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Model

The model is a parallel plate transmission line excited with a plane wave (red transmission line port)
and terminated with a load port (green transmission line port) matched to the line. The transmission
line is partially filled with air and concrete material.
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New Project

Fa

Having the QW-Modeller opened press MW button from the Ribbon to create new project. Press
| ]|

~ | 1]

e L

save or button and save it with the ppw5.QWpro name.

M QW-Modeller 2020 x64 [3D in air] - [} X

_ fu~ B ™ File Edit View Tools Macro Geometry Sketcher Model BHM Mesh Postpracessings  Simulation Windows Help Mkl = @
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2 New [ Undo  Redo Units, Circuit Project | BHM, BHM | Transmissionline, Peint, PlaneWave Lumped. | wire | Contour | ABC, | NTF | Monitor | Snap, Borders Settings wswhuhm,@ﬂ Parameters | Simulation || Help
3 Project... - Edit... - Settings. BHM Sources and Loads. Wre Contour ABC | NTF | Monitor FDTD Mesh Parameters | Simulation... || Help
Combo View g X

QuickWave  Tasks
Labels & Attributes

Application T
]

v @ ppws R

¥ QuickWave 5

Property Value

\view /\ Data /

Treeview | Combo View 4 pows: 1 B

Report view

Python console  Report view

q."  Gestur 7.88 mmx 414 mm

Defining the type of the structure and background medium

Having the QW-Modeller opened and a new project document created, we can proceed with defining
the type of the structure. First of all, we need to specify if we will be dealing with typical three
dimensional (3D) or maybe periodic three dimensional (3DP) structures. The structure type, called
also the circuit type, is determined in the Circuit Settings dialogue available in the Model tab, under

il
the Circuit Circuit push button. In case of our parallel plate line we will be analysing typical 3D circuit.
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At this stage it is necessary to determine also the background medium for the structure. Since the
structure is non-radiating and we are interested only in the fields inside it (it is a closed structure
type of problem), we can set the background medium to metal and then draw only the inside of the
structure. To set the background medium, we switch to Basic tab in the Circuit Settings dialogue and
choose metal from the Background Medium combo box. Please note that there is a choice of only

1 Circuit Settings

Basic Circuit Type

o
] SDPI/‘\?
Perindicity direction
X

Phase Shift

Phase shifts/period [rad]

kA 0.00000
0.00000

Z 0.00000

2o

Phase Constant 0.00000

[]BOR (2DVcoa)

Angular Variation|1

two possible background media, air and metal.

Advanced

4k

Cancel

[w]
[

Angles of incidence [deg]

0.00000

0.00000

Help
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 Circuit Settings 7 X

Basic Circuit Type Advanced

Freguency Range [GHz]

From: |5.00000 | To: [15.00000 | Step: (0.10000 | GHz

Set for Ports Set for Postprocessings
Units
Geometry Frequency
Millimetres e GHz w
Background Medium Geometry resolution
|se document settings
air o

air Decimal places (3 &

Mo description

Cancel Help

Drawing the structure

At this stage we will be creating the project geometry. First step that needs to be accomplished is
choosing the units that will describe the geometry. To do that we go to Model tab and from Units

(WAL

Units. button we choose Millimetres. The same can be done in the Basic tab in the Circuit Settings
dialogue.
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Units.,
Geometry
= Metres
| Millimetres
o Micrometres
M Manometres
o Inches
s Mils
Frequency
M PHz
A THz
HE| | GHz
e MHz
w,  kHz
A, Hz

The dimensions of the transmission line are as follow:

To draw the structure we go to Geometry tab. We start from drawing the transmission line inside.
Firstly, the part filled with air is drawn. We need to draw only the inside of the structure (the
surrounding medium is metal), thus we start from the air block, which stands for the first part of the

transmission line inside. To draw the transmission line we press Create a Box ﬂ button in the
Primitives section and a dialogue appears.
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2
@ Create Box !
Mame: sectionl
Medium: | 571 air -
Parameters
Length: 100.000000 S
Width: 20.000000 =
Height: 3.000000 =
Position:
i 0 mm =
"Ynirn: 0 mm =
Zmin: 0 mm =
Direction: Fi -
From Pick Use none ~
Preview Help

From the Medium combo box we choose air. Now we can proceed to setting the dimensions of the
air filled part according to the picture above. With Position set to (0,0,0) the transmission line will be
drawn so that its lower right corner is placed at this coordinates. After pressing OK button the air
filled part appears in the project.
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A QW-Modeller 2020 64 [3D in metal] - u] X
o v MR Fle Edit View Tools Mocro Geometry Sketcher Model BHM Mesh Postprocessings Simulation Windows Help Wil = @
X & Fe |G view @ Geomery (@ skewcher | AY Model | B antennaAmay | & BHM | Bk Simulation
] wy Active medium:
o, 10ei @ B 3 0 & & @ | A @
H Undo  Redo i i > T
2 tew o Media || & air co. | @/ (@ sovesn.| Transiorm, EXtruce Revolve Transite Rotate | Thin Layer | Sketcher | Model Help
= Eit. Media... .| ImperiBgon Primitves.. - Tock... | Thnleye | Sceme | Modsl.. Hel
Combo View 8 x
QuickWave  Tasks
Labels & Attributes
Application
v @ ppw5
¥ QuickWave
M sectionl
Property Value
z
A
X|
view /\_Data
Treeview  Combo View & pows: 1+ B
Report view 5 x

Python console  Report view

ﬂn‘, & Gestur™ 13016 mm x63.39 mm

Before drawing the concrete filled part it is required to define concrete medium in the project. For

v

that purpose we press Media Media button in the Geometry tab and in the appearing Project Media
dialogue we press Add button.

¥ Project Media ? e
Background Medium: |metal W
Y
Mame Type Description

B air Isotropic
@ metal PEC

Edit. .. Copy Delete Add to Media Library

Impaort... Export... Export to UDO Get from Media Library...

oK Cancel Help

In the Edit Medium dialogue we set the medium name to “concrete” and its relative permittivity to
4.5. Pressing OK button introduces the concrete medium to the project.
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¥ Edit medium 7 4
Electromagnetic parameters Description
Mame Type
| concrete e | £ Dielectric isotropic ~
Eps Mu Sigma SigmaM
[4.5 E | o | o
Potentials Chart...

Thermal parameters
Initial temp.
Density

Specific heat |1

I

Mo additional e-m parameters. Viscosity

Conductivity

X |:I Medium color
v ] erush.
zp ]

Cancel Help

We now proceed to drawing the concrete filled part of the transmission line. We press Create a Box

@

button in the Primitives section and a dialogue appears.
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2
@ Create Box :
Mame: section2
Medium: | & concrete -
Parameters
Length: 100.000000 S
Width: 20.000000 S
Height: 3.000000 S
Position:
i 100 mm =
frnir: 0 mm =
Zmin: 0 mm =
Direction: Fi -
From Pick Use none ~
Preview Help

The name of this part is set to “section2” and its medium is chosen to be concrete. The dimensions of
this part are the same as in the case of air filled section. The concrete filled part is placed behind the
sectionl1 thus its position in X direction is set to 100 mm. After pressing OK button the concrete filled
part of the transmission line appears in the project.
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A QW-Modeller 2020 x64 [3D in metal] = m] X
~ Tav % B File Edit View Tools Macro Geometry Sketcher Model BHM Mesh Postprocessings Simulation Windows Help WEE = .
X & Fe |G view @ Geomery (@ skewcher | AY Model | B antennaAmay | & BHM | Bk Simulation
] Ly Active medium: /
: W 5. 0 £ @aQi @ & & O & &P 2 | Ay @
§ New [ | U9 RES0 | Media || & concrete ~ co. ||@| @G [@] soviean. | Transiom, Extrude Revolve Transhate Rotote | Thin Layer | Sketcher | Model Help
g Project... » Edit... - Media... - | ImperyBxport Primitves.. - Teoks... - | Thinlayer | Sketcher | Model... Help
Combo View 8 x
QuickWave  Tasks
Labels & Attributes
Application
v @ ppws
¥ QuickWave
M sectionl
@ section2
Property Value
z
h
"
View Data
Treeview  Combo View & pows: 1+ B
Report view 8 x

Python console  Report view

ﬂ." 2 Gestur= 256,46 mm x 13475 mm

Drawing the ports
In this step we need to draw and define the ports. In this case we need to define two ports, input and
output with TEM mode excitation.

To define the ports we need to go to Model tab. As a first one, we will define the transmission line

&

input port. For that purpose we press Transmission Line Transmissionline. commands button and

Insert Transmission Line Source...

choose Insert Transmission Line Source ’ command.

M OW-Modeller 2020 x64 [3D in metal]

o ~ & % File Edit VYiew Tools Macro Geometry Sketcher Model BHM  Mesh  Postprocessii

-] g

X = Fie 5 view @ Geometry 9 sketcher Ay Model 8 Antenna Array | & BHM
- wy "R TR TR 2, N 2
B || v | mm el o - & .
ED New L“: Undo Redo Units, Circuit Project | BHM, BHM Transmission Line,  Point, Plane Wave Lumped,
= ] i ‘ Insert Transmission Line Source...
=) Project... » Edit... - Settings EHM

‘ Insert Transmission Line Load...
Combao View g X

The following dialogue will appear.

10
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? *
Port View Options
Mame: |50urcePort w | Type: |Source | Activity: PLUS Show text Textsize: |14 51| Textplace: [MaxMax
Geometry | Parameters Exciting field | Arbitrary ~ | m 1 n o
Crientation Polarisation (E) | H symmetry [ JH [Jv
® x Ov Oz Template Advanced Parameters
Position Generation |:| Multipoint excitation
) ) P
Position ¥ 0,00000 [] Use position From Pick ® Automatic O Manual O Analyteal Szl 0.1
®) Full Plane () Coordinates () Cimensions Matching frequency [GHz] Permittivity (eff.)
Ymin: |0.00000 Ymax: | 20.00000 length: 20.00000 % 10.00000 within +/- |1.00000 | [1.0000000 |
Zmin: |0,00000 Zmax: |3.00000 Width: | 3.00000 5 Diel. Permittivity
Excitation Point 0
¥: |10.00000 v | Z1|1.50000 - Center From Pick Template mode searching frequency range [GHz]
[JReference from |5.00000 | to |15.00000 | step [0.01000
Reference Offset 0.00000 = Snap Mesh Template mode search details Recaloulate
Exdtation with field component Ex ~
Periods for field pattern generation 100
Set Al
Apply Preview Cancel Help Get... Put...

We set the name of the port to SourcePort. The default Type, Activity and Orientation of the port are
properly set for this case. Full Plane option sets the port dimensions equal to the bounding
dimensions of the entire project in the directions perpendicular to the port orientation what is
suitable in this case. We uncheck the Reference option — it is not necessary since we do not calculate

S-Parameters.

‘ Create Transmission Line Port

7 x
Port View Options
MName: |SourcePort ~ | Type: |Source | Activity: |PLUS Show text  Textsize: |14 51| Textplace: [MaxMax -
Geometry Parameters Exciting field | TEM ~|m 1 n o
Excitation Polarisation (E) H Symmetry [ JH [V
Waveform Set Al Template Advanced Parameters
. . Generation Multipoint excitation
sinusoidal v
Automatic Manual Analytical Size/l 0.1
Frequency Matching frequency [GHz] Permittivity (eff.)
f1: 5 | GHz —L\[‘r 10.00000 within +/- |1.00000 1.0000000
2 GHz Diel. Permittivity
= % (i
Duration 0
Template mode searching frequency range [GHz]
Amplitude Delay [ns] from | 5,00000 to |15.00000 step (0.01000
1.00000 | |D.DDDDD Template mode search details Recalailate
5 Parameters Postprocessing Excitation with field component Ex
Reference number: |1 > | 5 Parameters... Periods for field pattern generation 100
Set Al
Apply Preview Cancel Help Get... Put..
11 P
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In the Parameters tab we set sinusoidal excitation at 5GHz. We excite the structure with a
fundamental TEM mode. Pressing OK button accepts the settings.

Project Preparation

A% QW-Modeller 2020 x64 [3D in metal] = O x
~ | fo~ B B File Edit View Tools Macro Geometry Sketcher Model BHM Mesh Postprocessings Simulation Windows Help EEl = .
X I~ Fe G vew @ Geometry [P Sketcher W Moded | 5 antennaAmay | & BHM | AL Simuation
z &) ) TR TR N " z 10 :
s o 5 B R ZE #2 0 0 % || D a2 MSsE &0 W B A
g New [ Undo  Redo Urits,, Circuit Project | BHM, BHM | Transmissionline, Point, PlaneWave Lumped. | Wire | Contour | ABC, | NTF | Monitor | Snap, Borders Setfings Vis\bility.@ Parameters | Simulation Help
g Project... Edn... ~ Semings EHM Scurces and Loads Wre Contour ABC NTF | Monitor FDTD Mesh Parameters | Simulation.... Help
Combo View 8 x
QuickWave  Tasks SourcePort [1]
Labels & Attributes @
Application
v @ ppw5
v ¥ QuickWave
V' Media )
2 Cireuit
Z BHM
L Postprocessings
¥ Mesh
v @ ports
@ SourcePort
0 PlansWave v
Property Value ~

Excitation  TemplateExcitat..
Type Source
Reference  false

Snap Mesh... false

Reference O... 0.00000 mm
Symmetry H  false
Symmetry V  false

Polarisation H true
Polarisation V' false z

< > %
view /\_Data
Treeview | Combo View 4 pows: 1= B

Report view 8 x

Python console  Report view

ﬂ." 2 Gestur= 19024 rm x 10469 mm

&

Now press Transmission Line Transmission Lin€, commands button and choose Insert Transmission Line

Load’ Insert Transmission Line Load... command.

M Qw-Modeller 2020 x64 [3D in metal]

w o~ B & File Edit View Tools Macro Geometry Sketcher Model BHM  Mesh  Postprocessi

X = Fie fﬂ View @ Geometry 9 sketcher A Model ¥ Antenna Amray % BHM
£ ES g » TR TR & N N
3| | 7 e = A .

< New 3 Undo  Redo Units, Circuit Project | BHM, BHM || Tranmsmission Line, Point, Plane Wave Lumped,
% Project... + oo . . BHM ’ Insert Transmission Line Source...,

‘ Insert Transrission Line Load...
g X

i
o
=
T
o
=
g

The following dialogue will appear.

12 oy
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Port View Options

~ | Type: |Load  ~ | Activity: [MINUS -~ [] show text  Textsize: |14 |2 Textplace: |MaxMax

Name: | LoadPort

Geometry Parameters

Exciting field Arbitrary ~ | m 1 n o
Crientation Polarisation (E) | H v symmetry [ JH [Jv
® x Ov Oz Template Advanced Parameters
Position Generation |:| Multipoint excitation
) ) P
Position ¥ | 200,00000 * | [] Use position From Pick ® Automatic O Manual O Analyteal Szl 0.1
®) Full Plane () Coordinates () Cimensions Matching frequency [GHz] Permittivity (eff.)
Ymin: |0.00000 Ymax: | 20.00000 length: 20.00000 % 10.00000 within +/- |1.00000 | [1.0000000 |
Zmin: |0.00000 Fmax:  3.00000 Width: | 3.00000 = Diel. Permittivity
Excitation Point 0
¥: |10.00000 v | Z1|1.50000 - Center From Pick Template mode searching frequency range [GHz]
[JReference from |5.00000 | to |15.00000 | step [0.01000
Reference Offset 0.00000 = Snap Mesh Template mode search details Recaloulate
Exdtation with field component Ex ~
Periods for field pattern generation 100
Set Al
Apply Preview Cancel Help Get... Put...

We set the name of the port to LoadPort. The default Type and Orientation of the port are properly
set for this case. We should change Activity to MINUS (please note that when Full Plane option is
checked, port will change its position to the opposite side of the project). We uncheck the Reference
option — it is not necessary since we do not calculate S-Parameters.

‘ Create Transmission Line Port

? *
Port View Options
MName: | LoadPort ~ | Type: |Load  » | Activity: [MINUS Show text Textsize: |14 51| Textplace: [MaxMax
Geometry  Parameters Exciting field | TEM w|m |1 n o
Excitation Polarisation (E) | H v symmetry [ JH [Jv
Waveform et Al Template Advanced Parameters
sinusgidal - Generation Multipoint excitation
Automatic Manual Analytical SizefL (0.1
Frequency Matching frequency [GHz] Permittivity (eff.)
1 5 | GHz —h[‘ 10, 00000 within +.|'-- 1.00000 1.0000000
2. GHz ] % Diel. Permittivity
Duration L ri 0
Template mode searching frequency range [GHz]
Amplitude Delay [ns] from |5.00000 to 15.00000 step |0.01000
1.00000 | |U'DDDDD Template mode search details Recalailate
5 Parameters Postprocessing Excitation with field component Ex
Reference number: |1 : | 5 Parameters... Periods for field pattern generation 100
Set Al
Apply Preview Cancel Help Get... Put...
N
13 e /.
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In the Parameters tab we set sinusoidal excitation at 5GHz. We excite the structure with a
fundamental TEM mode Pressing OK button accepts the settings.

The LoadPort can be also set by creating a copy of SourcePort and changing its parameters.

A% QW-Modeller 2020 x64 [3D in metal] — o %
~ lu~ B & File Edit View Tools Macro Geometry Sketcher Model BHM  Mesh  Postprocessings  Simulation  Windows Help RIS
X I= Fe G vew @ Geometry [P cketcher N Moded | 5 antennaAmay | & BHM | AL Simuation
5 o T T ¥ " " .
s ~ .. 98 A [ ] % & @ M W |0 VW& || A
L™ i) & A L
2| hen [l Ude  Redo Units, Circuit Project | BHM, BHM | Transmissonline, Point, Plane Wave Lumped. | wre | Contour | ABC, | NTF | Monitor | Snap, Borders Settings Vis\biliw.@ Parameters | Simulation || Help
g Project... Edn... ~ Semings EHM Scurces and Loads Wre Contour ABC NTF | Monitor FDTD Mesh Parameters | Simulation.... Help
Combo View 8 x
QuickWave  Tasks
Labels & Attributes 2
~ @ ppw5
v AV OuickiWave fourcePort [1]

¥ Media

2 Cireuit )

Z BHM

U Postprocessings

% Mesh

v @ Ports
@ SourcePort
¥ LoadPort

B0 PlaneWave ©

Property Value ~

Excitation  TemplateExcitat...
Type Load

Reference  false

Snap Mesh... false

Reference O... 0.00000 mm
Symmetry H  false
Symmetry V  false

Polarisation H true

Polarisation V false

v F4
h
< > %
View Data
Treeview | Combo View g x|
Report view 5 x

Python console  Report view

ﬂ." o Gestur™ 21235 mmx 11473 mm

Setting boundary conditions

i9

In the Model tab we press the Borders BoT9&rs putton. The Boundary Conditions dialogue will appear.

14 ey
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¥ Boundary Conditions 7 >
Boundary Conditions Location
[] Al Directions min max
PEC ¥ (0.00000 00, 00000
¥ (0.00000 20.00000
¥min: |PEC ~ | ¥max: |PEC il ] (N P
Z (0.00000 3.00000
¥min: |PMC ~ | ¥max: PMC w Adijust to
Zmin: |PEC ~ | Zmax: PEC o Objects
Limits to XYZ
[ ] Default Colours
Generate Mesh Ok Apply Cancel Help

In the Boundary conditions frame we uncheck the All directions check box and we set Perfect
Magnetic Conductor (PMC) for Ymin and Ymax positions and Perfect Electric Conductor (PEC) for the
rest and press Apply. Please note that boundary conditions’ indicators are visible when Boundary
Conditions dialogue is opened or when visibility for Computational Borders is enabled. We will make

Boundary Conditions indicators visible using Visibility VEbiity. hytton.

@ e e &8 W K

Snap, Borders Settings | Visibility, @ Parameters | Simulai
o
FDTD Mest X2 X mesh
% mesh
Z mesh
»YE mesh

X mesh position Max

¥ rnesh position Max

T

Z rmesh position Max

"o
Sl

Show E-rmesh

ﬁlf" Show H-rmesh

it% Box
Short mesh lines

gy Computational Borders |\

After zooming the display, we can observe that violet colour indicates PMC boundary conditions and
brown colour indicates PEC boundary conditions.

15 ey
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Setting up the mesh

Having the structure’s geometry and the ports defined we can now set up the mesh. To do that, in

2

Model tab we press the Settings “€tings putton. The following dialogue will appear.

16 & T
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" Mesh Settings ? X
Maximum Cell Size
Manual Amigo Cell Size Step
¥ toYZ Cells per Wavelength:  15.00000 X to¥YZ

" [] % (corresponding size)  0.62810 Clx:: (w00 [2
v: [ Y {corresponding size)  0.62510 Ov: |woo 3
7 [] Z {corresponding size)  0.52310 Oz 10.00 |%

Frequenc

Position - i
) From: |5.00000 | To: 1500000 | Step: |0.10000 | GHz
X |Min e
At Automatic correction:

- uto
¥: [Min > Mo -select, Y or Z
7+ | Min " Minimum Frequency: 5.00000 [GHz] in Circuit

Maximum Frequency: 15.00000 [GHz] in Circuit

Snap to (V-Vertices, E-Edges, F-Faces, B-Boundaries)
Metal Geometry Mimimal Distance

¥ (FE) Y {FE) Z (FE) Set... ¥: |0,10000 ¥to¥Z
Mon-Metal Geometry Yi |0,10000
¥ (FE) Y {FB) Z (FE) Set... Z: |0.10000

Generate Mesh [_| Default Colours

Apply Cancel Inspect... Help

We set 1mm cell sizes in X, Y and Z direction. The meshing will be enforced in the entire project
space.
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I~ ~ ® B File Edit View Tools Macro Geometry Sketcher Model BHM Mesh Postprocessings  Simulation  Windows Help LEe = o

B fe |G) view |@ ceometry | (@ sketcher | A Mode | B ntennaAray | 2 BHM | B Simdation

~ ol = Z2E £ 0 0 % || D a2 MSsE SE W B A

i~
- 2
= Undo  Redo Urits,, Circuit Project | BHM, BHM | Transmissionline, Point, PlaneWave Lumped. | Wire | Contour | ABC, | NTF | Monitor | Snap, Borders Setfings wsbility.@ Parameters | Simulation Help

~
New

QW-Modeller X

Project... . Ede.. Semings BHM Seurces and Leads. Wre | Comowr | ABC | NTF | Menier FDTD Mesh Parameters | Simulation.... || Help

Combo View 8 x
QuickWave  Tasks

Labels & Attributes ~ 2o
SourcePort [1]

v @ ppws
~ ¥ QuickWave
¥ Media
2 Circuit
7 BHM
UL postprocessings
5 Mesh
v @ Ports
@ SourcePort
¥ LoadPort
¥ PlaneWave v

Property Value ~

AmigoX  false

Amige¥  fale
AmigoZ  fake
Amigo Cells... 15.00000
Amigo Freq... 5.00000
Amigo Freg... 15.00000
Amigo Freq... 0.10000
Quick Wave

Cell X 1.00000

Treeview | Combo View & pows: 1+ B

Report view

Calculating FDTD mesh - second step
FDTD mesh calculated (Wed Dec 16 17:51:12 2020)
FDTD mesh cells number: X=200, Y=21, Z=3, Total=12600, TotalB=20400

Python console  Report view

Preselected: sectionl - Unnamed.section.Facef (36,3679, 18.5439, 3) ﬂn" c Gestur™  218.353 mm x 11473 mm

Exporting the project and running the simulation
The project is ready and we can run the simulation. For that purpose we switch to Simulation tab and

d

we press Start St button from the Export section. The QW-Simulator is run and the simulation
starts automatically. For a detailed description of QW-Simulator functionalities please refer to QW-
Simulator manual.

X & Fie f_ﬂ View @ Geometry @ Sketcher ~ Model # pntenna Array I BHM B simulation

5 | ; o~ P 3 \

= ) | QuickWave Professional 2020 ~ Ay a7 I > " W ’

i LSRG EBHRE M Qe S &8 & & &0 rY Ak

ED New t"‘_'. 5 NIF NTFFA FD Pav Monitor ExH QProny QW-Simulator OMP ™| Energy | Sections UDO Export Export Run Siartl/\\)Test QProny | Model Help

%‘ Project... . Postprocessings QuickWave... +| Enesgy Export... - | Model.... Help
—
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