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Principle Numerical 3D EM Methods

Method of Moments (MoM)

Solves Maxwell’s equations in integral form in the frequency domain.
(boundary conditions included in integral)

- For discretized volume/surface of sources, integral eq. reduces to a matrix eq.

- Solves matrix eq. exactly to get J(r;) and o(r,).
- Once J(r;) and p(r;) are known, then compute E(r;) and B(r;).

Finite Element Method (FEM)

Solves Maxwell’s equations in differential form in the frequency domain.

—> Entire solution volume is discretized, boundary cond. imposed explicitly.
—> Diff. eq. become large sparse matrix eq.
- Solves matrix eq. approximately to get E(r,), and thus B(r,), J(r)), and p(r).

Finite Difference Time Domain (FDTD)

Solves Maxwell’s equations in differential form in the time domain.

- Staggered E and B cubic discretization lattices (MoM/FEM -> triangle discr.)
- Calculate E - calculate B - time-step forward - calculate E, etc ...




Commercial 3D EM Solvers

FEKO (part of Altair Inc.)

- primary solver. MoM
—> also uses FEM, FDTD, and hybrid MoM-FEM.

HFESS (part of ANSYS)
- primary solver: FEM
—> also uses hybrid MoM-FEM

COMSOL Multiphysics (Ac/DC and RE modules)
- primary solver: FEM

CST Microwave Studio (by CST)

= primary solver: FDTD (with some integral eq. solving also).




Open CADFEKO




CADFEKO
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C. startup.cf
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G}‘ 3D rendering test @

CADFEKQ is currently using software (slow) rendering, and will switch over to hardware
(fast) rendering when the Test hardware rendering’ button is pressed. If CADFEKD ttarted Guide
doses unexpectedly during this test then try to update the graphics card drivers. Also
see www ., feko.info/GF¥support for a list of supported graphics cards and drivers for [Notes
hardware rendering.

If needed, the rendering settings can be changed via Application me
Rendering options.
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Just in case: Adjusting the Rendering

CL CADFEKO - [Untitled]
O3S O ¢
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| 197 Preferences
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@ 30 mouse
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Rendering mode
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@ Software z-buffer

Face displacement

Meshes
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Geometry
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Transparency mode
() Hardware

@ Software

The ideal face displacement depends on the graphics card. This value should be increased if the
edges appear broken and decreased if edges which are supposed to be hidden become visible,

[ ]
30 view text

() Smooth (anti-aliased)

@ Standard

Reset to defaults
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POSTFEKO

Recent projd
P, startup_pf
Recent mody

Mo recent mod

PI‘ 3D rendering test @

POSTFEKQ is currently using software (slow) rendering, and will switch over to hardware
(fast) rendering when the Test hardware rendering’ button is pressed, If POSTFEKO
doses unexpectedly during this test then try to update the graphics card drivers. Also
see www, feko.info/GEXsuppart for a list of suppaorted graphics cards and drivers for
hardware rendering.

If needed, the rendering settings can be changed via Application m
Rendering options.

G Release informatid
& Videos and webinars
& White papers
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5l | tore

D Mew project
— sl

Open project
E Save project

E Save as...
% Add model

Settings
ﬁ Preferences
Far
‘ 3D mouse field , field , estimate .
% Component launch options :
Chan

Rendering mode Transparency mode 3D view text

) Hardware z-buffer () Hardware ) Smooth {anti-aliased)
@ Software z-buffer @ Software @ Standard
Face displacement

The ideal face displacement depends on the graphics card. This value should be increased if the
edges appear broken and decreased if edges which are supposed to be hidden become visible,

E Website

& Demonstration 1



FEKO workflow

&

Construct Insert Specify calculation Mesh Solve/Run
model Sources/Loads reguests model model




FEKO workflow

52

Construct Insert Specify calculation Mesh Solve/Run
model Sources/Loads requests model model

O a9 ¢
Home  Construct  Transform  Windscreenm  Sourcefload  Request  Mesh  SolvefRun Tools  View  Display options

LHT Lr2di, OO0 1A TAOE ™ /S IYWYNIA

Variable Media Add Add @ Plane / Periodic  Finite Cuboid Flare Sphere Cylinder Cone Rectangle Polygon Elipse Paraboloid NURBS Line Polyline Fitted Bézier Analytical
- point  workplane ground boundaries arrays. surface spline  curve  curve

Define Structures Create solid Create surface Create curve

g




FEKO workflow

52

Construct Insert Specify calculation Mesh Solve/Run
model Sources/Loads requests model model

MU e

| =R Home  Construct Tramsform  Windscreem  Sourcefload  Reguest  Mesh  Solve/Run  Tools  View  Display options

m ® /BJ f &5 Microstrip port 2% FEM modal part @ @ H — m (G)) @ @ ﬂﬁ: ﬁﬁ:

* Magnetic dipole
Frequency Power Wire  Edae T T FEM line port Voltage Waveguide Current FEM modal Flane Aperture Spherical Radiation Add  Metwork  TX
port port Q ' 4 ¥ 5 : source exctation source exctation wave \'\Impressed current field modes  pattern load line

Settings Ports Sources on ports Ideal source Equivalent sources Loads [ networks




FEKO workflow

52

Construct Insert Specify calculation Mesh Solve/Run
model Sources/Loads requests model model

B EATIRA S
Construct  Transform  Windscreen  Sourcefload  Reguest  Mesh  SolvefRun Tools  View  Display options

Home
@ % F}YI @ & % (Ei @Iﬂ @I Aﬁge Q Paglr_ii:%:‘ers #\%ﬁl Cnén:llzn%'ne

Cable
function, goals

Far Near Error  Currents | Transmission [ Receiving  SAR
fields  estimation reflection  antenna, probe search mask

A

Multiport  Characteristic| Configuration

Standard
settings . || fields

configuration S-parameter  modes
Configurations

Solution requests




FEKO workflow

52

Construct Insert Specify calculation Mesh Solve/Run
=OnSHuct -
model Sources/Loads requests model model

D& a= ¢

F Home  Construct  Transform  Windscreen  Sourcefload  Reguest  Mesh  SolvefRun Tools  View  Display options
@ @ @ @ @ @ E Polyiine refinement %.\ Distorted element q:, V} Remoyve collZpsec
Create  Info se model UnlinF Delete Paint ﬁ Adapti B Clashing ﬁ Intersecting triangle Create  Merge ﬁ( L L
mesh mesh | mesh  mesh || refinement D —— geometry ﬂ Oversized element || triangle meshes L?‘;; Merge vertices

Meshing Simulation mesh Refinement rules Find Fix




FEKO workflow

52

Construct Insert Specify calculation Mesh Solve/Run
model Sources/Loads requests model model

=R

Construct  Transform  Windscreem  Sourcefload  Reguest  Mesh  Solve/Mun Tools  View  Display options

B - Home
L | B BB B o s

Symmetry FDTD boundary NGF | Enable Solver View by FEKO POSTFEKO EDITFEKO Antenna FEKO
conditions solution settings || validate solution || solver Magus  terminal gsRemnte

Solution settings Validate Runjlaunch [




FEKO: 3D perspective navigation

Rotation: Mouse-left-click + drag

Zoom: Shift + Mouse-left-click + drag vertical

Translate: Ctrl + Mouse-left-click + drag
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Dipole Antenna: Construction definitions

D%mlﬂ’mﬂ

E - Construct | Trans Unit
%} (Xy.2) I Elhm (@) iMillimetres (mm)’
X=

() Centimetres (cm)

Variable Media Add Add @
- - point  waorkplane

Define () Inches (in)
() Feet (ft)
() Specify

() Metres (m)

Cancel




Dipole Antenna: Construction definitions

NBEas ¢

B - Home  Construct = Trans

%} (Xy.2) I Elmhm (@) iMillimetres (mm)’
h . () Centimetres (cm)

Variable Media Add Add @
- point  waorkplane

Define () Inches (in)
() Feet (ft)
() Specify

Unit

() Metres (m)

| I:I;L Add variable \

| olevariohl W
§= Multiple variabl \

\ O Cancel

"Construct Configuration

Ttems
=- [‘.I_neﬁn'lthns Mame ||en th
= Variables s
- ¢l = 1/sqrt(eps0=mu0) 100
> epsi = 8.85418781761e-12 Expression
mul = pi*4e-7 Comment |
oo pi = 3.141592633585979323846
- 2f0 = sqrt(mu0/eps0) Value 1[r[ Evaluate
- Media
- Workplanes
= Model 0 Sancs

“- Geometry




Dipole Antenna: Construction definitions

NBEas ¢

B - Home  Construct = Trans

J %} {xi.z} ‘L‘ i

Variable Media Add Add @
- point  waorkplane

Define

| I:I;L Add variable \
i §= Multiple variabl \

Sa

"Construct Configuration
Ttems
- Definitions
=H Variables
-l = 1/sgri{eps0®mul)
- epsl = 8.85418781761e-12
- length = 100
- mul = pi*4e-7
- pi = 3.14159265358979323846

- Zf0 = sqri{mul/eps)
- Media
- Workplanes
= Model
- Geometry

Mame

Expression

Comment

Yalue

~ Add 2nd variable

Unit

(@) iMillimetres (mm)’

() Centimetres (cm)
() Metres (m)

() Inches (in)

() Feet (ft)

() Specify

Cancel

|radius

0.5

0.5

Evaluate

Cancel




Dipole Antenna: Construction definitions

D%mlﬁ‘@fﬂ

"B~ Construct

%} (xy.2) ‘L‘

'l.n'arlable Media Add Add

-

- point  waorkplane
Define

< .
*'i Media library

D Windscreen layers

O Dielectric medium
EI Impedance sheet

| ' Layered dielectric

ﬂ] Layered dielectric (anisotn

@ Metallic mediurm

Trans ‘
Elhm "Construct Configuration
Ttems
ﬁ & Definitions
- Variables
o) = 1/sqrt{eps0™mul)
""EpSD = 8.85418781761e-12
Iength =100
~mul = pi*4e-7
- pi = et a6 W TR
- -m =0 5

_"_-ﬂ-

D--Medla

B..

= Model

- zf = sgri{mul/eps0)

Perfect electric conductor
Perfect magnetic conductor
Free space

Metallic

M copper
- Workplanes

‘- Geometry

View mode

(@ Simple () Advanced

Media in library

Filter |

Medium
Alumina_9%9p5
Aluminium
Aluminum_Nitride
Aorta_Human
Beeswax

Beryllia
Bladder_Human

Blood_Ovine

Brnna ~ancallnne H

Source
FEKO
FEKO
User
FEKO
FEKO
FEKO
FEKO
FEKO

EEKT

I ROQRUQNeNeS

- ‘ Duplicate

Label ||

| Add to model | |

Close




Dipole Antenna: Construction definitions

[ & O fﬁ' c Add “Copper” to model

"B~ Construct ~ Trans

%} {x,y,z} I Elhm “Construct Configuration
Items View mode

'l.n'arlable Media Add Add @ = Definitions _
v v point  workplane - Variables ®) simple () Advanced
-l = 1/sgrt{eps0®mul)
Define ----epsD = 8.85418781761e-12 Media in library
~-length = 100
- mul = pi*4e-7 Filt “
- pi = 3.14159265358079323846 fiter
- radius = 0.3 -
- -z = sqri(mud/eps0) Type Medium Source
3 Media library y ~y £ Media _
iy - [ Perfect electric conductor @  cConstruction_coner... FEKO
~ -y ,Efer?g;?caegnem conductor P Construction_glass  FEKO
o Dielectric medium ERe % P  cConstruction_struct... FEKO
G- Wnrl-:;llanes ~ y a Construction_wallb... FEKO
Impedance sheet =
Z] e = "?fgﬁ'ﬂmew P Copper FEKO
[‘j] it maro a Copper_dielectric User
a Cornea_0Ovine FEKO
m] Layered dielectric (anisotn @  Dielectrict User
<M niclarteicl 1 Llear
@ Metallic medium Mews - | Duplicate Delete
D Windscreen layers Label |

‘ Add to model | | Close




Dipole Antenna: Construct Antenna

RS

B - Home Construct

LY Are2ms . 3OO I A TA0 ©®(

Varisble Media Add Add Plane / Periodic  Finite

point  workplane
Define

- -

Structures

Transform  Windscreen  Sourcefload  Request

ground boundaries arrays.

“Construct Configuration

Items

&+ Definitions

- Variables

-l = 1/sqrt(eps0®mul)

- epsll = 8.83418781761e-12

- length = 100

- mul = pi©4e-7

- pi = 3.14158265358979323846

- radius = 0.5

-~ zfl = sgri{mu0/eps0)

= Media

Perfect electric conductor

Perfect magnetic conductor
Free space

=+ () Metallic

"l copper

- Workplanes

EH- Model

= G_eometi

Mesh  Salve/Run

Cuboid Flare Sphere Cylinder Cone
Create solid
Gt Modify line

Geometry Workplane

Tools  View

Display options

ofline  Fitted
spline

Rectangle Polygon Elipse Paraboloid MURE Bézier Analytical

curve curve

Create surface Create curve

ns P2 Z(N
wou ';’/ﬂ
Start point
u 0.0 i1
v 0.0 i1
M |-Iengthf2 iﬂ
End point o _
u 0.0 & ?_»\Y
v 0.0 i Ay
M |Iength,-’2 Fﬂ
Label |Antenna | zoom out to see
| oK | | Apply | | Cancel | fUII antenna




Dipole Antenna: Construct Antenna - assign material

‘Construct Configuration

Ttems gF -
& Definitions
= Variables . i i
- c0 = 1/sqrt(eps0*mu0) Properties | Meshing | Solution
~ eps0 = 8.85416781761e-12 . . ZIN
~length = 100 Wire segment radius /
- mul = pi~4e-7 Local wire radius
- pi = 3.141509265358979323846
- radius = 0.5 Radius |radius
- zf0 = sqrt(mud/eps0)
- Media Wire core medium
- Perfect electric conductor
- Perfect magnetic conductor Medium | Copper -
Free space
=+ Metallic - ,
[ copper Coating | Perfect electric conductor
- Workplanes
= Model |:| Apply
£ Geomet

Coating name

N

Antenna 5 al | | Cancel |

= Wires ‘




Dipole Antenna: Excitation Source

E - ‘Home  Construct Transform  Windscreen  Sourcefload = Request Mesh  Solve/Run  Tools  View  Display options

JW ® )( | | @Microstrip port !FEM modal port @ @ t o

Fi P Wi Ed Voltage W ide C t FEM modal Pl ‘ TR s
requency Power ire ge Waveatide port FEM ina'port ge Waveguide Curren modal ane
port port Q e 5 2 source excitation source excitation wave \4\ Impressed current

Settings Ports Sources on ports Ideal source



Dipole Antenna: Excitation Source

“Construct Configuration

Items

= Definitions
- Variables
- ¢l = 1/sgri(eps0®mul)
- epsl = B.85418781761e-12
- length = 100
- mul = pi*4e-7
- pi = 3.14159265358079323840
~radius = 0.5
- zf0 = sgrt(mul/eps0)
= Media
Perfect electric conductor
Perfect magnetic conductor
- il Free space
= [ Metallic
. Copper
B Workplanes
= Model

Er Forts
’( Portl

B G_eumeti

Details

= Wires

Antenna f ﬁ
Coowieez

Source/load = Reguest Mesh  Scolve/Run  Tools

)( \| & vicostripport 2P FEM modal port @ @ H

Frequency Power Wire e f.;l Waveguide port 5 FEM line port

Settings Ports.

Sources on ports

cdge |EENIES:

Place port on

@ Segment

Location on wire

() start
(®) Middle
() End
() Other

% 0.0

[ ] Reverse polarity
Label | Port1

‘ oK | | Apply ‘ ‘ Cancel

Voltage Waveguide Current FEM modal
source excitation source excitation

View  Display options

t Electric dipole

* Magnetic dipole
Plane
wave \\Impressed current

Ideal source

ZIN




Dipole Antenna: Excitation Source

“Construct Configuration

Items

= Definitions
- Variables
- ¢l = 1/sgri(eps0®mul)
- epsl = B.85418781761e-12
- length = 100
- mul = pi*4e-7
- pi = 3.14159265358079323840
~radius = 0.5
- zf0 = sgrt(mul/eps0)
= Media
Perfect electric conductor
Perfect magnetic conductor
- il Free space
= [ Metallic
. Copper
B Workplanes
= Model

Er Forts
’( Portl

B G_eumeti

Details

= Wires

Antenna f ﬁ
Coowieez

Source/load = Reguest Mesh  Scolve/Run  Tools

)( \| & vicostripport 2P FEM modal port @ @ H

Frequency Power Wire e f.;l Waveguide port 5 FEM line port

Settings Ports.

Sources on ports

cdge |EENIES:

Place port on

@ Segment

Location on wire

() start
(®) Middle
() End
() Other

% 0.0

[ ] Reverse polarity
Label | Port1

‘ oK | | Apply ‘ ‘ Cancel

Voltage Waveguide Current FEM modal
source excitation source excitation

View  Display options

t Electric dipole

* Magnetic dipole
Plane
wave \\Impressed current

Ideal source

ZIN




Dipole Antenna: Excitation Source

» E ~ -Home Cmsﬁuct Transform  Windscreen ~ Source/Load Mesh  Solve/fRun  Tools  View  Display options

M ® )( f A5 Microstrip port !FEMmodalport @ H t’ I 3:;:::';:'&

Frequency Power Wire  Edge B\ : t " Voltage Wdrequide Current FEM modal Plane
port port @ PEVERCI 5FEM szl cfcitation source excitation wave \\Impressed current

Settings Ports Sources on ports Ideal source

Regue

"Construct Configuration

Ttems e -
- Definitions

[ Variables

-l = 1/sqrt(eps0™mul)

- epsl = B.85418781761e-12

- length = 100

- mul = pi©4e-7

- pi = 3.14159265358979323846

- radius = 0.5

- zfl = sqri{mul/eps0)

= Media

Z[N

Perfect electric conductor
Perfect magnetic conductor
- [l Free space Fort Portl
- Metallic
[l Copper Voltage

B Workplanes Magnitude (V)
- Model

£ Geometry Phase (degrees) |D

/ Anie -

Port impedance {Ohm) |SD

>

Label |VOItage50urce1

select o [ ww ||

Details
Antenna f ﬁ
= Wires

(3 wire2 [ |




Dipole Antenna: model configuration

E - ‘Home  Construct Transform  Windscreen  Sourcefload = Request Mesh  Solve/Run  Tools  View  Display options

JW ® )( | | @Microstrip port !FEM modal port @ @ t Beccame

Fi P Wi Ed Voltage W ide C t FEM modal Pl ‘ TR s
requency Power ire ge Waveatide port FEM ina'port ge Waveguide Curren modal ane
port port Q e 5 2 source excitation source excitation wave \4\ Impressed current

Settings Ports Sources on ports Ideal source

‘ ZIN

Constr

StandardConfiguration1 B rap -
= Definitions
- Variables
- Media
- Workplanes
= Global
W Frequency [0 Hz]
= E Sources
=+ Configuration specific
- ¥ Requests




Dipole Antenna: set solution Frequency

‘Home  Construct Transform  Windscreen  Sourceload =~ Request Mesh  Solve/Run  Tools  View  Display options

® ;( T~ @ vicostipport B Fem modal port @ <] @ H t Electric dipole

Wie Ed B Wavigsle thoret reMmoda || e T Teerenctpde

Power ire ge id £ FEM li t ge Waveguide Curren modal ane

port port @ a2 “ iz source excitation source excitation wave \\ Impressed current
Ports Sources on ports ‘ Ideal source

Frequency Export Advanced

|Sing|e frequency

Construct [Configuration”
StandardConfiguration1

E} Definitions Frequency (Hz) |3096
. B Variables

E} Conﬁguratlon specrﬁc
¥ Requests

Cancel




Dipole Antenna: Calculation Requests

D View

RREAEID A
| =[R2 Home  Construct  Transform
B &)
B © =
B am
Standard Multiport Characteristic| Configuratid
configuration S-parameter  modes settings

Configurations

Construct "Configuration”
StandardConfiguration1 v ar -
(- Definitions
- Variables
ol = 1/sqrt(eps0®mun)

- eps = 8.85418781761e-12

-~ length = 100

o mul = pi*de-7

epi = 3.14159265358070323846
~radius = 0.5

“-2f0 = sqrt{mu0/eps0)

(- Media

- Workplanes

= Global

Wk Frequency [30 MHz]

= E Sources
"9 voltageSourcel
= Configuration specific
= %) Requests
=) Far fields

Sourcefload  Reguest

il B g

Error  Currents | Transmission [ Receiving

ear
elds estimation

Z{N

Mesh  Solve/Run

Solution requests

Tools  View  Display options

@ Tl @ oA Gl @ dl

Cable Add  Activate| Add Parameters| Add goal Combine
probe search mask function, goals

Position | Workplane | Scope | Advanced |

(®) Calculate fields as specified

() calculate fields in plane wave incident direction

Start End

g oo &l @00

? 0.0 ¥ |360.0

Increment Number of field points

g |5.D 8 37

Horizental cut (UV plane)

Vertical cut (UN plane)

Vertical cut (VN plane)

3D pattern All angles are in degrees

Label | FarField1

Apply | | Cancel




Dipole Antenna: Calculation Requests

& = w

Standard Multiport Characteristic| Configuration

configuration S-parameter  modes settings -
Configurations
Construct Configuration”
StandardConfiguration1 - ar -
= Definitions
= Variables

-l = 1/sqrt{eps0®mu0)
- epsD = 8.85418781761e-12
~length = 100
omul = pit4e-7
pi = 3.14150265358079323844
- radius = 0.3
w20l = sqrt{mu0/eps0)
(- Media
- Workplanes
= Global
- W Freguency [30 MHz]
= E Sources
"9 voltageSourcel
= Configuration specific
= ¥ Requests
) Far fields
- (® FarField1
£ Near fields

Request Mesh  SolvefRun  Tools  View  Display options

2B @ ThEh QA G @ d

Currents | Transmission / Receiving SAR  Cable Add  Activate| Add Parameters| Add goal Combine
reflection  antenna. probe search mask function, goals
Solution requests Optimisation

Pasition | Workplane Scope Advanced

Definition methods

ECartesian

|Specify number of points

Start
U 0.0

U |00

v |Iength,l’10 v |Iength

il |—Iength i} |Iength

Increment Number of field points

ult

uoo

v |10

N |41

N 5

Sample on edges

Label | MNearFieldl

| | Apply | | Cancel




Dipole Antenna: Calculation Requests

| =R Home  Construct  Transform  Windscreen  Source/Load Mesh  Solve/Run View  Display options
— ) (El\'lﬁ
& = G OF N B\ % of @ oA G '@ b
B am
Standard Multiport Characteristic| Configuration Far Mear Bnsmission [ Receiving SAR Cable Add  Activate Add Parameters| Add goal Combine
configuration S-parameter  modes settings - || fields fields estimatl reflection  antenna. probe search mask function, goals
hn requests Optimisation

Configurations

Construct 'Configuration”
StandardConfigurationl e~
- Definitions
= Variables
-l = 1/sqri{eps0®mui)

- epsl = 8.85418781761e-12
~length = 100

~omul = pit4e-7 Labels
pi = 3.14159265358979323846
- radius = 0.5
L 2f0 = sqrt{mu0/eps0)

- Media

- Workplanes

=8 Glohal

----- W Frequency [30 MHz]

EI E Sources
----- i~ VaoltageSourcel

= Configuration specific

= ¥ Requests
EH Far fields
@ FarField1 Add Remove
- Near fields

|AII currents

‘- nearField1 [ JiExport currents to ASCII files (*.05/*.0l)i
Export currents to *.out file

B Currents
Label | Currentsi

| oK | | Apply | ‘ Cancel




Dipole Antenna: Mesh the model

* Remove duplicates

Clashing Create  Merge
geometry a Oversized element || triangle meshes th Merge vertices




Dipole Antenna: Mesh the model

D%mlﬁ‘?fﬁ T

EH- Transform  Windscreen  Sourcefload  Reguest  Mesh  SolvefRum Tools  View  Display options
Distorted element R I
@B [0 R R B S P ) 4, g B
‘« Intersecting triangle ﬂ( Remove duplicate:
Create Info semodel| Unlink Delete Point ﬁ.ﬁ.dapﬁue I ETT] Clashing Create  Merge
mesh mesh | mesh  mesh || refinement geometry ﬂDVEfEiIEd element || triangle meshes -'i?k Merge vertices

Meshing Simulation mesh Refinement rules Find Fix

[Construct Configuration

Items &
- Definitions

= Variables

-l = 1/sqrt(eps0®mu0)

- epsl = B.85418781761e-12

Properties Meshing Solution Froperties Salution

- length = 100 .

- mul = pi*4e-7 Wire segment radius Mesh size

- pi = 3.14159265358979323846 2

- radius = 0.5 Mesh i |4== di

7f0 = esh size |4 radius
2f0 = sqrt(mu0/eps0) Radius |radius |

= Media
Perfect electric conductor

Perfect magnetic conductor Wire core medium

Free space .
B[ Metallic Medium |Copper v|
M copper
[+ Workplanes Coating
= Model
Ll Geomet ] Apply
E\‘ Ports Coating name -

o, \\1;
| Vo

/
Antenna bov &9

Cancel

Cancel

- Wires ‘




Dipole Antenna: Mesh the model

LD We

Transform  Windscreen  Sourcefload  Reguest  Mesh  SolvefRum Tools  View  Display options

@ @ B Folyline refinemen %4 Distorted element 4}: @ Wik remove collapses
‘« Intersecting triangle ﬂ( Remove duplicate:

Unlink  Delete Point : Clashing Create  Merge

ﬁ Adaptive refinemen ) )
| mesh  mesh || refinement = geometry ﬂDVEFSIIEd element || triangle meshes -'1?15; Merge vertices
ation mesh Refinement rules Find Fix

Options Advanced

Mesh what

O Selection

Global mesh sizes

Mesh size @
Triangle edge length
Wire segment length

Tetrahedral edge length

Global wire radius

Wire segment radius | radius

re-mesh
whenever model
IS modified

| FEtore settings | | Cancel
L2
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Dipole Antenna: Mesh the model

D View

@ B @

Create  Info g2 model| Unlink  Delete Point
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Transform  Windscreen  Sourcefload  Request

@ E E Folyline refinement

o

ﬁ Adaptive refinemen

Mesh  Solveffun  Tools  Wiew  Display options

Clashing
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Creating mesh...
Mesh "Antenna" with

53 segments
Created mesh port "Portl"

4}: @ v)i Remove collapsec
ﬂ( Remove duplicate:

Create  Merge

triangle meshes -'.’.ih, Merge vertices

Fix



Dipole Antenna: Save the model
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Save
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Home  Construct  Transform  Windscreen  Sourcefload  Reguest  Mesh Solve/Run Tools  View  Display options
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éZEI Export
% Print
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lution settings Validate Runflaunch
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Save as type: |CADFEKO model (*.cfx)
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i~ Hide Folders Save ‘ ‘ Cancel ‘




Dipole Antenna: Solve the model

0 & dl= & 3D Vieu

Home  Construct  Transform  Windscreen  Sourcefload  Reguest  Mesh Solve/Run Tools  View  Display options
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Symmetry FOTD boundary MNGF | Enable  Salver CEM  View by FEKO POSTFEKD EDITFEKD Antenna FEKID @
conditions solution settings || validate solution || solver Magus terminal g.EF'.EIﬂGtE

Solution settings Validate Runflaunch




Dipole Antenna: Solve the model

General | MLFMM | ACA | FEM | FDTD | High frequency Domain decompaosition | P‘e}cbrl

e Geometry
.
5 i ]
% [ ] ot - Activate normal geometry checking

Symmetry FOTD hDLII'IEIEIF'}.I' MNGF Activate mesh element size checking
conditions i i i [ ] Export to the FEKO *.out file

Solution settings

Data storage precision

(®) Double precision

Lows frequency modelling

[] Activate low frequency stabilisation for Mo

Output files

Save/read matrix elements

| Mormal execution
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| Mormal execution
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[ ] store convergence data (*.cgm file) for iterative solvers
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Dipole Antenna: Solve the model

Fequest Mesh  Solve/Run  Tools  Wiew Dis;iay'npﬁnns

= % > o 5 e 28 form out

Symmetry FOTD boundary MNGF | Enable  Salver CEM  Viewh FEKO

FOSTFERC EDITFEKO Antenna FEKO .
conditions solution settings || validate solutiony solver Magus terminal Q.EREH'IDtE
Solution settings Validate Runflaunch I

Total progress:

Current phase:

= runfeko FEKO_DipoleAntenna --run-from-gui -np 4 --machines-file C:\Users\Seth
Aubin\AppData‘\Reaming'\feka\7.0\gui_trp_machfile_436 --priority 4 --parallel-authenticate localonly

Cutput | GNotices | &Warning5(2) | ‘Errors |

(NearFieldl)

Calculate the magnetic near field
(NearFieldl)

Calculate the far field
(FarFieldl)
Grouping and boxing for far £ield calculations
Using fast far field calculations
Calculation of the far field directions
Calculation of the Legendre polynomials
Brecomputation of far field coefficients
Precomputation of far field takles
Computation of the far field valuess in the frequency domain
Exporting of the far field wvalues

Finished
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Dipole Antenna: Solve the model
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conditions solution settings || walidate solution solver

Solution settings Validate

Total progress:

Current phase:

= runfeko FEKO_DipoleAntenna --run-from-gui -np 4 --machines-file C:\Users\Seth
Aubin\AppData\Reaming'\feka\7.0\gui_trp_machfile_436 --priority 4 --parallel-autheniate localonly

Cutput | GNotices | &Warning5(2) | ‘Errors |

(NearFieldl)

Calculate the magnetic near field
(NearFieldl)

Calculate the far field
(FarFieldl)
Grouping and boxing for far £ield calculations
Using fast far field calculations
Calculation of the far field directions
Calculation of the Legendre polynomials
Brecomputation of far field coefficients
Precomputation of far field takles
Computation of the far field valuess in the frequency domain
Exporting of the far field wvalues

Finished




Dipole Antenna: Solve the model

B - Home  Construct  Transform  Windscoreen  Sourcefload  Reg Mesh  Solve/Run Tools  View  Display options

g% N%@

-Fé Farm out
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&
Magus terminal g.sﬂemnte
Runflaunch I

Symmetry FOTD boundary MNGF | Enable  Salver CEM  View by FEKO
conditions solution settings || walidate solution solver

Solution settings Validate

Total progress:

Current phase:

= runfeko FEKO_DipoleAntenna --run-from-gui -np 4 --machines-file C:\Users\Seth
Aubin\AppData\Reaming'\feka\7.0\gui_trp_machfile_436 --priority 4 --parallel-autheniate localonly

Cutput | GNotices | &Warning5(2) | ‘Errors |

(NearFieldl)

Calculate the magnetic near field
(NearFieldl)

Calculate the far field
(FarFieldl)
Grouping and boxing for far £ield calculations
Using fast far field calculations
Calculation of the far field directions
Calculation of the Legendre polynomials
Brecomputation of far field coefficients
Precomputation of far field takles
Computation of the far field valuess in the frequency domain
Exporting of the far field wvalues

Finished




POSTFEKO: Analysis of Solutions
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POSTFEKO: Analysis of Solutions

”
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POSTFEKO: Analysis of Solutions
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POSTFEKO: Analysis of Solutions
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POSTFEKO: Analysis of Solutions
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POSTFEKO: Analysis of Solutions
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Exercises

Calculate the Current and Far-Field (Gain or E-field)
for the following:

1. Length =A/2 or A

2. Length = 31/2, 2X, or 5A



