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Patch Antenna

RFID

Reader antenna with
two polarisation setups

HFSS 3D Model

Intenna




Array Antenna
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TPMS (Tire Pressure Monitoring System)
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2. Antenna Analysis Process

HHIUE AAlskE FA oA AFEH o A= AlEdold AZE o= g A
A S 7o R ekal syt Yubd o2 A of = 2D MoM (method of moment)
7IME FE2 AFESF oY dAol= 3D 7]Wke] mesh S AF&3E AAPEEA]
AZESE F2 ARSI A5YTh 2D 2 3D 7] ARSI AT E =
25 54349 mesh gt £S5 845 o]&std] stz st FRE
EARY . A skl s FRE 758 B2 b (triangle) WO R Lol A
zkzre] Az o] BAHFAA AAGEEE Adteke WAS MoM ogtal &
Nom 4 79 AP oz FAH 4 WA (tetrahedron)2 U&= WS FEM(finite
element method)2}x2 &1t}

T 7HA WA B duldd HA Y mesh & bl whet gekst g o
A Fafrol A o] g &gt Y FetnHE €& F ASH T

ShA| R o} B3 = 2] s wfuic) wiH vl Al = o, AlYoF §He
Tyt J83 4 = HA2 mesh & 7@ A8 Lol obdyty., whelA
ofF 71EAQ FRuk dstH H Ao mesh & 35 process 71 3 Q.5H
HY}. o] W28 automatic adaptive mesh algorithm ©] 2}z g o,

o

AN Verex: Explicithy
A | A= Soled
S~ | Edge: Explicithy
h < 5 ':jl\ :: k . SD"‘U’Ed
Face:

Interpolated
219 1. FEM(+-3F 221, finite element method)oll A AF-8-% &= AP 2] mesh

Automatic adaptive mesh algorithm 2] & 19 2 o} & =S ubg} 23y

date= Fx2E 28AY EYEolA(import), A A8 5, afAlstaat sk
7% F3}4(adaptive solution)= ¢J2 3} initial mesh = Uis = 54Ut} Initial
mesh = -39 AH 3} 7]EFuhaol] osf A A oJ A= 3 (lambda)ell 1] # 6f
71 A7} AT AARH YUY o] 2 A A initial mesh ol A S-parameter A ¥}=
FZ= 4 AdF Yt SRk initial mesh ol A AlAbE = Ao FJEAH S AT wkst
H A 77} glem 2 initial 2= T2 mesh XA A3E F712 434
H 2L T}, Initial mesh Gl S] B = AL 35 (ko] 548 YA HSLE Hol&
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T2k mesh & Z=715te] 3ty o sAskA AUk ASdE 23S A4 F
71l 1A 39 initial mesh ¢ ZAx}¢} v dte] AFg27)F 383 e xp&H U}

—?‘Oﬂ‘_—; 1:1:];}2 mesh = —,—7]—0]»5_7_, + A= H]J-Lg;\;_: uf| /\]..g.x]_j'_ 2] A 3}
oY S AT AALE S mesh & A AR QA= B S ;g_gqr/}_
aeRE o] H|AFoA AR JHET ARRE o4 dfAlE F 3k (adaptive
frequency) 9t A& thE W Fx27} 7= S g E o] 9 3-89 3k (delta S)qF
At U] s A As o2 APy, .

'mm =)

Create Initial
Mesh

A

y B
Solve fields using the T e

Finite Element Method
& P/

T

Calculate local
Solution error

Max{|AS|)=<goal?

Calculate broad band
s-parameters (if desired)

1% 2. Adaptive mesh &2 5 2] process 7lE =

o] o] HEH o= ¥ (converged) Foll = initial Xt} mesh 7}
NI A 7F 7F WEH = metal & B4 2] 550 mesh 7} 2HA LA 2
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\.‘::‘ ¥
% :,;'.\\N' :
- / i
. ‘/./ ] ‘ 3
7 Initial , -~ Converged
\4 r \ //

1% 3. Adaptive mesh algorithm < ©]-&3F mesh 44 374
19 3. Finite Element Method (FEM) to solve Maxwell‘s equations.

Ty 29 A4
HFSS += discrete, fast, interpolating ¢] 3 7}4] €} 9 =34 293 X L3y},

Discrete

Solves adapted mesh at user specified frequencies.

Can save fields for post-processing if desired

If one solution take N minutes, then M discrete points takes M x N minutes

Fast

Creates a rational polynomial function for Electric field at the adaptive
frequency, and then plugs in the frequency range to extrapolate field over
specified range

Usually only valid over less than a decade range in frequencies

Don’t use near DC

Interpolating

Solves adapted mesh at start, stop and midpoint of frequency range, and then
uses this to create a curve—fit for all complex S—parameters.

Then iteratively add solutions to improve curve fit.

Useful for very broadband S-parameters

Only for S-parameters / Fields are NOT saved over frequency range

Can extrapolate S—parameters to DC value

Sweep EFeJel|l W} adaptive frequency ¢ A& o] vpd 4 95Ut 7t
sweep EF¢lo w2 ¥ A adaptive frequency & 3% 1. oA &<l 4= 9l &,
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¥ 2. = 7 sweep type o] WHE

=
54

55 7=

il

SES

Sweep Type Adaptive Frequency
Discrete Highest In Band Frequency
Fast Fregjgrtlil; Oéand
Interpolating Highest In Band Frequency

3% 1. sweep type I

£ adaptive frequency

# of )
Bandwidth
Sweep Type Speed Freq. -t nged Memory
., % | Limit Fields
Points
Slow for a Same as
) large , All
Discrete 10’s None ) Last
number of Frequencies )
. Adaptive
points
Fast for
a large
sweeps All More than
Fast Can be <10,000| Octave ) Last
Frequencies )
slower Adaptive
for small
sweeps
Only Same as
Interpolating Fast <10,000| None Last Last
Adaptive | Adaptive
¥ 2. sweep type °] & EA
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Dependent Solve Setup

Antenna has two resonant frequencies
corresponding to the two conducting squares

linked by conducting bridges

Design goal: Radiate at 2.4 and 5.5 GHz, return
loss

of -10dB.

Dependent Solve: Setup at 2.4GHz, 5.5GHz add
sweep to cF:apture complete frequency dependence

<1

- Analysis

o g Seim
Optim Copy
--[3] Resul & Paste

--@ 3D
o

e .3 'g_D > Delete
2
-k PortF

=1-fr] W
A Add Dependent Solve Setup...

Rename

Properties...

Add Frequency Sweep...
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S ovidy_
=% Radiation
s Infinite Sphere1
1-gf# Design2_horn (DrivenMadal
&7 Model
- IF Boundaries
¥ Rad1
¥ walls
—-#3 Excitations
B2 WavePortl
B Mesh Operations
—-fF Analysis
S Setupl
£ Setupl_1
Optimetrics
- Results
-8 3D Polar Plot 1
# rETotal
-8 3D Polar Plot 2
#4 dB(DirT otal)
- Port Field Display
-1 WavePart
£ Mode 1
- [i Field Overlays

Solution Setup

General lOpticms] Advanced | Defaults |

Setup Name: Setupl_1
[w Enabled [ Solve Poris Only
Solution Frequency: |10 IGHz ~

Adaptive Solutions

Maximum Mumber of Passes: |5

® Maximum Delta 5 |D.I}2

(" Use Matrix Convergence

Use Defaults

All settings from parent (Setupl) are copied to child (Setup1_1)

ANSYS Antenna Design
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Solution Setup

General] Options Advanced lDefauIts]

Initial Mesh Options
[v Use Current Mesh from:

(@ Current Design Setupl ﬂ

i~ Other Design |

Adaptive Options
[

e |

2 |

FPort Options

Maximum Delta £o: |2

| Use Radiation Boundary On Ports

| Set Triangles for Wave Port

Use Defaults |

X

OK

Cancel

The dependent setup uses the mesh from the parent setup

Dependent setups can further be added to existing dependent setups

ANSYS Antenna Design Guide
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Ansoft Corporation > Plot 1 HFSS Design2
0.00

dB(St{coa_pin_T1 coa
i ta

200 3bo e abo st sbo

19 Terminal Return Loss vs Frequency

- Antenna Simulation Setup
1. Accurate S-Parameter Predictions
2. Accurate Impedance Parameter
Predictions
. Accurate Field Pattern Predictions
. Efficient Simulation Resources
. Easy to Setup

o B~ W

A Circular Patch Antenna
& Varied Airbox dimensions such that the
absorbing boundary condition is different
distances from the antenna

& M20, M0, A/8, A4, N2, 3N/4,
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Ansoft Corporation Return Loss Comparison

0.00

Return Loss (dB)
5
[}
=
(=]
|

-30.00

Curve Info
—— 0.050 Lambda
—— 0.010Lambda |
—— 0.125 Lambda
~— 0.250 Lambda
—— 0.500 Lambda

0.750 Lambda
—— 1.000 Lambda |

T

” T T T 'g.éo T T T 19-110 T T T ol 9-§0 T T 'g_éo L T 110-

I T T T T I T T T T
00 10.10 10.20

Freq [GHz]

S-Parameter Dependence on Radiation Boundary Air Box

Size

&

A

A\\\

&

&

M4 and A case are within 13MHz of each other

Determine weather you need a radiation boundary or a PML

& Radiation faster

& PML more robust and can be brought closer to strong radiating

currents

Size Airbox appropriately

& Radiation boundary farther than A/4 from strong currents

&  PML farther than A/8 from strong currents
Use output variable convergence on a field quantity to make sure the fields
have converged as well as the S-parameters
Set a reasonable max(DeltaS) to avoid unnecessary simulation time and
RAM
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& Consider an alternative integration surface for better accuracy and reduced

simulation time.
& Consider any additional seeding that might reduce the simulation time or

required RAM

Edit sources
& Active S-parameters
& Infinite Spheres
& Local coordinate systems and how to apply to calculated
patterns

- QR | pot Feids »

N

+ ! Jeu Elot Mesh..,
+ B Mol e gt cources...
« WEF :

Tw Modify Plot...

e Modify Attributes...

AT ¥+ Animate..

Bk Set Plot Defaults...
g3 Open...

23 Save As..,

o Delete Fiot..

J* Calculator,..

ANSYS Antenna Design Guide
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Edit Sources Dialog

1) Right click on “Field Overlays”

R
w W Jsu  BlotMesh.,

" @ve[Cemsares. ] 2) Select “Edit Sources”

+ 5 Radiat AR S€HNg...

These fields are editable

Ta Modfy Flot...

T Modfy Arbutes... Edit Sources W
I_’—J.v Animate... —
: S Set Plot Defaits.. Source Type | Sohved Magnitude | Sohed Phase | Scaling Factor | Offset Phase | Uinit

‘WavePortl:1  Port W Odeg 1 0

&3 Cpen... WavePort21  Port W Odeg

& Save hs.. 3) Changing the scaling factor and/or phase of the sources

fji:t changes the following in post-processing:

- » E, H, and J fields on the 3D geometry
» Far-field plots (patterns)
» Active S-parameters
| (0] 4 | Apply Close
ANSYS Antenna Design Guide - 16




2. Antenna Fundamentals
i. Radiation Pattern

Infinite Sphere A 4

e — -

Insert Far Field Setup

1 Definiti

Infinite Sphere. ..

Insert Mear Field Setup 4
Antenna Array SetUp...

May want to change the defaults so that a 2D field
plot has theta = 0 in the middle of the x-axis.

Far Field Radiation Sphere Setup Rl

Far Field Radiation Sphere Setup

Infiits Sphere | Coordinte System | Fadiation Surfaca | Infinite Sphere | Caardinote System | Fiadision Surtace |
Mama m Mami |Inhnne Spherel
Fhi Phi
Stan [o |deg ] Stant o [deg |
sop  [360 ldeg =] sop 18 [deg =]
Swep Sire |10 |deg | l Swep Size  [10 [deg -]
Thitta Thata
“ § — S a—
Stop [180 |deg | Stop [150 [deg =]
SwpSus |10 [deg -] SwpSize 10 [deg i
Standard Defaults
Seve s Defouts ] Vigw Swasap Points I I Sewe As Defauits I View Sweep Foints |
0k | Cencel | Hilp o | coom | Holp |

ANSYS Antenna Design Guide
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Far Field Radiation Sphere Setup

X

Infinite Sphere I Coordinate System | Radiation Surface |
-
Fhi
Staut o [deg -]
Stop |EII.'I Ida q ll
Step Size |EIEI Ide q ﬂ
Theta
Start 180 |deg -
Stop |180 |deg -
Step Size |1El Ideg ﬂ
Save As Defaults | View Swaep Points.__ |
0K | Cancel | Help |

ANSYS Antenna Design Guide
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X

Far Field Radiation Sphere Setup

Infinite Sphere  Coordinate System | Radiation Surface |

" Use global coordinate system

(@ Use local coordinate system

Choose from enasting coordinate systems...

MNote:

In order to define local coordinate systems go
through the main menu: ‘3DModeler -»
‘Coordinate Systam' =» 'Create’

oK Cancel | Help |

Relative coordinate systems may be used to modify
the reference orientation in the far-field calculations.
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[example]

Active S11 XY plot

2D dB(RealizedGainRHCP) plots

3D polar dB(RealizedGainRHCP) plot

Scaling Factor | Offset Phase
Port 1 0

Port 2 @0

Note: The Edit sources dialogue is set to the following the these plots to create
circular polarization

1) Right click on “Results”

+ E o 3 FPaste

+ E 2l
08 1l Create Modal Solution Cata Report Rectangular Plot

ANSYS Antenna Design Guide - 21




= Report: 2p4GHzDualLinearPolPatch - 2. 4GHz Dual Feed - ActiveS11 - dB(ActiveS(WavePort1:1)) [Z|

— Context

Solution: flsenm1 : Sweepl -

Domain:  [Sweep |

Output Variables... | Options... [

Trace |Fami|i5$ I

Primary Sweep: |Freq =l |‘M| —i
Xx: [v" Default | Freq _i
v:  |dB(ActiveS(WavePortl:1) Function...

Category:
Variables

Output Variables
S Pararmeter

¥ Parameter

£ Parameter
WEWR

Gamma

: Paramater
Active ¥ Parameter
Active Z Parameter
Active WSIWR

New Report | Apply Trace ‘ Add Trace ‘

2) Select
“Rectangular Plot”

“Modal Solution Data Report” »

ANSYS Antenna Design Guide
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Ansoft Corporation ActiveS11 2 4GHz Dual Feed

5.00 -
0.00
EEEE N Cune Info |
-5.00 - — AcheSWarPatT
E Setupi :(Sﬂgeemf'u"."a\-e ot |
] — B(ActieS Port2:1
-10.00 ] Setupi :(St;vgeem('u"."a\-e 1) |
= 4
> )
-15.00 -
-20.00
-25.00
1401.601.802.002.202.402.602.80 3.003.203.40
Freq [GHZ]
=) [
¥ = Paste
o Bz Create Modal Solution Data Report. *
@ Re P
o B Ar Create Fields Report *
--Ed Re Create Far Fields Report Rectangular Flot
" i {Zreate Emission Test Report * Radiation Pattern
* Fie
[ Delete Al Reports Data Table
+ =
3D Rectangular Flot
Feport Templates *
30 Polar Plot

ANSYS Antenna Design Guide
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ﬂ Report: 2p4GHzDualLinearPolPatch - 2. 4GHz Dual Feed - New Report - New Trace(s)

Context Trace | Families |

Soton: |senp::Lasdaptve ¥ | o opeen: [ ~|]an B

Geormetry: [2D_Phi0_Phig0 ~| X: [+ Default | J
v:  [dB(RealizedGainRHCF) Function...

Choose the
: 4 Category: Quantity: Function:
Infinite sphere = ResizsdcanTon e B

Output Varisbles RealizedGainPhi abs
1 h Ph = 0 rE RealizedGainTheta Ele
Wlt I o Gain RealizedGain acosh
Directivi RealizedGain' ang_deq
and Phi= 90 i s g2

Polarization Ratio RealizedGainLHCP asin
Axial Ratio
I Antenna Params RealizedGainL 3x atan
On y Design RealizedGainL3Y atanh
cos
cash
Update Report dB10nor malize o
[v Real time b < >
Output Variables... | Options... | New Report | | Close
aEme R T RealizedGainRHCP 2.4GHz Dual Feed
mi 00000 | 65706
= Cure ik
o ] — d3{Realized GaMRHCP)
oL oo Setupl : LastAdapine
) ] — di({RealizedGamRHCR)
I 1000 7 Setnl - LastAdamie
-~ .
= ]
© 2000 I
Y, ]
E ]
-30.00 ]
o ]
o 1
@ 4000 ]
o 1
T oo ]
.G-ED.DD 1
-50.00 i
-200.00-150.00-100.00 -50.00  0.00 50.00 100,00 150.00 200.00

Theta [deq]
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Select the plot

CRa R ealizedGainRHCR

Change to a Radiation Pattern Plot (Polar plot of
far-fields)

Properties
Mame | Yalue
Marme FealizedGainBHCF

Feport Type FarFields
Display Type &Y Flot

dB(RealizedG... XY Plot CHF)
Ciata Table
Fadiation Pattern

-]

e [ Tew | Ang | wag plzedGainRHCF 2.4GHz Dual Feed
™1 | 00000 | 00030 | E50 0

-30

Cure Infa

— d8{ResizedGaNRHC)
Setup - LasiAdapihe

—— daReaizedZainmHIR)
S2lupl : LasiAdapine

-90

-120 120
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