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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in
this documentation.

* Procedures are presented as numbered lists. A single bullet indicates that the procedure
has only one step.

» Bold type is used for the following:
o Keyboard entries that should be typed in their entirety exactly as shown. For example,
“copy file1” means you must type the word copy, then type a space, and then type file1.

° On-screen prompts and messages, hames of options and text boxes, and menu
commands. Menu commands are often separated by greater than signs (>). For example,
“click HFSS > Excitations > Assign > Wave Port.”

o Labeled keys on the computer keyboard. For example, “Press Enter” means to press the
key labeled Enter.

* |talic type is used for the following:
o Emphasis.
o The titles of publications.
o Keyboard entries when a name or a variable must be typed in place of the words in italics.

For example, “copy filename” means you must type the word copy, then type a space,
and then type the name of the file.

» The plus sign (+) is used between keyboard keys to indicate that you should press the keys
at the same time. For example, “Press Shift+F1” means to press the Shift key and, while
holding it down, press the F1 key also. You should always depress the modifier key or keys
first (for example, Shift, Ctrl, Alt, or Ctrl+Shift), continue to hold it/them down, and then press
the last key in the instruction.

Accessing Commands: Ribbons, menu bars, and shortcut menus are three methods that can
be used to see what commands are available in the application.

» The Ribbon occupies the rectangular area at the top of the application window and contains
multiple tabs. Each tab has relevant commands that are organized, grouped, and labeled.
An example of a typical user interaction is as follows:

"Click Draw > Line"

@ AL
O L.
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This instruction means that you should click the Line command on the Draw ribbon tab. An
image of the command icon, or a partial view of the ribbon, is often included with the
instruction.

» The menu bar (located above the ribbon) is a group of the main commands of an application
arranged by category such File, Edit, View, Project, etc. An example of a typical user
interaction is as follows:

"On the File menu, click the Open Examples command" means you can click the File menu
and then click Open Examples to launch the dialog box.

» Another alternative is to use the shortcut menu that appears when you click the right-mouse
button. An example of a typical user interaction is as follows:

“Right-click and select Assign Excitation> Wave Port” means when you click the right-
mouse button with an object face selected, you can execute the excitation commands from
the shortcut menu (and the corresponding sub-menus).

Getting Help: Ansys Technical Support

For information about Ansys Technical Support, go to the Ansys corporate Support website,
http://www.ansys.com/Support. You can also contact your Ansys account manager in order to
obtain this information.

All Ansys software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what steps were
taken or what stages the simulation reached, including software files as applicable. This allows
more rapid and effective debugging.

Help Menu
To access help from the Help menu, click Help and select from the menu:

» [product name] Help - opens the contents of the help. This help includes the help for the
product and its Getting Started Guides.

» [product name] Scripting Help - opens the contents of the Scripting Guide.

» [product name] Getting Started Guides - opens a topic that contains links to Getting
Started Guides in the help system.

Context-Sensitive Help

To access help from the user interface, press F1. The help specific to the active product (design
type) opens.

You can press F1 while the cursor is pointing at a menu command or while a particular dialog
box or dialog box tab is open. In this case, the help page associated with the command or open
dialog box is displayed automatically.
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1 - Introduction

This Getting Started Guide leads you step-by-step through creating, solving, and analyzing the
results of a parameterized 2D model.

This guide explains how to perform the following tasks in 2D Extractor:

e Drawing a geometric model

* Modifying a model’s design parameters
¢ Assigning conductors

¢ Running Reduce Matrix operations

« Specifying solution settings for a design
« Validating a design’s setup

¢ Running a 2D Extractor simulation

« Plotting results

The Model

The model consists of a central rectangle and three thin rectangular copper conductors on top,
and one long conductor on the bottom.

top_gnd1 Trace top_gnd2

| gl |

Substrate

Ground

A copy of this model is located in the \AnsysEM installation folder under \
[Release#]\Examples\2D Extractor.

In the following sections, you will recreate this model, analyze it, perform a reduce matrix
operation, run a frequency sweep, run a parametric sweep, and plot the results.

Introduction 1-1
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2 - Creating the Model

This section explains how to perform the following tasks:

¢ Launching 2D Extractor and saving a new project
» Setting the units of measure for the design

¢ Drawing the model

¢ Assigning conductors

Launching 2D Extractor and Saving a New Project

A project is a collection of one or more designs that is saved in a single file. A new project is
automatically created when 2D Extractor is launched. Open 2D Extractor and save the default
project under a new name.

1. Launch Ansys Electronics Desktop.
2. Click New to create a new, empty project.

The project appears in the Project Manager, with the default name Project#. The number
depends on the number of projects already in existence.

Project Manager o =

= Project1
[#-/_7 Definitions

Project definitions, such as material assignments, are stored in the Definitions folder under
the project name.

3. Click Project > Insert 2D Extractor Design.

An empty 2D Extractor design appears in the Project Manager:

Project Manager 3 x
=] Project1*
i 2DExtractorDesignl (Open)
I:l Definitions

4. Click File > Save As.

The Save As window appears.

Creating the Model 2-1
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B save 2s >
Save in: | * 2DEstractor ﬂ & =i ERlw
:I MNarme Date modified Type

Mo items match your search.,
Quick access y

Desktop

" Select file to preview
Libraries

This PC

v

Network
£

>
File name: |cpw _gnd_gsg.aedt j Save |
Save as type: |:'-\nsys Electronics Desktop Project File (*.aedt) ﬂ Cancel

5. Locate afolder in which you want to save the project.
6. Inthe File Name field, type cpw_gnd_gsg.aedt.
7. Click Save.

The file cpw_gnd_gsg.aedt is saved to the folder you selected.

Setting the Model Units of Measure

Set the units of measurement for drawing the geometric model.
1. Click Modeler > Units.

The Set Model Units dialog box appears.

Creating the Model 2-2
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BR] st Model Units and Max Extent >

Select urits ©

[ Rescale to new units

[ Advanced

b odel extents: -10000 to 10000 mm

All geometry should fit within these extents.

k. | Cancel

2. Ifitis not already selected, use the Select units drop-down menu to select mm.
3. Click OK.

Drawing the Model

Drawing the Substrate
Perform the following steps:
1. Click Draw > Rectangle.

The Measure Data dialog box appears, displaying the coordinates of the cursor in the
Modeling area.

Creating the Model 2-3
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m Measure Data >

Reference coordinate system is Global

Position 1{(Reference) = [0, 0, 0Jmm
Position2({Current) = [-0.5, 0, 0Jmm
Distance = 0.5mm

X Distance = 0.5mm

Y Distance = Omm

Z Distance = Omm

Close |

v

The current cursor position is displayed next to Position2(Current).

2. Click to draw the lower-left corner of the rectangle at position (-0.5, 0, 0).
3. Click to draw the upper-right corner of the rectangle at position (0.5, 0.2, 0).

The rectangle is created. It appears in the Modeling area, and as Rectangle1 in the History
Tree.

EHgf Model

! -0 Sheets

= &F copper

£33 Rectanglel

-1 CreateRectangle
-IE Coverlines

4L, Coordinate Systems

B Planes

&3 Lists

i

-
—
Hold -Qw&?-, of 171 key to constrain relative mowement.

Using F3/F% to togyle betwsen point and dialog engee

Use contest menu to choose In Plane movement. 0 02 0.4 (mm)

Creating the Model 2-4
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Q3D Extractor: A 2D Grounded Coplanar Waveguide Model

Important:

After its creation, the rectangle and the CreateRectangle action are selected in the
History Tree by default.

If you have deselected them, ensure they are selected for the next steps.

4. From the Properties window, select the Attribute tab:

Properties a =

MName Value | LInit |E~.faluated Value
MName Rectangle1

Material "copper” "copper”
Orentation | Global
Model

Group Model
Display Wi...
Material A...

<]

1

Color [ |

Transparent 0 |

Mtribute | Command |

5. Clickin the Name | Value field and rename Rectangle1 to Substrate.
6. Press Enter to confirm the new name.
7. Selectthe Command tab.

Creating the Model 2-5
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8.

10.
11.
12.

Properties o =

MName Value | LInit | Evaluated Value
Command  CreateRectangle
Coordinate. .. Global

Posttion 0500 mm 0.5mm , Omm , ...
Puis £z

¥ Size 1 mm Tmm

't Size diel_thick (. Zmm

Attibute  Command |

In the Ysize | Value field, type diel_thick and press Enter.
The Add Variable dialog box appears.

Mame |diel_thick.

Urit Type |Length =l

Urit — |mm =l

Walue nz

Type  |Local‘aiiable ~|
oK, Cancel |

From the Unit Type drop-down menu, select Length.
From the Unit drop-down menu, select mm.

In the Value field, enter 0.2.

Click OK.

YSize is now defined as the local variable diel_thick.

Creating the Model 2-6
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13. From the Properties window, select the Attribute tab again.

14. Select the Material | Value field and use the drop-down menu to select Edit.

The Select Definition window appears.
15. Click Add Material.

The View/Edit Material window appears.

&)
Hatenals l ot ool o I aterial M ame
Search Parameters |Material1
Search by Name Search Criteria
| %" by Name Froperties of the M aterial Wiew/E dit b aterial for
Relative Pemittivity Mame Type | “Walus Units (* Active Design
Rielative Permittivity Simple |1 C hative Praject
Relative Permeability Simple |1
J Name Location Bulk Conductivity Simple |01 siemens/m " All Properties
Dielechic Loss Tangent  Simple |0 Physics:
copper SysLibrary Magnetic Loss Tangent  Simplz | 0 v
N coming_glass SysLibrary r
: cyanate_ester SysLibrary r
diamaond SysLibrary
_diamond_hijres SysLibrary
| diamond_pl_cvd SysLibrary “iew,/Edit Modifier for
| | Duport Type 100 HN Fim tm) SysLibr I Thermal Modifier
|| Duroid gm) SysLib B
epoxy_Kevlar_xy Syzbrary
— f_el'nfe S!.IFJF&I’)' Material Appearance
g ™ Use Material Appearance
View./Edit Materials. .. Add Material ...

J Notes | J

Set Frequency Dependency... | | Calculate Froperties for:

| u]g | Cancel |

Walidate baterial

16. Inthe Material Name field, type silicon_lossy.
17. Click Set Frequency Dependency.

The Frequency Dependent Material Setup Option dialog box appears.

Creating the Model 2-7
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Frequency Dependent Material Setup Option >

{” Piecewise Linear Input

{" Debye Model Input

{" Multipole Debye Model Input
* Djordjevic-Sarkar Model Input

{ Enter Frequency Dependent Data Points

Ok | Cancel

Djordjevic-Sarkar is the recommended frequency dependent material model as it ensures
causality for subsequent time-domain simulations.

18. Select Djordjevic-Sarkar Model Input and click OK.

The Djordjevic-Sarkar Model Input window appears.

Creating the Model 2-8
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19.
20.
21.
22.

Djordjevic-5arkar Model Input (Reset)

Properties at Frequency

Frequency [GHz): |'I
Felative Permittiviky: |'I 1|
Lozs Tangent: ||:|_|32

High-frequency Corner [GHz): |1 5315434

Properties at DC

[ Relative Permittivity: |5

Caonductivity (5/m): [1e12

0.05 — 11.20
i 1115
0.04 — -
1 - 11.10
E - C
g i - 11.05
E 0.03 7] r ’
@ »
n, ] r_
> ] - 11.00
= 7 L
E 0.02 7 — 1095
[ = . -
[=] -
[ 1 L
il — 10.90
0.01 E
. — 10.85
UUU LU | LU | LU | T T 1T 1T - 1080

Frequency [GHz]

Cancel 000 100 200 300 4.00

Relative Permittivity

In the Relative Permittivity field, type 11.

In the Loss Tangent field, type 0.02.

Leave other fields as-is, and click OK.

Click OK three more times to return to the Modeling window.

Drawing the Ground

Now you will draw another rectangle at the base of Substrate.

1.

Click Draw > Rectangle.

The Measure Data dialog box appears, displaying the coordinates of the cursor in the

Modeling area.

Click to draw the upper-left corner of the rectangle at position (-0.5,0,0).

Click to draw the lower-right corner of the rectangle at position (0.5,-0.01,0).

Note:

You may need to zoom in on the Modeling area, either using the zoom options on
the View tab or using your mouse's scroll wheel.

The rectangle is created as Rectangle1.

Creating the Model 2-9
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1 CreateRectangle
-0 Coverlines

L. Coordinate Systems

B Planes

&3 Lists

N p—=

B——x

0 02 0.4 (mm)

Important:

After its creation, the rectangle and the CreateRectangle action are selected in the
History Tree by default.

If you have deselected them, ensure they are selected for the next steps.
4. From the Properties window, select the Attribute tab.

5. Click in the Name | Value field and rename Rectangle1 to Ground.
6. Press Enter to confirm the new name.

Creating the Top Grounds
You will draw two more rectangles for ground planes:

1. Click Draw > Rectangle. Draw a rectangle of any size, anywhere in the Modeling
workspace.

Important:

After its creation, the rectangle and the CreateRectangle action are selected in the
History Tree by default.

If you have deselected them, ensure they are selected for the next steps.

2. On the Attribute tab, click in the Name | Value field and rename Rectangle1 to top_gnd1.

Creating the Model 2-10
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3. Resize and reposition the rectangle using the Command tab in the Properties window.

Properties o =

MName Value | Uit | Evaluated Value
Command  CreateRectangle
Coondinate. ..| Global

Position -0.5mm digl_thick .Omm 0.5mm , 0.2mm...
Puis Z

X Size 0374 mm 0.374mm

Y Size 0.01 mm 0.07mm

Atribute  Command

4. Forthe Position | Value, enter -0.5, diel_thick, 0.

The Y point is parameterized so that top_gnd1 stays connected to Substrate as its
thickness changes. You can see that diel_thick is translated to 0.2mm in the Evaluated
Value field.

5. Forthe XSize | Value, enter 0.374.
6. Forthe YSize | Value, enter 0.01.

To create the second ground, you will duplicate this one.
1. Selecttop_gnd1 and click Edit > Duplicate > Mirror.
The Measure Data dialog box appears.

2. Click the origin, then at any point along the X-axis to duplicate.

Creating the Model 2-11
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Reference coordinate system is Global

Position1(Reference) = [0, -0.01, O]Jmm

Position2(EdgeCenter _57) = [0, -0.01, OJmm
Distance = Omm A
X Distance = Omm
¥ Distance = Omm
Z Distance = Omm ;\
Angle(P20 - P10) = Odeg X

¥

Close

Reference coordinate system is Global

Position 1{Reference) = [0, -0.01, 0]Jmm
Position2{OneQuadrant_57) = [0.25, -0.01, O
Distance = 0.25mm
X Distance = -0.25mm
Y Distance = Omm
Z Distance = Omm
Angle{P20 - P10) = 87.70938995deg X

3
k4

bye

Close

top_gnd1 is duplicated as top_gnd1_1.
3. Selecttop_gnd1_1.
4. Inthe Properties window, select the Attributes tab.
5. Rename top_gnd1_1 to top_gnd2.
Creating the Trace
You will draw one final rectangle to represent a trace.
1. Click Draw > Rectangle. Place the rectangle anywhere in the Modeling workspace.

Rectangle1 is created.

Creating the Model 2-12
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Important:

After its creation, the rectangle and the CreateRectangle action are selected in the
History Tree by default.

If you have deselected them, ensure they are selected for the next steps.

2. Onthe Attribute tab, click in the Name | Value field and rename Rectangle1 to trace.
3. Resize and reposition the rectangle using the Command tab in the Properties window.
4. Forthe Position | Value, enter -0.05, diel_thick, 0.

The Y point is parameterized so the trace stays connected to Substrate as its thickness
changes. You can see that diel_thick is translated to 0.2mm in the Evaluated Value field.

5. Forthe XSize | Value, enter 0.1.
6. Forthe YSize | Value, enter 0.01.

The project should look like this (colors have been changed for visibility):

El-gf Model
B3 Sheets

= top_gnd2

@-l, Coordinate Systems X
[-&B Planes T
G-€2 Lists

-
AN P

P—x

0 of2 0.4 (mm)

Assigning Conductors
Next, you will assign conductors.
1. Select trace and click 2D Extractor > Conductor > Assign > Signal Line.

The Signal Line dialog box appears.

Creating the Model 2-13
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General l Defaults ]

Mame: trace

Solve Options

{*+ Solve Inside " Solve on Boundary " Mutomatic

45454545 |mm

lIse Defaults

QK Cancel

2. Leave the default values and click OK to return to the Modeling workspace.
3. Select Ground and click 2D Extractor > Conductor > Assign > Reference Ground.

The Reference Ground dialog box appears.

Creating the Model 2-14
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Reference Ground >

General l Defaults ]

Mame: (Ground

Solve QOptions
* Solve Inside " Solve on Boundary " Mutomatic
0.004950495049¢ [mm  ~|
Ize Defaults |

QK | Cancel

Leave the default values and click OK to return to the Modeling workspace.

Ctrl + click to select top_gnd1 and top_gnd2, then click 2D Extractor > Conductor >
Assign > Non Ideal Ground.

The Non Ideal Ground window appears.

Creating the Model 2-15
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Mon ldeal Ground X

General l Defaults ]

MName: |tn:||:-_-:|n|:|1

Solve Options

(* Solve Inside (" Solve on Boundary " Automatic

n NnAnCG TG CoCcooe
|\..\.\.—CC.- J 1'o0oDooD |I'I'I|'I'I

Choose an option for multiple selected objects

(" Create Multiple Conductors

{* Create Single Conductor

lse Defaults |

Ok | Cancel

6. Atthe bottom of the window, select Create Single Conductor. Leave all other options as
their default values.

7. Click OK.

This joins the two coplanar grounds in parallel, and concludes conductor assignment.

Creating the Model 2-16
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3 - Setting Up an Analysis
This section explains how to perform the following tasks:

¢ Adding a solution setup

+ Adding a frequency sweep

+ Performing a Reduce Matrix operation
« Validating the setup

Adding a Solution Setup

To add the solution setup:
1. Click 2D Extractor > Analysis Setup > Add Solution Setup.

The Solve Setup window appears, on the General tab.

Setting Up an Analysis 3-1
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Solve Setup =

General | CG Advanced ] RL Advanced ] Expression Cache ] Defaults ]

Mame: |Setup1 Iv Enabled

Solution Frequency: |3 |GH2 ﬂ
Solution Selection

[v Admittance (Capactance/Conductance)

Maximum Mumber of Passes: 20
Percent Emor: 1 s

[v¥ Impedance (Resistance/Inductance)

Maximum Mumber of Passes: 20
Percent Emor: 1 Tl

lse Defaults

HPC and Analysis Options... |

0K | Cancel |

2. Adjust the settings, as follows:

e Onthe General tab:
1. Verify that the Solution Frequency is setto 3 GHz.
2. Ensure the Admittance (Capacitance/Conductance) check box is selected.
3. Ensure the Impedance (Resistance/Inductance) check box is selected.
4. In both Maximum Number of Passes fields, enter 20.

e Onthe CG Advanced tab:
1. Inthe Minimum Converged Passes field, enter 2.
2. Ensure the Use Loss Convergence check box is selected.

e Onthe RL Advanced tab:
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1. Inthe Minimum Converged Passes field, enter 2.
2. Ensure the Use Loss Convergence check box is selected.
3. Leave all other settings as their defaults, and click OK.

The setup is listed as Setup1 in the Project Manager under Analysis.

=] cpw_gnd_gsg*
|_—‘_|i 2DExtractorDesignl (Open)*
é 30 Components

----- s Model

[ Boundaries

[(]-*%& Conductors

E;|--E|i| Reduce Matrix

E-J& Analysis
‘ﬁ' Setupl

-8 Optimetrics

----- Results

..... ﬁ Field Overlays

[#-{_0 Definitions

Adding a Frequency Sweep
Next, add a frequency sweep:
1. Click 2D Extractor > Analysis Setup > Add Frequency Sweep.

The Select dialog box appears.

Select X

Select a Saolution Setup:;

k. | Cancel

2. Select Setup1 and click OK.
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The Edit Frequency Sweep window appears.

Edit Frequency Sweep

General l Diefaults ]

Sweep Name: |Sweep1| Iv Enabled
Sweep Type: |Discrete j
Frequency Sweeps [30 points defined]
Distribution | st | End
1 |Linear Step 0.1GHz 3GHz 0.1GHz
|| Preview ...

30 Fields Save Options
[ Sawe Fields (Al Frequencies)

QK | Cancel

3. Use the Delete Selection button to remove all but one row.
4. Edit the remaining row. Use the Distribution drop-down menu to select Linear Step.

5. Adjust the settings as follows:

¢ |n the Start box, enter 0.1 GHz.

e Inthe Stop box, enter 3 GHz.

* Inthe Step Size box, enter 0.1 GHz.

6. Click OK.

The frequency sweep is listed as Sweep1 in the Project Manager under Setup1
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-] cpw_gnd_gsg*
- 2DExtractorDesignl (Open)®
é 3D Components

- [ Boundaries
[#-*%a Conductors

Eﬂ"E":I Reduce Matrix
[—]}? Analysis
E..-ﬁ Setupl

{8 Optimetrics
----- Results

..... Mg Field Overlays
[#1-{_3 Definitions

Performing a Reduce Matrix Operation

Perform a Reduce Matrix operation:
1. Click 2D Extractor > Reduce Matrix > Add Ground.

The Reduce Operation window appears.
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B Reduce Cperation X

b atris Mame: |.-'-‘-.|:I|:II3 roLardhd atriz

Operation Mame: |.-'1‘-.|:||:||3 roundl

Statuz: k.
Select from Conductors List: Reduced Conductars List:
trace

race

Fiter | |

Save and - Bew &
Create | another Add Ground J Closs Canicel

2. Inthe Select from Conductors List table, select top_gnd1.

This ties the objects top_gnd1, top_gnd2 and Ground in parallel and treats them as the
reference ground.

3. Click Save and Close.

Validating the Setup
Before solving, you must verify that all the steps have been properly completed.
1. Click 2D Extractor > Validation Check.
The Validation Check window appears.

When the check has finished, the window reads "Validation Check completed."
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Validation Check: cpw_gnd_gsg - 2DExtractorDesign >
) ¥ Design 5ettings
w 2DE stractarDesign o 0 Modsl
¥ Boundariez and Excitations
Yalidation Check completed, ¥ Mesh Operations

¥ Beduce Matrix
¥ Analyzis Setup
" Optimetics

| Cloze |

2. Verify that there is a green check mark next to each item.

Important:

If there are any errors, the window will display a red X next to the item in the list
containing an error. Should that occur, go back and verify that you performed the
previous steps correctly.

3. Click Close.
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4 - Running the Analysis

This section explains how to perform the following tasks:

Solving for Admittance and Impedance
Generating Reporter plots

Generating Field plots

Exporting a Circuit model

Adding a Parametric sweep

Running a Parametric analysis

Solving for Admittance and Impedance

If you have no errors from the validation check, you are ready to launch the solvers.

To run the analysis that you set up earlier:

1.

In the Project Manager, right-click Setup1 and select Analyze.

The Progress window displays a progress bar.

Progress

cpw_gnd_gsg - 2DExtractarDesign - Setupl: Solving for BL adaptive passtt 18 on Local Machite
r_____________________________________________________________]

Solve2D; ‘Calc Convergence'

To view details about the simulation in progress, right-click Setup1 and select
Convergence.

The Solutions window appears, on the Convergence tab.
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B Solutions: cpw_gnd_gsg - 2DExtractorDesign — O x
Sirnulation: |Setup1 j ||:|3 j
Desian Variation: | diel_thick="0. 2rm' = o
Profile Convergence | Matrix | Tline Data | Mode Data | Mesh Statistics |
Mumber of Paszes Pazz | # Triangle | Total Energy [J] | Delta Energy % | Energy Emor [%] | Total Loss [wW]
Completed 7 1 134 1.0208e-10 M A8 047125 0063273
Mawimurm 20 2 228 9.1934e-11 9.9402 1.0286 0.0E3821
Mirirmum 1 3 382 £.7922e-11 4.364 4.9534 0.061751
Delta Energy/Energy Error [3] 4 q18 8.5870%e-11 25164 1.7507 0.060206
Target 1 5 700 8.3868e-11 2148 1.4085 0.053306
Curent [0.56034, 0.8667) B 912 8.311e11 0.90341 0.88814 0.058872
View & Table Plot 7 1186 G2644e11 (56094 0.8667 005856
Export...
Default Settings
Save Defaults Clear Defaults
< >
Close

The table shows how the mesh grows from one adaptive solution pass to the next and how
much the solution changes (delta%) between passes.

3. Use the CG drop-down menu to select RL.

Convergence information for the impedance solution displays.
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B Solutions: cpw_gnd_gsg - 2DExtractorDesign — O x
Sirnulation: |Setup1 j |F||_ ﬂ
Design Yariation: |die|_thi|:k='|:|.2mm' J J

Profile Convergence | Matrix | Tline Data | Mode Data | Mesh Statistics |

MNurber of Passes Pazz | i Triangle| Total Energy [J]| Delta Energy % | Energy Emor [%] | Total Loss [ »
Completed 19 1 13 2.0741e-07 M 29,605 33.917
Maximum 20 2 2% 2.22452-07 7.2504 25.125 103.23
Mirirnurn 1 3 30 2E72e07 21434 14,502 134.65
Delta Energy/Energy Error [3] 4 a14 2.4083e-07 599318 59584 152562
Target 1 5 BE2 2.4303e-07 0.91444 3,164 162.04
Current  [0.0008485, 0.004041) E 998 2443Me07 053773 1.6281 1485
Views & Table (" Plat 7 1176 2.4479-07 018573 0.85963 163.03
g8 1530 2.4513e-07 013704 0.59445 145.32
Export... 3 2004 245407 011017 0.37533 135.98
10 2612 2.4552-07 0.048743 0.31821 132.45
11 3402 2 4568e-07 0.067535 0.2153 12351
12 4430 2.4581e-07 0.053708 0.16405 115.59
13 5766 2459507 0.057377 0.11768 107.64
14 7501 2.4603e-07 0.02933 0.067965 1027
Default Settings 15 9753 246107 0.030121 0.035554 96.658
Save Detauts | Clear Defaute| | 18 12688 2.4611e-07 0.0051284 0.022433 94629 v
£ >

Close

4. Select the Matrix tab.
5. Use the Original drop-down menu to select AddGroundMatrix.
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B Solutions: cpw_gnd_gsg - 2DExtractorDesign

Simulation: | Setupl

Design Wariation: |u:|ie|_thiu:k='[l.2mm'

[v Resistance  Units: ||:|hm

¥ Inductance Units: |nH

[ Sef Tems

j |Origina| ﬂ [~ Al Fregs

AddGround Matrix
Criginal

L5

j |Sweep1 j |F|L j
Profile ] Convergence  Matrix ITIine Data ] Mode Data ] Mesh Statistics ]
v|  |Distibuted Max | [100MHz |

View | Format ] Passivity ] Export ]

top_gndl trace |
Freq: 100MHz
top_gndi E.01405, 207.35380  1.44856, 14543827
hace 1.4485E, 145.49827 3046708, 517.93451

Close

6. Ifdesired, use the other tabs to view additional information:
» Profile — run-time profile information, such as the amount of CPU time or memory used in

the solution.

» Tline Data — characteristic impedance and cross-talk coefficients.
* Mode Data — propagation data, such as velocity and attenuation.

* Mesh Statistics — mesh element information.

7. Click Close.

Generating Reporter Plots

R Matrix Plots

After running the simulation, you can view various plots.

First, view the resistance vs. frequency plot:
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1.

o0 kN

Click 2D Extractor > Results > Create Matrix Report > Rectangular Plot.

The Report window appears.

Context

Solution:

|5E1J_||:| 1: 5Sweepl

=

|Ipdate Report

Matrix; |.ﬁ.ddGrDundMatrix

[+ Real ime

CQutput Variables. .. | Opﬁu:uns...|

=

B3 Report: cpw_gnd_gsg - 2DExtractorDesign - Mew Report - New Trace(s)

Trace l Families ] Families Display ]

Primary Sweep: |FFEE|

||l

X lv Default | Freg

¥ |R (trace, trace)

Range
Function. ..

s

Category: Quantity: 7 Function:
Variables S m
Qutput Variables abs
C Matrix acos
G Matrix acosh
R Matrix ang_deg
L Matrix ang_deg_val
Lumped C Matrix ang_rad
Lumped G Matrix arg
Lumped F. Matrix asin
Lumped L Matrix asinh
Characteristic Imp atan
Crosstalk Coeffid atanh
Lumped Crosstalk cos
Crosstalk Coeffice cosh
Modes Voltage cum_integ
Modes Current LM _surm
Modal Characteris dB10
Velocity v dB 10normalize v
Nal=w AR

Mew Report | | Close

Use the Solution drop-down menu to ensure Setup1:Sweep1 is selected.
Use the Matrix drop-down menu to select AddGroundMatrix.

In the Category list, select R Matrix.

In the Quantity list, select R(trace,trace).
Leave the default values for all other fields, and click New Report.

The report appears as a plot in the Modeling workspace, and is listed under Results in the

Project Manager.
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2x R Matrix Plot 1 2DExtractorDesign1  Ansys
000 Curve Info
— Riracerace)
Setup - Sweep!
12000
100.00
E
£ 8000 o
I
4
60.00 |
4000
Vet | AddGroundatix
Sotion  Setup - Sweep
E— w0 w \ ‘ ‘ ;
aaaaa 000 050 100 150 200 250
Trace Freq[GHz]

7. Click Close to close the Report window.
Change the plot to a logarithmic scale:
1. Double-click the X axis.

The Properties window appears.

Properties: cpw_gnd_gsg - 2DExtractorDesign

Cartesian l General ] Grid l Headerl Legend l ¥ Mgs X Scaling l“ﬂ Axis] Y1 Scaling l

MName | Value | Linit | Evaluated Value Description ~
Auis Scaling Log
N Specify Min [
[ [Min 0 GHz
N Specify Max [
[ [Max 3 GHz
B Specify Spacing [
B Spacing 05 GHz
| | Minor Tick Divs |5
| |Manual Units
[ |Auto Units [w v
[« >
[~ Show Hidden
QK | Cancel Apply

2. Select the X Scaling tab.
3. Use the Axis Scaling | Value drop-down menu to select Log.
4. Click Apply to update the report.
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5. Click OK to exit the Properties window and view the updated report.

R Matrix Plot 1 2DExtractorDesign1  Ansys

140.00

Curve Info

— Ritrace trace)
Setup? - Sweept

120.00 —|
100.00 —|

8000

R(race trace) [ohm]

60.00 —
40.00 |

2000

=]
=
=1

Conductance vs. Frequency Plot
Now you will generate a plot of conductance vs. frequency.

Click 2D Extractor > Results > Create Matrix Report > Rectangular Plot.
Use the Solution drop-down menu to ensure that Setup1:Sweep1 is selected.
Use the Matrix drop-down menu to select AddGroundMatrix.

In the Category list, select G Matrix.

In the Quantity list, select G(trace,trace).

2B

Leave the default values for all other fields, and click New Report.
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7. Click Close to close the Report window and view the report.

G Matrix Plot 1 2DExtractorDesign1  Ansys

Curve Info

60.00

—— Gitrace,trace)
Setup1 - Sweepl

50.00
40.00 —

3000

Gtrace race) [mSie]

20.00

10.00

T
150 2.00 250
Freq[GHz]

Generating Field Plots

VectorE Field Plot

Field plots represent basic or derived quantities on surfaces of objects.

You will plot Vector E for CG:

1. Return to the Modeling workspace by double-clicking 2DExtractorDesign1 in the Project
Manager.

2. Select the Substrate object.

3. Click 2D Extractor > Fields > CG Fields > E > VectorE.

The Create Field Plot window appears.
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Create Field Plot >
[ Specify Mame |"~"ECthE1 Fieldz Calculatar ... |
[ Specity Falder |E J Category: | Standard -
Design: 2DEwxtractarD esign [uantity In Y alume
Context : -
td ag_Phi Substrate
Solution; |Setup1 : Last&daptive j PhistPhaze Ground
tag E top_ghdl
top_gnd2
Field Tupe: ||:|3 Fields j Mag_leg trace
Yectonlog I:uan:k_gru:uund
| ntrinzic YW anables energyLG Allbjects
Freq |3GHz -l
Phase j
Save Az Default | [ Plat on edge only
[ Streamline

| Done | Cancel

4. Use the In Volume list to select Substrate.
5. Leave the default values, and click Done.

The plot appears in the Modeling workspace.
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[ 3
E [Vim]
o s fos s e s s aor s h g
semsrasze| | 4 1 0 % N RN N A AR s PN A A A B A A B A |
lzem&0613 A I N T ) T S A LN
248926016 | |~ | e e e e e . e e e S
230701719 = -
2araee ||
192263105 | | Ny 4 w0 T s T s e e DL N T e T e T T e e T e S
2 EE R A A A A A A A S A B T T T O O ;
|
I +
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1504502 | | |G E o d

134580195

11536.5898
96131582
7690.7285

5768 2983

3845 8682

1923.4377
1.0075

1z p=—=x
-

0 025 0.5 (mm)

You can double-click the legend to make modifications.

For example, to modify the arrow size: select the Marker/Arrow tab and then drag the Size
slider under Arrow Options.

JrL Field Plot

Now you will plot current density for the RL solution.

1. Inthe Modeling workspace, select all of the following objects:
e Ground
e top_gnd1
» top_gnd2
e Trace
2. Click 2D Extractor > Fields > RL Fields > J > JrL.

The Create Field Plot window appears.
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Create Field Plot >
[ Specify Mame |--|f|1 Fields Calculator .. | Surface Smoothing ...
[ Specify Folder |J J Category: | Standard -

Design: 2DEwtractorDesign [Juantity [n Y olurme
Contest :
Flus_Lines Subsztrate
Salution: |Setup1 : Lagtﬁ,daptive ﬂ Wechard, [around
Mag_B top_grid1
WectorB top_gnd2
Field Type: |F|L Fields j Mag H trace
" ectorH background
Intrinzic YW ariables Y —— Allbjects
enargyeRL
Freq | 3GHz j emlcgg
edgelozzDensity
Fhasze j Temperature_RL
Save bz Default | [ Plat on edge only

| Sheamline

Done | Cancel

3. Leave all default values unchanged, and click Done.

The field plot appears, atop the previous plot.
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J [AImA2]

1.4144E+10
1.2752E+10
1.1361E+10
9.9695E+09

8.5781E+09

7.186TE+09
5.7953E+09

4.4035E+09

You can see that a large amount of current is returning through the coplanar grounds.

You can change the amount of current (RL) or voltage (CG) that is applied to a particular
conductor, by clicking 2D Extractor > Fields > Edit Sources.

Changing Overlay Visibility

The VectorE and JrL field plots appear in the Project Manager under Field Overlays.

.8 Optimetrics

|:_] Results

E@ R Matrix Plot 1
.7~ Ritrace, race)
=B G Matrix Plot 1

..... o WertorEL

E....O.. i

[ @ Definitions o
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Right-click either and deselect Plot Visibility to hide the field plot. Re-select Plot Visibility to
show the plot.

Rename F2
A Delete Delete
Madify Plot...

Set Context To Active Window
Export Plot...
Animate...

+  Plot Visibility Ik
Reassign

Select Assignment

Exporting a Circuit Model

Now that you have the solution, you will export a SPICE model to simulate the effects of the trace
on a signal that passes through it.

1. Inthe Project Manager, right-click Setup1 and select Export Circuit.

The Export Circuit window appears.
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Export Circuit =
Circuit Ewport
Solution: Setupl : Sweepl
Y ariation; ||:Iiel_thi|:k='EI.2DDDDDDDDDDDDDDD1r |
File narme: |E:'\temp'\cpw_gnd_gsg.sp |
Madel Mame: \cpw_gnd_gzg
b atrix Options
Type: + Digtributed f_“
el atrix: | Original ﬂ
Solution Type: [ [
[ [

Lumped Length Settings

Mumber of Celllz): I
Length: |'I mieker J
Rize Time: |'I e-09 zeconds

Preview... | E=part Circuit... | | Claze |

2. Use the Solution drop-down menu to select Setup1:Sweep1.
3. Specify a circuit type for export:

a.

b
c.
d

Click the ellipses button (...) next to File Name.

Use the drop-down menu to select Nexxim/HSPICE W Element (*.sp).
Specify a File Name and select a location to save the file.

Click Open to return to the Export Circuit window.

Since we chose to export based on the sweep solution, a tabular W element table model
(RLGC data at each frequency point) will be created.
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4. Click Export Circuit.

A dialog box opens, alerting you that the file has been created.

Ansys Electronics Desktop X

I-o-l The file "C\tempicpw_gnd_gsgsp.sp’ contains the equivalent

©circuit,

5. Click OK to exit the dialog box.
6. Click Close to exit the Export Circuit window.

Currently, the model has only a single variable available for the nominal value diel_thick

(0.2mm).

Next you will set up a parametric analysis to sweep the variable over a range of values. This will
allow you to export different equivalent circuit models corresponding to the different values of

these variables.

Adding a Parametric Sweep

A parametric setup is made up of one or more variable sweep definitions. A variable sweep
definition is a set of variable values within a range that Optimetrics drives 2D Extractor to solve
when the parametric setup is analyzed. You can add one or more sweep definitions to a
parametric setup.

1.

Click 2D Extractor > Optimetrics Analysis > Add Parametric.

The Setup Sweep Analysis window appears, on the Sweep Definitions tab.
Click Add.

The Add/Edit Sweep window appears.

Use the Variable drop-down menu to ensure that diel_thick is selected.
Use the radio buttons to ensure that Linear Step is selected.

Enter the following values:

o Start: 0.2mm

e Stop: 0.5mm

e Step: 0.05mm

Click Add.
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The sweep is added to the list on the right.

Sweep Defintions ]Table ] General ] Calculations ] Options ]

Sync # | Variable | Description Add...

B Add/Edit Sweep o

i

Variable | diel thick j W ariable Drezcnption
- diel_thi._. Linear Step from 0. 2mm to 0.5

Marninal value: 0 2mm

Single value

~
* Linear step Add s>
| L

Linear count

p=]

Oectave count

E xponential count

~
— 4 | 7 Decade count
- i
~
|

Start; |D.2 | i

Stop: |U.5 |mm

Led L Lo

(1] | Cancel

Step: |0.05 | mm

Edit Variables ™ | HPC and Analysis Options. .. | QK Cancel

7. Click OK to add the sweep.
8. Click OK to close the Setup Sweep Analysis window.

The model is simulated with various values in the specified range, including the start and
stop values.

The sweep is listed in the project tree under Optimetrics as ParametricSetup1.

=[] Optimetrics
- ¥l ParametricSetupl

Now you will add an output calculation of the resistance matrix.
1. Inthe Project Manager, right-click ParametricSetup1 and select Properties.

The Setup Sweep Analysis window opens again.
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2. Select the Calculations tab.
3. Click Setup Calculations.

The Add/Edit Calculations window appears.

Sweep Definitions ] Table ] General Calculations lOp‘tions]

| Solution | Calculation
= Add/Edit Calculation H
SoE Trace lCaIcuIation Range ]
Report -
L Range
Type: Calculation Expression : |R(h'ace,t'ace) Funcgtion...
Solution: |Seb.|p1 : LastAdaptive ﬂ
Category: Quantity: - Function:
e |AddGr0undMatr|x ﬂ Variables POl F(trace, trace) M
Output Variables abs
C Matrix oS
G Matrix acosh
ang_deg
L Matrix ang_deg_val
Lumped C Matrix ang_rad
Lumped G Matrix arg
Lumped R Matrix asin
Lumped L Matrix asinh
Characteristic Impe atan
Crosstalk Coeffide atanh
Lumped Crosstalk ¢ cos
Crosstalk Coeffice cosh
Modes Yoltage cum_integ
Modes Current CUM_sum
Modal Characterist ,, dB10 o
Walrrit AR Nmnrmalia

Qutput Variables... Add Calculation Done
"4

Setup Calculations..| |

Edit Variables ¥ | HPC and Analysis Options... | CK Cancel

Use the Report Type drop-down menu to verify that Matrix is selected.
Use the Solution drop-down menu to select Setup1:LastAdaptive.
Use the Matrix drop-down menu to select AddGroundMatrix.

In the Category list, select R Matrix.

In the Quantity list, select R(trace,trace).

Click Add Calculation.

Click Done to exit the Add/Edit Calculation window.

Click OK to exit the Setup Sweep Analysis window.

A

-_— =

Running a Parametric Analysis

For this project, you want to see only the nominal (3GHz) resistance at each parametric
variation. Therefore, you can disable the frequency sweep before beginning the parametric
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solution. This will significantly decrease the parametric solution time.
From the Project Manager, right-click Sweep1, and select Disable Sweep.
Now you can run the parametric analysis.

1. From the Project Manager, right-click ParametricSetup1 and select Analyze.

The Progress window displays a progress bar.

Progress

2DEstractorDesign] Parametric Analpsiz on Local Machine - RUMMING
]

Analpsiz progress: Solved =1 Solving=1 Remaining=5

cpw_gnd_gsg - 2DExtractorDesignd - Setupl: Solving for CG adaptive passH 4 on Local Maching - RUMNING

2. From the Project Manager, right-click ParametricSetup1 and select View Analysis
Result.

The Post Analysis Display window appears.

B " Post Analysis Display - O

| Parametric Setup 1 j Q/

Resuit ] Profile |

Viewr © Table |

* Plat Xi|diel_thick ﬂ S |Setup1 . Lastdaptive : Rltace trace]: Freq(3GHz): AddGroundkd atrix ﬂ

—
=
beid
in
=

|

14525

144.00

14275

141.50

14025

R(trace trace): Freq(3GHz): AddGroundMatri...[ohm]

139.00 +—"—1r—m——/————— T T T

diel_thick [um]

200.00 250.00 300.00 350.00 400.00 450.00 500.00

Close

The parametric result shows how the resistance gets larger as the ground plane moves
farther away from the trace. When the ground plane is farther away, more current returns in
the nearby coplanar grounds (top_gnd1 and top_gnd2), which have a smaller effective
cross-section.

Click Table to view a list of the diel_thick values that have been solved.

Running the Analysis 4-18
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Q3D Extractor: A 2D Grounded Coplanar Waveguide Model

3. Click the Profile tab to view how long it took to solve each variation.
4. Click Close to exit the Post Analysis Display window.
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