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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 p(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 o(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 RF modules)
-> primary solver: FEM

CST Microwave Studio (by CST)

- primary solver: FDTD (with some integral eq. solving also).
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Open CADFEKO

CADFEKO

D Create]
o

Recent mod

Q?,- startup.ci

03, 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 CADFEKO
doses unexpectedly during this test then try to update the graphics card drivers. Also
see www. feko. info /GFXsuppart for a list of supported graphics cards and drivers for
hardware rendering.

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

@ Release informatly
@ Videos and webinars
@ White papers
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Just in case: Adjusting the Rendering

T CADFFKD - [Untitied]
1] LI 3

. ' Home Combixl  Tasfom  Soucefosd  Reguest  Mesh  Sohefun Toos  Vew

W 4R/ $S
5 0N Cables Windscr
- @ coers e e
E Saplng Extenskrn
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%]
I B4, Bendering aptions =
s Arndrnng moce Transparency mode 0 view et
i Hardware 2-buffer Hercware Smogth (ant-shased)
& Software 2 buffer & Software & Standard
1o ad k Face dsglacement
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— Meshes, 1)
'Efl‘ , Check for uodates Ay ]
T s k [Revet b et
@ . S =
liction
L 4 Wiebslte
e, @ Demonstratson models
a e @ Release information (3
W Videns and wahinars

POSTFEKO

E:‘, 3D rendering test

POSTFEKO 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 waw, feko. info /GFXsuppoart for a list of supported graphics cards and drivers for
R o hardware rendering.

E;\/_ startup.pf If needed, the rendering settings can be changed via Application meg
P Rendering options.

Recent mod

Mo recent mof

@ Release informati
@ Videos and webinars
@ White papers
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P_ pOSTFEKO - [Untitled]
[T
BEE  rome  Tmeanaysis  Reportng  Vew
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‘ New project
B} Preferences
& 30 mouse
B open project L
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At Rays | Source  Loads/ Sdnatrix Power Probes

", Rendering options
Rendering mode Transparency mode 30 view text
() Hardware z-buffer () Hardware ) smooth (anti-alased)

@ Ssoftware z-buffer @ Software @ standard

Face displacement

The ideal face displacement depends on the graphics card., This valu shoud be increased if the

edges appear broken and decreased if edges which are suppased to be hidden become visible.

U
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Mo recent models Website

@ Demonstration 1

Construct Insert

model Sources/Loads

Specify calculation

FEKO workflow

-

Mesh Solve/Run
requests model model
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FEKO workflow
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FEKO workflow

53
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FEKO workflow
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Construct Insert Specify calculation - Mesh - Solve/Run
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Home Construct Transform  Sourcefload Request Mesh  Solve/Run  Tools  View  Display options
o — o
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'.l B (i o By
& Save T.mport Export 30 Sd'lemahc Nabes Modd Model Create CEM Script  Application Record
- view
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File Create view Model attributes Meshing Seripting.
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)
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‘Construct Configuration

Ttems o
- Definitions
- Variables
- Media
- Workplanes
= Model
" Geometry
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FEKO: 3D perspective navigation

Rotation: Mouse-left-click + drag

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

Translate: Ctrl + Mouse-left-click + drag

Z|N

Dipole Antenna: Construction definitions

=R NS
Home Construct | Trans

Unit

Lzﬁé% ‘s L e

Variable Media | Add Add @
> o point  workplane
Define

() Centimetres (cm)
() Metras (m)

(") Inches (in)

() Feet (ft)

() Specify

1 m
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Dipole Antenna: Construction definitions

oy
e ¢

H- Home | Construct | Trans

|_1_)|(= %‘) (x%.Z) ‘L‘ i 4

Variable Media | Add Add @
- - point  workplane

Define

Ui‘(: Add variable \
i E‘%‘i Multiple variabl \

[Construct’ Configuration

Items
[ Definitions
5 Variablas Hame |\ength ‘
¢ = 1/sqrt{eps0®mul) 100
- eps0 = 8.85418781761e-12 Expression
mul = pi=4e-7 Comment | ‘
i .14159265358979323846
*-2f0 = sqrt(mub/eps) Value | ‘ Evaluate |
Media
Workplanes
= Model | oK | | Apply ‘ ‘ Cancel |
- Geometry

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

() Inches (in)

() Feet (ft)

() Specify

Dipole Antenna: Construction definitions

DB ¢

B~ Home Construct | Trans

L] %} xy.2) ’I‘ i, —
X- [ ]
Variable Media | Add Add
o point  workplane

Define

LIS‘(_Addvariahle\ .
. \\Add 2nd variable

| EH Multiple variabl
X=Y=

[Construct’ Configuration

Ttems
[ Definitions ‘ . ‘
(= Variables Name radius
[ +
: 0 l_f’sqrt(epsu mua)
| eps0 = 8.85418781761e-12 Expression
- length = 100
muo = pide7 Comment

= 3.14159265358979323846

H Value 0.5 Evaluate
-zl = sgri{mud/eps0) =

Media

o oﬂrkplaﬂes | oK ‘ ‘ Apply ‘ ‘ Cancel |

- Geometry

Unit

() Centimetres (cm)
() Metras (m)

(") Inches (in)

) Feet (ft)

() specify
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Dipole Antenna: Construction definitions

e ¢

Home | Construct | Trans

L] %‘) beyz) I i
X= [

Varigble Media Add Add @
- - point  workplane

Define

Media library

O Dielectric medium
Impedance sheet
l’j] Layered dielectric

[ﬁ] Layered dielectric (anisotr

a Metallic medium

DWmdscreen layers

—_—-

FCORStRIEY  Configuration

y i

e
= Definitons
- Vanables
e = 1 sgrt{epsd "mul)
epsd 85418701761e-12
length = 100
mul = pi™

20 = sgrimul/eps)
= Media
Ferfect edectric conduwctor
Perfect magnetic conductor
Free space
B Metallic

W copper
i Workplanes

View made
(®) simple () Advanced
Modia in Birary
Filts
Type Medium - Source ~
1 @@ Alumina_%9ps EEKD
2 j Aluminium FEKD
3 P Auminum Nirde  User
4 @ Aorta_Human EEKO
s @ beeswax FERD
& @ serdia FEXO
7 @@ bladder_Human FEXO
a @ Bood_ovine FEXD
o B gans rancallaue W EEET bl
Haw - Duplicate Delete
Label ||
addtomodel | | cose |
—

Dipole Antenna: Construction definitions

Construct | Trans

e A

X | Ttems View mode
Variable Media | Add Add @ Definitions
v - point  workplang “Variables (®) Simple ) advanced
A e = 1/sqrt(eps0=muD)
Be - epsD = 8.85418781761e-12 Media in library
~length = 100
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- pi = 3.14150265358979323846 fiter
~radius = 0.5
-2f0 = sqri{muo/eps0) Type Medium Source ~
Media library -y Media
~~ [ Perfect electric conductor 25 (P Construction_concr.. FEKO
- y Perfect magnetic conductor 2% 3 Construction_glass  FEKO
Free space
a["a‘ec""c medium 2 = H% 27 Construction_struct... FEKO
o Col ~
Workplanes P -y 28 Construction_wallb... FEKO
. Impedance shest Model “ 29

Layered dielectric

m] Layered dielectric (anisotr

g Metallic medium

DWindscreen layers

Add “Copper” to model

“Construct Configuration

- Geometry

Copper FEKO
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>
>
@
30 (P Copper_dielectric  User
»
>
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Mialactrict 1 1

[ wew <] [ owpiets | ool
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Dipole Antenna: Construct Antenna

e N
m Fome | Corstruct | Tansform  Windsoeen  Sowcellosd  Request  Mesh  SoveRun Tios View  Duslay optons
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Dipole Antenna: Construct Antenna - assign material

fconstruct  Configuration

Ttems o
- Definitions

-+ Variables

€0 = 1/sgrt(eps0®mug)

- epsh = 8.85418781761e-12

Properties | Meshing | Solution

Z{N

Wire segment radius

~length = 100
- mud = pitde7 Local wire radius
- pi = 3.14159265358979323846
- radius = 0.5 Radius | radius
| 20 = sqri(mu0/eps0)
- Media

Wire core medium

Perfect electric conductor
b Perfect magnetic conductor Medium [T =
s Free space
=] Metallic Copper
“- [l copper Coating _Fe ‘ect electric conductor

% Workplanes
5 Model [ Apply

=} G‘eamet Coating name s

5 /

‘ oK H apply || concel |

Antenna it

= Wires ‘
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Dipole Antenna: Excitation Source

Home Construct Transform  Windscreen  Sourcefload =~ Request Mesh  SolvefRun  Tools

m ® ){ fuf 5 Microstrip port 2% FEM modal port @ @ m

Frequency Power Wire Edge @ Waveguide port ﬁFEM line port Voltage Waveguide Current FEM modal

Settings.

port  port source  exctation source exdtation
Ports Sources on ports

View  Display options

T Electric dipole

$ Magnetic dipole
Plane
wave Wy Impressed current

Ideal source

Frequency Power

Settings

PCxSEE|  Confguration

Dipole Antenna: Excitation Source

Transform  Windscreen  Source/load  Reguest Mesh  Solve/Run  Tools

ﬁ Microstrip port ! FEM modal port @

Vieveauide port OB FEMIne port || Voltage Waveguide Current FEM modal
@ ST = ‘3 o source excitation source excitation

Ports Sources on ports

Ttems L g
-~ Definitions
+ Varisbles
el = 1sqrt{eps0™ i)
epsl = SHSMIEMH] 6L
length = 100
mul = -
B = 1.14155265358979323845
radus = 0.5
=M = sqre{mull/apsi)
= Media

Parfact sleciric canductor
Perfect magnetic conductor

i Workplanes
- Moded

Forts
7 Fo

Label | Fortl

ox pply Gancel

] Reverse polarity x“f

View  Display options

L 1 Electric dipole
* Magnetic dipole
Plane

wave \\ Impressed curreni
Ideal source

I
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Dipole Antenna: Excitation Source

Home Construct Tramsform  Windscreen  Sourcefload

&
o Microstrip port /2% FEM modal port
JW ® y fﬂf

Fregquency Pawer \D"iulr: i?jgrf (@) Waveguide port ¢ FEMine port || Voltage Wikeguide Curent FEM modl

Settings. Ports

Reguest

Sources on ports

"COnStRY”  Configuration

"= Definitions
Variakles
&0 = Vsart{epsi=mull)
apsl = 85418701 7608-12
length = 100
masd = pitde-7
pi = 1.14159265358979323845
0.

Fartact slaceric ennductar
Ferfect magnetic conductor
Frae space poet [Formd
£ Metallic
W copper Voltags
i Warkglans . OV
i Magnitudi (V] 1

=
Fhase (degrees) (]

Geometry
P ’
Fort impedance (Ohm) |50

>

Datalls

Antenna &9
Wires

Mesh  SolvefRun  Tools

View  Display options

T Electric dipole
$ Magnetic dipole
Plane
wave Wy Impressed current
Ideal source

ZIN

Y IV

Dipole Antenna: model configuration

Home  Construct Transform  Windscreen  Source/load  Reguest Mesh  Solve/Run  Tools

4 S @ =
Microstrip port ! FEM modal port
JUW ® y R =

Frequency Power Wire  Edge s P Lo Voltage Waveguide Current FEM modal
port port @ 2=y - ‘3 = source excitaton source excitation

Settings Ports Sources on ports

‘ Z{N

Constri “Configuration
StandardConfigurationl v oar -
= Definitions
Variables
Media
Workplanes

- Global
~W Frequency [0 Hz]
= E

= Configuration specific
¥ Requests

View  Display options

1 Electric dipole
* Magnetic dipole
Plane
wave \\Imprassad curreni
Ideal source
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Dipole Antenna: set solution Frequency

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

® )( fuf 5 Microstrip port {8 FEM modal port @ @ H t’ ;:::::;e

Power Wire Edge " i i Voltage Waveguide Current FEM modal Plane
port port Q o=t il s 5 T 21 source excitation source excitation wave \\ Impressed current
Ports Sources on ports Ideal source
Frigunry | Dot | Aswsced
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 StandardConfiperationl L i s Segs begeery -

Defiitions Frequancy (M) | 1004

30 MHz

Dipole Antenna: Calculation Requests

nEag=e : . H.

Sourcefload  Request = Mesh  SolvefRun  Tools  View Display options

P @ T @A G@

Standard  Multiport Characteristic Configuratidg | Far ear  Eror  Currents | Transmission /Recening  SAR  Cable | Add  Actvate| Add Paramet=rs| Add goal Combine
configuration S-parameter  modes ields  estimation refiection  antenna. probe search mask function. goals

‘ Z;N Posmion | Workplene | Scope | Advenced
Construct  AConfiqEration
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e s e end
ﬁu‘_-— 100 e 8on T T )
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.éh Frequency (30 Mia]
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e Vertical st (UN slane)
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)ﬁv | | Aoply Concal
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Dipole Antenna: Calculation Requests

D%D“‘)(“

e g
) @ = &
Standard  Multiport Chara:hensﬂc{unﬁguvannr\
confiuraton § parameter _modes settings - || Rids | cffenation | refecton  antema probe || search | mask | function,goals

Request = Mesh Solve/Run  Tools  View  Display optons

B @ TG A Q@

Currents |Transmission / Receiving  SAR  Cable Add  Activate| Add Parameters| Add goal Combine

Construet Configuration
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= variables
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'E' Creeancy L0 el Start nd
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Labal |tisarFisid]
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Dipole Antenna: Calculation Requests

RIETE
[ =

@aee'n s QT @ RA G e

Standard Multiport  Characteristic Configuration Far Near SAR  Cable Add Activate| Add Parameters Add goal Combine
configuration S-parameter  modes settings . || fields  fields estiman antenna. probe || search | mask | function. gozls
Gonfigurations Optimisation
Construct Confiquration’
B
5 Definitions
B Vet
= 1/sqrt{epsd®mun)
wmo BESALETRITGLe12 -
largth = 100 A s
muld = pi*4e-7 Labels
P = 3141592653 50079323846 =
Fadis = 0.5 1 |
M0 = sqri{mutepsd)
- Mdia
Workplanes
 lobal
N Eraquency [30 Mez]
5 E Sources
B3 voltageSourcet
i :mlynnrhn specific
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5 Far figlds
) FarFioldl Add Remove
= Near fotlds = ——
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omwe [ et st St e
Label | Currents]
oK | Apply. Cancel
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Dipole Antenna: Mesh the model

= A

Create  Info semodel Unlink  Delete
mesh mesh mesh  mesh

o@ @R

Polyline refinement

Point
refinement

Adaptive refinemen

2\ Distorted element

Intersecting triangle
Clashing 4
geometry ﬂ Oversized element

Fnd

Mesh | Solve/Run  Tools  View  Display options

4%: @ V,{ Remove collapsec
ﬂ( Remove duplicate:

Create Merge

triangle meshes Lﬁ; Merge vertices

Dipole Antenna: Mesh the model

OBE=s ¢

o3 AR @

Create  Info semodel| Unink Delste
mesh mesh mesh  mesh

el = 1/sqrt{eps0=mul)

eps) = 8818781 761e-12
Iength = 100

mul = prde?

P o= 3.14150265350079323846
radus = 0.5

0 = sqrt{med/epst]

Perfect elecric conductor
Perfect magnets conduttor

Polyline refinement

Point
refinement

ﬁ Adaptive refinemen

Wire sagmens radiis
i [Local wira radius]
Radiss radius

Wire core medium

Madum | Coppar

2\, Distorted element
Intergecting triangl

Clashing « = s
geometry n Oversized element

(Construct  Transform  Windscreen  Sourcefload  Request Mesh | SolveRun  Todks  View  Display options

A0SR

Create Merge
triangle  meshes L@.; Merge vertices

Fix

Mash size |4*radus

V* Remove collzpsec
#4¢ Remove duplicate:
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Dipole Antenna: Mesh the model

= A _.

Home Construct Transform  Windsoeen  Sourcefload  Request  Mesh | SolvefRun  Tools  View  Display options

@ @ Polyiine refinement \ Distorted element qp @ ik Removecolispees

Haeny s i qmbersecﬁng triangle i ﬂ( Remove duplicate:
inlink Dele oint [ adaptive refi ashing rea erge

mesh  mesh || refinement - SPIVE MENEMEN || ometry Mk Oversized dlement || triangle meshes £k Merge vertices
Simulation mesh Refinement rules Find Fi

ZIN Mash what

o[~ Seecton

Glekal mash sizes

{ Mash e - @
|
|
| .
/l Global wire radus
= i Wire ik radies | radus
e YV il
,/

X/0 re-mesh

whenever model
is modified

Dipole Antenna: Mesh the model

0 mnlﬂw e n e

Home  Construct Transform  Windsoeen  Sourcefload Request | Mesh | SolvefRun  Tooks  View Display options

@ Falyine refinement A\ Distorted element 4,5 % ik remioveicolispses

i e <) Intersecting triangle #4¢ Remove duplicate:
Create  Info semodel| Unlink  Delete Point @Adapuve ARy Clashing Create  Merge »
mesh mesh | mesh  mesh || refinement geometry ﬁOversizad element || triangle meshes &Y Merge vertices
Meshing Simulation mesh Refinement rules Find Fix
ZiN
-
~ YV
XJu jmmmmm———————
I
1 Zoom-in
! 1
I to see mesh
___________ 4
v
Creating mesh...
Mash “Anteens” with
s e
Created mesh port “Por1”
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Dipole Antenna: Save the model

Salve/Run

wmmsmmmmmm Tools  View  Display options

BB BB oo mwE

Solver CEM  View by FEKO POSTFEKO EDITFEKC Antenna FEKO

m

|dary NGF .
settings || validate solution || solver Magus  terminal ;|3 Remote
u&nwﬂms Validate Runfaunch 5
4 L = Weekld » FEKD DipoleAntenna v | (| | SeachFEXO Dipolshntenna B

Organize = New folder
L FEXD Lice A

L Grades.fro

L Weeid

L Weekt

b Weei

L Weeld

b Weekd

i

i

b

L

i

B FERO_Dipoleantennacts 12/3/2015 642 AN

Weeks
Weakt
Week?

-
:é Check for updates

Gl
s

Weekd
Weekld v < >
@ Help 3
LI EX O DipoleAntenna.cty] -
@ About N Save a5 ype: |CADFERD model *.cha ~
m Exit = Hide Folders Faiad et

Dipole Antenna: Solve the model

DEEI"?F n

Solve/Run View m‘fﬂ;mons

&g @%%m-%m

Symmetry FOTD boundary  NGF | Enzble  Solver CEM  View by FEKO POSTFEKO EDITFEKC Antenna .
conditions |solution settings || validate solution solver Magus herrnmal gSRemmE

‘Solution settings &

11/30/2016

19



11/30/2016

Dipole Antenna: Solve the model

General | MUPMMACA | FEM | FOTD | iigh frequency | Dumein decompastion | Medbe

[¥] Actrvate nurmal geametry chicking
[F] Actrvate mesh elerment size checkng
] Export to the FEXO *.out file

[i=]

& @ HE
Symmetry FOTD boundary  NGF |
conditions

Solution settings. Daea szoesge pracison

Low frequency modeling
L] Actremte Jerw Frisquency stabiisston for MoM

Output files

Seve/read matrx elements

Hormnal sxeoution b
Save/read LU decomposed matroc

Norrnal execubun -
Save/read curmants.

Resd from *.ctr file f @ easte, else create it bt
[7] Stare comvergence data (=.com fik] for teratsoe sohers

Bass function control

ahve MM wilh higher order basis Fusctions (HODF]|

o || goncel

Dipole Antenna: Solve the model

Mesh  SolvefRun | Tools  View : Display options

& o (Eporate

&2 Farm out
Symmetry FOTD boundary NGF | Enzble Solver POSTFEKO EDITFEKO Antenna FEKO |
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Dipole Antenna: Solve the model

NEEELE
Home
£

Symmetry FOTD boundary  NGF
| condlhons

[@1

Enzble  Solver
| solution settings || validate solution
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e far field
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field calculations

she far field ix:s:..:nu

che L dre pei

wf far £ield —-,.'fi.—,a..,.

n of far field tables

the far field valuss in the freguensy domain

D(p-rung of the far fisld values
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POSTFEKO: Analysis of Solutions

COpen  Save Add
project project | model

File

Home  Time analysis  Reporting View  Display Mesh  Result

WE@%E'L.@%@ | B

Error Currents Rays

Import Export 3D Cartesian Polar  Smith Out file Far Mear
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POSTFEKO: Analysis of Solutions

O A= ¢ _

- Home  Time analysis  Reporting  Wiew  Display  Mesh  Result

P HE e B A @O QI

Open Save Add | Import Export 3D Cartesian Polar  Smith  Out file Far Near Error
project project | model o o ViEw - o field » field ,estimate
File Create new display

Current [uA]
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POSTFEKO: Analysis of Solutions

OE= ¢ _

Home  Time analysis  Reporting

EEGEC el

COpen  Save Add Import Export Smith  Out file Far Mear Error
project project | model = = view = field . field . estimate: =
File ErE 5t
Step 1 ~wérmmm— ¥
B FExaDip 0 et grapnn £ S ep
Currents
[ ——  Wire 1D projected cumrents
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o 10 a0 30 40 a0 &0
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POSTFEKO: Analysis of Solutions

O A= ¢ —

Home — Time analysis  Repor i Mesh  Result  Animate

=i

Open  Save Add | Import Export
project project | model o -
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a
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POSTFEKO: Analysis of Solutions
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POSTFEKO: Analysis of Solutions
D aim ¢ | |
Home  Time analysis  Reporting  Wiew Mesh  Result
HH B 5 e OB wm( @ # B
Open  Save Add | Import Export 3D Cartesid Emith  Out file Near Error  Currents Rays
project project | model o o ViEw - o field . estimate, o -
e step™r
Far field
< :
FarField1 (FarField)
~  Source
FEKO_DipoleAntenna
StandardConfigurationl
FarFieldl
Independent axis (Angular)
Iheta (wrapped) .
I
Frequency |30 MHz -
Fhi 0 deg (wrapped) hd
~  Quantity
Electric field -
(®) Total
() Theta () Phi
Total E-Field Magnitude [uV] (Frequency = 30 MHz: Phi = 0 deg) - FEKO_DipoleAntenna|| >

Exercises

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

1. Length=2A/2 or A

2. Length = 3M\/2, 2), or 5L
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