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0. Define an Analysis Model # Murata Software

S-Parameters of an open stub surrounded by metal is solved.

Metal (Electric wall)

Port 001

Port_002

(a) Appearance (b) Shielding by Metal

Fig.1 Open Stub
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0. Define an Analysis Model

N

20

Fig.2 XY Plane of Open Stub

Analysis Frequencies
1GHz ~ 10GHz

SUB (Substrate)
Thickness: 1mm
Material: Glass Epoxy

Relative Permittivity: 4.25
tano : 0.01

AIR
Height: 6.4mm

ELECTRODE

Material: Cu

Conductivity: 5.977e7[S/m]
Relative Permeability: 1

#2 Murata Software



1. Create a P r()j ect é Murata Software

Preparation

For easy drawing, change the settings to display bodies in wireframe.
Click Femtet button& , go to [General Settings] > [GUI Settings] > [Modeling Setting],
then deselect [Paint and Shade].

C reate a N eW P rOj eCt [ Analysis Space Setting ﬁq

Model unit Analysis Space

1. Click Femtet button), select [New Project]

2. In the [Analysis Space Setting] dialog box, - .
check that Model unit is mm and Analysis — U
Space is 3D. Click OK. (Fig. 3) " v
OK Cancel | Help |

Fig. 3 [Analysis Space Setting] Dialog Box



2. Create a Model § Murata Software
Create a Model on the Modeling Window

Create a Substrate Body

On the [Create a solid body] buttongs

select [@Body [Specify Length]].

Startpoint: (0,0,0), Width: 20, Depth: 20, Height: 1 @

(Fig. 4)
Fig.4 Substrate Body

Create a Air Body
Startpoint: (0,0,0), Width: 20, Depth: 20, Height: 6.4
(Fig. 5)

=

Fig.5 Air Body

Exit
Press [Exit].
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2. Create a Model § Murata Software

Create an Electrode Body 1

On the [Create a sheet body] button—
select [[IRectangle [Specify Length]]
Startpoint: (0,0,1), Width: 20, Height: 2

(Fig. 6) &

Fig.6 Electrode Body 1

Create an Electrode Body 2
Startpoint: (9,2,1), Width: 2, Height: 6
(Fig. 7)

Exit @

Press [Exit].
Fig.7 Electrode Body 2
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2. Create a Model § Murata Software

. . Move/Rotate »
Unite Electrode Bodies Deform 3
Select the electrode bodies 1 and 2 with ﬁgﬁie . :
[Ctrl] key being pressed. Segment S
On the right-click menu, select | = Ej:f;";o 5 "; i‘:t‘:ad
[Boolean] > [Unite]. (Fig. 8) e At (4] Intersect

The two electrode bodies are united. (Fig. 9) Fig.8 Unite Two Bodies

Exit
Press [Exit]. @
Fig.9 United Body of Electrodes
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2. Create a Model § Murata Software

Move Electrode Body

s | —— =

Select electrode body. Copy/Paste/Delete Attibute
Transfer Attributes to User DB

On the right-click menu, S

select [Move/Rotate] > [Move] Deform

(Fig. 10)

Fig.10 Move Electrode Body
Set Move vector: (0,9,0)

(Fig. 11)

Exit
Press [EXxit].

¥

Fig.11 Moved Electrode Body
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#2 Murata Software

3. Set Analysis Condition

Select Solver

On the [Analysis Condition] button (c? , open [Analysis Condition Setting] dialog box.
On the [Solver] tab, select [Electromagnetic analysis Hertz].

-
Analysis Condition Setting

Solver l | Solver

Electromagnetic... Mechanical Stress / Piezoelectric

Ly hWechanical stress aralvsis Galileo
Open Boundary . X . .

Piezoelectric arahysis Rayleish
Resonant Analy...
Harmanic Analy... Acoustic / Fluid
Waveguide Ana... Acoustic aralysis Mach
Incident Wave (... Sirnple fluid arabysis Pascal
High-Level Setti...
Result Import

Thermal
Motes
[CITherrral aralysis Watt
Electric field — therrral coupled aralysis Curie

| Electromagnetic Field

Electric fiald aralysis Coulomb
Wagretic field aralysis Gaussrluvens
| Electromagnetic waves aralysis Hertz

Fig.12 [Solver] Tab
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3. Set Analysis Condition €@ Murata Software

For S-parameters analysis, select Harmonic Analysis on the [Electromagnetic Analysis] tab. (Fig. 13(a))
On the [Harmonic Analysis] tab, select Sweep Type: Liner Step by Division Number, and enter
Minimum frequency: 1, Maximum frequency: 10GHz, and Division number: 100. (Fig. 13(b))

Mesh setting is on the following page.

Analysis Condition Setti
v = Analysis Condition Setting

Salver | Electromagnetic Waves Analysis

Solver Harmonic Analysis
|m Analysis Type Tr: Electromagnetic ...
Mesh Frequency
Waveguide Anzalysis { Mesh Sweep Type Swaep Values
Open Boundary )
) Resonant Analysis Open Boundary e LinERL St B FLEQURD0 e Minimum frequency

Resonant Analy..

(®) Linear Step by Division Number 1 10 S

Harmonic Analy... @ Harmonic Analysis Resonant Analysis

Waveguide Ana... Il Convert to TOR | Harmonic Analysi w 5 ;:g; L?equenw Maximum frEH?Ecv , _
Incident Wave . Options [ Waveguide Anal... () Table = ° ’
High-Level Setti... Incident Wave (P... Division nunﬂ
Result Import High-Level Setting Check Frequency 100 =
Notes

Fig.13(a) [Electromagnetic Analysis] Tab Fig.13(b) [Harmonic Analysis] Tab
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3. Set Analysis Condition

#2 Murata Software

General Mesh Size Setting

1/10 of the overall size is
automatically set.

\

Do Not Use Adaptive Mesh

In this exercise, deselect this option
to finish calculation in short time.
*Usually, this option is selected.

AN

Reference Frequency Setting

In this exercise, it is assumed that
the resonant frequency is known to
be around 5GHz.

Analysis Condition Setting

AN

N

‘ Mesh

Solver

]

Electromagnetid\..

I—"W
Mesh )

Open Boundary

Meshing Setup
Use Mesher G2
Execute G1 when failed

Mesh[Multigrid

[ ] Use the adaptive mesh meth Setup

. ¥ Set the general mesh size automatically
Resonant Analysis

Harmonic Analysis
Waveguide Anal...
Incident Wave (P...

High-Level Setting

Result Import

General Mesh Size

Element Type
() 1st-Order Element (Time Prioritized)

(®) 2nd-Order Element (Accuracy Prioritized)

oy

Use the multigrid method Setup

Frequency-Dependent Meshin

Meshing control Setup

g L[]

Reference =]

frequeney (5| X0 [+2)

The conductor bodies thicker than the skin depth
the boundary condition.

Fig.13(c) [Mesh] Tab of [Analysis Condition Setting]
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#2 Murata Software

4. Set Material Property

. ﬂ Body Attribute/Material Property |
] ] ﬂ Boundary Condition [All faces]
Right-click the substrate and select [Body & | Port
. . . i}“ Mesh Size
Attribute/Material Property] on the appearing menu. Copy/Paste/Delete Attribute >
(Flgl4) Transfer Attributes to User DB
Mnve/Rntate [3

Type SUB in the [Body Attribute Name]. )
Fig.14 Select Substrate Body

. . Body Attribute/Material Property Setting a X
In the [Material DB], go to [03_Resin], and select
Body Attribute - i
[006_Glass_epoxy]. Name :S“B : S
. Material 006_Glass_epoxy ¥ || Edit Data
(Fig.15) |
Material DB -1 User DB A
[ 01_Fluid
{3 02_Metal
- - =13 03_Resin
Press [Edit Data] to check the material property. 000_Polyethylene(PE)

-1l 001_Polystyrene(PS)

-1l 002_Polycarbonate(PC)

-1l 003_Polyethylene_terephthalate(PET)
-1l 004_Polyacetal(POM)

-l 005_Polyurethane

Ry 006 Glass_epoxy

~{al 007_ABS_resin(shock_resistant)

-l 008_Nylon12
{3 04 Dielectric

Fig.15 Select Glass Epoxy
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#2 Murata Software

4. Set Material Property

| @ Body Attribute/Material Property
ﬁ Boundary Condition [All faces]
Right-click the air domain and select [Body . ::"th .
Attribute/Material Property] on the appearing " Copy/Paste/Delete Attribute 8
. Transfer Attributes to User DB
menu. (Flg 16) Move/Rotate 4
Deform | 4
Type AIR in the [Body Attribute Name]. Fig.16 Select Air Domain
In the Material DB, go to [01_Fluid], and select _ _ _
Body Attribute/Material Property Setting O X

[000_Air]. (Fig.17)

Body Attribute [57p .
e | || Edit Data
Material |000_Air v || Edit Data

Material DB -1 User DB
£ 01_Fluid
821000 _Air
(8 100_Water
[Hi3 02_Metal

Fig.17 Select Air

All Rights Reserved, Copyright (© Murata Software Co., Ltd.

14



4. Set Material Property # Murata Software

.g Body Attribute/Material Property
2% Boundary Condition
Right-click the electrode and select [Body o o
Attribute/Material Property] on the appearing - cfgg/_%s__te/_aelefA_ﬂriﬁu_te >
menu. (Fig. 18)
Type ELECTRODE in the [Body Attribute Fig.18 Select Electrode Body
Name].
Body Attribute/Material Property Setting O X
In the Material DB, go to [02_Metal], and select Body Avrioute |1 ECTRODE v] " Edit Data
[008_Cu]. (Fig.19) i | Eeteoss
- Material DB | =3 02_Metal A

-l 000_2Zn

i 001_Al

-2 002_Au

-2 003_Ag

-l 004_Co

121 005_W

-2 006_Ti

-l 007_Fe

*003_cul

009 Pb

Fig. 19 Select Cu
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5. Set Boundary Condition

#2 Murata Software

Port Setting

Select a face for setup.

Port_001 is set up as follows;

Select faces of the substrate and air domain with Ctrl key
being pressed.

On the right-click menu, select [Port]. (Fig. 20)

Confirm the port name is [Port_001] and press OK button.
A dialog box for analysis condition setting will show up.
(Fig.21)

Select [Specify] for [Reference Impedance].

Press Setup button for [Integral Path] and set as follows on
the modeling window;

Integral path: startpoint (20, 10, 1), endpoint (20, 10, 0))
(Fig. 22 on the following page)

Likewise, Port_002 is set up.
Integral path: startpoint (0, 10, 1), endpoint (0, 10, 0)
(Fig. 23 on the following page)

Boundary Condition
Port

Mesh Size
Copy/Paste/Delete Attribute 4

£« 2

Fig. 20 Select Port_001 for Setup

Edit Boundary Condition [Port_001]

| Electric Electric

Symmetry/Conti...

Notes Integral Path (port] P< field &
— ;
= he integral path is used to calculate
tife characteristic impedance (Zpv)

d to determine,
direction of the pf

Port Type

Power Port b

Propagation Mode Setting

Reference Impedance

GE o
Real Imaginary
P 0 o jom ™ oo w0 tom

(O Specify a touchstone file Reference

Save the field with the power input at this port.

Fig. 21 Dialog Box for Editing Boundary Condition

16



5. Set Boundary Condition

#2 Murata Software

1

tegral Path

S

Fig. 22 Integral Path on Port_001

Boundary Condition

3
& Port
L

Tra

All Rights Reserved, Copyright (©) Murata Software Co., Ltd.

Mesh Size
Copy/Paste/Delete Attribute

nsfer Attributes to User DB

Fig.23 Integral Path on Port_002

»
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6. Run Solver &3 Murata Software

Save Analysis Model
Click Femtet button %), select [Save Project As].
Type Exercise, press [Run Mesher/Solver] »

- . .. Simulation Information
When the analysis is finished, Nber of rahes 8105 v:zr:gfmngs
[Calculation Finished] dialog box will Meshingtme  00:00:48
appear Solving time 00:00:38
Total time 00:01:26
. . Memory usage 1052[MB] —
Check [Fields] is selected for [Show Warning Help
Results], and press [Show] button to see
Show Results
the results window.
(Flg 25) [¥] Tables Iij

[[] show S(Y) Parameters

Fig.25 [Calculation Finished] Dialog Box
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7. Results Display: Magnetic Field & Murata Software

Select Electromagnetic Analysis as an analysis type.

Set electric field [V/m] for the field type.
Press [Vector diagram] 4 (Fig. 26)

The electric filed displayed here is input from Port-001.

To view the electric field input from Port_002,
press [Field Superposition Setting] button | and set as in

ID.D

b i s lue: 25.006
b inimurm walue: 0.001

Table 2. Fig.26 Electric Field Vector Diagram
Port Name MAG PHASE[deg] Port Name MAG PHASE[ded]
Port_001:m1 1.0 0.0 Port_001:m1 0.0 0.0
Port_002:m1 0.0 0.0 Port_002:m1 1.0 0.0

Table 1: Input from Port_001

Table 2: Input from Port_002
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/. Results Display: S-Parameters

#2 Murata Software

Click [Chart], and select [SYZ matrix].
A dialog box will show up. (Fig. 27)

In [Matrix], select 11 and 21.
Press [XY Graph] button.
S;; and S,; will be displayed. (Fig. 28)

'L['.gl- * Uit [ i e |
File[F}  Irgetd)  Marker(h)  View(V]  OutputDatal®)  Data Corversion(C]
i3 |:| BB & | hertzHertz_Graphiy.s2p Ll R A YN
-1 Graph
=-E Gl 504, [hanz. Herz_Brapiiy s34
-7 b=t S{2.7] [heriz. Hers_Grapr 52|
5 parameter

L3

Sodn oo
a—

boebubs

S| dB|

tf
|
1
2 3 4 -3 B 7 2 & w0
Freq [GHz]

Scale 0.74/Pos [¥=600,¥=10] .:

Fig. 28 S-Parameters
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Ll TE
EE - SYZMatrix 8 S

|| File Edit(H) View Help

i

F x 6 7
Data |Herl2.he|
Matrix Type Fila Output Graph Output
ResETE [ xvGmen |
= @ sy a
@5 7 dB/Ang
@z ) Touchstone [ Smith Chart ]
@Y
[ Output ] [ Polar coordinates graph ]
Port Index Matrix
Mum... Port: Mode
1 AUTO_Port_001:m1
2 AUTO Port_002:m1 22
Ready MUM

Fig. 27 Dialog Box of SYZ Matrix




