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General PCB Notes

PCBs are complex structures primarily made of layers of copper and a dielectric material

* Copper traces and vias have dimensions much smaller than the overall PCB dimension

Discretely modeling PCB with all traces and vias is computationally expensive

* Itis recommended to choose the level of detail needed in the model that gives accurate
results without exorbitant mesh and run times
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IDF Import

* |DF files can be imported directly into an Icepak design

* IDF 2.0 and IDF 3.0 versions are supported
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IDF Import

* Options to:

- Filter out components (by height and power)

- Simplify board and components as rectangular objects .

IDF Import

Files  WFitters | Modeling | Board Conductivity l
—

Board File
|D:'-bac:kedup'-.Simulatinns'-.Icepak_Demo_ModeIs'-.Demo_l'\

Library File
|D:'-bac:kedup'-.Simulatinns'-.Icepak_Demo_ModeIs'-.Demo_l'\ J

Control File

| |

QK Cancel Help

IDF Import

Files Fiters | Modeling l Board Conductivity ]
—

¥ By Height o1 |mm -]
¥ ByPower  [10 mW ]
[ Capacitors
[~ Resistors
[~ Inductors
[~ Create fitered devices as non-model objects
QK | Cancel | Help

IDF Import

Files l Fitersf Modeling IBoard Conduc’[iv'rtyl

[ Simplify board as rectangular object

Devices
[ Simplify all devices as rectangular objects
[~ Cutoff height

0.2 |in J

[ Replace with 30 component(s) in directory:

]

QK | Cancel |

Help

IDF Import >
Files l Fitters l Modeling | Board Conductivity
Thickness Coverage %
High Suface | [0.07 [mm =] || [30
Low Suface | |0.07 [mm =] || [30
Intemal Layer | [0.07 [mm ~] || [30
Number of Intemal Layers ,27
Material
Trace Cu-Pure |
Substrate FR4 |
QK | Cancel | Help |
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PCB Modeling Options in AEDT Icepak

Model

Accuracy

Mesh Size

Effort Needed

Application

Solid Body

Low

Small (few thousand at
highest)

Minimum: Approximate
Anisotropic Material Property
needed for lumped layers. OK for
models where PCB does not carry
much heat (most leaves through
heat sinks, etc.).

System/board level - little
information available or
most heat leaves through
heat sinks

Multiple Solid Body
(one body per layer)

Low to medium

Small-Medium (up to 100’s
of thousands)

PCB must be sliced between each
layer and approximate
Anisotropic Material needed for
each later

System/board — if metal
percentage per layer is
available but layout is not
yet complete

PCB Component
(Recommended for accuracy
and optimized mesh counts)

Accurate
temperature and
metal distribution

Medium-High (low millions)

Little effort with proper ECAD file:
Trace and via information
projected directly into the layers
of the PCB object. Metal is
localized to individual regions on
individual layers. Conductivity
accuracy is dependent on mesh
size.

Board-level analysis, multi-
physics applications

Discrete modeling of all
internal PCB parts

Extremely accurate

Huge (10’s of millions)

Maximum effort. Mechanical CAD
model of the PCB or substrate
must be discretely meshed. Large
meshing and run times. Larger
hardware needed for simulation.

Individual wire Joule
heating. Full-detail HFSS-
Icepak modeling.
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PCB Modeling Options in AEDT Icepak

(_ Solid Body

9 Multiple Solid Bodies

e PCB Component 0 Explicit Modeling
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Simple PCB Models

* Create either one block for the whole PCB or one block per PCB layer

* For each block, right-click and choose Assign Material

* Click Add Material to create your own material and add to the library

Next Behind
Selection Mode
Select Objects
Extend Selection

Go to History
Measure
View

Edit

Group

Create 30 Component...

Replace with 30 Component...

Assign Material...
S5ign Surface Mvaterial...

Object Identification

Assign Thermal

Assign Moniter

Assign Mesh Region

Assign Mesh Operation

Plot Fields
Mesh Viewer..,

Copy Image

Select Definition

Materials | Material Fiters |

Search Parameters
Search by Name

Search Criteria

|
[ Soush |

{* by Name

" by Property

Relative Pemittivity

=

Libraries ¥ Show Project definiions [ Select all libraries
[eys] Materials

/ Mame

Al-Extruded
Al-Pure

| A-Pure_Ref
Al-Silumin

A2 03 _ceramic
A_N

Alnico5

Alnicod

B Alumina-Typical
alumina_92pct

View/Edit Materials. ..

Location Crigin

SysLibrary Materials
SysLibrary Materials
SysLibrary Materials
SysLibrary Materialz
SysLibrary Materialz
SysLibrary Materialz
SysLibrary Materialz
SysLibrary Materials
SysLibrary Materials

SysLibrary Materials

Add Material ..

Themal
Conductivity

205
240

Clone Material(s)

! Speciic Themal Ex ~
Mass Density Heat Coeffici

0

2800 500 0

2700 837 0

2700 1034 0

2659 871 0

3960 850 8.1e-06

3250 7343 5.2e-06

7300 400 1.13e-05

7300 400 1.1e-05

3970 910 0

3720 730 7.2e-06

Remove Material(s) | Export to Library...

o]

Cancel | Help

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.




Simple PCB Models

Turn on All Properties and Thermal under physics

Change the Thermal Conductivity type to anisotropic (orthotropic is a planar variation of this)

Enter in-plane and through-plane effective thermal conductivity values

Note: Even if you are solving steady-state, a non-zero value is needed for Mass Density and

Specific Heat

M aterial Coardinate System Tupe:

1 View / Edit Material X 1 View / Edit Material
t aterial Narme M aterial Coardinate System Tupe: t aterial Narme
M ateriall |Cartesian j M ateriall

Properties of the Material

Wi /E dit baterial for

Properties of the Material

Cartesian -

Wi /E dit baterial for

Thermal Car

Masz Density

Specific Heat

Thermal Material Type

Thermal Expansion Coefficient  Simple |0

" Active Design

" Active Project

JAegC (+ Al Praperties - T[22

" Active Design

[ Thermal Conductivity Anizotropic
- T

- " Active Praject
Simple

Simple + Al Properties

1 Physics: - T[3.3) Simple . Physics:
Golid ™ Electromagnetic e H ™ Electromagnetic
Specific Heat Simple 1400 | JikgC
¥ Thermal (=P - — - P J ¥ Thermal
Thermal Expansion Coefficient | Simple 1] 14C
™ Stuctual Thermal Material Type Salid ™ Stuctual

“iew/E dit Modifier for

I Thermal Modifier
™ Spatial Modifier

taterial Appearance

™ Use Material Appearance

“iew/E dit Modifier for
™ Thermal Modifier
™ Spatial Modifier

taterial Appearance

™ Use Material Appearance

Motes |

J Motes |

|Ca|cu|ata Froperties far:

=]

“Walidate b aterial

LCancel | BReset

J | Calculate Properties far: J

“Walidate b aterial
| 0.4 | LCancel |
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Simple PCB Models — Orthotropic Thermal Conductivity Calculation

* The in-plane and normal-to-plane conductivity values may be calculated as follows:

kin-plane =2(kit;) / Zt;)
Knormal = Zt; / Z(t;/k))
k. = f*k_, or ki = Kcrq

where,

f. = fractional coverage of copper

k = conductivity of a layer (W/mK)

t = thickness of a layer (m)

* Enter in-plane and through-plane effective thermal conductivity values

* The same calculation can be used for individual layers
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PCB 3D Component — PCB Detail without Discrete Internals

* Step 1: Import ECAD file using File = Import or File = Open

» Step 2: Insert a new Icepak Design if there is none. If you already have an Icepak Design,
proceed to Step 3

» Step 3: Right-click 3D Components and select Create - PCB

e Step 4: Enter the PCB name, company and model number (optional)

e Step 5: Click Setup Link to specify the ECAD source

* Step 6: Enable Use This Project to use the ECAD data imported earlier as the source

e Step 7: Specify the power dissipation for the PCB

e Step 8: Choose the grid cut resolution and click Finish to complete the import
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ECAD Import Formats

* ECAD files can be imported into AEDT using File 2 Import or File 2 Open
* AEDT supports different ECAD formats: EDB, ANF, ODB++, IPC2581, GERBER etc.

File 2 Open
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|ANSYS Electronics Desktop Project File (" aedt)
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Step 1

* Import an ECAD file using File 2 Import or File 2 Open

* This imports the ECAD file in a new HFSS 3D Layout Design

& ans

File Edit View

0 & &

Project Tools Window Help

H H J Fig save Archive % tut 9 Undo g

BBt Update Definitions
Bk Remove Unused Definitions

= Project Variables

|/ Datasets

General
[ZEvent Callbacks | gptions

[ Restore Archive <3 Copy ¥ Redo
Mew Open Open Save Save Close HFSS 03D Circuit Icepak Maxwell Simplorer Mechanica
~ Examples As 4 Paste X Delete = = = = B} edit Definitions -
Desktop View Simulation Automation
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1] Tcepak_Model* =l Ypen
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¥ Network
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Variables

Message Manager
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Cancel

B File Edit View Project Draw Layout
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Step 1 - Continued

 |[n HFSS 3D Layout, go to Layout = Layers to open the Edit Layers panel
* Make sure that the material assignments are correct for the metal and dielectric layers

* The electromagnetic, thermal properties of these materials can be checked under
Definitions = Materials in the Project Manager

Edit Layers - DCIR X
", ANSYS Electronics Desktop 2020 R1 - galileo_anf1 - DCIR - Layout - [galilea_anf1 - DCIR - | Hhever
Stackup Layer Zone
B File Edit View Project Draw  Layout HF553D Layout Tools Window Help Primary
' L Stackup
H E T = o Type: | Laminate - @
] 53 Copy ﬁ ﬁ Layers... C :Io::tm whaves | || - = <
Save
x Delete * - Nets 4 ‘ C] | U | a | o | Q | ° | = | Name Type Dielectric Fil Thickness | Etch | Rough | Salver | Transparency |n
@ » | T I | T [ | [ |UNNAMED_00D |diskectic Ornm |0
Desktop Wiew Layout Simr Push Down r ¥ F | F | F | | Tor signal R 0.04826mm | [ r mE
v UNNAMED_002 | diclectri 0.06731 0
Project Manager Pop Up yE yE F F F F F PR siIgB:aI - R4_3 D.DJBDZ:: r r F )
|_:_|.. galileo_anfl Place Design... M T | I [T | [T | [ |UNNAMED_0D4 |dielectic 1.27mm - o
: _l - ) [ [ [ [ [ [ [~ |LR_1 signal R-4_1 0.03048mm [ [ [~ |s0
-l m Snap 3D |l L lunNavFD ong  dislertie N 2032mm — In v
Circuit Elements e D
Boundaries FennectPins.. L hezkerd Vet bt P
Isibility il (=] alysis
(B3] Exditations & Cutout [esoese ] | & [||r
-8 Analysis Group into Subdesign Q P E ™ o r Q
m-il Design Verification 5 Materal: zl ma | r
.8 Optimetrics Import 30 CAD... Select al - — : T & rg
= r
_____ cpine e > — i = e
----- Field Cverlays Topbotom: [ <]
% Radiat Crosz-Probe Schematic Ctri+ K PR
""" adiation Total height: 2.03454mm
P L % Settings...
Properties ) _
] o Grid settings... | oo |
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Step 2

* Insert an Icepak Design in one of the three ways below

* If you already have an Icepak design within the same Project, proceed to Step 3

1. Desktop tab = Icepak

2. Project = Insert Icepak Design

3. Right-click Project = Insert Icepak Design

1, ANSYS Electronics Desktop 2020 R1 - galileo_anf1 - DCIR - Layout - [galileo_anf1 - DCIR - Layout]
B File

j ~ ~ H H = [Eig Save Archive
—_— A L L = |

|l Restore Archive

Edit View Project Draw Layout HFS53D Layout Tools Window Help

Mew Open Open Save Save Close HFSS
- Examples As K Delete -
Simulation Results Automation
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View Layout
Project marage

r
[=¥=8} galileo_anf1
& par
(27 Definitions
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. @4 DR B
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Project

Draw Layout HFSS 30 Layout

Insert HFSS Design
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Insert Q30 Extracter Design
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Insert Circuit Design g
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Insert Maxwell 3D Design
Insert Maxwell 2D Design
Insert RMxprt Design

Insert Maxwell Circuit Design

|nsert Simplorer Decign

Insert lcepak Design

B File
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Edit View Project

Draw  Layout

] L:EI Save Archive
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Paste Ctrl+V
Rename F2 i}
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Delete Project Permanenthy from Disk Delete =1
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Step 3

» Expand Icepak Design, right-click 3D components and select Create = PCB

M ANSYS Electronics Desktop 2020 R1 - alilec_anf1 - lcepakDesignl - 3D Modeler - [galilec_anfl - lcepakDesignl - Modeler] - O 4
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® - [ orient ~ L - - - - * | Material~
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Step 4

e Enter the PCB name, company and model number (optional)

PCB Component : Genera

e Click Next

Name:

Company:

Model Number:

PCB1

*
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Step 5

* Click Setup Link to specify the ECAD source

— Enable Use This Project to automatically select the ECAD Source

PCB Component : Geometry

EDB source: l Setup Link... I

< Back

Setup Link

General ]‘-.;"arial:ule Mapping l Settings ]

Product: | BlectronicsDesktop

~
=

B

Source Solution: |<—EDB Layout Data—=

|TI'|i$ Project” - galileo_anf1
' ‘ Source Design: |DC|H

KN KN

[ Simulate source design as needed

[ Preserve source design solution

Mote: In extractor mode, source project will be saved upaon exit.

Cancel

o |

Cancel
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Step 6

* The Source Design and Source Solution fields are automatically populated after enabling

Use This Project option

* Under the Settings tab, you can choose whether to draw the PCB outline as a polygon or a

generic prism

Click OK on the Setup Link panel and click Next on the PCB Component panel

Setup Link

General | Variable Mapping ] Settings ]

|Thia Project” - galileo_anf1

Source Design: | DCIR

Source Solution: |<—EDB Layout Data—

[~ Simulate source design as needed

™ Preserve source design solution

Mote: In extractor mode, source project will be saved upon exit.

Setup Link

General | Variable Mapping  Seftings

Extents

™ Use 30 Layout HFSS Exterts

Themal Link Specification

I
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Step 7

e Specify the power dissipation in the PCB (optional for volumetrically distributed internal

heating)

g CI iCk Next PCB Component : Property ¥

Radiation : ™ Low side
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Step 8

* Choose the grid cut resolution and click Display to view the metal fraction

 Click Next, and click Finish in the Parameters panel to close the PCB Component panel

PCEB Component : Metal Fraction

Resolution

Minimum Resolution {resolution of the shorter of the two sides)

Coarse Fine
50 100 200 400 800

™ Custom

Coarse

Medium

Fine

Resolution (size): 1136 x 800 (1.03e-01 x 1.03e-01 mm)

Show Metal Fraction for Layer 001:TOP

< Back Cancel

=3

PCE Compenent : Metal Fraction

Resalution

Mirimum Resolution {resolution of the shorter of the two sides) " Custom

Coarse Fine

50 100 200 400 800

Resolution (size): 71x 50 (1.64e+00 x 1.64e+00 mm)

Show Metal Fraction for Layer ‘::1..TOP

< Back | Next >

j Display

Cancel

PCE Compenent : Metal Fraction

Resalution
Mirimum Resolution {resolution of the shorter of the two sides) " Custom

Coarse Fine

50 100 200 400 800

Resolution (size): 1136 x 800 (1.03e-01x 1.03-01 mm)

Show Metal Fraction for Layer ‘::1..TOP j Display

T

Cancel

PCE Component : Metal Fraction

Resolution
Minimum Resolution fresolution of the shorter of the two sides)
Coarse Fine
: V ; g i
H 1]
50 100 200 400 200

Resolution (size): 284 x 200 (4.10e-01x 4.10e-01 mm)

I™ Custom

Show Metal Fraction for Layer ‘:EW.TOP j

< Back |

Display

Mext > | Cancel
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PCB Component: Trace Mapping using Gridcut Approach

* Gridcut

- Uses metal fractions to estimate the conductivity vector at each point in the mesh
- Metal fraction computed on a separate background Cartesian grid

* Benefits pana]

Sk B

BLUE squares are pure FR4

- Reduces mesh complexity Black lines are CFD mesh
- Faster Solvers RED squares are pure Cu

- Simplifies Automation

CED Max element size y | H€re» 16 gridcut cells are used to compute |

the conductivity for each CFD cell 4 gridcut row size

—
HE T
Hl1

_

EEEEEEE (TR
CFD Max element size X \ ‘ gridcut column size \ ‘
— -
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Step 8

* The PCB object is created and is shown in the History Tree

* Each layer is modeled separately

Z
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Metal Fraction Display

To review or change the gridcut resolution, right-click on the PCB component in the History
Tree and select Edit Definition

In the PCB Component panel, click Next until you get to the Metal Fraction step

Select the Resolution, Layer and click Display to view the metal fraction

* Sharper images indicate more accurate metal distribution :
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Detailed Trace Import PCB Imaging

* To make the PCB to look more realistic, right click on the PCB object (under the PCB drop-

down) and select Properties

* Under the Visualization tab, enable all layers under Value column
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Explicit Modeling of traces in AEDT Icepak

* Use ANSYS SpaceClaim as preprocessor

— Import board file into ANSYS SpaceClaim

— Open Icepak in an AEDT project

— Go to Modeler = SpaceClaim Link = Browse, and select the SpaceClaim file

— While all geometries are in full-3D, work to make a good mesh. Time for solver runs will be much higher.
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