\nsys

2024/ R2

Take A Leap Of Certainty™

Getting Started with Maxwell: ECAD
Integration

\nsys

ANSYS, Inc.
Southpointe

2600 Ansys Drive
Canonsburg, PA 15317
ansysinfo@ansys.com
https://www.ansys.com
(T) 724-746-3304

(F) 724-514-9494

Release 2024 R2
July 2024

ANSYS, Inc. and
ANSYS Europe,
Ltd. are UL
registered ISO
9001:2015
companies.


mailto:ansysinfo@ansys.com
https://www.ansys.com/

Getting Started with Maxwell: ECAD Integration

Copyright and Trademark Information
© 1986-2024 ANSYS, Inc. Unauthorized use, distribution or duplication is prohibited.

ANSYS, Ansys Workbench, AUTODYN, CFX, FLUENT and any and all ANSYS, Inc. brand,
product, service and feature names, logos and slogans are registered trademarks or trademarks
of ANSYS, Inc. orits subsidiaries located in the United States or other countries. ICEM CFD is a
trademark used by ANSY'S, Inc. under license. All other brand, product, service and feature
names or trademarks are the property of their respective owners. FLEXIm and FLEXnet are
trademarks of Flexera Software LLC.

Disclaimer Notice

THIS ANSYS SOFTWARE PRODUCT AND PROGRAM DOCUMENTATION INCLUDE TRADE
SECRETS AND ARE CONFIDENTIAL AND PROPRIETARY PRODUCTS OF ANSYS, INC.,
ITS SUBSIDIARIES, OR LICENSORS. The software products and documentation are furnished
by ANSYS, Inc., its subsidiaries, or affiliates under a software license agreement that contains
provisions concerning non-disclosure, copying, length and nature of use, compliance with
exporting laws, warranties, disclaimers, limitations of liability, and remedies, and other
provisions. The software products and documentation may be used, disclosed, transferred, or
copied only in accordance with the terms and conditions of that software license agreement.

ANSYS, Inc. and ANSYS Europe, Ltd. are UL registered ISO 9001: 2015 companies.
U.S. Government Rights

For U.S. Government users, except as specifically granted by the ANSYS, Inc. software license
agreement, the use, duplication, or disclosure by the United States Government is subject to
restrictions stated in the ANSYS, Inc. software license agreement and FAR 12.212 (for non-
DOD licenses).

Third-Party Software

See the legal information in the product help files for the complete Legal Notice for Ansys
proprietary software and third-party software. If you are unable to access the Legal Notice,
please contact ANSYS, Inc.

2
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 Maxwell: ECAD Integration

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:

» 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, names of options and text boxes, and menu
commands. Menu commands are often separated by greater than signs (>). For
example, “click Maxwell 2D > Excitations > Assign > Wave Port.”

» Labeled keys on the computer keyboard. For example, “Press Enter’ means to
press the key labeled Enter.
« ltalic type is used for the following:
« Emphasis
 Titles of publications
» 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"

@ A |3
& .
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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 and to include 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 window
or window 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

Maxwell® is an interactive software package that uses finite element analysis (FEA) to simulate
(solve) electromagnetic field problems. Maxwell integrates with other Ansys software packages
to perform complex tasks while remaining simple to use. This guide will focus on Maxwell's
integration with Ansys ECAD, and it will show how to enhance an ECAD design using Maxwell's
MCAD tools.

Maxwell can be used for PCB layout analysis. It can calculate noise vibrations at low frequency,
so it can be used to do the following:

* Understand how permanent magnets located in proximity of PCB influence the noise
* Reduce noise issues by computing Lorentz forces between traces

* Model deformation and vibrations due to harmonic forces

» Obtain acoustic response of boards resulting from vibrations

PCB layouts can be imported into Maxwell and edited from within the Maxwell interface. This
Getting Started Guide will detail the steps required to import and simulate an example layout.

Note: For more details on using 3D layouts in Maxwell, see 3D Transient Solution with
an A-Phi Formulation.

To analyze a problem, you specify the appropriate geometry, material properties, and excitations
for a device or system of devices. The Maxwell software then does the following:

» Automatically creates the required finite element mesh.

» Calculates the desired electric or magnetic field solution and special quantities of interest,
such as force, torque, inductance, capacitance, or power loss. The specific types of field
solutions and quantities that can be computed depend on which Maxwell 3D solution type
you specified (electric fields, DC magnetics, AC magnetics, transient fields and data).

« Allows you to analyze, manipulate, and display field solutions.

For this example, a 3D layout will be imported as a component, so the geometry and material
properties will already be defined. Because this model was created in the HFSS 3D Layout tool,
itincludes layer information, so it is considered a 3D layout. But when it is imported into Maxwell,
itis considered as a 3D component.

This design is a power delivery network board; the 3D layout in the HFSS 3D Layout tool is
shown below:

Introduction 1-1
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Ansys Electronics Desktop 2024 R2 - SSN_ECAD_24R2_3DL - ssn - Layout - [SSN_ECAD_24R2_3DL - ssn - Layout]
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Below is the 3D layout imported as a component in Maxwell. Note that only select nets are
shown.
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Time = -1 0 50 100 (mm)

Maxwell will be used to identify the simultaneous switching noise in the device.
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Goals

Your goals in Getting Started with Maxwell: ECAD Integration with Maxwell are as follows:

+ Determine the force on the PCB due the current and voltage excitations.

» Determine the effect a permanent magnet has on the PCB

You will accomplish these goals by doing the following:

o Mo bd =

o

Import a PCB archive into HFSS 3D Layout.
Assign ports in 3D layout from HFSS.
Assign a mesh to the layout in HFSS.
Create a Maxwell 3D transient A-Phi design.

Create a region set a boundary of fringing field computation for the design and assign a
flux tangential boundary condition.

Assign current and voltage excitations.

Set up and run the transient simulation, which will include a force computation and a
harmonic force computation.

Plot the layout force, terminal current, B magnitude, J magnitude and vector results.

Use Maxwell's MCAD tools to add a permanent magnet to the PCB board, and rerun the
simulations.
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2 - Preparing a 3D Layout

In this chapter you will complete the following tasks:

* Board Import

¢ Port Assignment
» Solution Setup

¢ Mesh Operations

Import the PCB Layout

To open the PCB layout:

1.

Double-click the Ansys Electronics Desktop icon on your desktop to launch
Ansys Electronics Desktop.

You can also start Ansys Electronics Desktop by clicking Start > All Programs > Ansys
EM Suite [version] > Ansys Electronics Desktop [version] from the Windows Start
menu.

Click File > Open Examples, then,

a. Inthe Open dialog box that appears, click the parent folder icon once to move up
one level above the Examples folder.

b. Double-click the Help folder and then the Maxwell folder.
c. Selectthe SNN_ECAD_3DL.aedtzfile.

Note: The .aedtz file is an archive file. Archive files ensure that the user has all
the files needed to run a particular example.

Select the Project File Restore Location for the archive to be unzipped to, and click Save.

The archive file will be unzipped to the directory you select and then automatically opened
in HFSS 3D Layout. Ansys recommends that you select a location other than the
\\Help\Maxwell directory in the distribution so that you can maintain the original files as a
reference.

Note: This file could have been opened directly in Maxwell, but you need to
assign a mesh to the 3D layout from within HFSS 3D Layout.

. Click File > Save As.

The Save As dialog box appears.

Setting Up the Design 2-1
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5. Save the file under a unique name of your choosing.

Ansys Electronics Desktop 2024 R2 - SSN_ECAD_3DL - ssn - Layout - [SSN_ECAD_3DL - ssn - Layout]

B File Edit View Project Draw Layout HFSS 3D Layout Tools Window Help - & X
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Explore Design

This design is a power delivering network with a Voltage Regulation Module (VRM) and a
System on Chip (SoC).
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To view the layer stackup for this design, select Layout > Layers.
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e}
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Insert ahove. Edit selected % %
Visibility— b Iy 7
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Insertbelow. ame - [ Etch UNNAMED_9
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g [T Solver %
Thickness - j w— /
v
Top bottom: = -
Total height 1.66116mm

=== EEE

Apply and Close Apply Close

The nets of interest or GND and VCC. To view these nets:
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1. From the View menu, make sure the Layers and Nets options are checked.

) Ansys Electronics Desktop 2024 R2 - SSN_ECAD_24R2 3DL -

B File Edit View Project Draw Layout HFSS 3D Layout

& cul ¥

53 Coy v
Save -

Has
y Faa

\/
Desktop V

Project Manager
=31 SSN_ECAI

Status Bar

Project Manager
Message Manager
Properties
Progress

ACT Extensions
Component Libraries
Variables

Layers

Mets

Components

Cells

Docking Window Layouts >

2. On the right side of the Ansys Electronic Desktop window, click on the Layers tab.

a. Inthe window that opens, uncheck all the layers except GND and VCC.

b. Uncheck all the other options except Outline.
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Layers +
[ Show Dielectrics I LI
Bome B 5
" SURFACE mOCrrrrr
" GND Ox[vIvivive
E  SIG1 Borrrrr
L " sIG2 Eorrrrr
; " vee R
i C BAsE Lalninininin
- [
g " Slwave Regions [l [
" Measures B
" Rats [ I
i " Errors B
" Symbols | m
. hno: q%:of:: ok " Postprocessing [ [
A ﬁﬁﬁﬁﬁﬁﬁﬁ ¢ Outline 1=
Layers

3. Click on the Nets tab. In the window that opens, right click on the GND net, and select
Show (Hide All Other).
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MNets - X

Classification

s1eN | [suahe

<PowerfGround=>

Mets
Regular Expr: |

CHASSIS4 ~

CHASSISS

GNDA List...
GNDB

Interna

Show
Interna Show (Hide All Other)
NET_& Show All Mets
Portl Hide
Fit Selected

VrC A Remove from Power/Ground

Create Ports

Met D
il— Remove Ports

The isolated GND net is shown below. Note that it is red because it is selected in the
canvas.
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GND Net

4. Reopen the Nets window, and right click on the VCC net and select Show (Hide All
Other).

VCC Net

Assign Ports

Next you will select port locations. You will define ports to connect the VCC and GND nets.

Setting Up the Design 2-7
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1. In Nets window, use the Ctrl key to select both VCC and GND, then right click to select
Show.

Both the GND and VCC nets are displayed in red to indicate that they are visible.

MNets
Regular Expr: |
EARTH ~
GND
alPort?2
i W

2. Inthe Layers window, uncheck all the layers except Surface, GND, and VCC.
Note that the Surface layer has the connections between the GND and VCC nets.

Layers + X

[ Show Dielectrics

E2

BEome 8 5
" SURFACE | RErarararaca

(" GND OE[v[v[ee
 SIG1 morrrrr
" SIG2 BCrrrrr
" VCC B &[]
" BASE BOCrrrrr

3. Color the layout by net:
a. Select Layout > Settings.
b. Inthe Design Options window that opens, check the Color by net.

VCC pins are in magenta, and GND pins are in green:

Setting Up the Design 2-8
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Port1 will be assigned on SoC, and Port2 will be assigned on VRM, as shown below:

Setting Up the Design 2-9
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4. Use the Select icon with the Ctrl key to select both VCC and GND pins that will define
Port1.

E ¥ 55N ht
. [ JUNNAMED_1 -
* -

t Simulation Results Automatic

* Select elements

Select elements by clicking on
them

5. Right-click and select Port > Create Circuit Ports.
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Select 0
Unselect All Ctrl+Shift+A
Select Edges E
Select Handles H
Cycle Selection

OFFEr

List Selection...

Push Down

Components Z Create Terminal Ports
Padstack... i
. Assign Reference

Footprint...

Clear Reference
Draw >

i Create Ports on Net

Edit >

Remove Ports From Net
Place Design... Create Ports on Component ...
Snap 3D

Remove Parts From Component

Repeat the above step for Port2 assignment.

In the Project Manager tree, expand the Excitations entry. The ports you created are
listed.

Right-click on the first port and select Rename. Name it Port1.

Rename the other port Port2.

Project M X
= SSN_ECAD_24R2_3DL*
& ssn*
------ {E] Circuit Elements
------ Boundaries
E-[E Excitations

b () U2.50.GND - P11
. US.22.6Np —— Port2
-3 Analysis

------ Optimetrics

...... Results

------ T Field Overlays

------ ¥ Radiation

...... |ﬁ Motesg

Definitions
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Set Up Solution

1. Inthe Project Manager tree, right-click on the Analysis entry, and select Add HFSS
Solution Setup > Advanced.

The Setup dialog box appears.

Setup?2

General }Options] Advanced ] Advanced Meshingl Solver] DCR ] Defaults]

Setup Name: Setup]|
[v Enabled
Adaptive Solutions
Solution Frequency: i@ Single " Multi-Frequencies ("~ Broadband
Frequency |5 |GHZ ﬂ
Maximum Mumber of Passes: “ID
(& Maximum Delta S ‘u.uz

i Use Matrix Convergence

2. The default settings are sufficient, so click OK.
3. View the default settings in the Edit Frequency Sweep dialog box that opens, then click

Setting Up the Design 2-12
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OK.

Edit Frequency Sweep

Edit Frequency Sweep | Interpolation |

Sweep Name: Swee 1 [+ Enabled
[T Use Q3D to solve DC point

Sweep Type:  [interpolating >

Frequency Sweeps [401 points defined]

Distribution Start End

il Linear Step ( 'Step size

Add Above Add Below t Preview ...

Time Domain Calculation...

S-Matrix Only Solve

m r ter f ¢ Manual

[ Mz -]
OK I Cancel |

Assign a Mesh Operation

In this section, you will assign a mesh to the layout. For ECAD components, the meshing must
be done in HFSS 3D Layout. After the layout is imported into Maxwell, you will further modify the
device to use the Phi mesh, but the initial mesh must be done here.
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1.

2.

3.

Make sure that only VCC and GND are still selected in the Nets window.

MNets
Regular Expr:

In the Project Manager tree, right-click on Analysis\Setup1, and select Assign Mesh
Operation > Inside Selection > Length Based.

Note: Length-based mesh operations inside volumes can be applied to non-
model box primitives; the imported layout is considered a non-model.

In the Select Geometry dialog box that opens, do the following:
a. Select the layers for the GND and VCC nets as shown below.
b. Check Restrict Length, and set Max. Length for 10 mm.

c. Click OK.

Note: When you request length-based mesh refinement, you instruct Maxwell to
refine the length of tetrahedral elements until they are below the Max Length
value. The length of a tetrahedron is defined as the length of its longest edge.
Maxwell refines the element edges inside the object until they are equal to or less
than this value. The default value is set to 20% of the maximum edge lengths of
the bounding boxes of each selected object's faces.
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4. Right-click on Analysis\ Setup1 and select Generate Mesh.
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Note: The meshing operation may take several minutes. You can monitor the
progress in the Progress pane.

Progress a X

b

s=n: Inttial Mesh on Local Machine - RUNMNING

Fhi Stage 2, Fass2A Folygon Collection, Layer 11 of 14, 1758 bodies, 41303 facets, 196544 tri

5. View the mesh created on GND:
a. Inthe Project Manager tree, right click on the Field Overlays entry, and select Plot
Mesh.

b. Inthe dialog box that opens, for the GND net, select <no-layer>, SURFACE, GND,
and Base, then click on Done.

c. Tomake the GND mesh more visible, open the Layers tab, and unselect all the
layers except GND.

Create Mesh Plot

Mame:  [Meshl

Design Name: s5h

Context

Salution: Setupl : Last Adaptive hd
Field Type:  |Fields

Nets and Layers 1

21818 ulnlslals o
fl212)12)138|8|8[&|5|5|5]8|2|8]|8|8|¢2
<ol [ L L P
suRFacE niiniiniiniiniinliniinlini[Ziinliniinlinlinlin
EZ3 UNNAMED_3 r
GND VT
EZAUNNAMED_S | [
EZAUNNAMED_7 [
EZAUNNAMED 9 | [
vee niinliniln
EZAUNNAMED_11 [
BT Trirrermnr

6. View the mesh created on VCC:

a. Inthe Project Manager tree, right click on the Field Overlays entry, and select Plot
Mesh.
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b. Inthe dialog box that opens, for the VCC net, select <no-layer>, SURFACE, VCC,
and Base, then click on Done.

c. Toseethe VCC mesh, in the Project Manager's tree, expand Field Overlays >
Mesh Plots, then right click on Mesh1 and uncheck Plot Visibility.

d. To make the VCC mesh more visible, open the Layers tab, and unselect all the
layers except VCC.

Mets and Layers

88|18 ulalslnls .

HEIEA A A A A A <| 8 5

S|z |=|4]2|8)8|4|8 dlelg|8

Eff%asésﬁggagggg

CCiCiCC rCrrCrCCiFrrir

R R R i ] i e e .
i

Frrr
NN NN NN NN NN
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3 - Create the Maxwell 3D A-Phi Transient
Design

If you would like, you can create a new project to create the Maxwell design or you can create
another design inside the existing project. The procedure for importing the 3D layout is the same.

1. Click Desktop tab.
2. From the Maxwell drop-down list, select Maxwell 3D.

3. Inthe Project Manager tree, right-click on the Maxwell3DDesign entry, and select
Solution Type.

4. Indialog box that opens, select Transient, and check the A-Phi Formulation.

Solution Type: SSN_ECAD_Mawell,

Magnetic:

(" Magnetostatic
(" Eddy Current
[

i® Transient

[w A-Phi Farmulation
Electric:

(" Electrostatic

i~ DC Conduction
[

i~ Electric Transient

(" AC Conduction

(0]4 | Cancel

5. Click OK.
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Note: The A-Phi Formulation solver solves second-order & for the electrical field,
and solves first-order A for magnetic field. (In order to account the difference in

the order of elements solved, increasing the mesh density in A- @ should help
achieve the same B field results as T- Q.)

The A-Phi solver support multi-terminals with mixed excitation types on the same
conduction path, and it is computationally efficient and flexible for ECAD PCB
and other electronics applications.

Import 3D Layout to Maxwell

1. Expand the Maxwell3DDesign entry in the Project Manager tree, right-click on 3D
Components and select Browse Layout Component.

Browse Layout Component(Beta) : General X

Mame: |LC‘|

Definition: |<undeﬁned> ﬂ

Import.aedbcomp file...
Browse to project aedb folder...

Note: The Browser Layout Component is only available with the Transient A-Phi
Formulation.

2. Inthe Browse window:
a. From the Definition drop-down list, select Browse to project aedb folder.
b. Navigate to the directory where you have your project.
c. Double click onthe SSN_ECAD_3DL.aedb directory.
d. Click Open, then Next.

Create the Maxwell 3D A-Phi Transient Design 3-2
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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


file:///C:/ansysdev/ebu_doc/Maxwell/Maxwell/Content/3DTransientSolutionAPhiFormulation.htm
file:///C:/ansysdev/ebu_doc/Maxwell/Maxwell/Content/3DTransientSolutionAPhiFormulation.htm

Getting Started with Maxwell: ECAD Integration

Browse Layout Component(Beta) : General

Name: |E&

Definition:  |SSN_ECAD_3DL1 |

Note: An imported 3D layout file can only contain one design; if there are multiple
designs in the layout, the import will fail.

3. Inthe Coordinate System window, select the Global coordinate system as the Reference,
and click Next.

Browse Layout Component{Beta) : Coordinate System

MName Include | Reference ~
Global = o
C1 [ .
" |cio 2 ~
[ en v '
|12 v '
- c13 2 ~
|4 v '
- cis 2 ~
- |cis v '
N (EE 2 ~
- |cis v '
- c19 2 ~
[ |e2 v '
" |c20 v ~
| c21 2 ~
|22 v '
- c23 v ~
- |c2a 2 e v
< Back | Mext > | Cancel
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4. Inthe Browse Layout -Component window, click Finish.

The imported PCB is shown below:

[ T
0 50 100 (mm)

5. Modify 3D Layout Component Visualization so that only VCC and GND are shown:
a. Inthe model history tree, right-click on LC1_1, and select Properties.

Click on the Visualization tab.

Click on the Object Attributes button.

For Display Model, select Net.

Uncheck all nets except VCC and GND: Click on the Show label in the Column to
uncheck all the nets, and then select VCC and GND.

Uncheck Show Dielectric.
g. Click Apply and OK in the Object Attributes window.
h. Click OK in the Properties window.

© o o T

—h
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Properties: SSN_ECAD_24R2_3DL - Maxwell3DDesign1 - Modeler

General | Parameters | ComponentData Visualization |

Name | Value | Unit | Evaluated Value Description
Show Layout [v
| |Fast Transformati. 2
Object Atributes

Net [ Show | Wire Frame | Transparency [ ~
CHASSISS

CHASSISE
|| EARTH

il

WCCE
WVINPUT

ddddadddads

I | e

Settings
Display Mode: Layer & Met

. A I
-
g
m
[}

[~ Show Dielectic |

Transparency. j

| Reset All Attributes |

Aftributes

The modified view is shown below:
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Time = -1 0 50 100 (mm)

Note: If you get an Import Failed error when you import a 3D Layout, it may be
because there in more than one design in the layout. Make sure there is only one
design in the 3D Layout file before importing into Maxwell.

a M essage Details bt

Project: |Ploject2l.'l

Design: |

Description:  |import Failed. Layout Components cannot be nested, contain
subcircuits, multizone stackups. multiple designs or MCAD elements, or
be a rigid-flex design. (12:23:30 PM Oct 17, 2023)

Clase |

Optional: Designate a Port as Ideal Ground

When the 3D layout was imported into Maxwell, the ports are interpreted as floating. This
boundary condition will generate correct results, but if you would like to plot potential, one of the
ports needs to be set to Ideal Ground:
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1. From the Project Manager tree, expand the Excitations entry.
2. Double-click on LC_1_Port1 to open its properties.

3. Inthe Properties window that opens, click on the Value field for the Negative Terminal
property and select Ideal Ground.

4. Click OK.

=] SSH_ECAD_Maxwell
=-§#@ Maxwell3DDesignl (TransientAPhiFormulation
Eh'-?a 3D Components

=-£¥ Boundaries
-84 Excitations
oREYLC1 1 Portl
-0 Lci 1 |portz
- Parameters
B8 Mesh

&-JF Analysis

Properties: SSN_ECAD_Maxwell - Maxwell3DDesign1

Component Data |
MName Value Unit |EvaluatedValue| Description | Read-only |
Name LC1_1_Partl [
[ Type Proxy Port 72
| |Port Type Circuit Port =
| | Definition PortName  Port1 2
| |Excitation Type Current i_
| |current 10%sin{2"pi* 10000* Time) e i_
W esuiv Tomina desGona | @
Floating
Ideal Ground

[T Show Hidden

OK | Cancel Apply

Modify an Imported Layout

After a 3D layout component has been imported into Maxwell, it can be edited:
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Right click on the 3D layout component in the Project Manager tree, and select Edit Layout. The
layout will be opened in the Maxwell project for editing.

Project Manager 1 X E‘“@ Model
=] SSN_ECAD_24R2_3DL* Al Elé Lc
=-§8 Maxwell3DDesign2 (TransientAPhil El’
E-g 3D Components B-
..... & Model =a Copy Ctrl+C
#-f% Bounda X Delete Delete
E1-84 Excitatii
i M r
0 LeL «1aTke Infﬂe_.:-_endent
@ LCL Edit Definition...
E'% Parame Properties...
Tl F_G
LA EY Edit Layout...
""" 8 Mesh 100 show Layout
E-JF Analysi: B C Tt " 1
P sent ast Transformatio L
5 Antirnn Object Attributes...
£ > )

Project Manager 1 x =
: b=
E-g 3D Components \ ~ =

-1 ol
----- = |C1_1
----- & Model

s3]

- Boundaries
-84 Excitations
- Parameters

=-4F Analysis

L. g Setupl
@ Optimetrics
----- Results
Mg Field Overlays
- ssn ; . ol -
&-(1 Definitions Cri L aSISRARALT :

Gl

=] SSN_ECAD_24R2_3DL1 (Layout Component) o @ 9&;%@%&%%&%@5‘

< >

When you save the 3D Layout design, the modifications will be updated in the Maxwell design.
You may have to modify the 3D Layout component visualization in Maxwell to make sure
components are shown correctly; see Import 3D Layout to Maxwell for details.

Create Simulation Region

In these next steps you will create a region and apply a flux tangential boundary condition to it.
The region sets a boundary for the fringing field computation; the field is only calculated with that
region.

1. From the Draw menu, select Region.

2. Select Pad individual directions.
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3. Forthe +X, -X, +Y, -Y directions, enter a value of 100. For the +Z and -Z directions, enter a
value of 600.

4. Click OK.

Padding Data:

(@ Pad individual directions

(" Transverse padding

(" Pad all directions similarly

Direction

Padding type | Value |Units|

+X
-X
+Y
-
+Z
-£

Percentage Offset
Percentage Offset
Percentage Offset
Percentage Offset
Percentage Offset
Percentage Offset

100
100
100
100
600
600

[ Save as default

Cancel

Note: The required size of the region will vary according to the device, but a
general rule is that it should be four to five times larger than the geometry of the
device.

5. Select the Region in the 3D Modeler window, then right-click and select Extend
Selection > All Object Faces.

6. Right-click on the Region again and select Assign Boundary > Flux Tangential, then
click OK to apply and close the dialog box.

A FluxTangential boundary condition is now listed in the Boundaries folder.

Note: For an ECAD workflow using A-Phi solver, the boundary must be set to
Flux Tangential, which defines H as tangential to the boundary and flux cannot
cross it.
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Flux Tangential pe EI--@ SSN_ECAD_24R2_3DL*
- Maxwell3DDesign1 (TransientAPhil

H-g 3D Components
“@ Model

- e [

----- ¥ FluxTangentiall
B2 Excitations
& Parameters

MNarne:

Click OK to assign Flux Tangential Boundary to the selected target

----- JF Analysis
I@ Optimetrics

----- Results
- Mg Field Overlays

~

Assign Excitation

When the 3D Layout Component is imported in Maxwell 3D A-Phi Transient solver, the ports
assigned in 3D Layout are automatically mapped into Maxwell as excitations. Users can modify
the excitation source type and excitation value for each assigned port.

1. Inthe Project Manager tree, expand the Excitations folder, and double click on LC1_1_
Port1 to open its properties.

2. Inthe Properties window that opens:

a. Setthe Excitation Type to Current.

Note: If the row that was labeled Voltage does not change to Current,
click OK in the Properties window, then reopen.

b. Assign 10*sin(2*pi*10000*Time) for the current value.
c. Setthe unitto A.
d. Click OK.
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Properties: SSN_ECAD_24R2_3DL - Maxwell3DDesign1

Component Data
Name Value | Unit |Eva|uated WValue| Description |Fiead—on|y| |

Name LC1_1_Portl [

] Type Proxy Port |7

] Paort Type Circuit Port |7

| Definition Port Name | Porti 2

] Excitation Type Current I_

] Current 107sin(2*pi*10000* Time) A i I_

W

Megative Terminal Floating

[~ Show Hidden

0K | Cancel Apply

3. Assign a0V excitation to Port2.
a. Double click on LC1_1_Port2 in the Excitations folder.
b. Forthe Excitation Type, select Voltage.
c. Assign 0V for the voltage value.
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d. Click OK.

Properties: SSN_ECAD_24R2 3DL - Maxwell3DDesign1

Component Data
MName Value | Unit |Eva|uated Walue| Description | Read-only |
Mame LC1_1_Por2 [
_Type Proxy Port
- |Port Type Circuit Port [+
| |Definition PortName  Port2 [+
- |Excitation Type Voltage [
Wowse o v oo W
Enable Initial Current [ [
_Negative Terminal  Floating [

[ Show Hidden

OK | Cancel Apply

Specify Initial Mesh for Maxwell

1. Inthe Project Manager tree, right-click on Mesh, and select Initial Mesh Settings.
2. Forthe Mesh Method, select Classic.

Note: Although a mesh was assigned to the device in the HFSS 3D Layout, we
want to further modify the mesh to use the Classic\Phi mesher, which is an
advanced layout-based meshing technology that can produce meshes rapidly
and generate fast and accurate results. It is used for planar structures.
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Initial Mesh Settings

General Advancedl

—Mesh Method

 Auto  TAL (@ Classic {~ PhiPlus

—Curved Surface Meshing

[~ Use dynamic surface resolution

m Use Slider ("~ Manual Settings
Coarse Resolution Fine
3
.
Small Mesh Count Large

[~ Save as Default

OK | Cancel

3. Click on the Advanced tab.
4. Check the Allow Phi for layered geometry (Classic only) option.
5. Click OK.
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Initial Mesh Settings

General Advanced

—Moaodel Resolution

(& Auto

(" Setlength 0.0001 Imm LI

[T Use Flex meshing for TAL wolume mesh
[¥ Use alternative mesh methods as fall back

[¥ Allow Phifor layered geometry (Classic anly)
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4 -

Generating a Solution

Now you are ready to specify solution parameters and generate a solution for the PCB model.

You will do the following:

» Set the simulation criteria that determines how Maxwell 3D computes the solution.

e Setup a"Set Up Force Calculation for Layout Component" on the next page

» Set up a harmonic force calculation

Validate your design
¢ Run the simulation

Add Solution Setup

Next, you will add a solution setup to define the simulation time from 0-200 ps in steps of 3.33 pus.

1. Inthe Project Manager tree, right-click Analysis and select Add Solution Setup.

Project Manager a X

E--@ SSN_ECAD_24R2_3DL* ~
=-§#l Maxwell3DDesignl (TransientAPhil
[]--é 3D Components

E-£¥ Boundaries
.9 FluxTangentiall
B84 Excitations

®-) LC1_1_Port1
@-@ LC1_1_Port2

& Parameters

Revert to Initial Mesh
Generate Mesh

View Mesh Feedback...

The Solve Setup window appears.

2. From the General tab:

=g Model
B LCT
-4 LC1_
B S
- i
E3-03 S|
Bl C
E-&5 Pl
B4 Solids
e+ vacu

----- B8 Mesh
----- 5
~{E optime Paste
""" Results -
% Field O Add Solution Setup...
B-g ssn* List...
I'_—'I[:| Efﬁnitions Analyze
< Reset to Time Zero
Properties Revert to Initial Temperature
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a. Setthe Stop time to 2*(1/10000), and set the units to s.
b. Setthe Time step to 1/10000/30 s.

Solve Setup

General |Save Fields | Ad\rancedl Solver] Expression Cachel Defaults |

Name: |Selup‘| [v Enabled

Transient Setup

Stop fime: [2"(1710000)

Ig -
Time step: |‘Iﬂﬂﬂﬂﬂf30 _ -

Use Default |

3. Click on the Save Fields tab.
4. Select Every 1 steps from 0 s to 2*(1/10000) s.

General Save Fields IAd\.'an::ed | Solver | Expression Cache | Defaults |
The stop time defined in the General Page will be included automatically.

Additional field save imes

(" MNone
@ Every [ steps from: |0 s >| o [2'(1/10000) |s LI
(~ Customn

5. Leave other settings to the default, and click OK.

Set Up Force Calculation for Layout Component

The layout force is caused by current carrying traces that interact with AC field generated by
other sources on the PCB board. This interaction generates Lorentz force, which can cause
mechanical vibration and resonance that leads to potential board fatigue, electrical performance
malfunctioning, and failures. In the steps below, you will configure Maxwell to output these force
results.

1. Inthe Project Manager tree, right-click on Parameters, and select Assign > Force from
Layout.
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2. InLayout Force Setup window:
a. Select all the layers for the VCC net.

Note: To select all the layers for a net, click on its name in the nets column.

b. Setits Name as F_VCC.

Layout Force Setup

Force |PostProcessing |
Name: “F_\'Cd ]
Layout Component  |LC1_1 |
—MNets and layers
- ~
§%§§agéag z -
<l =|=|8@|B|B|[8|8|E | -

IHHHHHHEHHHHAEEHE
B<weres T T LT L LT LT FLLT
@ CCCCCCCCCCCCCFCCC
B CCCCCCCCCCCCCFCCC
@uwneos O CCCCCCCCCCFC T
EGND e e e F e
Buwweos [ CCCCC OO CCCFCCC
ESIGl e
Buwneos O CCCC OO RO
B O FrCCc
@uweneos [ CCCCC OO C RO
Bvec rrrrjrrCcrrrrjcrCcCFrCir-
g [ O CCCCCCCCC RO
Bess CCCCCCCCCCCCCFCCC
[~ Show nets selected
Netﬂlter:l

OK | Cancel ”

c. InPostProcessing tab, select Global for Reference CS.
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Layout Force Setup

Force PostProcessing |

Reference CS: Global -

d. Click OK.
3. Repeat the above process for GND force parameter setup.

Layout Force Setup

Force | PostProcessing |
Name: |F_GN|::1
LayoutComponent  [LC1_1 |
—MNets and layers
ﬂéggamﬁﬂ}iﬂ -
glE(Z(Z|8|a|g|g|8l|z <8 . E
B T CCCCCCCTCCFOCCCTTD
@wawvel T FCCrCCrCrC
SwracE [ [ M rr
Bwaves T F T
R0 e i i
BEuwwwmvers [ C - FrCrCrrirnr
S CCCCCCCCCEFIECCECE
Bweves? o
SN I O I O S o ) R AN R e
UHWED-gl_l_I_l_I_,_[_l_[_l_["_I_I_I_l_I_F
ﬁ"":c I P I RN N Y R i A A e e
Bwaveo [ T CFICCrCCrCC
By [C[O[C[OC[CIC[C[OEIFCICC[EC]E v
L Layout Force Setup
Metﬁlter:l .
Force F'us*lProcessmgl
Reference CS: Global |4

Generating a Solution 4-4
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 Maxwell: ECAD Integration

Enable Harmonic Force Calculation

Harmonic force data can be exported from a Maxwell simulation for further mechanical vibration
analysis, for example, in Ansys Mechanical. Harmonic force is not calculated by default; it must
be enabled before running the simulation.

1. From the Project Manager tree, right-click on the Maxwell3DDesign entry, and select
Enable Harmonic Force Calculation.

2. From the Enable Harmonic Force Dialog window's General tab, for Type, select Element
Based (Volumetric).

Enable Harmonic Force Dialog

General }Layout] Advanced | Inverter Feedback

Harmaonic force calculation is enabled
Layout net-layer pair(s) is selected
/ Object Name |Force Dependent|
Region [

WV Flement Based (Volumetric) g

i® Harmonic Force ( TransientForce

0K | Cancel

3. Click on the Layout tab, select the GND and VCC nets to be calculated.
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Enable Harmonic Force Dialog

General Layout ]Advancadl Inverter Feadbackl

Layout Component [LC'l_'l 3
— Nets and layers
al8|8

HHHEUHHHETHIBRPERARE

HHHHHHHHHBEHHRAHEIHE
Bowwer [ L LT L P LT
BEueneoy [ [ [T T 0w
swrace ([ rir=rrFrnrinr
BEuewamveos [ [ [ [ [T~ Mirrir
GND rrririrrirrrrrCiriFirrFirrinr
BEueamves [ [ [ [ [T~ Mirrir
= O CCCCCCCCFCCFCCr
@ O CCCCCCCFCCFCCD
SIG2 rrrrririCrCCciCiFErCcCFErCir
@wes O CCCCCCCFCCFCCD
vee rrrrririrrrrCrciCiFirrCFrr-ir
BEuwnaveo_ 1 [ [ CC I ICFTTT
BASE rrrrrir-rrrriCrirrFErrriFErrir
Bweveo 3 T CCCCCCC MO
[ Show nets selected
Melﬁlter:l

0K I Cancel |

4. Click on the Advanced tab, and set the Start At and Stop At settings as shown below, and
click OK.
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Enable Harmonic Force Dialog

General | Layout Advanced | inverter Feedback |

Sample window

Start At o s =l
Stop At |D 0002 |s ﬂ
Window function type: |Reclangular LI

MNumber of repeated sample windows: |‘I

Output Frequency Range:

[+ Output All Frequencies

Validate Design and Run Simulation

Before running a simulation, it is best to validate its setup.

1. From the Maxwell 3D menu, select Validate Check.

v

Alternatively, from the Simulation tab, you can click the Validate icon.

The Validate Check tool runs, and after it is complete, the Validate Check window
appears:

Validation Check: MaxwellwithECAD - Maxwell3DDesign1

" Design Setiings
J Mexwell 3DDesignl & 30 Model
" Boundarnes and Excitations
& FParameters
& Mesh Operations
o Analysis Setup
o« Cptimetrics

Walidation Check complated.

| Close |

For this model, we see that the model, the design settings, and the simulation parameters
were checked and validated. If the tool finds any problem with your design, it will be
reported in this window. Make sure to address any of these issues before you run your
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simulation.

2. Start the analysis: right-click on the Analysis\Setup1 entry, and select Analyze.

Note: This simulation took about 3 hours on a Windows 10 machine with an Intel i7
2.10 GHz processor and 64 GB of RAM. To improve simulation time, Ansys
recommends that you use the Time Decompostion Method (TDM). This feature
requires additional licensing; contact your Ansys support representative for more
details.

Note: If you are rerunning a transient simulation that does not have any changes to the
simulation parameters, you need to Reset to Time Zero; otherwise, Maxwell will not
overwrite the data that is already present because it will not rerun the simulation. You
may need to do this when you upgrade a project to a newer version of Ansys
Electronics Desktop and want to rerun your simulations.

To reset to time zero, click Maxwell > Analysis Setup > Reset to Time Zero, or in the
Project Manager tree, right-click Setup under Analysis, and select Reset to Time
Zero.
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5 - Analyzing the Solution

Now that you have generated a solution for the PCB design, you can analyze it using Maxwell
postprocessing features. In this section, you will

 plot the layout force and terminal current for the VCC and GND nets
« visualize the flux density and current density

Plot the Force and Current

After your simulation is finished, you will post process the results to view the Layout Force and
the Terminal Current.

1. Inthe Project Manager tree, right-click on Results, and select Create
TransientAPhiFormulation Report > Rectangular Plot.

2. Inthe Report window:
a. Forthe Category, select Layout Force.

b. Forthe Quantity, use the Ctrl key to select F_VCC.Force_Mag and F_GND.Force_
mag.
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c. Click New Report.

& Report: SSN_ECAD_24R2_3DL - Maxwell3DDesign2 - LayoutForce Plot 1 - (Multiple Traces)

— Context

Trace | Families | Families Displayl

Solution: ISetupl : Transient LI

Primary Sweep: ITime LI IF\” J
sl

Domain: ISWEEP LI X: [v Default ITime

Parameter: |None hd |
I _I ye IF_GND.Force_mag; F_WVCC.Force_mag E::St?on
IFFT Cptions ... |

Machine Options, .., |

Category: Quantit',r:l bt I Function:
Variables F_GND.Force_mag M

DUtEUt Variables F_GND.Force_x abs
F_GMD.Force_y acos
Lc_'ss . F_GND.Force_z acosh
Misc. Solution ang_deg
Demag Percentage === _mag ang_deg_val
Terminal Voltage F_VCC.Force x ang_rad
Terminal Current F_VCC.Force_y arg
Design F_VCC.Force_z asin
Expression Cache asinh
Expression Converge atan
atanh
Ccos
cosh
cum_inteq
cum_sum
- dB
Update Report dR10normalize
[v Realtime  Updaie 'l < >

Output Variables... | Options... | Newr Report Apply Trace | Add Trace | Close
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LayoutForce Plot 1 — F.GNDF
y Maxwell3D Setup2 :_Tr=ansie{:"lrtce_ma’g

300

3. Plotth

AT T

Y1 [uNewton]
a ™
2 2
1 1
e ——
‘--‘"_““--r__
"_“-________-P
_--'-u_
__H-______,,.--""
e —
T ——
_u---_\_u‘—-__\_
i

—— F_VCC.Force_mag

/_\ / _\ {/’_\\ Setup2 ° Transient

0 25 50 75 100 125 150 175 200
Time [us]

e terminal current for both ports:

For the Category, select Terminal Current.

For Quantity, select TerminalCurrent(LC1_1_Port1_T1) and TerminalCurrent
(LC1_1_Port2_T1).

Click New Report.
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@ Report: SSN_ECAD_24R2 3DL - Maxwell3DDesign2 - LayoutForce Plot 1 - New Trace(s)

Context

Trace l Families | Families Display |

Solution: |Setupl : Transient :I

Primary Sweep: |Time

~]|an

L L

Domain: |Sweep LI x ¥ Default |'I'|m-e
Parameter: |Hione =l y:  [TerminalCurrent(LC1_1_Port1_T1); TerminalCurrent(LC1_1_Port2_T1) Range
2 Function...
| Category: Quantity:l LI Function:
Variables TerminalCurrent{LC1_1_Portl_T1) A~
Output Variables TerminalCurrent{LC1_1_Portl_T1_Ref) abs
tayautFarce TerminalCurrent{LC1_1_Port2_T1) Mo:h
0ss ; aco
Misc. Sokution TerminalCurrent(LC1_1_Port2_T1_Ref) ang_ deg
Demag Percentage ang_deg_val
Terminal Voltage ang_rad
w arg
Design asin
Expression Cache asinh
Expression Converge atan
atanh
Update Report cos "
ey
[V Real time pdste ¥ < >
Output Variables... | Optiuns,..l News Reportl ply Trace | Add Trace| Close

Terminal Current Plot 1

-
o
(=]

~
o

Setup1 : Transient

—  TerminalCurrent(LC1_1_Port1_T1)
Setup1 : Transient

TerminalCurrent(LC1_1_Port2_T1)

i
=

pa
w

e
=}

¥1[A]

o
i

n
o
paa Ly oy

-~
o
|
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=]

=

L A [ L I
100
Time [us]
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Note: If you see a transient spike at first two time steps, it can be ignored asitis a
numerical artifact. You can adjust the time scale to eliminate the numerical artifact
using the Zoom Area icon from the Desktop's View tab.

For a more precise range, right click in the plot window and select Modify Report, then

click on the ... icon beside the Time field to open a dialog box for specifying a time
range.

lI3DDesign? - LayoutForce Plot 1 - New Trace(s)

Trace IFamiIies] Families Display]

Frimary Sweep: |Time ﬂ |AII <IJ
EE [v Default |Time
(" Use all values ﬂ
- - ; Ran
¥ |Term|naICurrent(LCl_l_PUr‘tl_Tl], TerminalCurrent(LC1_1_Port2_T1) Fun| ® Specify range:
Category: Quantity:| ﬂ Function: || Min: |5I:| |us ﬂ
Variables TerminalCurrent(LC1_1_Portl_T1)

Output Variables
LayoutForce

Loss

Misc. Solution
Demag Percentage
Terminal Voltage

TerminalCurrent(LC1_1_Portl_T1_Ref)
TerminalCurrent(LC1_1_Port2_T1)
TerminalCurrent(LC1_1_Port2_T1_Ref)

Max: |2IZID ||_|5 ﬂ

Terminal Current

Field Visualization

Next you will plot the flux density and current density results for visualization.

1. Inthe Project Manager tree, right click on Field Overlays and select Fields > B > Mag_B.
2. Inthe Create Field Plot window:

a. Select Plot on surface only.

b. Click on the VCC column label to select all the selectable layers (not all of them are
displayed in the illustration).
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c. Click Done.

Create Field Plot

[T Specify Name IMEIQI_B3 Fields Calculator ... | Surface Smoothing ...
[ Specify Folder IEI LI Categon: IStandard VI
Design: Maxwell3DDesignl Quantity In%olume
— Context voltage Fagion ~
Context is fisd to model window. Edit context by Mag_H LCT_1:SURFACE#L185
updating the model window's cantext HBD" LC1_T:SURFACE#L413
Mag_B LCT_1-SURFACE#L144
Solution: ISetupE:Transient LI B_Vector LCT_1:SURFACE#L 223
Mag_J LC1_1:SURFACE#LA3
J_Vector LC1_1-SURFACE#L255
Field Type: IFieIds LI Bnergy LC1_1:SURFACE#LZ88
CDEgergy LC1_1:5URFACE#L403
N appEnergy LCT_1-BURFACE4LET
—IntrinsicYariables Ohmic_Loss L1 1 SURFACE#LI 00
. Total_Loss 5
- LC1_1:SURFACE#L309
Time [299999939999997us | Termperature R,
tag_“Volume_Force_Densi Lol ;SURFACE#LE%
Yolume_Force_Density LCT_1-SURFACE#L292
Surface_Force_Density LC1_1:SURFACE#L263 v
< >
[v Ploton surface onky
Sawve As Default [T Adjacent side
- ” [ Streamline

MNets and Layers(Beta) |

)
slg|8|a|a|a|8|s -
22 B2 |o|le|la|a |5 |z @
el || |e|la|lvw|lnl|lw|E= < | @ [ P
SIZ|IZ[(E|2|F|2[(2|2|15|2(2|2|518]8
Y] =T, <T =T, O Q O Q O L [G) (&) [G) = = =
LCT_1 <noayer il
LeiisuRracE ([ T T C O C O C O C e
EZLC1_TUNNAMED 3 [
LC1_1:GND - ririr v
< - >

[~ Show nets selected

MNet filter: I

Component filter: I

Done | Cancel
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3. Click on the timestamp in the display window, and from the Set View Context window that
opens, select 30 us.

Set View Context

SetView Contextl

i :Y
aﬂ - Solution Name: ISetupE: Transient ;I

[Time = 0.00000s Jomm— Time:

—WView
Display label at screen comer:

(" Upperleft " Upperright

® Lowerleft " Lowerright

[v Display speed and position values

OK I Cancel

4. Right click on the Plot legend, and select Modify.
5. Click on the Scale tab, and set the scale to Log.

[SSN_ECAD_24R2_3DL] Maxwell3DDesign1 -- B

Colormap Scale |Marker}Arrow| Deformation Scalel Plots |

Num. Division |10 Save as default |
@ Auto Min: | 0015
" Use Limits Max: |21a4u.52u
(" Specify Values Scale Walues.. |
[~ dB Units IuTesIa LI
(" Linear ™ Log
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The resulting flux density plot for the VCC net is shown below:

B [uTesla]
Max: 21666.222
21666.221
5428.361
1360.049
340.753
85.374
21.390
5.359
1.343
0.336
0.084
0.021
Min:  0.021

e

| Time = 30.00000us |

=
=

200 (mm)

Note: If you would like to hide the Region (it is hidden in these illustrations), right
click on it in the model history tree, and select View > Hide in Active View.

6. Plotthe VCC J_Mag results. Remember to set the scale to Log.
Note: To avoid plotting the J_Mag results in the same plot as the Mag_B results,

right click on the Mag_B entry in the Field Overlays\B folder, and uncheck the
Plot Visibility option.
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J [A/Im*2]

Max: 1.708E+09

1.708E+09
. 1.762E+08
1.819E+07

1.877E+06
1.937E+05
1.999E+04
2.064E+03
2.130E+02
2.198E+01
2.268E+00
2.341E-01
Min: ;2.341E-01

L

| Time = 30.00000us | 0 100 200 (mm)

7. Plotthe VCC J_Vector results.
You may also need to adjust the arrow size to make the vectors more visible; this can be
done from the Modify > Marker/Arrow tab.

J [A/im*2]
Max: 1.708E+09

1.708E+09
. 1.762E+08
1.819E+07

1.877E+06
1.937E+05
1.999E+04
2.064E+03
2.130E+02
2.198E+01
2.268E+00
2.341E-01
Min: 2.341E-01

L

| Time = 30.00000us |

=
g

200 (mm)

8. Repeat the above process for the GND Mag_B, J_Mag, and J_Vector plots.
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B [uTesla] Ansys
Max: 21666.222 '
21666.221
. 5236.713
1265.713
305.923

73.941

17.872

4.320

1.044

0.252

0.061

0.015

Min: » 0.015

4

| Time = 30.00000us | 0 50 100 (mm)

J [A/mA2]
Max: 1.708E+09

1.708E+09
. 1.762E+08
1.819E+07

1.877E+06
1.937E+05
1.999E+04 |
2.064E+03
2.130E+02
2.198E+01
2.268E+00
2.341E-01
Min: 2.341E-01

X

[Time = 30.00000us | 0 100 200 (mm)
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J [A/m*2]
Max: 1.708E+09

1.708E+09
. 1.762E+08
1.819E+07

1.877E+06
1.937E+05
1.999E+04
2.064E+03
2.130E+02
2.198E+01
2.268E+00
2.341E-01
Min: 2.341E-01

i

[Time = 30.00000us | 0 100 200 (mm)

Export Harmonic Force Data

Harmonic force data can be exported for use in other tools such as Ansys Mechanical. To be
able to export this data, you first had to enable its calculation before you ran your simulation; see
Enable Harmonic Force Calculation for more details.

1. From the menu bar, select Maxwell 3D > Export Transient /Harmonic Force.

2. From the General tab, define the export type, solution setup, and file path as shown
below.
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Export Transient / Harmonic Force

General |Optigr|s|

Export Type: IAnsys Mechanical LI

Parametric Setup: |<None> ~|

Soluion Setup: -

Path: I$PROJECTDIR |

o |

Cancel

3. From the Options tab, check the Output All Frequencies option.

Export Transient / Harmonic Force

General Options

— Output Frequency Range:

[v Output All Frequencies

Start Frequency: ID H |-

@ Use Range

End Frequency: ID IHz LI
 Use Number

MNumber of Frequencies: ID

o |

Cancel

4. Click OK to save the data in .csv format.
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Warning: Because there is a significant amount of data to export, this operation may
take several minutes.

The index.csv file that is in your top-level project directory reports the location of the exported
data. For this simulation, the Maxwellharforce.csv file is saved to a \\Setup 71\DV4 directory in the
project folder.

o o o oo oo oo oo oo oo ooo

A B C D
1 |Setup Name Directory
2 |Setupl Setup1\DV4
3
A B C D E F G H | J K
1 |xc{m) _| yc(m) zc{m) volume(m bfx_re(N/n bfx_im(N/r bfy_re(N/n bfy_im(N/r bfz_re(N/n bfz_im(N/r freg{Hz)
2 | -0.09296 -0.07284 0.001652 5.74E-13 -0.03072 0 0.026738 0 -0.00381 0
3 | -0.09254 -0.07285 0.001652 3.07E-13 -0.02181 0 0.008395 0 -0.01831 0
4 | -0.08271 -0.07279 0.001652 1.15E-12 -0.05309 0 0.035187 0 -0.01825 0
5 | -0.09309 -0.07284 0.001634 5.74E-13 0.019614 0 0.036048 0 -0.02493 0
6 | -0.09309 -0.07279 0.001643 5.74E-13 -0.01227 0 0.063362 0 -0.02335 0
7 | -0.09284 -0.07274 0.001634 1.15E-12 -0.01625 0 0.072431 0 -0.12161 0
8 | -0.09258 -0.07274 0.001643 1.15E-12 -0.05703 0 0.044214 0 -0.11646 0
9 -0.0925 -0.07286 0.001634 3.07E-13 -0.00255 0 0.009106 0 -0.1038 0
10 | -0.09242  -0.0728 0.001643 3.07E-13 -0.02575 0 0.017422 0 -0.11651 0
11| -0.09271 -0.07362 0.001652 1.15E-12 -0.01156 0 0.005858 0 -0.04355 0
12 | -0.09254 -0.07356 0.001652 3.07E-13 -0.00492 0 -0.00247 0 -0.01476 0
13 | -0.09242  -0.0736 0.001634 3.07E-13 -0.00204 0 -0.00447 0 -0.04824 0
14| -0.0925 -0.07355 0.001643 3.07E-13 -0.00466 0 -0.00246 0 -0.01566 0
15| -0.09258 -0.07366 0.001634 1.15E-12 -0.00283 0 -0.00713 0 -0.04814 0
16 | -0.09284 -0.07366 0.001643 1.15E-12 -0.01208 0 0.003205 0 -0.04435 0
17 | -0.09296 -0.07357 0.001652 5.74E-13 -0.00645 0 0.008332 0 -0.02943 0
Maxwellharforce @) 4
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6 - Combining ECAD and MCAD

You can add components to an imported ECAD design. In this section you will create a
permanent magnet using Ansys Electronics Desktop MCAD tools and rerun your simulations to
see the effect the magnet has on the PCB board.

Create Permanent Magnet

To create the permanent magnet, you will use Maxwell's MCAD tools to draw it, and then assign
a material to it.

1. From the Draw menu, select Box. If the non-model object warning pops up, select No.

2. If needed, to open the CreateBox dialog box, press F4 on keyboard.

3. Set the following:

a.

e o o T

Position: -14,-32.6, 1.7
XSize: 20

YSize: 20

ZSize:5

Click OK.

Properties: SSN_ECAD_24R2 3DL - Maxwell3DDesign1 - Modeler

Command \

MName Value | Unit | Evaluated Value Description

Command  CreateBox
Coordinate . Global

Position -14-326.1.7 mm -14mm, -32.6mm ., 1.7mm
XSize 20 mm | 20mm
YSize 20 mm | 20mm
ZSize 5 mm | bmm
< >

[ Show Hidden

OK | Cancel

4. From the model history tree, double click on Box1 to open its properties.

5. Change its Name to Magnet.
6. Inthe model history tree, right-click Magnet, and select Assign Material.
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7. Inthe Select Definition window, search for NdFe35, then click Clone Material(s).
8. Inthe View\Edit Material window:

a. Assign NdFe35_Z as the Material Name.

b. Forthe Magnitude vectors, assign X Component =0, Y Component =0, and Z
Component = 1.

c. Click OK in the View/Edit Material and Select Definition windows.

View / Edit Material
taterial Mame taterial Coordinate System Type:
NdFe35_2 |Cantasian |
Froperties of the haterial Yiew/Edit Material for
Mame Tupe Walue | |ritg @ Active Design
Rielative Permittivity Simple 1
| |Relative Permeahbility Simple 1.0997 785406 ( Active Project
 Buk Conductivity Simple B25000 siemens/m
B t agnetic Coercivity Wector (" Al Properties
: - Magnitude Wector Mag  -290000 A_per_meter Physics:
| # Component it Wector i] v
- Component it Wector i]
Core Loss Model Maone wim™3
| |Mass Density Simple 7400 ka/m"3 v
B Compozition Solid
B oung's Moduluz Simple 147000000000 M/m™2
| Poissor's Rafio Simple 0 Yiew/Edit Modifier for
: td agnietastriction Custarn Edit... ™ Thermal Modifier

Inverse Magnetastriction Custarn Edit...

— [ Spatial Modifier

Material Appearance

[v Use hMaterial Appearance

Color: |
Motes |

Transparency: 0

Yalidate Material |

|Calcu|ate Properies for: ﬂ

Reseat | (8]:4 | Cancel ‘
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| I
0 50 100 (mm)

Assign Mesh to Magnet and Run Simulation

To assign a mesh to the permanent magnet:

1. Inthe model history tree, right click on Magnet, listed under the NdFe35_Z material, and
select Assign Mesh Operation > Inside Selection > Length Based.

2. Inthe window that opens:

a. Check the Set maximum element length option.
b. Setthe valueto 1 mm.
c. Click OK.
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Element Length Based Refinement X

Mame: |Length1 [¥ Enable

Restrict the length of elements

[v¥ Setmaximum element length: 1 |mm ﬂ

Restrict the number of additional elements

[ Maximum number of additional elements: |1 nan

3. Inthe Project Manager tree, right click on Setup1 (under Analysis), and select Analyze.

View Force and Current Results

1. Inthe Project Manager tree, right-click on Results, and select Create
TransientAPhiFormulation Report > Rectangular Plot.

2. Inthe Report window:
a. Forthe Category, select Layout Force.
b. For the Quantity, use the Ctrl key to select F_GND.Force_Mag and F_VCC.Force_
mag.
c. Click New Report.
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@ Report: SSN_ECAD_MCAD_23R2_MXWL - Maxwell3DDesign1 - LayoutForce Plot 1 - F_ GND.Force_mag

— Context

Trace | Familiesl Families Displayl

Solution: . -
ISetupl : Transient Primary Sweep: ITime

= |al

Domain: ISweep

LI X

[v Default ITime

FParameter: INone

IFFT Cptions .. |

Category:

Iachine Optians. .. |

Variables
Output Variables

Loss

Misc. Solution
Dlemag Percentage
Terminal Voltage
Terminal Current
Design

¥ IF_GND.Force_mag; F_VCC.Force_mag

=

Quantity:l

F_GND.Force_mag M
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Note: Compare these results with the results obtained without a magnet.

Combining ECAD and MCAD 19
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 Maxwell: ECAD Integration

3. Plot the terminal current for both ports:

10.0

-75

-10.0

For the Category, select Terminal Current.

For Quantity, select TerminalCurrent(LC1_1_Port1_T1) and TerminalCurrent

(LC1_1_Port2_T1).
Click New Report.

Terminal Current Plot 2

—— TerminalCurrent(LC1_1_Pert1_T1) "

Setup2 : Transient

TerminalCurrent(LC1_1_Port2 T1) |,

[%1]
[=]

I
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Time [us]

200
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Getting Started with Maxwell: ECAD Integration

Note: If you see a transient spike at first two time steps, it can be ignored asitis a
numerical artifact. You can adjust the time scale to eliminate the numerical artifact
using the Zoom Area icon from the Desktop's View tab.

For a more precise range, right click in the plot window and select Modify Report, then

click on the ... icon beside the Time field to open a dialog box for specifying a time
range.

lI3DDesign? - LayoutForce Plot 1 - New Trace(s)

Trace IFamiIies] Families Display]

Primary Sweep: |Time ﬂ |'°‘” <IJ

EE [v Default |Time
(" Use all values ﬂ
- - ; Ran
¥ |Term|naICurrent(LCl_l_PUr‘tl_Tl], TerminalCurrent(LC1_1_Port2_T1) Fun| ® Specify range:
Category: Quantity:| ﬂ Function: || Min: |5I:| |us ﬂ
Variables TerminalCurrent(LC1_1_Portl_T1)

Output Variables
LayoutForce
Loss

TerminalCurrent(LC1_1_Portl_T1_Ref)
TerminalCurrent(LC1_1_Port2_T1)
Misc. Solution TerminalCurrent(LC1_1_Port2_T1_Ref)
Demag Percentage

Terminal Voltage

Terminal Current

Max: |2IZID ||_|5 ﬂ
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View Field Results on Magnet

1. Inthe 3D Modeler window, right click on the Magnet, and select Fields > B > Mag_B.

> .

Escape Pan Mode Esc
Next Behind B
Selection Mode >
Select Objects >
Extend Selection >

Go to History

Measure >
View >
Edit b
Group >
Create 3D Component... voltage
Replace with 3D Component... H
2 Assign Material... 8 Mag_B
Assign Boundary > J B_Vector
Assign Excitation > Energy
Assign Parameters > Other
Assign Mesh Operation > MNamed Expression...
 E— Fields > Marker
0 RMloinn Wikenticn T oo {mm)

2. Inthe Create Field Plot window that opens:

o o oo

Select Mag_B as the Quantity.

Select Plot Surface Only.

Click on the GND and VCC columns to select those nets.
Click Done.
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Create Field Plot
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< >

3. Adjust the time step to 30 us, and set the color key scale to Log; if needed, see Field

Visualization for more details.
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B [mTesla]
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0.013

Min: £0.013
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[Time = 30.00000us | 0 50 100 (mm)

View Field Results on Nets

Next you will plot the flux density and current density results on the GND and VCC nets to see
how the magnet affects them.

1. Inthe Project Manager tree, right click on Field Overlays and select Fields > B > Mag_B.
2. Inthe Create Field Plot window:
a. Select Plot on surface only.

b. Click on the VCC column label to select all the selectable layers (not all of them are
displayed in the illustration).

c. Click Done.

3. Adjust the time step to 30 us, and set the color key scale to Log; if needed, see Field
Visualization for more details.

4. Compare these VCC results with the field results without the magnet.
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5. Plotthe J_Mag and J_Vector results for the VCC net. If needed, see Field Visualization
for more details.

J Magnitude results for VCC:
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J Vector results for VCC:
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6. Plotthe Mag_B, J_Mag and J_Vector results for the GND net. If needed, see Field
Visualization for more details.

B Magnitude results for GND:
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J Magnitude results for GND:
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J Vector results for GND:
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7 - Exit the Electronics Desktop

You have successfully completed the Maxwell-ECAD Integration Getting Started Problem.

1. Save the project plots and reports by clicking File > Save. Ansys Electronics Desktop will
save all data including the plots you have created for later use.

2. To exit the Ansys Electronics Desktop software, click File > Exit.
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8 - Index
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