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I How to generate the Farfield Info

« define farfield monitor at anilor ]

Labeling

O n e O r m O re S p e C i fi ed MName: | farfield (=5 | Autornatic labeling
fre q u e n Ci eS gz-Field E?:j::;
. () H-Field/Surface cument Frequency: _

i bOX Surface erIdS (E+H) () Power flow B

are recorded, from which N | L J C—

ower Ings density ¥
. . : ) 20 Plarne
in the postprocessing the g Flctic eneiay encly
bk agnetic energy density
farfield is calculated. o .
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Farfield Terminology
Online Help

@ Getting Started
@ Creating and Yizualizing Maodels
@ Mesh Generation
@ Setting up the Simulation
Eﬂ] Wizualizing and &nalyzing Simulation Bezults
7] Post Processing Dverview
= [} Visualizing Results
(2] 10 Plot Dverview
(2] 20430 Plat Dverview
] Farfield Owverview
[?] 4R Calculation Overview
+ @ Post Processing Fesults
+ @ Preloaded Macros
@ Advanced Features
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Farfield Overview

In CST MWS the used reference
for gain/directivity is an ideal spherical
radiator (=isotropic antenna -> dBi),
a M2-Dipole has a gain of 2.2dB(i).

Some Farfield Terms

Directivity: The directivity of an antenna is officially defined as “the ratio of the
radiation intensity in a given direction from the antenna to the radiation
intensity averaged over all directions”. At this the radiation intensity is given by
the total power radiated by the antenna divided by 4

power radiated per unit solid angle

D(8,p)=4r -

total radiated power

Gain: Accordingly the gain is defined quite sirmilar but related to the input or
accepted power of the antenna. In case of a loss free antenna (no
conductional or dielectric losses) the gain is equal to the directivity.

G(6 g.fJ') 4, . POWEr radiated per unit solid angle
7, = 97 -

input (accepted) power

Radiation efficiency: The antenna radiation efficiency is defined as the ratio of
gain to directivity or equally the ratio hetween the radiated to accepted {input)
power ofthe antenna:

G(0,¢)=e., DO.9) P P

rad in

rr.'kll = €
Total efficiency: The total efficiency is defined as the ratio of radiated to
stimulated power of the antenna:

P P

rard toval sfim

=
Compared to the input power the stimulated posveer consider any occurring
reflections at the feeding location.

Reflection efficiency: The reflection efficiency is defined as the ratio of input
to stimulated power. [0 CST MICEOWAVE STUDIO® this value can also be
determined from the reflection factor:

P .
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Tips & Tricks
to obtain accurate farfield results
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Tip 1/3 : Check Energy

Field Energy / dB

=3 10 Results 0
+-[27 Port zignals
#7151 linear
#1151 dB 50
-1 arglS)
-7 5 polar
+-[27 Smith Chart 100 .1
+-[27 Balance

Erergy [1]

-150

Time / ns

The accuracy level in the T-solver should be -40dB.
For larger frequency bands (eg 0-3 GHz) or bad radiation better use -
60dB, so that E+H on the bounding box do not suffer from FFT/DFT

truncation error.
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Tip 2/3 : Check ,add. space'

_—

Settings for PML Boundary _ |

B3

Pt
Layer: 4 E
: :
Reflection; n.o0m
Autornatic rminimum digkance bo struckure
Boundary Conditions E| 1 |5 eshlings
Boundaries | Symmetry Planes | Boundary Temperature
2 |a -th part of wawve length
FEYl cpern [add space) il frEquEnC}':
7h
‘Ymax: | open [add space] w Crfies frequenc_l,l
Zmin: | open (add space] w | Zmax | open [add space) v )
/ Specials
[ Open Boundary... Factar far active comp.: 1.0
Ok, l [ Cancel ] l Help ]

,open (add space)“ boundary ensures A/8 space at the center frequency,
for lower frequencies (bigger A) the space needs to be increased accordingly. csT
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Tip 3/3 : Check Balance

Erergy Balance

=3 10 FResults
+-_7 Port signals
+-_7 15! linear
+-(_1 151 dB
+- [ arg(s)
+-7 5 polar
+-_7 Smith Chart
BEERE alance
47 Energy

Balance [1]

i 2 3 4 5

Frequency / GHz
v

at 4.5 GHz farfield can be critical

Farfield values become critical, if S-Parameter balance=1 (no power

is radiated). In this case directivity and gain are calculated from

dividing 0/0, which is numerically critical.

A good measure for total radiated power is: (1-balance). CST
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How to calculate farfield
Broadband at many frequencies

CST




Definition of Broadband Farfield Monitors

10

Solve Eesultsll Marcros II'-.-'-.-'ingIDw Help

macro can be applied
multiple times without
overwriting the previous
definitions, so that
different frequency
resolutions can be
combined.

\ 4

| Farfield | Broadband Farfield Monitors
File r Calculate monoskatic RCS
Filter Analysis » Farfield Slant Polarizakion
Graphics

i Definition of Farfield

fro_lom
frq_high

frq_stepzize

[ x|

r GRASF

=

i

|1n

|n.5

Cancel |

Help

feed file export

Field Monitors

42 #_01.0000
-4 ff_01.5000
-4 ff_02.0000
-4 ff_02.5000
-4 ff_03.0000
-4 ff_03.5000
-4 ff_04.0000
-4 ff_D4.5000
-4 ff_05.0000
-4 ff_05.5000
42 ff_06.0000
-4 ff_DB.5000
-4 ff_07.0000
-4 ff_07.5000
-4 ff_02.0000
-4 ff_08.5000
-4 ff_09.0000
-4 ff_09.5000

-4 f_10.0000
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Evaluation of Broadband Farfield Monitors

Template Based Postprocessing

10 Results | 0D Results Excitation Sting

[=. Broadband Farfield Result

Plat Mode and Scaling

[

X

- 405 Compaonent Ewxpart
- kix 30 Fields

Plot Fange Fezult Yalue

| Gain (IEEE)

Caomponent: | Abz

- Povser Flow - 30 Mode | 3D Plot v | | Max Value

- 5AR Calculation
+ 10 Result from 10 Result [Rescale =y, FFT, Derreation, ..

+ Load 10 Data File [project and external] Lutplare

+Mix 10 Results Warying Angle
Coil parameters [1- or 2-part]

Evaluate Field along arbitrary Coordinates (10 Plat]
Ewvaluate Field on predefined Curve

Exchange E xcitation

Stepsize: |1 5 deq

Farfield [zingle frg)

Fiwed Angle |

| (linear (%) log [dB]
|

Farfield probes [ ] ] [ Cancel ] [

Help

] [ Phase Center Options ]

Group Delay Time

S Parameter

TDR

WShWR

Wrap - Urmwrap Phase
Y Parameter

£ Parameter

11

= '-a Tables
=24 10 Results

@ Broadband gain 3d

16.36
16

155

15 .

14.71

Broadband gain 2d

[ (R ——

[ —

Frequency [/ GHz

I
s
n
[ I
n
n
Loy

CST
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I Definition of Farfield Probes

Farfield monitors record the radiation
in ALL directions for ONE frequency.

Farfield probes record the radiation
in ONE direction for ALL frequencies.
(recording a time signal)

-3 Probes

B probel

% z-ﬂ"“’Lihi

Probes EI
General | Origin | Decoupling Plane || Specials
M amne:
Field: Coordinate system:
E -field [Farfield) w Sphencal w
Crrientation Paosition
(%) Theta Theta: |0
) Phi Phi: |0
Radiuz: |0
| ok || epfe || cancel || Hep |
Z

—

Probe = probel

Tyvpe = Efield (farfield)
Theta = a

Phi = 98
Radius = 18

12

/
Attn: this radius is entered
in the design-units (e.g. cm)
and not automatically in Meter
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Results from Farfield Probes

=43 Probes
25 probet 1
? i

=4 1D Results
+-[_7 Paort signals
- 15! linear
- 151 dB
#-_1 agl5)
-1 5 polar
+-[_ Smith Chart
+-[_7 Balance
+-[_7 Energy
=43 Probes
= ‘A E-Fafield
#-[_ Probe Signals

- P linear

¥ D [F| dB
-1 arglP)

13

-100

Probe Time Signals in Vim
100

50

=50

Time / n=

Probe Magnitude in V/m

Frequency [/ GHz

4 45 5 55 &

Farfield
Time Signal

Highly resolved
Farfield

Frequency Spectrum
(1000 samples)

CST
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Optimizing Farfield Results
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Optimizing Farfield Results

Template Based Postprocessing

10 Results | 0D Results |

3

+ 00 Walue from 10 Result

+ 00 Y alue from 20 30 Plot

+ Mix 0D Resultz

30 Eigenmode CoupleCoefficient

30 Eigenmode B esult

Evaluate Field in arbitrary Coordinates (00, 10, 20, 30]
Ewaluate Field on predefined Curve

Evaluate Field on predefined Face

Get Mumber of Meshcells
Phazed Array B esult

Fort Impedance

5 Parameter

Farfield Maonitor and Excitation Flot Mode and Scaling
1
ff_04.6000 v o] Gain EEE) 3
Flat R angs Result Y alus Component |.-'-‘-.I:|s & |
| Folar Plot w | M.t alue W |
Cutplane Fad. Ef_fiu_:ienu:_l,l
Warying Angle Tat. Efficiency |
Main Lobe Direction
(#) Theta () Phi Angular Width 3dB Cilinear (%) log [dB]
_ Side Lobe Supprezsion
Stepzize: |5 deq  [Side Lobe Lexl-'el
2k, ] [ Cancel ] [ Help FPhase Center Options

= Farfield OD Result X

15
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Example: 3dB Angular Width

Farfield 'ff_04.6000 [1]' Gain_Abs([Theta

Frequency

Phi= 0

Z0

30 30

Phi=180

q0

=46 L
Main lobe magnitude = 15:{1 dB -,

Main lobe direction = 0.0 deg.

Angular width [3 dB] = 30.7 deg.\fx
150

‘-\\

Side lobe level = -20.1 dB

16

a0

7120

el

180

Template Based Postprocessing

10 Resultz | 00 Results |

value also displayed here:

=9 Tables
] 10 Results
—=-£3 0D Results
@ angular width 3dB

| &dd new postprocessing step...

Result name
B angular width 3dB

Farfield

Template name




I Define Goal from OD Template

3

Optimizer,
Farame ters | Goals | Info Specialz
hd Femove Al
5 P'ararr!eter
Part Attribute Operator T arget R ange WWeight
Wolurme :
Lser defired Define Template Based Postprocessing ... FX|
Template Bazed Postprocessing
Rezult Mame;
Cancel
angular width 3dB w
Conditionz
O peratar; Target: YWieight:
¢ " 20 1.0
Start l [ Cloze ] [ Apply ] [ Help
17

all existing

0D Result Templates
can be used

to define goals

for optimization runs.
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Co & Cross Polarization
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Co & Cross Polarization

The Co-polarized farfield component has the same
polarization as the excitation (y-oriented in our case).

The Cross-polarized farfield component is orthogonal
to Co-pol component and mainlobe direction.

In order to use different polarizations for transmitting/receiving,
an antenna design goal might be to maximize the
Co-pol and minimize the cross-pol component.

www.cst.com




Co & Cross Polarization
Adjust the Axes / coord. system

Ehorn.mod - C5T MicroWave Studio
File Edit Wiew WCS Curves Objeckts Mesh Solve Results Macros Help

o (=[]

= = =R A s

@ 2| e 9 | % % |

LRI AL LI =

| e,

Ela Layers I

\

Polarization vector default direction
(the right one for our example;
arbitrary user input possible)

CST

o
E[ Farfield Plot x| e Y
= Array I Mirmar Plane | Phaze Center &
:E General I Plat b ode Ares Origir 8
55 ¥ Main lobe / polarization vector alignment )
— Start for theta [2-awiz] L
E i
Iy g ||:| e ||:| e |'| 5
L %]
[ J—
i = Skart for phi [#-aws] N
i L |
l 3 3 3
[ 1 v |0 Z o .
; o
B — Puolarization wector [u'-axiz] -
i =
s b i —
[ [i [ — | -
E,.{[ — Coordinate systern \
i
| Ludwig 3 =l
[11
0k, I Apply | Aot | Cloze | Help
EMaX CHDS S = ZI-9I dBv/m
Emax(Theta) = 21.91 dBV/m
Ready [ [Meshcells=6300 [om jaHz jns [ om [ 4
20
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Co & Cross Polarization

== Farfields
253 farfield [f=5) [1]
Z] abs
Z Ludwig 3 Horizantal

Cross pol = Ludwig 3 Horizontal

dB

~12
-16.
-70.
. -25.

-29.
-34.
"-38.
~43.
~47.

ML = M=) W o A

|
Ay

Cross polarized component is typically
worse for the angles phi=45 and phi=225

CST
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Co & Cross Polarization

Result Templ. for Param-Sweep & Optimization

Co pol = Ludwig 3 Vertical

Farfield kMonitor and Excitation Plat Mode and Scaling 50

| farfield [f=5) w | | Gain [IEEE) “ | 10
E =citation String: |[1] Camponemt: | Ludwig 3 0.
Cutplane Pol Wectar [uin/z): |EI |1 |EI -10 .
Warying Angle Fiwed Anale | -20

O Thets  OPHi Theta: | Olinear & log [dE) =

| _ 180 -100 0 100 180
Stepsize: |5 deg Phi: |EI

Theta [ Degree

[ ak. ][ Caricel ][ Help ]

Cross pol = Ludwig 3 Horizontal

Farfield bMonitar and Excitation Flaot Mode and Scaling -10
farfield (f=5) v | Gain [IEEE) v -15 |
Excitation String: (1] Component: | Ludwig 3Horizontal | -0 -4
Cutplare Pal Vectar [x/v/z): |EI |1 |E| =25
Waning &ngle Fised Anale | =20 : : :
@ Theta  OFPHi Theta: | i ol -180 100 0 100 180
Stepzize: |5 deqg Phi: |45 Thets J." Degree

[ ] 4 ] [ Cancel ] [ Help ]

www.cst.com
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Phase Center / Grasp Export
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Phase Center Calculation

Finding the best location to place the horn
Farfield Plot | inside a dish antenna. The best position
E— is to match the focal point of the dish

| General || Plat kode || L [ Origin | .
| away | DecowpingPlane |  Phase Center with the phase center of the horn.

[¥|iCalculate phase center

E-Field component Plane

() Theta (%) Phi () Both

Arngular limit around 2'-asis OEplane = y y4 plane
Angle: deg. ®Hplane = X7 plane

Tvpe = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=5) [11]
Component = Luduwig 3 Ver. Phase
Output = E-Field(r=1m)
Frequency =5

Phase center = (2, 1, 5.29659) Sigma 8.882918/ (H-Plane) CST

24 www.cst.com ﬂ
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Check Phase Center

by plotting Ludwig3-Ver.Phase

Array Decoupling Plane Phase Center

General | Flot Mode bes Crigin

Plat made and zcaling

25

(E-field v/
[] Linear zcaling ||:|E=Wm, dBasm, dBW Am2 W
=) Farfieldz
=43 farfield [f=5] [1]
=i Abs
Sl Ludwia 3 Haorizontal
Sl Ludwig 3 Yertical
=1 Ludwig 3 Hor. Phaze
el L Ldwig 2 Yer Phaze

Plotting the Phase of Ludwig 3 Vertical
(=dominant component co-pol) does not result
in a phase 180 deg jump (=colour jump) at theta=0

www.cst.com
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Check Phase Center
by moving Origin into Phase Center

Farfield Plot X Farfield Plot X
| Aray i Decoupling Plane I Phase Center | | Aray || Decoupling Plane l Phase Center
| General I Plot Mode | Bues | Origir | General [ Plat Mode [ Eues | Origin

Origir of farfield Crigire of farfield

) Center of bounding box ) Center of bounding box

) Origin of coordinate system

%) Free

w2

| v ||z |

Phase center

(2.

1,

{3 Origin of coordinate system

(%) Free
wl2 | v[t ||z (5297 |

deg.
36H
296
254
217
« 169
127
84./7
12.4

EI

Sigma 8.88385727 (H-Plane)

see also article (phase center comparison with measurement)
on www.cst.com -> Application Article ID=256

www.cst.com
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Farfield Data Export in Grasp Format

Grasp is a software, based on physical optics,

Zolve Results window Help analyzing Reflector Antennas and Scatterers
| Farfield Broadband Farfield Monitors '
File ¥ Calculate ronostatic RCS [
Filker Analvsis r Farfield slant Polarization
Garaphics L | GRASP Feed file export |

[=. Farfield Export to GRASP

Select Farfield b oritor Farfield Origin

Export all Farfields (%) Center of bounding box
" Origin of coordinate system
) Free

Angular wariatior v | v >

thlo DD phlows 0.0
thhigh | 180.0 phhigh [360.0
thetep  [45.0 phstep  (90.0

Mearfigld / Farfield
|z Farfield approsimation

Reference diztance: m

] [ Cancel ] [

Select Polanization Type

Spherncal: theta,phi

Folarization Yector [y'-axiz]
[ ] Main Lobe / Polarization Yector Alignment

% | | z |

CST MWS Results: horn, farfield
0_000000000BE+08A L4 500000000
-4 8964646902E-18 -3.848153825%
-2_3454052182E-16 -4_3598465422
-1.08614758952E-17 -2.308382231 [
J21867TH3B1FE-18 3 .675252842
L B4u24B6511E-18 -4 246168287 YT TTNTIEr
CST HMWS Results: horn, farfield (f=5) [1], Polarization: theta-phi, FF Origin: center of bounding box
.GPPAAAAAARE+BA 4.5000000AAGE+@1 5 J._0000OOGGOGE+81 1 1 2
-G5588BLO009E+08 3 _LBBOA6GBITEBLHE+80 3 _1L47009931E-16 2_1661568876E-16

Ok, Help |

™ o g p b )

27

|
o @

-3

-3401922982E-01
-5,
J2772713867E-01
6327030B17E-82 -2.7716518631E-82

68 09898 016E- B2

1.2113111379E+80
C.2804326047E-01
1.02581748117E-81

-2.

2
-2.
-5.

9588816351E-18

-30556338 04E-17

9318221563E-18
8879099184E-18

W =

.2261710285E-17
-1B6OFF3IB12E-17
-B774B48935E-17
.fB6B713058E-18

www.cst.com
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Circular Polarized Antennas
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Circular Polarized Antennas

Waveguide port Settings

Mumber of modes:
2 3

Palarization angle
0.0 |

Transient Solver Parameters

Solver settings

Aocuracy:

50 v | dB

Stimulation zettingz

Source type: |.-'1'-.II Portz b |

Mode: |l v |

-> Distributed Port Runs

CST

29 [I. www.cst.com
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the Results

Comb

[ ] Automatic labeling

Fanitar combination

<«

Label: | circ

Lizt:

| Fhase shift

| Amplitude

Part mode

1

a0

s A N -

R L
N

...‘._._..mm.,.v...-_\._..n. - T L
LA ._._H.,u...qr_._‘,._..........n.u.. TomT oA w b

. .-.._,.:u_,dﬁw?..lulq.-___._a
LRI A I AU R S I R ]

ining

Results -> Combine Results...

o o o sy ) el e S A
Fod ab A o ) o ) o ok Ak
FEP LSOO L

i

mod, W o e o s e o
2o B By By G TR L T e e o o
ERL T T N e

s AW e ="

q 4 d

L R T

view in —z direction

CST

S
o
O
»
O
3
S
=
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Combining the Results

fanitor combinatiorn I
[ ] &utomatic labeling L S Y -
UIE N . - -
Label: |l:ir|: | FFann kg (e
rEen L d g 3
b FPEROr&LA .
List: | v| ?*‘1_:“},. =y
Pioanpl Hed:
Fr-oehld e
Part mode Arnplitide Phaze zhift Foonlhsfed!
Frorel)ilien’
101) 1 0 viooplifead
73] [u ! ? ¥ ] h '.. Iul'. ar '\J|"'
T4y ph b
T4 bkl
15 -+ bk
1y P

Ports=ALL/Modes=All + Combine Results
- requires several T-runs (-> use Distributed Computing!)
+ produces S-Parameters
+ broadband constant phase shift of 90 deg.

+ flexibility to get results for
arbitrary am/ph combination in postproocessing

Simultaneous Excitation
+ only one run required
- produces F-Parameters (no S-Parameters)
- constant phase shift only valid for one frequency
- different am/ph combination requires new run

31 www.cst.com




Farfield Capabilities
for circular polarized Antennas

Hd

Ela farfield [f=80] [circ] Axial Ratio
[ abs

=
= Theta
...... =1 Phi
|Z| Awial B atio
S
=

., Left Polansation
L Right Palarization

Note: Left / Right is
seen from the transmitting-

antenna port.
¥

dBi ¥ dBi

Left 12.5 Right -4.57

-9.01

8.06 1ac

5.13 e

2.2 -22.3

. 0 . -26.8

! -8.1 -31.2

x =35.7

« —14.6 i1

o -44.6
-27.5 CST

32
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Result Template for Combined Monitor
1[1.0,0.0]+2[1.0,90],[80]

Farfield 'farfield [f=60) [1[1.0,0.0]+2[1.0,90],[80]]' Gain_Abs(Theta

x| il
S| « | Note: In all farfield result templates

— Solver settings

Accuracy: |-3EI vl dB [ Store result data in cache P | i i 1
—— % the Excitation string has
— Stimulation settings t b t manua" ”
S e I—_,Selec:ted Pats = ™ Full deembed | Paort mode | Armnpli. | Phaze zhift | Signal JI;I Set all | I . O e Se y By
1 10 nn default -
I - o Ju . s | t is recommended to use

a shorter userdefined labelling
[ Hormalize ta fized impedance [™| S-parameter s instead Of the automatiC

ER— G et ] number- |abelling.

— S-parameter zetting

—Adaptive mesh refinement

[

Careel

I Adaptive mesh refinement Adaptive prope IE.FEI‘ﬁEId 0D Result ll
— Netwark computing ) o — Farfield b onitor and E scitation — Plat Mode and Scaling
— Simultaneous excitation
™ Metwork computing IEtiark prape V¥ Activate Ifarfield [F=B0) IGain (IEEE] j
: (0,0.07+2[1.0.900[30
—Plot Range———— — Resul Yalug H 7 . -
\ mil - [Polar Flot [ “M "2 ,Circ® | | Conponent | s I
olar Plo v aw. Walue
= ,,Cer — Pl Wectarn [mie): IU |1 IU
xcitation o —
" Timedelay & Phase shif = e stanees [T
150 i =t w3 Venlg Bl EREae Feference Mistance: [ Tl
e @ Theta (" Phi Thets |0 " linear (% log(dB] [ Hearfield
Frequency = 60 Stepsize: |5 deqg Fhi: |n db Urits: [ dBi/m . dBavm, dBwim2
Main lobe magnitude = 15.5 dB o I J
Main lobe direction = 5.0 deg.
Angular width [3 dB) = 12.2 deq. 120 ok, | Cancel I

Side lobe level = -5.0 dB
90

33 www.cst.com
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Summary

Antenna Farfield can be recorded in time and
frequency domain (Probe / Monitor)

Postprocessing templates automize result
extraction (e.g. broadband farfield)

checklist for accurate farfield:

— energy decayed to -40dB [-60dB] ?

— enough surrounding space (A/8) — open (add space)?
— Is antenna radiating at this frequency? (S-balance<1 ?)
Advanced capabilities to extract:

co+cross-pol / phase center / Grasp input data
RL pol / axial ratio csT

i
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