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Workflow Example

Rectangular Waveguide

Purpose: Create your first
model. Test the post
processing facilities.




Model

Waveguide Port

Material: Vacuum

10mm




CST MWS - Standard Workflow

= Choose a project template.

= Create your model.
= parameters + geometry + materials

= Define ports.
= Set the frequency range.

= Specify boundary and symmetry
conditions.

= Define monitors.
= Check the mesh.
= Run the simulation.




New Project Wizard

Create a new project

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

" Antennas
?

My,

‘ ;}. Radar Cross Section

Waveguide Couplers &

‘\ Biomedical, Exposure, SAR ‘ D-I‘U'-IdET'S

‘ '0“\' Optical Applications ‘

‘ . Periodic Structures ‘

EMC/EM

Leave the default settings for units, @ Time Domain
background materials, etc.

The new project wizard customizes the default
settings for particular types of applications.
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Create Geometry

Modeling

oo [0 o

Brick
Marne:
waveguide
Xmin: Xmax:
: s
Ymin: Ymax:
i] 10
Zmin: Zmax:
i] 50
Component:
componenti -
Material:
Vacuum - ] [ Help




Define Excitation

Modeling

s (1 O

Pick face

Define the port on the other
side using the same workflow.

Simulation

-

Waveguide
Port

Waveguide Port

General

==

Mame: 1

=

Label:

Mormal: X Y

Orientation: (@ Positive

Text size: : I:I

Position

Coordinates: () Free (O Fullplane (@ Use picks

Xmin 0 - 0.0

¥min: 0 - 0.0

Free normal position  Zpos: 50

Reference plane

Distance to ref, plane:

Mode settings
[ Multipin port

Single-ended

[~ 1mpedance and calibration

Apply
@z
| Negative
> large

Xmax 23 + 0.0

Ymax: 10 + 0.0

Mumber of modes:

1 2
[~ Ensure shielding
Electric

[ Polarization angle

0.0



Frequency Range / Boundaries

Simulation
Simulation

@ Boundaries

: Boundary Conditions @

@ Frequency

Frequency Range Settings @ Boundaries |S'_.'mme‘tr'_.r Planes I Themal Boundaries I Boundary Tempaature|
[T] Apply in &l directions
Frriri:
7 *min:  electic (Bt = 0) » Ama electric (Bt =0) -
|
Fmax: fmin:  electic (B =0) » fma electric (B =0) -
12 -Help
- Zmin:  electic (B =0) ~ Zmax: electrc (Bt =0) -
1000 Open Boundary
Fmin should be above the
cutoff frequency of the Cox o ] i
mode of interest.

This has been correctly set by
the project template.



Define Monitors

Simulation

- e -
M?ﬁlifcjnr Neme:  eield (-=7) ) Automatic labeling Define E-f]e[d , H-f]e[d and

Tyoe

[ ] Power Flow monitors at 7 GHz

() HField and Surface current

: Frequency: 7 d 1 2 G H
p— Fmin: 7 a n Z *
() Power flow
- Fmax: 12
() Current density
(") Power loss density/SAR 2D Plane
(7 Electric energy density [ Activate
() Magnetic energy density Crientation: @ X v 7
©) Farfield/RCS esion: —
(7 Field source I
—
OK ] Apply ] Cancel ] [ Help ]
. . A——
Simulation
P — [ Monitor @
u Labeling
o MName: e-field (t=0..end(0. 1)) Automatic labeling
Define a time domai it
. efine a time domain monitor

() Frequency @ Time

Start time: 0 for the E'field.

(") H-Field and Surface current

[ : 1 Surface current (TLM only) Step width: 01
() Power flow

_ [C1End time: 0
() Current density
() Power loss density/SAR 20 Plane
(7 Electric energy density [ Activate
(71 Magnetic energy density Orientation: @x v 7
() Farfield/RCS

- R Position: o

Field source

QK ] [ Apply ] [ Cancel ] [ Help




Check the Mesh

Simulation

For this simple model there are no critical things which would

need further adjustments.




Start the Transient Simulation

Simulation

ﬁ .I

Start
Simulation

Tirme Domain Solver Parameters

Solver settings

L

Mesh type:  |Hexahedral

Accuracy: -30.0 - dB
Stimulation settings

Source type: [.ﬁ.]l Ports v]
Mode: [AJI - ]
S-parameter settings

[| Mormalize to fixed impedance

50 Chms

Adaptive mesh refinement

[ adaptive mesh refinement

Sensitivity analysis

|:| |Ize sensitivity analysis

x5
| Start

Optimizer...

[] tore result data in cache
Par. Sweep...

[ inhomogeneous port

accuracy enhancement _
[ calculate modes only S

Simplify Model. ..
Superimpose plane wave
exctation
.
|:| S-parameter symmetries
Adaptive Properties




Results 1D

E 10 Results
+-[3 Port signals
+-[ S-Parameters

10 Plot

m @_EJ |_@ Phase
= Real Part
Linear | dB Polar ZSmith Y Smith

Imaginary Part Chart Chart
Plot Type

= You can switch to
a different plot
mode using the
toolbar.

Time Signals
' it
ol,1
02,1
i2
'-'2.-2
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Time / ns
S-Parameter [Magnitude in dB]
20 ' ' : : : :
; 51,1
0 ! 52,1
-20 1 : 51,2
40 - :
60 :
-80 :
100 f
-120 , f
-140 : :
-160 i :
7.5 11 11.5 12

8.5 9 9.5 10 10.5
Frequency / GHz




Results 3D - Port Modes

(& 20/3D Results 2120
=-Eg Port Modes 1928
. =-E3 Port! 1735 —
. =-Ea 1542
-G h 1349 —
1157 —|
ER
771 -
Portl_el (peak) ]
Frequency: 9.5 573 —
Fhase: 1]
Wave Imp. [Ohms]: 517 386
Beta [1/m]: 145.1 193
Frukoff: 6,507 0
ACouracy: 1.084=-14
Mode kype: TE
M azinnur: 2120

Plane at z 50




Results 3D

ni
0n
-

Time Domain Monitor

P R = )
m B # 48 5 8
o 2 E S BB R R G

¥
e-field {t=0..end({0.1)) [1] &
Cutplane normal: 0, 1,0
Cutplane position: 5
Component: Ahs z k3
20 Maximum: 1160
Sampla 15 )t 7
Time: 0.6

Power Flow Monitor o

9947

8952 ]

7958 —|
6963 —|
5968 —]
4074 —
7979 —
2034 —
1959

Cutplane normal: 0, 1, 0 D

Cutplane position: 5

20 Maxirnuri: 1.094e+04

Frequency: 7




Results 3D

E-field at 7 GHz

E-field at 12 GHz

5
|
i
E
|
i
_



Results 3D

Surface Currents at 7 GHz




Workflow Example

S-Bended Rectangular Waveguide

Purpose: Create a
parameterized model

CST
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Model

23mm
Material: Vacuum radius_bend=30..50 NN
I 10mm

50mm

angle_bend=0..90
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CST MWS - Standard Workflow

= Choose a project template.

= Create your model.
= parameters + geometry + materials

= Define ports.
= Set the frequency range.

= Specify boundary and symmetry
conditions.

= Define monitors.
= Check the mesh.
= Run the simulation.




New Project Wizard

Create a new project

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

" Antennas
?

My,

‘ ;}. Radar Cross Section

Waveguide Couplers &

‘\ Biomedical, Exposure, SAR ‘ D-I‘U'-IdET'S

‘ '0“\' Optical Applications ‘

‘ . Periodic Structures ‘

EMC/EM

Leave the default settings for units, @ Time Domain
background materials, etc.

The new project wizard customizes the default
settings for particular types of applications.
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Create Geometry (l)

Modeling

oo [0 o

Brick
Marne:
waveguide
Xmin: Xmax:
: s
Ymin: Ymax:
i] 10
Zmin: Zmax:
i] 50
Component:
componenti -
Material:
Vacuum - ] [ Help




Create Geometry (ll)
= Align working coordinate system with the small face of the brick.

Modeling
[ align wes ~

or

X
|'|'|'|'.'IJI
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[
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Create Geometry (lll)

Modeling
Modeling
“a
_ BOeHO00
Picks

- MR
E:' Extrude...
11? Rotate...

or

CST MICROWAVE STUDIO =

. I.-"-_-"-I You have selected a planar face as rotation base,
P]Ck Face ' but no rotation axis is defined.

Do you wish to define a rotation axis numerically?

b

HE
e

CEEEEEEEE
HH
nﬁﬁﬁ}lﬂﬂ

HE

HH

aafrioia]
HHH
Eﬂ

T

HEER R

Enter Edge Mumerically @

l U1 radius_bend l (04

Esc
Wi: 0.0

Cam
Set radius_bend to 30. o b

V2 10

SIS
HHEH
Egﬁw&w

i
Eﬂ‘l‘t&&&ﬂ;
-

FEE
HH
gﬂ-ﬂ

I
HEEERE

(H:
R

ind
i
HHH

BER.

i

"

HHH
P
maan
El‘.t
B

W2 0.0




Create Geometry (IV)

Mew Parameter E
Define missing parameter @
Parameter: angle

Value: 45

Rotate Face E Description:
solid1

Angle:
[

Height:
0.0

Radius ratio:
1.0

Segments per turn:

0 Help

Component:

compaonentl -
Material:

Vacuum -
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Create Geometry (V)

Modeling

®
or

Modeling

™= align wcs -

Pick Face Align WC5

e

kodeling
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Create Geometry (Vi)

Modeling

EOHLOB
B R~
E:' Extrude...
11? Rotate...

o+

Rotate Face Fﬂ
solid2
[ Freview I
Anagle: ) |
Height:
0.0
Radius ratio:
1.0

Segments per turn:
u}

Component:

compaonentl

Material:

Help

Wacuum

1 1 I

Enter Edge Mumerically %]
U1l  —adius_bend | Ok
Vi 0.0 i Preview i
W1l 0.0

| Cancel
U2:  sadius_bend
V2: 10
W2 0.0




Create Geometry (V)

I

I

il

I

|

I
=

 -3 ' .
;  _: E> g&
_.:_': o

hﬂﬂdeling

F

Extrude Face ==
Name: _
solid3 -
[r—
et Use picks |
-
eight Dy 1st face

Twist: (deg.)
0.0

Taper: (deg.)

0.0
Component:

componentl ]
Material:

Vacuum :

3

Pick Face

r'yqﬂdeling

EOHOG-
uj Extrude... |
W Rotate..

=




Define Ports

Modeling
O
Picks T
or -

Pick Face

Same procedure for port
at the other end.



Frequency Range / Boundaries

Simulation Simulation
l:} Frequency @ Boundaries
[ Boundary Conditi |:ﬂ
Frequency Range Settings @ R
o Boundaries |5'_.'1'nmv.='ftr).r Flanes | Themal Boundaries | Boundary Ternpemture|
mirn;:
2 [] Apply in all directions
Fma: Hmin:  electric (B = 0) -~ Emac electic (B = 0) -
12 _Help
- Ymin:  electric (Bt = 0) ~  fmac electic (B =0) -
Zmin:  electric (Bt = 0)  Zma electric (Bt =0) -
Fmin should be above the 1000 Open Boundan,
cutoff frequency of the
mode of interest.

| ok || cancel |[ Heb |

This has been correctly set by
the project template.



Define Monitor

Simulation Monitor
Labeling
|:| Mame: e-field (f=12) Automatic labeling
Field . .
Monitor T‘f“F'E SI-ZIEDﬁCEtIDn -
i@ E-Field (@) Freguency i) Time
(71 HField and Surface current s 12
i) Surfa t (TLM onl
~ Surface current (TLM only) — =
(71 Power flow
_ Frnax: 12
() Current density
() Power loss density/SAR 20 Plane
() Electric energy density [ activate
(7) Magnetic energy density Orientation: X
(7) Farfield/RCS
) R Position: i}
~ Field source
Ok ] [ Apply ] [ Cancel ] [ Help

Define E-field monitor at 12 GHz.




Start Simulation

Simulation

&)

ﬁ .I

Start
Simulation

b~

Tirne Domain Solver Parameters

Solver settings

Mesh type:  |Hexahedral

Accuracy: -30.0

Stimulation settings

Source type: [.ﬁ.]l Paorts

Mode: [.ﬁ.]l

S-parameter settings
[ Mormalize to fixed impedance

50 Ohms

Adaptive mesh refinement

[] Adaptive mesh refinement

Sensitivity analysis

|:| |Ise sensitivity analysis

Start

Optimizer...
[ Store result data in cache
Par. Sweep...

|:| Inhomogeneous part Acceleration. ..

accuracy enhancement
Spedals...
[ calculate modes only L=
Simplify Model...
Superimpose plane wave implify Mode
exdtation

|:| S-parameter symmetries

(]
Al
'Dm._{

S-Parameter List...

]




E-Field at 12 GHz

Clamp to range: (Min: 8/ Max: 2088)

Type
Honitor
Component
Plane at y
Haximum-2d
Frequency
Phase

us/m

2088

1851
1726
1688
1475
1349
1224
1098
973
847
722
506
471
345
228
o941
a

E-Field {peak)
e-field (f=12) [1]

Abs #CST
z

13

2822.16 U/m at 16.8135 7 5 / 75.9862

12

@ degrees o
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Workflow Example
Horn Antenna

Create a horn antenna
model and analyze its far
field properties.
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CST MWS - Standard Workflow

= Choose a project template.
= Set the frequency range.

= Create your model.
= parameters + geometry + materials

= Define ports.

= Specify boundary and symmetry
conditions.

= Define monitors.
= Check the mesh.
= Run the simulation.




Workflow Example
Horn Antenna

Create a horn antenna
model and analyze its far
field properties.
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Cylindrical Horn Antenna 8 - 12 GHz

zlength=2

L units: inch

0.25 waveguide: 1.0 in x 0.5 in x 0.5 in

aperture radius: 1.0 in, length: 0.25 in

shell thickness: 0.01 in (outside)

monitors: E-field, H-field & far field at 10 GHz



New Project Template

= At the beginning, choose "Create Project” to create a new *- B "
project. Create

= This starts the configuration wizard in order to help you to

Project |

choose the appropriate module, main project settings and result

recorders for the particular application.

We choose

Microwave & RF
Antennas
Waveguide (Horn, Cone, etc.)

The recommended solvers for the selected workflow
are T, | and F. We choose the Time Domain solver.

Change the dimensions to inch.

Waveguide (Hom, Cone,
ete.)

' © Time Domain




New Project Template

Apply Frequency settings and set 3D field monitors.

Create a new template

MW & RF & OPTICAL | Antennas | Waveguide (Horn, Cone, etc.) | Solvers | Units | Settings | Summary

Please select the Settings

&quency Min.: 8 GHz \

Frequency Max.: 12 GHz
Monitors: E-field [¥] H-field [¥] Farfield [[] Power flow [] Power loss
Define at 10 GHz

Use semicolon as a separator to specify multiple values.
k e.g. 20;30;30.1;30.2;30.3 )




New Project Template - Summary

Finally, verify your settings for the template and save it.

Create a new template
MW & RF & OPTICAL | Antennas | Waveguide (Horn, Cone, etc.) | Solvers | Units | Settings | Summary

Please review your choice and dick "Finish' to create the template:

Template Name: Antenna - Waveguide
Solver Units Settings
ﬁ' - Dimensions: in - Frequency Min.: 8 GHz
- Frequency: GHz - Frequency Max.: 12 GHz
Time Domain - Time: ns - Monitors: E-field, H-field, Farfield

- Temperature: Kelvin - Define At: 10

Antennas which consist of waveguide elements or which transform
energy from guided form {waveguide, coaxial line) to radiating by a
gradual transition, e.g. horn or conical elements.

< Back Finish Cancel




Horn Antenna - Constructions ()

> 7

Define a brick (1.0 x 0.5 | ws [ Pick face.
x 0.5 In) made of PEC. % Align the WCS with the

© Define a cylinder (outer radius: 1.0

face. ! !

''''''' noe
@ Move () Rotate
ome
DL: 0.0
Cancel
Dv: 0.0
v
L o
W u

in, height: 0.25 in) made of PEC. L~ Move the WCS by 2.0 in.

CST -
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Horn Antenna - Constructions (ll)

B Pick two opposite faces.

>
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@ Perform a loft.

- R
’ HO B~ P'J

P Extrude...

¥  Rotate...

@ Loft..
hilad o ]
Smoothness

4
Low High
0.0

Component
companentl
Material:
PEC ) L Heb |




Horn Antenna - Construction (lll)

=E ﬁ Compoarents

= Ei cormponet] EI ﬁ Components
zolidl Pe rfO rm a |E| E |:|:||-|-||:||:||'-IE!|"I|:1
B ™) <clid " Boolean add.

zolid3

Select multiple objects

(ctrl or shift + left mouse button). ! !
“u ﬂwlﬁ“s“ VU*

£ Modify Locally ~
Tra frmAIg Blend Bool ‘

[ (@ Shape Tools ~ ]
° |Separate and Merge
{@ | Slice by UV Plane
Separate Shape

Fill up Surrounding Space
| Shell Solid or Thicken Sheet...
' Sohid to Sheet Conversion
Solid Coordinates

Local Solid Coordinates
Healing

P Heal Shape

@ Heal all Shapes

Healing Tools

Shell solid: 0.01 in

(outside). Pick two faces.
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Port Definition

/" Pick point
inside corner.

Define the port on the internal profile.

>

/ Pick edge.

-

 Waveguide Port

{@ Define a waveguide port.

=

Reference plane
Distance to ref. plane:

Mode settings
[ Multipin port
Define Pins...

Single-ended

[} 1mpedance and calibration

i
Name: 1 Y ] :

Apply
Mormal: X Y ‘::’é',' z
Orientation: (@) Positive () Negative
Textsize: - D - »large
Position
Coordinates: () Free () Fullplane @) Use picks
Xmin 0 - 0.0 Xmax 1 + 00
Ymn: 0 - 0.0 Ymax: 0.5 + 0.0

/|Free normal position Zpos: 0

0

Number of modes:

1 =)
["] Ensure shielding
: Electric J
["| Polarization angle
(0.0 |




Boundary Conditions and Symmetry
Planes

Boundary Conditions @
Boundaries |S'_.'mme‘tr:.r Flanes | Themal Boundaries I Boundany Tempaaturel
Apply in all directions
#min | open (add spacs) ¥max  gpen (add space) -
‘frir: | open (add space) fmax: open (add space) -
Zmin:  open (add space) » Zmax open (add space) -
Cand.: | 1000 Sém [ Open Boundary... ]
| ok || cancel || Hep |
Boundary Conditions @
Boundaries [| Symmetry F'|E"'"35| Thermal Boundaries I Boundarny Tempaaturel
Themal:
YZplane:  magnetic (Ht =0) - [adiabatic {dG =0) VI
¥Zplane:  electric (Bt = 0) - [adiabatic dQ =0) 'l
XY plane:  none - none
| oK || cancel || Hep |




Mesh View

“& Mesh properties
m

Maximum cell

Near to model: Far from model:

Cells per wavelength:

Use same setting as near to model

TST at work! | Cmncimoms - = 5

/ LUse same setting in all three directions
i Statstcs

— Smallest cell: Maez

0.01 29

Largest cell: My

= 0.0983571 30

Eg Mumber of cells: Mz:

50,344 63
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Transient Solver: Start Simulation

Save the file as ‘Horn.cst’.

The accuracy defines the

p
Time Domain Solver Parameters
Solver settings

Mesh type:  |Hexahedral -

Accuracy: 40| - |dE

steady-state monitor.
The simulation is finished
when the electromagnetic
energy in the computational

domain falls below this level.

Stimulation settings

Source type: | All Parts - |

Mode: | All - |

S-parameter settings
Mormalize to fixed impedance

50 Chms

Adaptive mesh refinement

Adaptive mesh refinement

Sensitivity analysis

|se sensitivity analysis

55

Par. Sweep...

Acceleration...
Spedals...
Simplify Model. ..

Apply
) Close

S-parameter symmetries
S -Parameter List HE||:|

Store result data in cache

Inhomogeneous paort
accuracy enhancement

Calculate modes only

Superimpose plane wave
exdtation




Analyze 1D Results

—_—il

—_—0l,1

Port signals

0 0.5 1 1.5 2 2.5
Time / ns

—511

El IE 10 Results
-3 Port signals
l 23 5-Parameters —> S-parameter
. = Balance
w3 Energy

8 8.5 9 95 10 105 11 115 12
Frequency / GHz

= Energy [1]

Energy ]

-100 1-

-120 1

-140

0 0.5 1 1.5 2 2.5
Time / ns
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Electric Field at 10 GHz

=-[& 20/30 Results
-0 Port Modes

|_:_|ﬁ E-Field
=7 efield [f=101[1]

e-field (F=10) [1] {peak)

Cukplane name:
Cukplane normal:
Cukplane position;
Camponent:

20 Maxirmurm [Y/m]:
Frequency:

Phase:

Cross Seckion A
1,0,0

0.5

)

1955

10

]

3
7

on 2D Plane

Cutting Plane

Normal;

Position:

X

0.5

Sectional View

-1955

1955

1554
1244
(a1t
933

-533
-5ia5

-1244
-1599
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Farfield at 10 GHz

Different Plot type can be chosen from the Farfield Plot ribbon.

L ize S
O Ew]® & [R])D® o wew
w Cut Angle: | 90
30 Isotropic Linear Linear Circular Linear 5caling
Directi

Polar Cartesian 2D :
Omnidirectional { Directional)) Directional Constant Phi
Plot Type Polarization Resolution and Scaling

The Linear Directional polarization is plotted in 3D using the
Ludwig 3 coordinate system. The orientation of the E field vector
and the propagation directions are indicated in the plot.

E-Vector dBi

EI@ Farfields
=-E farfield §=10) [1]

----- el Awial Ratio

..... 4 Ludwig 3 Crosspolar

----- 4 Ludwig 3 Crosspolar Phase
..... |c;,g. Ludwig 2 Copalar

----- 4 Ludwig 3 Copalar Phase

----- Fb{-‘- Ludwig 3 Crosspolar/Copalar
----- Fd Ludwig 2 Copolar/Crosspolar

Type Far field
Approcimation enabled (kR == 1)
honitar farfield (f=10) [1]
Component Al

Oubput Directivity
Frecuency 10

Rad. effic. -0.05240 dB

Tet. effic. -0.08752 dB

Dir. 14.03 cbi




Polar Plot for Farfield at 10 GHz

The Polar plot is obtained for E and H plane by selecting different

Cut Angles.

Polar artesian Isotropic
Flot Type
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Comparing Polar plots

The polar plots can be compared for different cut planes by

copying them as 1D results using Farfield Plot properties. <3
Properties
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