how to create, simulate, and analyze horn-fed reflector
antenna system efficiently, using the ANSYS Electronics Desktop; HFSS and HFSS-IE Design
Environments.

The design process is divided into 4 main parts namely;

1. Part 1: HFSS Design of horn antenna

2. Part 2: HFSS-IE design of reflector with excitation linking to HFSS design in part 1.
Antenna solution using an Integral Equation and Physical Optics solution methods, both
techniques are available within HFSS-IE.

3. Part 3: HFSS Hybrid design of a reflector + horn antenna

4. Part 4: Design simulations and results
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1. LAUNCHING ANSYS ELECTRONICS DESKTOP

» Select Programs > ANSYS Electromagnetics > ANSY'S Electromagnetics Suite 16.0

» Select ANSYS Electronics Desktop 2016.

2. SETTING 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...

— Click the General tab

» Use Wizards for data input when creating new boundaries: v Checked
> Duplicate boundaries/mesh operations with geometry: ¥ Checked

— Click the OK button

» Select the menu item Tools > Options > Modeler Options....

— Click the Operation tab

» Automatically cover closed polylines:
\ Checked

> Select last command on object select:
Checked
— Click the Drawing tab

> Edit properties of new primitives: V
Checked
— Click the OK button

Options

Desktop Configuration
Project

Miscellaneous

User Interface
Directories

Desktop Performance
Default Units

Remote Analysis

Web Update

2D Extractor

Circuit Design

Circuit NetList Design
[ HFss

Solution Type
Materials

HFSS 30 Layout
HFSS-IE
Maxwell 2D
M Mavel Il 2

Component Libraries Options

[¥ Use Wizards for data input when creating new boundaries
[V Duplicate boundaries/mesh operations with geometry
[V visualize boundaries on geometry

[V Auto-assign terminals on ports

PART 1 - HFSS: CREATING THE HORN ANTENNA

s Opening a New Project

» In HFSS Desktop, click the / On the Standard toolbar, or select the menu item File >

New.

For basic design tutorials using HFSS:

https://www.youtube.com/playlist?list=PLdIVd39LNkpSaTzAFCS jh3sV3Gc21mNg
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» From the Project menu, select Insert HFSS Design.

DS E | &4 Inset HFSS Design
< Set Solution Type o1 Py
» Select the menu item HFSS > Solution Type 3 el .
. i (Rl W  Insert 2D Extractor Design
— Choose Drlven MOd&' :g':’:’::i‘ *%  Insert Circuit Design
. s %H  Insert Circuit Netlist
— Choose Network Analysis @8 Insert Macwell 30 Design
— Click the OK button -
lita Insert Maxwell Circuit Design
. m "f, Insert Simplorer Design
++ Set Model Units % Insert Filer Design ..
. . Name |Vale Insert Documentation File...
> Select the menu item Modeler > Units ST
— Select Units: in Lk BT
— Click the OK button v [ Submitob
> Select The Menu Item Draw > 3D Component Library — JECEEEpss o isbie.
S BrOWSe Message Manager Datasets...
— Browse 3D Component Dialog
> Filename: Horn_10GHz.a3dcomp Set Mol Units S
» Click the Open button sasctwix RN - |
— Insert 3D Component Dialog .
. mrcake donms uni
» FlareA: 2.65in
> FlareB: 1.95in or | Cancal
» Horn_length: 5.2in
» Click the OK button
> To f|t the VieW: ® | Insert 30 Component ]
— Select the menu item View > Fit All >
ACtiVE VIeW OR preSS the CTRL+D key l Flare:ama |2‘~;:lue |mumls |2i‘::ualad Value | Descrnpbon |
__|FlareB 155 in 1.55in
|__|Horn_length 52 in 5.2
|__|WG_length 1 in lin
3. CREATING THE AIRBOX Wall_Thickness 005 in 0.05in
_|= 09 in 0. %in
|25 b 0.4 n 0.4
» Select the menu item Draw > Region
— Padding Data: Pad all directions
similarly
— Direction: All
— Padding type: Absolute Offset Parameters | Imsge | Info
—Value: 0.3in
— Click Target Coordinate | Global ﬂ
Salution Type: Project] - HFSSDesign X the OK Madel is positioned such that the reference coordinate system in the model is
Diivan abgnad with speafied coordinate system in the target design.
& Mo button
¢ Composite Exciation
 Teming
@ Mabwmork Anahesss 0K Cancel |
€ Transsant
i Eigermode 27
QK Cancal

A ANSYS Electronics Desktop - Projectd
File Edit View Project Tools Window Help




4. CREATE RADIATION BOUNDARY

» Select the menu item Edit > Select > By
Name
— Object Name: Region
— Click the OK button

» Select the menu item HFSS > Boundaries
> Assign > Radiation...
— Click the OK button

5. CREATE A RADIATION SETUP

» Select the menu item

HFSS > Radiation > Insert Far Field Setup > Infinite Sphere

— Infinite Sphere Tab

.

» Name: 2D ;
Phi: (Start: 0, Stop: 90, Step Size: 90) ]
> Theta: (Start: -180, Stop: 180, Step Size:

1) i

A\

— Click the OK button

6. CREATING AN ANALYSIS SETUP

» Select the menu item HFSS>
Analysis Setup > Add Solution Setup
— Click the General tab:

» Solution Frequency: 10 GHz
» Maximum Number of Passes: 6
» Maximum Delta S per Pass: 0.02

— Click the OK button

g
¢
2
B

Solution Type...
List...

Validation Check...
Analyze All
Submit Job...

Edit Notes...

Toolkit

3D Model Editor

Set Object Temperature...
Design Settings...
Model

Boundaries
Excitations

Hybrid

Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields

Radiation

Results
Boundary Display (Solver View)

Design Properties...
Design Datasets...

Vv v v v v v oy

7

:El1=.=1m=§d«bEng%;.éwczssomi&
0B Eo0®E R _iD o <o <]k

Sgaar i i j]va(uum | ‘Il-lodel ~| BEE S = IR ORIV
e - e .

Anisotropic Impedance...
Set Default Base Name Finite Conductivity...
List... Impedance...
Delete All Layered Impedance...
Visualization... Lumped RLC...
Reprioritize... Master...
Edit Global Material Environment... Perfect E...
Assign DC Thickness... Perfect H...
PML Setup Wizard... RO

Slave...

Symmetry...

1
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7. SAVE PROJECT

>

Select the menu item File > Save As

— Filename: Reflector

— Click the Save button

Source Design Analyze

Select the menu item HFSS > Analyze All

PART 2: CREATING THE 3D MODEL

«+ Create Reflector

>

-

Select the menu item Draw > Equation Based
Curve

- X(1):0

=Y(1): (H*(1lem)

—Z(_1): (26.625-_t* 1/106.5)*(-1cm)

—Start_t: 0

—End t: 32

— Number of Points: 0

— Click the OK button

Select the menu item Edit > Select All

Select the menu item Draw > Sweep Around Axis

— Sweep axis: Z

— Angle of sweep: 360 deg
— Draft angle: 0

— Draft type: Round

— Number of segments: 0
— Click the OK button

Far Field Radiaticn Sphere Setup

Infinite Sphere | Coordinate System | Radiation Surface

Name |20
~Phi
Start [o fdeg -]
Stop E]] jdes  +|
Step Size |30 Ideg |
~Theta
Start jhao Ideg -
Stop J120 jdeg v
Step Size [1 fdes =]

Save As Defaults | View Sweep Points. .. |

o |

Cancel | Help

Equation Based Curve

K= [0 i
L= [Cotlen) = [
2L4=  |(26.625_t" t10B5F{1cm] =l |
Stat_t: [0 |
End_t [EE ]
Paints: |0 -l

[ o | Cancel |
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8. ASSIGN PEC

9.

Select the menu item Edit > Select All

Select the menu item HFSS-IE > Boundaries >
Assign > Perfect E

— Click the OK button

CREATE LINKED EXCITATION

>

Y

Select the menu item HFSS-IE > Excitations >
Assign > Incident Wave > Near Field Wave

— General Data

Name: Feed

Vector Input Format: Cartesian

Click the Next button

— Near Field Wave options

Theta (rotation about the resultant X-axis): 180deg
Click the Setup Link button

— Product: HFSS

— Source Project: \ Use This Project

— Source Design: HFSSDesignl

Driven Sclution Setup

General lOptions ] Advanced ] Expression Cache ] Derivatives ] Defaults ]

Setup Name: Setup 1

[v¥ Enabled ™ Solve Ports Only

Solution Frequency: |1D |GH2 j

Adaptive Solutions

Maximum Mumber of Passes: &

{* Maximum Defta S 0.02

" Use Matrix Convergence

Use Defaults

HPC and Analysis Options...

o]

Cancel |

— Source Solution: Setupl: Last Adaptive — Simulate source design as needed: V

— Preserve source design solution:
— Click the OK button

Satup Link 3

Ganeeal | vanabie Mappeg |
Product |HF 55 ﬂ

Source Progect  [F Lisa This Project

Sourca Design:  [HFSSDasignl -

Source Solutkan |5-|:Iu|:1 Lasthdapive -

[* Sirwlsie source design a= needed

[+ Presana saurcs dessgn soluban

Mokber In exracior mode, source project wil be saved upon e

oK Cancel
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PART 3: HFSS HYBRID DESIGN OF A REFLECTOR + HORN ANTENNA

After the creation of the horn, we export it as a 3D component and save it on a desired location on
our computer. Next, we design the parabolic reflector and save it as a separate component on any
location on the computer. Finally, we include the two components to obtain our parabolic reflector

antenna.

The horn is positioned such that its aperture is directly facing the inside surface of the parabolic
reflector with the aim of collecting and recycling electromagnetic emissions. The coordinate
system employed in this set up is the reflector focus coordinate system.

Next, a solution setup is added to the two components. After adding a solution set up, we do a
frequency sweep for our design. This is where we indicate the frequency range in which our design
should operate. We set the step size 0.05GHz.

Edit Frequency Sweep

General ] Defaults ]

Sweep Name: [Sweep]

Sweep Type: |Discrete j

Frequency Sweeps [241 points defined]

[+ Enabled

Distribution Start End
Wl Lincar Step 4GHz 16GHz Step size 0.05GHz
Add Above | Add Below | | Preview ... |

3D Fields Save Options
v Save Fields {All Frequencies)
[~ Save radiated fields only

Time Domain Calculation... |

Driven Solution Setup X
General WOphuns} Advan:ed} Expression Cache ‘ Derivatives I Defautts I

Setup Name Setup2

¥ Enabled [~ Solve Ports Only

Solution Frequency: ’hﬂi m
Adaptive Solutions

Maximum Number of Passes 6

(+ Maximum Dekta S 0.02

{" Use Matrix Convergence
Use Defaults

HPC and Analysis Options..

Cancel

o |

Cancel
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10. PART 4: 3D PATTERN RESULTS

» Create 3D Far Field Pattern for IE Solution
— Select the menu item HFSS-1E > Results > Create Far Fields Report > 3D Polar

Plot

> Solution: IE_Setup: LastAdaptive | ibaiatoral) |
» Geometry: 3D R
» Primary Sweep: Phi . L. SEE -l

5 B 1k v
» Secondary Sweep: Theta £ MBS0
> Category: Directivity i ——
» Quantity: DirTotal £ Lt e
» Function: dB . ) b2 408
> Click the New Report button -

=B, BhkE s

o HIEE vl
4 Dl 1E v
2. i e i
=7, AR w0
=1, i 1 I =80

NB: For results and discussion, refer to chapter 4 of our project report.
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SECTION 3: SPHERICAL PHANTOM DESIGN FOR SPECIFIC
ABSORPTION RATE (SAR) SIMULATION

Prepared by: Philip Arthur (MPhil. Telecom Eng. 2021)

INTRODUCTION

With the increasing 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 [1]. The specific absorption rate which is defined
as the amount of electromagnetic energy absorbed per-unit mass by the human body when using a
wireless communication device and can be represented mathematically as:

X E?
sap=2 > (1)

Where o is the conductivity of the body tissue (S/m), E expresses the RMS electric field intensity
(V/m) and p denotes the mass density of the body tissue (K g/m?). According to the IEEE C95.1-
2005 standard for safety levels with respect to human exposure to RF energy, SAR limit is set to
1.6 W/kg and 2 W/kg over 1g and 10 g of contiguous tissue respectively by the FCC and
International Commission on Non-lonizing Radiation Protection (ICNIRP).

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.

For basic design tutorials using HFSS:

https://www.youtube.com/playlist?list=PLdIVd39LNkpSaTzAFCS jh3sV3Gc21mNqg
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CREATE BOWL

» Select the menu item Draw > Sphere

» Using the coordinate entry fields, enter the sphere position
- X:0.0,Y:0.0, Z: 56.5, Press the Enter key

» Using the coordinate entry fields, enter the radius:

- dX:56.5,dY:0.0,dZ: 0.0, Press the Enter key
» Change name of Spherel to Bowl

@, Fit An

@), Fit Selected

]

oeon
=0
C el s

S A et L L - : rlmeued | B | | "\ Edge - | By ObjectCS - | Units 3D || [
Properties: Sph phantom - HFSSDesign! - Modeler
] Select Definition x
Arbute |
Materisls | Material Fiters |
[ Vae [WIE scmcr Peramete |
Bonl ‘Search by Name Search Crteria Libraries ¥ Shaw Project definfions |~ Show all lbraries |
[Ect | | — Bz by Propety [ p e  Edit Material X
~ Sewch | Relative Pemitivity -
Global Material Name
2 [My_Bowl
Madel / Name | Location Qrigin
,— of the: M. Material for
,— || titanium SysLibrary Materials @ Active Design
— [ |wngsten Syslibrary | Materials )
0 RN [Pmes (Ve [ R —"m—m—p—" ® b
| |vacuum SysLibrary Materials Buik Conductivity Simple |0 mens/m € Al Propetties
| |water_distiled SysLibrary Materisls Dislectiic Loss Tangent  Simple |0 Physics:
‘ | |water_fresh Sysbibrary Materials Magnetic Loss Tangent | Simple |0 B
| |water_sea SysLibrary Matenals Magnetic Saturati Simple |0 tesl.
| [zEoNEx Rs420 tm) SysLibrary Materials Lande 5 Factor Sinple |2 I Themal
- B l |__|ZEONEX R5420-LD5 tm) Syslibrary | Materials DeltaH Simple |0 B por_meter ™ Stuctual
| |gne SysLibrary Materials - Measured Frequency  Simple | 9.4+09 Hz
<] |__|zconium SysLibrary Materisls Mass Density Simple |0 ka/m™3 iew/Edit Modifier for
< I~ Themal Madfier
View/Edit Materials. Add Materal.. | Clone Materials]
[~ Material Appearance
I Use Material Appsarance
‘ Color

2.

Notes I

et Frequency Dependency... Caleulate Propeties for; =
Reset | |

Cancel |

Transparency:

Walidate Material

SET MATERIAL PROPERTIES (View/Edit Material Window)

» Change material name to My_Bowl
> For the Value of Relative Permittivity type: 4.6

» Click the OK button
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3.

4.

CREATE OFFSET COORDINATE SYSTEM

» Select the menu item 3D Modeler > Coordinate System > Create > Relative CS >
Offset

> USing the coordinate entry fields, £ Fillet _‘| Surface = &, Relative C5 = | EE Measure +
enter the origin {1 Chamrer | < sheet + | | L% iGHee e
- X:0.0,Y:0.0, Z: 81.5, Press ‘. Edge - o =
the Enter key
A2 Both

ﬂGr
b
D

Progress | X I:I ¥: I:I Z: |Ab5°|”tﬂ |t_'artesian ﬂ mm

E-4 Model
E1-47 Solids
£ My_Bowl
-7 Bowl
i} CreateSphere
E-le, Coordinate Systems
& Global
«, FEmeg)

42 Planes
& Lists 2

Re'lat'ivecsvl

CREATE THE OPENING IN THE BOWL

> Right click Bowl > Edit > Boolean > Split
» Split Window:

- Split Plane: XY

- Keep Fragments: Negative Side

- Click the OK button
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[

CREATE BRAIN FLUID

Set the working coordinate system (CS): Global or
simply click on the Global CS

Select the menu item Draw > Sphere

Using the coordinate entry fields, enter the sphere
position

- X:0.0,Y:0.0, Z: 56.5, Press the Enter key
Using the coordinate entry fields, enter the radius:
- dX:51.5,dY:0.0,dZ: 0.0, Press the Enter key
Change name Spherel to BrainFluid

=4 Model
 E-dP Solids
-5 My_Bowl
B W

: s Expand All

=-le, Coordinate § Collapse All

¢ 48 Global o .

L RelativeC Qs

-4 Planes Edit > B3 Copy Ctrl+C

G Group , B Paste Ctrl+V
Create 3D Component... X Delete Delete

F Assign Material.. Properties..
View N Arrange N
Properties... Duplicate »
Create Array ... Scale
Create Open Region ... Surface >
Update Open Region Padding... irilan 2@ Unite
' Subtract...
Sweep y | B
Assign Boundary > | et
Assign Excitation > Delete Last Operation ——
Aastan Hyorid ’ Separate Bodies
. . s
Assign Mesh Operation a—
Plot Ficlds ’ Imprint Projection >
Plot Mesh...
Plot VRT...
1

Simulation Results Automation

-4 Model
=7 Solids
-4 My_Bowl
E|._._/‘ Bowl
) CreateSphere
..00 SplitEdit
Bl Coordinate Systems

-9,

-4 Planes
-2 Lists
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Intersect || | \ Edge | % ObjectCS~ | Units e -]
Properties: Sph phantom - HFSSDesign - Modeler * r
Atribute
| | | Select Definition X
[ Value Materals | Materal Fiters |
BranFuid
. - Search
3 2| Search by Name Search Crieria I¥_Show Froject defintions [~ Show al lbraries
v & by Name by Property View / Edit Material X
Global
[ ot | [Relative Pemitivity | st Hame
Model [My_BrainFiid
] i ) Re
- / HName Location Origin pen| | Praperties of the Material ~Wiew/E dit Material for
S taniam Sysibrary Materials 1 Hame | Type | vake | Unis & Acive Design
0 tungsten Syslibrary  Materials 1 Relative Pemitiidty  Simple 42.3
— —] = " Active Project
vacuum Syslibrary  Materials 1 Bulk Conductivity Simple 0.3 siemensim Al Propettes
water_distiled Syslibrary  Materials 81 Dielectrio Loss Tangent  Simple |0 Physics
water_fresh Syslibrary  Materials 81 Magnetic Loss Tangent  Simple |0 (] Eesammgits
water_sea SysLibrary Materials 81 Magnetic Saturation Simple 0 tesla
H — — I Thermal
ZEONEX RS420 tm) Syslibrary | Materials 23 Lande G Factor Sinple 2
= ZEONEX RS420-L0S gm) Syslibrary | Materals 21 Delia H Single 0 A_per_meter I Stuctural
il zinc Syslibrary  Materials 1 - Messued Frequency | Simple 9.4e+03 Hz
zrconium Syslibrary  Materials 1 Mass Density Simgle 0 kg/m"3 Modiier
< I~ Thermal Modifier
View/Edit Materiais Add Material Clone Materialls)
~ Material Appearance
I Use Material Appearance
Color

Hotes I'
et Frequency Dependency. Calculate Propetties for: =
| |

Reset Cancel |

Transparency

Walidate Material

SET MATERIAL PROPERTIES (View/Edit Material Window)

» Change material name to My_BrainFluid
> For the Value of Relative Permittivity type: 42.9
» For the Value of Bulk Conductivity type: 0.9

» Click the OK button

=4 Model
=7 Solids

-4 My_Bowl
>
: (¥ CreateSphere
00 SplitEdit
My_BrainFluid

Elk. Coordinate Systel Expand All
@, Global Collapse All
1o RelativeCs1 .
- Planes
w4 Lists Edit
Group

Create 3D Component...
Assign Material...

View
Properties...
Create Array ...

Create Open Region ...
Update Open Region Padding...

Assign Boundary
Assign Excitation
Assign Hybrid

Assign Mesh Operation
Plot Fields

Plot Mesh...

Plot VRT...

¥
> 53 Copy Ctrl+C
, B Paste Ctrl+V
K Delete Delete
Properties...
s Arrange >
Duplicate >
Scale
Surface >
Boolean > @
(19
s Sweep >
H Delete Last Operat v
elete La eration
. =
»
>
i)
>

Unite
Subtract...
Intersect

Split...

Separate Bodies
Imprint...

Imprint Projection
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7.

9.

CREATE THE SHELL OF THE BOWL

» Select the objects: Bowl, BrainFluid
> Clone tool objects before subtracting: ¥ Checked
» Click the OK button

CREATE OFFSET COORDINATE SYSTEM

» Select the menu item 3D Modeler > Coordinate
System > Create > Relative CS > Offset

» Using the coordinate entry fields, enter the origin
- X:0.0,Y:0.0, Z: 69, Press the Enter key

'_‘| Surface &s Relative CS ~  EEfl Measure ~ 5H$Gr

&. Offset ler XY
22 Rotated 3D
A2 Both

SET THE FLUID LEVEL

amfer | == Sheet =
. Edge -

-0

» Right click BrainFluid > Edit > Boolean > Split

» Split Window
- Split Plane: XY
- Keep Fragments: Negative Side
- Click the OK button

Eﬂ Subtract

Blank, Parts

Tool Partz

B ol

J BrainFluid
|

[v Clone tool objects befare operatior

o |

Cancel

-4 Model
i Selids
- 5F My_Bowl
-4 Bowl
LD CreateSphere
.00 SplitEdit
-0 Subtract
o My_BrainFluid
- BrainFluid
g1, Coordinate Systems
4 Global
i1 RelativeCs1
[-45 Planes
w2 Lists

4
| Relati VEC?{Z
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gh Model
B-4P Solids
-89 My_Bowl
-4 Bowl
) CreateSphere
oo Splitedit
@ Subtract
-8 My_BrainFluid

e Expand All
1z, Coordinate collapse &l
A Global ollapse
<t RelativeC Select N
<%y RelativeC
-4 Planes (E=i 5 B3 Copy CtiisC
@ Lists Group , [ Paste Corlv
Create 3D Component... K Delete Delete
B Assign Material... Properti
iz s Arrang
Properties... Duplicats
Create Array . Scale
Create Open Region Surfac
Update Open Region Padding e
Assign Boundary > Sweep
Assign Excitation > Delete Last Operation
Assign Hybrid 5
Assign Mesh Operation >
Plot Fields 5
Plot Mesh...
Plot VRT..

10. CREATE AIR BOX

1.

» Select the menu item Draw > Box

» Using the coordinate entry fields, enter the box position
- X:-150.0, Y: -150.0, Z: -150.0, Press the Enter key

» Using the coordinate entry fields, enter the opposite corner of the
base rectangle:
- dX:300.0,dY: 300.0, dZ: 300.0, Press the Enter key

» Change name of Box1 to Airbox

CREATE RADIATION BOUNDARY

> Right click Airbox > Assign Boundary
> Radiation
> Radiation Boundary Window: T —

B sign Materisl_
- Name: Radl =
e
- Click the OK button G ter
Update Open Region Padding...
Assign Boundary
e :
Piat Fields —==
e
L T Linknd I mpeciarce.
R s
s i chiv: remets vk vl i o v Mt
Radation...
S
e

100 200 (mm)
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SECTION 4: PIN DIODE MODELLING FOR ON/OFF SWITCHING IN
RECONFIGURABLE ANTENNAS USING HFSS 2018

Prepared by: Philip Arthur (MPhil. Telecom Eng. 2021)

INTRODUCTION

Antenna reconfiguration has become an important feature in modern wireless communications
such as MIMO systems, cognitive radio, 5G and satellite communication systems, 0T networks,
and smartphones [4]. A reconfigurable antenna is capable of changing its performance
characteristics (resonant frequency, radiation pattern, polarization, etc.) by mechanically or
electrically modifying its architecture [5]. The basic goal of a reconfigurable antenna is to achieve
more functionality with a single antenna element or an array.

Metallic connection L
L
P Glass
N Rs Rp L Cr
N~ Intrinsic layer
(@) (b) ()

Fig.1 PIN Diode (a) Basic structure [50] (b) Equivalent forward bias circuit (c) Equivalent reverse
bias circuit.

The PIN diode is a simple technique of electronically modifying the functional properties of the
antenna by the switching states of the diode. The PIN diode conducts current in one direction only
and therefore determines the ON and OFF states respectively. When the diode is forward biased
(ON state) the equivalent circuit is a combination of parasitic inductance L and a series resistance
Rs as shown in Fig.4.0 (b). When a reverse-biased voltage is applied, the diode is known to operate
in the OFF state with the equivalent circuit containing a large resistance (Rp) in shunt with a
capacitor as shown in Fig.4.0 (c). This effect can be modeled as an RLC boundary in HFSS.

This example is intended to show you how to create, simulate, and analyze a PIN diode in a simple
transmission line using the Ansoft HFSS Design Environment.
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For basic design tutorials using HFSS:

https://www.youtube.com/playlist?list=PLdIVd39LNkpSaTzAFCS jh3sV3Gc21mNg

1.

CREATE DIELECTRIC SUBSTRATE

Select the menu item Draw > Box

Using the coordinate entry fields, enter the

sphere position

- X:-14.4,Y:-14.4, Z: 0, Press the Enter key

Using the coordinate entry fields, enter the

radius:

- dX:28.8,dY: 28.8,dZ: 1.6, Press the
Enter key

Change name of Box1 to Substrate

2. SET MATERIAL PROPERTIES (View/Edit Material Window)

» Assign material: FR-4 epoxy
> Click the OK button

. Select Definition %
Attribute
| Materials | Materal Fiters |
[ Meme ] e R - scarch Poarncters
Name Substrate Search by Name Search Citeria Libraies ¥ Show Project definiions [~ Show alllibraries
@ by Name " by Propety | [[personal] PET substrate
Edit ~
i | = -l F ( [personal] PET substrate?
alve Inside v n = [sys] AmoldMagnetics
Search IRe\atwe Pemnittivity LI isys) Aol ag ~
Orientation Global LI
Mode! v
o Vodd l_ / N — Orig Relative Relative BA
roup ode ame catien -2 Pemittivity Pemeability Cond
Display Wiref
MISPEVI reE l_ femite SysLibrary Materials 12 1000 0.01siemens.
at -
ol e nl T [ S R
—
Tﬂ or o 0 i aallium_arsenide SysLibrary Materials 129 1 0
fenspare (GE GETEK ML200/RG200 fm) Syslbrary  Matenals |39 1 ]
GIL GML1000 tm) SysLibrary Materials 112 1 0
GIL GML1032 tm) SysLibrary Materials 12 1 0
GIL GML2032 ftm) SysLibrary Materials 32 1 0
GIL MC5 ¢m) SysLibrary Materials 32 1 0
glass SysLibrary Materials 5.5 1 0
""" glass_P TFEreinf SysLibrary Materials 25 1 0
gold SysLibrary Materials 1 0.99996 41000000sie v
= E— e P —— s
View/Edit Materials... Add Material. Clone Material(s) Remave Materialis) | Export to Library.. |
I L
0
ok | Concel Hep |
2 x In
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https://www.youtube.com/playlist?list=PLdIVd39LNkpSaTzAFCS_jh3sV3Gc21mNg

3. CREATE GROUND PLANE

» Select the menu item Draw > Rectangle

» Using the coordinate entry fields, enter the sphere
position
- X:-14.4,Y:-14.4, Z: 0, Press the Enter key

» Using the coordinate entry fields, enter the radius:
- dX:28.8,dY: 28.8,dZ: 0, Press the Enter key

» Change name of Rectanglel to groundplane

gy

4. CREATE TRANSMISSION LINE

] 1o

> Select the menu item Draw > Rectangle e oo -
» Using the coordinate entry fields, enter the .
sphere position
- X:-14.4,Y: -1, Z: 1.6, Press the Enter
key
» Using the coordinate entry fields, enter the
radius:

- dX:28.8,dY: 2,dZ: 1.6, Press the Enter key

555555

» Change name of Rectanglel to TL

B subtract X
Blark Parts - Tool Parts
zlat TL
5. CREATE SLOT ]
» Select the menu item Draw > Rectangle
» Using the coordinate entry fields, enter the sphere position | |
_ X: _1' Y: _1' Z: 16, Press the Enter key ™ Clone tool objects before operation
» Using the coordinate entry fields, enter the radius: ! ok | Cancel

- dX:2,dY:2,dZ: 1.6, Press the Enter key
» Change name of Rectanglel to slot P

6. ASSIGN MATERIAL

» Select groundplane and TL
> Right click > Assign Boundary > Perfect E
» Click OK for PerfEl
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7.

8.

CREATE PORTS

>
>
>

Change drawing plan from default XY to YZ
Select the menu item Draw > Rectangle
Using the coordinate entry fields, enter the
sphere position

- X:-14.4,Y: -2, Z: 0, Press the Enter key
Using the coordinate entry fields, enter the
radius: e
- dX:0,dY: 2, dZ: 1.6, Press the Enter key s
Change name of Rectanglel to portl o ;
Duplicate along line to create port2 (click and
drag)

8
i
]
H
i
Ed
i
g
H

ASSIGN EXCITATION

Right click portl > Assign Excitation > Lumped

port

Draw integration line from bottom to top of portl

Right click port2 > Assign Excitation > Lumped

port ¢ Measure = 3 Grid @ Model -
Draw integration line from bottom to top of port2 == Ruler I | mpg vawum -
™ G ¥ Material

Units

S =

IComponent Libri

B4 Model
. [P Solids
i -3 Shests

=] pd
= pc
= Lump
H 3 Perfec
1o, Coordinate S
4 Planes
@ Lists

L]

-3 Lumped Port

Bxpand All
Collapse Al

Select
Edit

Group

Create 3D Component...

Assign Material...

View

Properties...

Create Array ..

Create Open Region ..

Update Open Region Padding...
Assign Boundary

Assign Excitation

Assign Hybrid Lumped Part...
Assign Mesh Operation Floquet Port...
Plot Fields etk

Incident Wave >
s Linked Field >
Plot VRT... Voltage...

Current...

Wave Port...

Magnetic Bias...
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Lumped Port : Modes

Lumped Port : Modes

Number of Modes: [1

Mode Line | Cl (20)
None
New Line

Use Defauits

< Back Next >

Cancel

Number of Modes: |1

Characteristic Inpedance (Zo)

Use Defaults

< Back Next > Cancel

9. CREATE RLC BOUNDARY

Y

Change drawing plan from YZ to XY
Select the menu item Draw > Rectangle
Using the coordinate entry fields, enter the sphere position

X:-1,Y:-1,Z: 1.6, Press the Enter key

Using the coordinate entry fields, enter the radius:

dX: 0.5,dY: 2,dZ: 1.6, Press the Enter key

Change name of Rectanglel to C1 (Blocking capacitor 1)
Duplicate along line to create 3 other rectangles (click and drag) in the same slot.
Rename other ending rectangle as C2, middle 2 rectangles as L and R

B4 Model
-4 Solids

- Sheets

=

mC

0L

EE=10}
3 Perfe
@12, Ceordinate
-4 Planes
-3 Lists

-4 FR4_epoxy
P Substrate

-4 vacuum
-7 RadiatingSurface

L]

=3 Lumped Port
553 Lumped RLC

Expand All
Collapse All

Select
Edit

Group

Create 2D Component...
Assign Material...

View

Properties...

Create Array ..

Create Open Region ...

Update Open Region Padding...
Assign Boundary

Assign Excitation

Assign Hybrid

Assign Mesh Operation

Plot Fields

Plot Mesh...

Plot VRT...

>

> 53 Copy
; & Paste
K Delete

Properties...

Arrange

g Along Line
iiF Around Axis...
b Mirror

Duplicate

Scale

Surface >

Boolean >
Sweep >

Delete Last Operation
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10. ASSIGN RLC BOUNDARY

YV VVYVY

Right click C1 > Assign Boundary > Lumped RLC

Draw integration line in the chosen direction of the current flow.

Set C1 and C2 = 0.5uF (ON state)

Right click L > Assign Boundary > Lumped RLC

Draw integration line in the chosen direction of the current flow (same direction as C1)
Set L =0.4nH, R =2 Q (ON state)

- For OFF state:

- SetCland C2 = 32fF

- Set L =0.4nH, in parallel with R => 15 kQ (ON state)

v

Ideal PIN diode (ON) Ideal PIN diode (OFF)

B Solids
| B4 FR4_cpoxy
7 Substrate
vacuum

| E-P RadistingSurface
[ 3 Sheets

-5 Lumped Port

=+ Lumped RLC

=

g Expand All
EEIL  Collapse Al
=
S Perfe Select >
@-l2. Coordinate Edit N
(-4 Planes
w9 Lists Group >
Create 3D Component...
&  Assign Material..
View >
Properties...
Create Array ...

Create Open Region ...
Updste Open Region Padding...

Assign Boundary > Anisotropic Impedance...
Assign Excitation > Aperture.. M
Assign Hybrid > Finite Conductivity...
Assign Mesh Operation > Half Space...
Plot Fields 5 Impedance...
Layered Impedance...
B TRt e
Plot VRT... Lumped RLC...
Master... !
0 2 4 (mm)
PerfectE..
Perfect H... B x { Progress
server: Local Machine. (5:3:55 pm Dec 01, 2021) Rodiation -
ninvaldated. Undo to recover. (6:47:19pm Dec 01, 2021)
server Local Machine. (5:47:54 pm Dec 01, 2021) Slave...
ninvaldated. Uindo to recover. (6:43:21 pm Dec D1, 2021) Symmetry..
server: Local Machine. (5:43:43pm Dec 01, 2021)
ninvaldated. Undo to recover. (6:51:44 pm De D1, 2021) PML Setup Wizard..
e § med M £7¥0:79 oo T 41 7MY
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Lumped RLC Boundary X

Marne: ILumpFlLEE

- Parallel A, L, CValue
I™ Resistance: [0 Johm -]
I Inductance: [0 o -]
W Capacitance: |05 leF ~]

Current Flow Line: | Undefined vl

Use Defaults |

Cancel |

Lumped RLC Boundary

W= [ umpR LCS

—Parallel B, L. CValues
[T Resistance: IEI Iu:uhm ;I
[ Inductance: IEI InH j
¥ Capacitance: IEI.E IpF j
Current Flaw Line: IDEfined LI

Uze Defaults |

Cancel |
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Expand All
Collapse All
[]---]L Coordinate
>
[1-&F Planes S
E- Lists Edit >
Group ¥
Create 3D Component...
= Assign Material...
View ¥
Properties...
Create Array ...
Create Open Region ...
Update Open Region Padding...
Assign Boundary ¥ Anisotropic Impedance...
Assign Excitation > Aperture...
Assign Hybrid -3 Finite Conductivity...
Assign Mesh Operation > Half Space...
Plot Fields > [pzineas
Layered Impedance...
Flotten.. Sl nee s | ——
Plot VRT... Lumped RLC... 0 2
Master... I i Progress
server: Local Machine. (6:38:55 pm Dec 01, 2021) Perfect E... :I
1invalidated. Undo to recover. (6:47:19pm Dec 01, 2021) Perfect H...
server: Local Machine. (6:47:54 pm Dec 01, 2021)
vinvalidated. Undo ta recover. (6:49:21pm Dec 01, 2021) Eadione
server: Local Machine. (6:4%:43pm Dec 01. 2021) Slave...
1invalidated. Undo to recover. (6:51:44 pm Dec 01, 2021) Symmet
server: Local Machine. (7:03:18 pm Dec 01, 2021) YIMEL-..
1invalidated. Undo to recover. (7:03:55 pm Dec 01, 2021) PML Setup Wizard...
servar |aral Machine (7041 nm Nar 0120210 —

Lumped RLC Boundary *

Marne: Lurn i

—Parallel R, L, C¥alues
™ Resistance: IEI Iohm ;I
¥ Inductance: |E|.4 InH LI
[” Capacitance: ID IpF LI
Current Flow Line: IDefined ;I

Usze Defaults |
ol |
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Lumped RLC Boundary X

REN| urpRLCS

Parallel B, L, CYalues

W Resigtance: |2 [ohm =]

[ Inductance: |D |nH J

[~ Capacitance: |0 [F =]
Current Flow Line: | Defined -
Usze Defaults

11. CREATE AIR BOX

12.

Select the menu item Draw > Box

Using the coordinate entry fields, enter the

box position

- X:-50.0, Y:-50.0, Z: -50.0, Press the
Enter key

Using the coordinate entry fields, enter the

opposite corner of the base rectangle:

- dX:100.0,dY: 100.0, dZ: 100.0,
Press the Enter key

Change name of Box1 to Airbox

CREATE RADIATION BOUNDARY

A\

Right click Airbox > Assign Boundary >
Radiation

Radiation Boundary Window:

Name: Radl

Click the OK button
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13. SIMULATION (ANALYSIS) SET UP =Y e

& FRA_epoxy

o —

> Right click Analysis > Add Solution Set up N limper Colasea

> Driven Solution Set up window: amem
- Set frequency = 2.4 GHz L Dl o g
- Set Maximum Number of passes = 20 S-S
- Maximum Delta S = 0.02 - >

- CI |Ck O K Create Array ...

Create Open Region ...

> Right click on Setupl > Add Frequency Sweep Updste Open Region Padding..
» Edit frequency sweep window: Asign Soundary

Assign Excitation

- Set frequency sweep from 1GHz — 5GHz e

Assign Mesh Operation Half Space...

- Cl |Ck OK Plot Fields > Ttz

Layered Impedance...
Plot Mesh...

Anisotropic Impedance...
Aperture.
Finite Conductivity...

_ H Linked Impedance...
Val Idate Plot VRT... Lumped RLC...
_ Master...
Analyze PerfectE...
Perfect H...
Radiation...
Slave...
Symmetry...
PML Setup Wizard...
LTInLUp viTwy Lravy o UL me
i =]
Project Man.ager 1 o= @E fﬁfa Mndel_ Drven Selution Setup %
P LumpRLC4 P =47 Solids
ﬂ Openl Es ER General lOpt\ons} Advanced} Hybnd] Expression Cache] Deri\ratwes} Defaults]
& PerfEl LP Setup Name Setup1
[‘]@ Exdtations Els ve ¥ Enabled [ Salve Ports Only
& 1 EI_P Adaptive Solutions
@ 2 Solution Frequency: ¥ Single ™ Mult-Frequendes " Broadband
-2 Hybrid Regions = Sheets
. B8 Mesh Operations E||:| Lu Freuency J24 o =l
HEW L 2 | Manimum Number of Passes 20|
‘ﬁ' c Paste Ctrl+V .
* Maximum Delta S 0.02
-8 %9t 5 4 Solution Set
El ResL p ULl ek " Use Matrix Convergence
: List...
SRS
Analyze Al
7 Port »
& ) Revert to Initial Mesh
'ﬁ Field
[EI--F? Radi Apply Mesh Operations

f#l-(] Definitio Clear Linked Data Use Defaults

Properties

Metwork Data Explorer...

HPC and Analysis Options..
Name | Valu Create Savant Project...

Comm.and Cre.. Create EMIT Project...
Coordinate... Glabe. THE& et

Cancel
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Validation Check: PIM diode model -

& HFssDesiont

Walidation Check completed.

HFS5Design

Cloze |

14. PLOTTING RESULTS

<« Design Settings
+# 30 Model

" Boundaries and E xcitations

' Mesh Operations
& Analpsiz Setup
¥ Optimetrics

< Radiation

(When PIN diode is switched ON)

v %

Walidate Analyze
All

> Right click on Results > Create Modal Solution Data Report > Rectangular Plot
> In the New Report dialog box

- Solution setupl: Sweep

- Domain: Sweep
- Primary Sweep: Frequency (All)

- Category: S Parameter

- Quantity: S(1,1)
- Function: dB
- Click New Report

ES Report: PIN diode model - HFSSDesign1 - New Report - New Trace(s)

Context
Solution:  [sepp1 : Sweep hd
Domain: m

[ |

Update Report

W Real time

Output Variables... ‘ Dptluns‘..|

X
Trace IFamiIies ] Families D\splay]
Primary Sweep: |Freq | [an |
X ¥ Default [Freg =]
Range
v [0 e
Category: Quantity: - Function:
Variables 5(1L,1) <None
Output Variables 501,2) ang_deg
s(2.1) ang_deg_val
¥ Parameter d ang_rad
Z Parameter 52,2 arg
VSWR cang_deg
Gamma cang_deg_val
Port Zo cang_rad
Lambda
Epsilon dB 10normalize
Group Delay dB20normalize
Active 5 Parameter dBc
Active Y Parameter im
Active Z Parameter mag
Active VSWR narmalize
Passivity re
Design

Project Manager
- PIN diode model

E

- g HFSSDesign1 (DrivenHModal)

g9 3D Components

& Model
#-EF Boundaries
8 Exctations

&F FRA_epory
-4 vacuum
(7 RadiatingSurface
-3 Sheets
553 Lumped Port

New Report |

| Close

- Definitions

Properties

Message Manager

= g8 HFSSDesi

_ﬁHF

AHF.
D e
A\ HF gy
D
I HE

Create Fields Report

Creste Emission Test Report
Create Far Ficlds Report

Create Antenna Parameters Report

Create Report From File...
Delete All Reports
Report Templates

User Defined Selutions...
Create User Defined Selution

Dataset Solutions...
Output Variables...

Link Output..
Update All Reports
Open All Reports

Create Document.

Create Quick Report...
Perform FFT on Report ...
Perform TDR on Report ...

Solution Data...
Tune Reports ..
Browse Solutions...
Clean Up Solutions...
Import Solutions...

Apply Solved Variation...

& Hybrid Regions = portl
BB Mesh Operations = port2
- Analysis 3 Lumped RLC
I optimetrics -3 Perfect E | ]
[ e 1
E Paste Ctrl+V
) iy Field 0 Create Modal Solution Data Repert > Rectangular Plot
(-5 Radiati

Rectangular Stacked Plot
Polar Plot

Data Table

Smith Chart

3D Rectangular Plot

3D Pelar Plot
Rectangular Contour Plot
Smith Contour Plot

3
z
z
2
2
2,
1
1
1
1
1

E Field [V¥/r

L 1B1C
951
4@l
L5249t

3188
108

. 8978
. B8AL
L4750
. 265

mEL;

-42:58pm Dec 08, 2021)

m Dec 08. 2021)

16:38pm Dec 08, 2021)

m Dec 08, 2021)

3436 pm Dec 08, 2021)

m Dec 08, 2021)

:38:04 pm Dec 08, 2021)
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S Parameter Plot 1 HFSSDesign1 &

—amea
2500 -
]
4000 ~
" 5 2k 2k 3o ok s A s
Fuator
> Rightclick on TL > Plot Fields > E > Mag_E
» Create Field Plot window : Click Done
> Right click on Mag_E1 > Animate
> Set up Animation window: click OK _
T Model Project Manager 3 x EI--’-@ Model
& -4 Solids
gt::;:: Efg =l I:I Sheets
153 PerfectE -3 Lumped Port
53 groundplane
Cootras Ecpana . Lumped RLC
Pz | Collapse All (%% Excitations =-3 Perfect E
Lists. H
Select > &% Hybrid Regions 3 groundplane
Zm : ..... B8 Mesh Operations -8 1L
C:::(:}DCompvnemm []...}? Analysis []---]4 Coordinate Systems
B Assign Material.. @ Optimetrics &8 Planes
- ’ Results -2 Lists
Properties..

B 5 Parameter Plot 1
4 dB(5(1,1))
£ Port Field Display

Create Array

Create Open Region
Update Open Region Padding.

Assign Boundary > )
Assign Excitation > Field Qverlays
Assign Hybrid > E Field
Assign Mesh Operation >
Plot ields > E > MagE L
Plot Mesh H > CompleMagE []...? Radiation Rename F2
DotV J » VestorE -1 Definitions XK Delete Delete
N Q >
Other > ‘ Properties Meodify Plot...
Radiation Field.
0 15 30 (mm) s .
Named Expression e — Name Unit Set Context To Active Window
Marker > -
R Name Mag... Export Plot...
Solution Set... et
nimate...
Phase 0 deg
Freq 24 |GHz " Plot Visibility
Reassign
Select Assignment
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Create Field Plot X

[~ Specify Mame |Mag E2 Fields Calculator ...
Setup Animation *
Mame:  [Apimation2 Deescription: |
Swept Variable l Design Foint ] Burace
3
Swept variable: Phase - E Field [¥/n]
3. LB19E+84
. 2. 9511F+au
2. T4RIE 4
Start: |D~:|eg 2. 5296E+8Y
2. A1BAE+AY .
. i70de 2. 1BAAE +aY
hy | g 1. BI7IE+AY4
1. GORSE -+
17
Steps: | u 1. 4757E+a4
1. 2B5BE+aY
nline 1, B542E+aY
5. 43UZE+E3
6. 3266E+423
4. 2189E+23
2. 11126483
3. 54U2E+20
oK | Cancel

% (When PIN diode is switched OFF)

» Set parallel combination of R and C from the Boundaries and simulate (analyze all) —
Refer to section 10.

> Right click on Results > Create Modal Solution Data Report > Rectangular Plot

> In the New Report dialog box

- Solution setupl: Sweep

- Domain: Sweep

- Primary Sweep: Frequency (All)

- Category: S Parameter

- Quantity: S(1,1)

- Function: dB

- Click New Report

Right click on TL > Plot Fields > E > Mag_E

Create Field Plot window : Click Done

Right click on Mag_E1 > Animate

Set up Animation window: click OK

YV V V



dB(S(1,1))

025

038

-0.50

S Parameter Plot 1

HFSSDesign1 4

E Field [¥/m]

3. 33AYE+EY4
3. 1@5EE+EY
2, BEETE+EY
2. BE4IE+EY
2. Y430E+EY
2. 2212E+6Y4
1.9995E+64
1.7775E+@4
1.5557E+64
1.3538E+684
1.112Z0E+@4
§.9813E+83
B. BEZSE+A3
4. $E44E+BI
2, Z4GEE+E3
2, 755@E+E1

kX
Freq[GHz]
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SECTION 5: MODELLING BENDING FEATURES IN FLEXIBLE
ANTENNAS USING CST 2019

Prepared by: Philip Arthur (MPhil. Telecom Eng. 2021)

INTRODUCTION

The demand for wearable electronics to establish wireless body area communication has been
growing rapidly. This places unique requirements on some electronic devices to possess
conformable features. The flexibility feature has some striking advantages over its fixed
counterparts in wearable applications. Due to the random postures of the host body, poor
performance effects may result from the operation of these devices. Several applications of body-
worn sensors in health monitoring, sports and entertainment, emergency services and the military
present the demand for flexible antennas. Hence, the simulation and design techniques to address
the conformable features and its effects in such systems is equally important.

This guide is intended to show you how to apply bending features to an already designed slotted
planar monopole antenna using the Computer Simulation Technology (CST) EM tool. CST Studio
Suite is a high-performance 3D EM analysis software package for designing, analyzing and
optimizing electromagnetic (EM) components and systems [6].

Meander Line Antenna
integrated with SAW resonator

Fabricated Antennas

Fig.1 Applications of Flexible antennas [8]-[11]
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1.

LAUNCHING CST

» Select Programs > CST Studio Suite 2019
» Close quick introduction video window.

New and
Recent.

Projects

Workspace

Parameter List

[E] Quick Introduction Video

EESEERE o

] Do not ask me again

Do you want to open the "Getting Started Videos™ help page
to watch the Quick Tntroduction Video?

Close]

I )

X Messages

Messages

Progress

» Click on > New Project Template >

New Project from Template

New
Template

Project Template

area.

Antenna - Planar_1
MW & RF & OPTICAL, Time Domain

Flexible_Antenna
MW & RF & OPTICAL, Time Demain

Antenna - Planar
MW & RF & OPTICAL, Time Domain

Modules and Tools

B &

Circuits &
Systems =

PCBs &

Simulatien Packages

Create a project template with settings tailored to your application

-

-

-A
Antenna CST Filter
Magus Designer 3D

CST STUDIO SUITE

Recent Files

Restore last session
1 Project(s)

vivaldi_Ant.cst
(CAUsersvApe\Desktop\Desings\vivaldi

On-Body_ant_PETsubst_switchPort.cst
Ci\UsersApe\Desktop\Desings\CST

On-Body_ant_PETsubst_switchPIN.cst
CAUsersiApe\Desktop\Desings\CST

E On-Body_ant.cst
CAUsers\Ape\Deskicp\Desings\CST

On-Body_ant_PETsubst.cst
CAUsers\Ape\Desktop\Desings\Fleskible\cst designs

On-Body_ant_PETsubst_switches.cst
Ci\UsersuApe\Desktop! Desings\Fleskible\cst designs

-
&5 ¢ 4 54
CST Chip FEST3D SPARK3D
Interface

System
Simulator

B ¢

IdEM

-

Create

New Template

Create a project template with
settings tailored to your application
area.

In addition a new project is created
with these settings. The project
template can be used later to create
similar projects.
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» Click on Microwaves & RF/Optical > Antennas

CST STUDIO SUITE

(5] csTSTUDIO SUITE
Create Project Template

Choose an application area and then select one of the workflows:

' Antennas

N Circuit & Components

New and Recent

Component Library

;é; Radar Cross Section

Biomedical, Exposure, SAR

'Iﬁ‘h Optical Applications

Help

"8 Manage Projects

E Options
=3 License

% Periodic Structures

EMc/emi
Next > Cancel
T —— il T e ———— T ————
ircuits & PCBs & Antenna CST Filter CST Chip FEST3D SPARK3D System 1dEM
Simulation + || Systems ~ Packages Magus Designer 3D Interface Simulator
» Click on > Planar (Patch, Slot, etc.) > Next
CST STUDIO SUITE
Bl csTsTUDI0 SUITE
Create Project Template
MW & RF & OPTICAL | Antennas
Please select a workflow:
—_—— - N )
Waveguide (Hom, Cone, Planar (Patch, Slot, etc.) Wire Phased Array, Unit Cell
etc.)
New and
\. J \ PN J
ent Library
I N N N ~
Mobile Phone, Integrated Reflector Dielectric Resonator RFID
\ \ JoL JoL J
< Back Next > Cancel
ED) [T Greutse || PcBs& ||| Antenna || CSTRiter || CSTChp || FEST3D || SPARKED || System ||  laeM

Simulation ~ | | Systems ~ Packages Magus Designer 3D || Interface Simulator




» Click on > Time Domain > Next

CST STUDIO SUITE =
CSTSTUDIO SUITE
Create Project Template
MW & RF & OPTICAL | Antennas | Planar (Patch, Slot, etc.) | Solvers | Units | Settings | Summary
The recommended solvers for the selected workflow are:
© Time Domain
T for wideband or muitiband antennas
~ N
» Frequency Domain
for resonant antennas
J
= - N
H‘ Multilayer
assumes infinite dielectrics and groundplanes, fast for 0-
thick metals
\ J
< Back Cancel
— —_— — = v —
[ 3D i Circuits & T PCBs & ™ Antenna T CST Filter i CST Chip T FEST3D i SPARK3D i System i IdEM
Simulation + | | Systems ~ Packages Magus Designer 3D Interface Simulator
CST STUDIO SUITE X
[E] csTstupio suite
Create Project Template
MW & RF & OPTICAL | Antennas | Planar (Patch, Slot, etc.) | Solvers | Units | Settings | Summary
Please select the units:
Dimensions: mm v
Frequency: GHz v
New and R 9 ¥
t Lib Time: ns v
Temperature: Kelvin v
Voltage: v T
Current: A v
Resistance: Ohm v
Conductance: s v
Inductance: H v
Capacitance: F T
< Back Next > Cancel
— — — e v —
[ 3D i Circuits & T PCEBs & il Antenna T CST Fitter i CST Chip T FEST3D i SPARK3D i System i IdEM
Simulation v || Systems Packages Magus Designer 3D Interface Simulater
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» Set frequency from 2 -3 GHz > Check E-filed, H-field and Far field > Next

CST STUDIO SUITE =
CSTSTUDIO SUITE
Create Project Template
MW & RF & OPTICAL | Antennas | Planar (Patch, Slot, etc.) | Solvers | Units | Settings | Summary
Please select the Settings
Frequency Min.: 2 GHz
Frequency Max.: GHz
New and Recent 9 v :
£ Lib Monitors: E-field H-field Farfield [] Power flow []Power loss
nt Library
Define at 2:2.5;3 GHz
Use semicolon as a separator to specify multiple values.
e.g. 20;30;30.1;30.2;30.3
< Back Next > Cancel
T ey T e T — T [T =T
3D Circuits & PCBs & Antenna CST Filter CST Chip FEST3D SPARK3D System IdEM
Simulation ~ | | Systems ~ Packages Magus Designer 3D Interface Simulator
CST STUDIO SUITE 25
Bl csTsTUDI0 SUITE
Create Project Template
MW & RF & OPTICAL | Antennas | Planar (Patch, Slot, etc.) | Solvers | Units | Settings | Summary
Please review your choice and dick "Finish' to create the template:
Template Name: Antenna - Eenqul
Solver Units Settings
New and R X
- Dimensions: mm - Frequency Min.: 2 GHz
- Frequency: GHz - Frequency Max.: 3 GHz
nt Library . Time Domain - Time: ns - Monitors: E-field, H-field, Farfield
J - Temperature: Kelvin - Define at: 2;2.5;3 GHz
Antennas which consist of flat radiating elements, e.g. printed
microstrip, PIFA, slot, spiral or monopole geometries.
< Back Finish Cancel
T ) Mo T T T - T T T T o
ircuits 8 PCBs & Antenna CST Filter CST Chip FEST3D SPARKZD System IdEM
Simulation v | | Systems ~ Packages Magus Designer 3D Interface Simulator
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2. HIDING THE BOUNDING BOX

» Goto > View > Uncheck Bounding Box

B ™5 =

File Home  Modeling  Simulation  Post-Processing

My

G TR

Bounding Box

izl i I

View Copy Export  Hide Show Wire ‘Working Dimension = Rectangle
Options | View - Image - -  Textand labels = Frame Plane - - Selection -
Options Exchange Visibility Crrawing Selection

3. ANTENNA BENDING

» Perform outward cylindrical bending along the x-axis (u-axis; local coordinate)
» Select componentl > Go to Bending Tools > Cylindrical Bending
» Cylindrical Bend Window:

- Impact direction: Two sided

- Bending Parameters: Select Angle = -90 or choice of angle

- Preview; OK

[MELEILLIN Simulation  Post-Processing  View

% [ Background EOHOB- B % Q o 5 Bend Tools = R /- )/ A Pick Points ~ [ @ @ I_’ @ Pare

o Material Library = Bend Sh Cirl+2 Pick Lists =
Bt " e [ | Tensform Align Eiend Boolean £F Bend Shape e | B
. @ New/Edit - : - .

- Properties History Calculator P
Bend Layer Stackup Q Clear Picks List

Exchange Materials Shapes Tools Cylindrical Bend Picks Edit

e = Bornd
©
-Ed Groups

-Ed Materials

-[@ Faces

[d Curves

[8 Wcs

L@ Anchor Points
Fd Wires

[@ Voxel Data

-8 Dimensions

3 Lumped Elements
3§ Plane Wave
-0 Farfield Sources
-0 Field Sources
{4 Ports

{4 Exctation Signals
{3 Field Moritors
¥ Voltage and Current Monitors
T Probes

3 Mesh

[ 1D Resuts
[ 20/3D Resuts
-B2 Farfields

-2 Tables
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Cylindrical Bend

Impact direction
(® Two sided () One sided

Bending parameters
(®) Angle: | 30 |

() Radius: 10

[ ]Length: 0

L

For basic bending and antenna modelling tutorials in CST:

https://www.youtube.com/watch?v=nnnr0ccXOmE

https://www.youtube.com/c/tensorbundle/videos
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https://www.youtube.com/c/tensorbundle/videos
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