Release 2022 R1 Highlights

Ansys Sherlock & Electronics
Reliability




Ansys Electronics Reliability Updates — 2022 R1

* Ansys Sherlock

Semi-Automated Reinforcement Element Workflow
Solution

- Sherlock-lcepak — EDB File Export

- Import of GDSII/EDB Files

- Sherlock Automation APIs

- Sherlock-optiSLang Connection Details
- General Functionality Enhancements

- Documentation Updates

* Ansys Mechanical
- Trace Mapping — Support for Solid-Shell Elements
- Reinforcement Element Enhancements

* Ansys LS-DYNA

- Multiscale Analyses
- Solder Reflow Simulations

* Ansys Icepak
* Ansys AEDT Mechanical
* Additional Resources
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The following chart shows the Mechanical Shock Life Prediction curve for U27.
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Combined
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Sherlock for Reliability
Sherlock as a Pre-Processor

Sherlock Integrations
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PCB Modeling Approaches

* Ansys provides leading solutions for the modeling of PCBs and Electronic Components. Multiple levels of fidelity supported.
» Start by importing ECAD files directly into Ansys tools, such as Ansys Sherlock and Ansys Mechanical.

[Homogenized/Lumped] [ Trace Mapping ] [ Reinforcements ] [ Trace Modeling ]

ECAD Data
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New in 2022 R1: Semi-Automated Reinforcement Element Workflow

Time-Saving automation tasks performed upon export from Ansys Sherlock:

Automation of Ansys Workbench/Mechanical setup with:

* Assigns thickness for Reinforcement Surface Bodies

* Assigns material properties

* Assign cross-section for the reinforcement Beams.

* Contacts between all the reinforcement bodies are automatically been removed.

* Generate layer based Named Selections

., m)

¥ &9 Analysis
! CAF Failure
! Component Failure Mechanism
! DFMEA
! Harmonic Vibe
€3 ICT Analysis
! Mechanical Shock

Semi-Automated Export and Model Build

Show Error
! PTH Fatig
i Partvaligd iew Results
i Random | Edit Properties
I Semicond| Fun Analysis Task

Solder Fat| Clear Analysis Results

Thermal D| Generate 3D Model
1 Thermal View 3D Model
v Q Results View 3D Results

Q Score Card  Export FEA Model
9 INEANELE  Export Trace Reinforcement Mcdel

) Report Show Location

@ Saved Res Help

ﬂ Export Trace Reinforcement Model

Choose the desired file name, location and eptions. Then press the Export button to export the file.

File Properties

File Path: | sting\ Tracereinforcement) 1092021\ Experts\Pine V2

Browse
Flex TraceExport.whjn

Options: ] Overwrite Existing File
(] Display Model After Export
@ Clear FEA Database Before Defining Madel
E] Generate Models for all Layers

Trace Properties

Diameter Threshald: 0.1 [mm )
Min Hole Dia. for Shell/Beam: |0 [wom ¥

Drill Hole Properties

Drill Hole Modeling: | ENABLED v
Min Hole Diameter: 0.1 |M
Max Edge Length: .1 | mm 2

- A - B
1 1
2 | & EngneeringData « ,—M 2 | Engineerin gData
Engineering Data 3 Geometry v .
4@ Model F .

Mechanical Model

| ¥ Geometry
2 [§) Geomet: y v
Geometry
- 3 - F
ETTT T
2 & EngneeringData « ,———M 2 | & EngineeringData v/ 4
Engineering Data 3 Geometry v .

4@ Model 7 u
Mechanical Model

- c

|

%2 @ Model
Mechanical Modd
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New in 2022 R1: Bending Stiffness for Smeared Reinforcement

* Greatly improves the solution accuracy with 3D smeared reinforcing (REINF) models
* Eliminates the need to use multiple REINF layers to capture the bending stiffness
* Enhances the REINF modeling usability in the new PCP/Chip simulation workflow

Accurate simulation
results: REINF with =)
bending vs. full 3D
model

Robust and accurate simulation of flexible
PCBs under large deformation
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New in 2022 R1: Reinforcing Performance Enhancements

(AYG)

32.0696
33.4652
34.8609
36.2566
37.6522
39.0479
40.4436
41.8392
43.2349
44.6306

Motivated by the requirements to account for
large models (full PCB and chip models)

A000NDONEN &

Improved performance in pre-processing

- Allows large number of reinforcing members in one
base element

- Reduces time needed for load mapping

Improved solution efficiency

Improved performance in post-processing

- Significantly reduced time for querying min/max
member results

- Improved inter-member result smoothing




Application Highlight

Reinforcement Element Workflow Highlight — Flexible PCBs

Sherlock

Unit: mm/mm

22222222
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Sherlock-lcepak Connection
EDB File Export

Ansys



New in 2022 R1: Sherlock-lcepak Connection (EDB File Export)

* Users can now export a CCA using the EDB format that is used by Ansys AEDT.
- Ansys ECAD Database (*.def) file (Commonly referred to as an EDB file).
- EDBfiles can then be imported directly in to AEDT.

- Ifinstalled, AEDT can be opened automatically (including the resulting file import).

* Consequently, users can leverage the power of Ansys Sherlock to rapidly generate
high-fidelity PCB models for use with Ansys AEDT Icepak.

Supported Features in 2022 R1:

* Stackup Layers
* Board Outline

* Holes
- Vias
- Plated Through-Holes
- Non-Plated Through-Holes

* Traces

* Cutouts

* Components

* Pads (Stored as Pins)

* Material Properties

Ansys Sherlock
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GDSII/EDB Import

Ansys



New in 2022 R1: GDSII/EDB Import

* Sherlock now provides the ability to import stackups, stackup layers,
and board outlines from an Ansys ECAD Database (*.def) file. From
the main menu, select Project > Import Sherlock EDB File.

* In Sherlock, you can now import the stackup and stackup layers from
a GDSII file. From the main menu, select Project > Import GDSII File.

coHEREERREEE ganmnnn
THIEHID D

* The ability to import GDSII files facilitates the preparation of
Mechanical Models of Chip- and Die-Level, and other electronics
structures for Thermal-Mechanical and other studies.

B ccaoi Stackup
HEh 5 RE =

Stackup Properties

The following board propeties are based on the currently defined board outline and the individual layer properties shown below:

Board Dimension:  0.43x 0.26 mm [00169x 001471 CThxy: 17128 ppm/C Board Weight:  0,182¢-5 grams
Board Thickness: 0,315 mm [12.4 mil] CTEz  60.506 ppm/C Total Part Weight:
Density:  1.9027 g/cc Exy: 24,655 MPa Mount Point Weight:

Conductor Layers: & Ez 3487 MPa Fixture Weight:

Stackup Layers

Double-click any row te edit the properties for that layer or select one or more rows and press the Edit button above to edit propertics for the selected layers. Use the Generate Stackup button te replace all layers using a given PCB thickness and default layer properties.

Layer | Type Material Construction Thickness | Density CTExy CTEz Exy E
1 SIGNAL COPPER (26.7%) / COPPER-RESIN 0.0005 mm 356957 1349 21349 32,736 32,736
2 Llaminste  Generic FR-4 DEFAULT (2116) 1.64 mil 1.9000 17.000 70.000 24804 3,450
3 SIGNAL COPPER (3.6%) / COPPER-RESIN 0.0005 mm 2,056 13.834 18,834 7482 7,482
4 laminate  Generic FR-4 DEFAULT (2116) 1,64 mil 1.9000 17.000 70.000 24504 3,450
5 SIGNAL SILICON_DIOXIDE (51.7%) / COPPER-RESIN 0.0044 mm 17276 31905 31905 12,030 12,030
6 Llaminate  Generic FR-4 DEFAULT (2116) 1,64 mil 1.9000 17.000 70.000 24804 3,450
7 SIGNAL COPPER (13.2%) / COPPER-RESIN 0.0005 mm a7 2533 25323 17,954 17,954
8 Lominate  silicon_dioxide DEFAULT (2116) 0.009 mm 1.9000 17.000 70.000 24804 3,450
9 SIGNAL COPPER (17.3%) / COPPER-RESIN 0.0005 mm 3.0283 4395 4395 22484 22,444
10 Laminate  substrate DEFAULT (2116) 03mm 1.9000 17.000 70.000 24504 3,450
1 SIGNAL PEC (0.0%) / COPPER-RESIN Dmm 1.8000 50,000 50.000 3,500 3,500
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Sherlock Automation APIs

Ansys



Scripting and Automation — Example Workflows

* There are many possibilities for automation in the Electronics Reliability space.

- From general Sherlock Automation to streamline everyday tasks, to partially- or fully-automated
workflows featuring leading Ansys solutions (such as the Reinforcement Element workflow).

Python Example

import SherlockLifeCycleSer
import SherlocklLifeCycleSer
import grpc

channel = grpc.insecure_cha:

Pre-Processing End-to-End
Automation and Workflow
Results Extraction Automation

Advanced
Applications

Sherlock General

Automation
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i Modal Analysis — [m] x

[ L]
- Import ECAD  jmports either an ODB++ or IPC-2581 ECAD file.
Update Parts List I project name is not specified, a new project will be created using the ECAD filename.
Enable Lead Modeling
Get Layer Count

Update Board Thickness
Update Laminate Material

* Application Programming Interfaces (APIs) are available for Ansys s
Sherlock. St 7 B
- APIs — Flexible framework allows for development in several languages, including

Board Dimension: 191 115mm [7.5x 45 in]

Pyt h O n . Board Thickness: 1.700 mm [66.9 mil]

Density: 21969 g/cc

Project Name: ‘ |
*ECAD Type: ODB++ ~

*Browse File

Conductor Layers: &

- Additional APIs that address additional features are being planned for future e e

Exy: 27,316 MPa
reieases e
.
Layer Thickness Copper% Material Density CTExy CTEz Exy  Ez
1 050z 176 COPPER-RESIN 2.049% 442076 442976 227720 227720
2 03044mm 0.0 Generic FR-4 Generic FR-4 1.9 170 700 248040 34500
3 100z 2 COPPER-RESIN 0432 194792 194792 1066400 106640.0
4 03M4mm 0.0 Generic FR-4 Generic FR-4 1.9 7.0 700 243040 34500
5 1.00z 22 COPPER-RESIN 1.9562 49.2872 49.2872 5909.0 5909.0
n .
. a e S u S e rs to . 6 03044mm 0.0 Generic FR-4 Generic FR-4 1.9 170 700 243040 34500

7 1002 21 COPPER-RESIN 10491 493106 403196 57995 57%05
R M | M M B h 8 03044mm 00 Generic FR-4 Generic FR-4 1.9 70 700 248040 32500

- u n SI m u atlo n S I n atc 0 1002 02 COPPER-RESIN 84820 194792 104792 106649.0 106649.0

10 03Mmm 00 Generic FR-4 Generic FR-4 1.9 70 00 248040 3500

- Automate processes and standardize methods s ms oo om oo oo v e

- Hggﬁgthe impact of design and event variations on life prediction and other Custom Toolkit Leveraging Sherlock APIs

T AT AT BT

2 @ Project < 2 & EngneerngData v 2| @ model 2@ project v
. 3 @ sewp % ‘\ 5 [ Geometry v o4 3@ sewp v, 3 @ Lfepredicton v
* Automation Feature Examples R /
. . . 6 | @ soluton v o4 Modal
- Open existing projects | o |
\ /

- Import ECAD files
- Life Cycle and Event Creation

2 @ engnesringData v/
3 Geometry v 4

- Update Parts from Parts Library i

Mechanical Madel - Enclosure

- Query and modify Stackup Properties _
- Run Analyses, such as Solder Fatigue, Natural Frequency, Random Vibration, etc. Sherlock-WB Connection
Leveraging Sherlock APIs
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BBl Hormonic Vibe Editor X

Ansys Sherlock APl Examples

Bl Thermal Event Editor X
Modify any of the following properties and press the Save button to update the current Harmonic Vibe.
Modify any of the following properties and press the Save button to update the current Thermal Event.

Identification
Python Example Nome: | PR Identification
Description [T~ Thermal Shock]
SherlockLifeCycleService pb2 Description: | The engine compartment always seems to be
herlockLifeCycleService pb2 grpc Harmonic Vibration Settings super cold before we start the engine.
grpe Duration: |10 [ms v
#of Cycles: [100 [ovrvevee v Thermal Event Settings

Sweep Rate: |1 octave/min

2 of Cycles: 3 | counT v

Harmonic Load Settings

Life Cycle State: | OPERATING 2
e : PCB Orientation: XY Angle 0 | YZAngle 0
) 1) e e —
Thermal Profile
message =

Harmonic Profiles

Thermal Cycle

XAwis | ¥axis | Z Axis

message.project = Froject” Default Profile G
message.phaseName = "On The Road" Lk 2
message.eventName = "Test Harmonic API" _ 1504 =
8 | e
o Jeseription — Preot Desermbion® <) 2
message.description Test Description 2 o0l =
. . - S |
message.curatlion = < H |
250
:‘.’essage.dura:icnl’nits = "ma" o 1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 18 17 18 18 20 21 22
e - 0 i
message . numdfCycles = 100 o 0 20 a0 40 0 e 700 e 60 1000 Lt
. Frequency (HZ)
message.cycleType = "DUTY

message.sweepRate =

Load Prefile ... Edit Profile ... Save Profile ...
message.orientation = "1, 3"

leTyp
message.loadDirection =

message.pro

Automate Creation and Re-Use of Life Cycles and Events

response = stub.add

rmonicEvent (message)

i

rint (atr(response))

HB

[
H
s -
H o —
H
H
H
He
- x e
¢ " - :
M bosrdSachup * | o
EERIELE . ‘, b
FRmE— o
™ Eo -
- -
[re— ST — [ —— H -
Eard ik N e Toast Par righe: 1335 s - ™
et TR - ) |
Comductor Lapers: & = Fixture Woeaght - - |
o = H
e o
Stackup Lapers o. F
. — T — o
CouR ik  COPPUR S W -
e oG ) =
covven(am coseenseses e E
P o 1 E
Er—— o =
cereras - 2 . - =
[ ppp——— o - =
Genenc FA-4 OEFALLT 2108 1% B -
corpinias copen s e E
G4 ot Lt =
COPPAR (L% COPPER SRy wan

Stack-Up Information Update Parts from Libraries
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New in 2022 R1: Part Location APIs

Part Location APIs can help users rapidly evaluate the trade-offs associated with moving
components on a board subjected to a variety of loading conditions.

New Part Location APIs
» setPartLocation() API to set a part’s location properties.
» getPartLocationUnits() API to get a list of valid part location units.

» getBoardSides() API to get a list of valid board side values.

» getPartLocation() API to get a part’s location properties.

The following chart shows the Mechanical Shock Life Prediction curve for U27 The following chart shows the Mechanical Shock Life Prediction curve for U27,
Mechanical Shock Life Prediction Mechanical Shock Life Prediction
100 {Service Life = 10 years 100 {Service Life = 10 years
05 {Prob. of Failure Goal = 20 % ©5 {Prob. of Failure Goal = 20 %
o0 | o0 {
B85 B5
— B0 1 B0 4
= 701 = 70
£ ) &
Py 854 ;’ 65
n M B 60 |
2
15 15

1314 15 18 17 18 19 20

s 10
Lifetime (years)

s 0 n
Lifetime (years)

[ Move Component? ] [ Reliability — Move Left ] [ Reliability — Move Right ]
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New in 2022 R1: Mount Point APIs

Mount Point APIs can help users rapidly get available Mount Point
information programmatically.

New Mount Point APIs

» getMountPointTypes() APl to get a valid list of mount point types.

» getMountPointShapeTypes() API to get a valid list of mount point shape
types.

» getMountPointSides() API to get a valid list of mount point sides.
* getMountPointUnits() API to get a valid list of mount point units.

» getMountPointBoundaries() APl to get a valid list of mount point
boundaries.

» getMountPointChassisMaterials() API to get a valid list of mount point
chassis materials.

\nsys
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Sherlock-optiSLang
Connection

Ansys



Ansys Sherlock-optiSLang Studies

Package_Length=6.3
Package_Width=3.15

* Ansys Sherlock APIs allow users to programmatically study Sarmple A cherlock Pa;kige:—;“i““ess-f’-ﬁ
the effects of parameterizing key variable, such as: amplie Ansys Sherioc

with open('D:\\Backedup\\ACT\\PartsList.csv','r") as f:
- Part Properties, Component Locations, and Stackup

CO d e S n i p p et ;s:‘d;anr c:s:‘sr‘:e.;edaecllf(efr,(c:Lctechar:"", delimiter=',’,
Information on key output, such as Time-to-Failure.

quoting=csv.QUOTE_ALL):

i ntrOd u Ci ng Pa rt newData.append(l)
P ro pe rty Pa ra m ete rs newData[48][125] = Solder_Thickness

 Scripts can be incorporated as a part of Sensitivity Studies ewDaa (451108 - Pad W

[

[

[
newData[48][102] = Pad_Pitch

[

[

[

and Optimization routines in Ansys optiSLang. newDatal48](95| - Pacage_Length

newData[48][100] = Package_Width
newData[48][98] = Package_Thickness

* Examples:

- Determine the influence of key Part Properties on Cycles-to-
Failure for components subjected to Thermal Cycling.

Total effects

- Rapidly evaluate the trade-offs associated with moving
components on a board subjected to Mechanical Shock,
Random Vibration, etc.

» {\; »
ﬂ SETISiti\fitY <L P ‘.Posmrnc;ssmg

o
F @
=]
> Il
>
—~ | \.&/
@ e Parameter
|5 .

A MOP

Sherlock Optimization Script.py Sample SenSItIVIty StUdy RESUltS
using Ansys optiSLang

\nsys

Widthf

Pad_Widthf-

: Thickness[
Pad_Length[-

Package Lengthl~
Package.

Packag
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Sherlock General Enhancements

Ansys



New in 2022 R1: Workflow Enhancements

* Added the ability to import a Stackup from CSV and XLS files.

ngs Help
FH Task Monitor % =Main Board Stackup ]
1 o jaaaizy = .
EEEEEL P =N -
Stackup Pronertias ﬂ Impert Stackup s

Allows for a Stackup to be imported, replacing the current Stackup i ; _ i
The following board properties are based on the currently defined board outline : Choose the desired Stackup file, Then press the Import Stackup button to import the Stackup file,

File Path: ChUsers\username’ TutorialProject
P Browse
B, MNewStackUp.csv
B Task Me Import Stackup
Assembly Projec.

Add Project Motor CCA
Import Project Galileo

Phone Assembly
Satellite Example

Import Ansys EDB File
Import ODB Archive

: : Eagle . . . .
S crare * In the ECAD import dialogs, the ten most recently imported ECAD files of
mpo rcnive Yellowstone . . .

Import Eagle Archive Gran Quivira the glven flle type are now dISpIayed

Import GDSII File Tutorial Project

Import GenCAD Archive Original Tutorial . . . . .
i e S * Similarly, the ten most recently imported FEA result files are presented in

the FEA Analysis dialogs.

Y \NnSyYS
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New in 2022 R1: Improved User Experience

Material OVER)|
| Material: OVERMOLD-BGA
tes (C/W): OVERMOLD-BGA-JOHNSON
OVERMOLD-BGA-SYED

* Improved the look and feel of icons and fontsfor """ "~ ~ s © oo -son {

pad <]

OVERMOLD-CFN

4K diSplayS. ” N - OVERMOLD-OFN-TEPPM

. . o . = - OVERMOLD-OFN-7PPM

* All material selectors in forms are now searchable. e o : OVERMOLD-GFN-3 :
~quency Range Check: i YES _v 5:::::
Require Material Assignment: ENABLEDiv z 1“%42E-| ‘:ﬂlp
Random Vibe Events ‘\’:f::tnt:TEbE\:iJIC;:ID:kW|H generate an error and halt FEA analysis if a material ;4251 :;alp
On The Read: /] 1 - Vibration ‘ - lobal P

- * Added a Require Material Assignment option in an FEA analysis to
<yuency Range Check: | YES M
equire Material Assignment; (ENABLED | v] - . . . .
e e check if any material is unassigned.
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ ) 1-Vibration |

* Sherlock saves console output in a log file for each session and is
included with the project export.
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Additional Sherlock Enhancements in 2022 R1

Added option in Advanced Settings to display and use part body weight to update part body's material density in FEA analyses only.

Refer to Sherlock Part Properties in the Sherlock User's Guide.

* Sherlock now provides the ability to edit the specific heat property of materials in the Materials Library. Some materials have a specific
heat property set already. This is useful for exporting to Electronics Desktop so that it can be used for Icepak simulations.

* Improved initial loading time of the Part Viewer and editor dialogs.

* Updated package model forms to hide the package thickness field for BGA packages. BGA packages use the Overmold and Laminate
Thickness fields instead.

* Added a Require Material Assignment option in an FEA analysis to check if any material is unassigned. If this option is enabled, the FEA
analysis will stop as soon as it finds a material that is not assigned. If this option is not enabled and Sherlock finds material that is not
assigned, a message appears in the Results Viewer.

* Added information tooltips to the Stackup Properties and Stackup table.

* Updated the Parts List and Part Editor so they no longer update the pad properties of QFN packages when selecting Update Pad
Properties.

* Updated the Part Editor to disable the solder tab if a BGA package is selected.

Updated the Package Editor so that when a BGA package is added, the package does not have to be saved before adding ball parameters

— \nsys


https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v221/en/sherlock_ug/sherlock_ug_settings.html
https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v221/en/sherlock_ug/sherlock_ug_part_properties_list.html

Additional Sherlock Enhancements in 2022 R1

* Inthe ECAD import dialogs, the ten most recently imported ECAD files of the given file type are displayed, a helpful shortcut when
reimporting a file. In addition, users can now see the ten most recently imported FEA result files in the FEA Analysis dialogs. The displayed
files are specific to the combination of the CCA name and the FEA Analysis name.

* The context menu from the Stackup Table allows the associated layers to be opened in the Layer Viewer. The Layer Viewer may also be
opened from the Stackup for selected layers by clicking the View Stackup icon in the toolbar.

* Added a context menu for copper layers in the Layer Viewer which allows for Trace Modeling options such as Generate Trace
Model and Export Trace Model. Added a context menu to the Copper Layers folder in the Layer Viewer which allows for Trace Model

generation, viewing, and clearing of all copper layers on the circuit card.

* Added Quartz Controlled, Voltage Controlled, Temperature Controlled, and Oven Controlled as sub-types for MISC CRYSTAL in failure class
(helpful for the Sherlock-medini workflow).

* Sherlock no longer displays repeated warnings about contact elements during random vibration results input (summary warning provided).

* When performing a Random Vibration analysis where no zero-crossing frequency is found, Sherlock will include this information in the
analysis errors to help provide insight into why the analysis was not complete.

* For BGA's, Sherlock uses the ball material defined on the Ball tab of the Parts List instead of using the solder material defined on

the Solder tab when performing Solder Joint Fatigue analysis.

And more — Please refer to the Ansys Sherlock 2022 R1 Release Notes.
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Documentation Updates in Ansys Sherlock 2022 R1

* Available Theory Manuals

Solder Fatigue Caused by Thermal Cycling
BGA Model
Quad Flat No-Lead (QFN) Package

Thermal Mech
In-Circuit Testing (ICT)
Random Vibration
Mechanical Shock

* User Guide Updates

- Overhauled ‘Ansys Workbench Integration’ Chapter to include the latest updates.
- Improved ‘Importing Projects and ECAD Archives’ sections.
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Sherlock Beta Features

Ansys



New in 2022 R1: Beta Feature —

Analytical Beam Approach for TTF Predictions for Leaded Components

* Featureisin Beta in Ansys 2022 R1
- Available for ICT and Random Vibe
- Debug Settings Flag needed (enableLeadNodalForces)

* Updates to minimize the impact of strain singularities on TTF predictions
- Implemented an analytical beam model from the extracted forces and moment.

B
Fi TFZ
B
T A F? B O+—>» Fx B3 Sherlock Settings
Fy
A— «— 0B Mg
: FEA Engine Setti
M4 Mz v F? | Advanced ngine settings
————— |
—Ff T | Color The following properties control finite element analysis for all projects.
L . CiadBlE.
L Shaped g M Stra’ght | D Engine Properties: B
’ Cantilever | Debug Analysis Engine: | Ansys =
Cantilever FEA Analysis Native RST Reader: |ENABLED | v
| LeErar Mechanical Progress Bar: | ENABLED _‘.|
i Use Modal Lead Forces: ENABLED ™
F¢ M¢ | Meshing L J
: Fi Me x || MNumber of CPUs: =
* Z +— : |5

l - c l C | Part Library
C
Y X le Y « ¢
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Ansys Mechanical
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Support for Solid-Shell Elements in Trace Mapping

Imported Trace

* Geometries meshed with Solid-Shell

1 Max

(SOLSH) elements are now supported oz
in the trace mapping workflow. S

* The behavior is like that of Shell Trace S i
Mapping, where trace data is " RELT ==
controllable on a per-layer basis.

e Dielectric and Trace materials can be
defined on a per-layer basis.

* This approach should provide users

with the accuracy they are targeting
L) .
t h I t t I Layer Thickness (mm) |Trace Material |Dielectric Material | Mechanical Layer Mo, |Acti\re |
WI eSS Com pu a Iona expense 1 |top 0.03556 Copper Alloy | FR-4 1
H 2 | Dielectric_1 | 0.06731 Copper Alloy | FR-4 10
compared to Solid Element Trace i v S i :
L 4 | Dielectric 2 1.27 Copper Alloy | FR-4 ]
M a p p I n g . 3 [ lyr1 0.03356 Copper Alloy | FR-4
& |Dielectric_3 | 0.2032 Copper Alloy | FR-4 ]
7| lyr_2 0.03556 Copper Alloy | FR-4 5
E Dielectric_4 | 0.2032 Copper Alloy | FR-4 4
9 |gnd 0.03356 Copper Alloy | FR-4 3
10| Dielectric_5 | 0.06731 Copper Alloy | FR-4 2
11 | bottom 0.03556 Copper Alloy | FR-4 1

| |
'l
-
n
S
n



New in 2022 R1: Bending Stiffness for Smeared Reinforcement

* Greatly improves the solution accuracy with 3D smeared reinforcing (REINF) models
* Eliminates the need to use multiple REINF layers to capture the bending stiffness
* Enhances the REINF modeling usability in the new PCP/Chip simulation workflow

Accurate simulation
results: REINF with =)
bending vs. full 3D
model

Robust and accurate simulation of flexible
PCBs under large deformation
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New in 2022 R1: Reinforcing Performance Enhancements

(AYG)

32.0696
33.4652
34.8609
36.2566
37.6522
39.0479
40.4436
41.8392
43.2349
44.6306

Motivated by the requirements to account for
large models (full PCB and chip models)

A000NDONEN &

Improved performance in pre-processing

- Allows large number of reinforcing members in one
base element

- Reduces time needed for load mapping

Improved solution efficiency

Improved performance in post-processing

- Significantly reduced time for querying min/max
member results

- Improved inter-member result smoothing
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Ansys LS-DYNA Updates in 2022 R1

Please refer to the Ansys LS-DYNA 2022 R1 Update Presentation for additional details.

* Ansys Mechanical Integration:

- Imported Displacement

- Localization (multiple language support)

- Cyclic Symmetry Support

- Fluent to LS-DYNA Thermal Transfer(1 way)

- Restart Improvements Displacements and Remote
Displacement can now be modified in a small restart
calculation. In addition, initial velocities can be
modified for parts in small restarts and full restarts.

- Foam Material Support New Material Models have
been added in support of foam applications

- Support for Additional Contact Scoping Options
- Additional Properties for Interference Contact
- New Solver Version

* Meshing for Explicit

LS DYNA Solver R13:

Iso-geometric Analysis (IGA)

Materials and Element Enhancements

Element Free Galerkin Enhancements
Smoothed Particle Galerkin (SPG) Features
Smooth Particle Hydrodynamics Enhancements
XFEM, Peridynamics

Multi-scale Modeling

Contact

Stamping

Acoustics

Fatigue

Thermal

ALE

Electro-magnetics (EM)

Incompressible Computational Fluid Dynamics (ICFD)
Miscellaneous enhancements

Y \NnSyYS



Two-scale Co-simulation Approach in Electronics Applications

* New keywords: *INCLUDE_MULTISCALE, *DEFINE_MULTISCALE

- The two-scale co-simulation couples the mesoscale model and the macroscale model using the non-
matching discretization to co-simulate the structural response.

- The beam element can be replaced by solid elements for the solder ball modeling.
- This solder joint model will be modularized, duplicable, and numerically immersed in a meso-scale
chip model automatically.

* ACT on Ansys Workbench (work with LST ACE team)

&1 LS-DYNA (B5)
A Initial Conditions
i s [l Analysis Settings
olde

(%) Solution Information

. *INCLUDE_MULTISCALE \
\,  SPOTWELD

(oo Details of "MultiScale Solder Setup” > iOx
5| Interface Type

s e 0000 5 000000000008988 | 5,00 Method | Geometry Selection
Solder type b
P - Solder Shape

Automated process of replication solder joint Trace mapped shell PCB with detailed solder ACT on Ansys Workbench

joints model in drop test
\nsys
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Fully Implicit Incompressible SPG (ISPG) Formulation

* Fully implicit ISPG formulation
- A new Lagrangian Navier-Stoke solver
- Can handle the surface tension and wall adhesion accurately and efficiently
- Can simulate the solder reflow with complex models with the solder mask defined (SMD) pad and NSMD

LS-DYNA keyword deck by LS-PrePost

Time = 1]

LS-DYNA keyword deck by LS-PrePost

Timo= 0 Resultant Velocity TR .
Contours of Resultant Velocity 5.000e-01 ID Fll I HH
min=0, at node# 517 — — -
B e 4~5°°e-°1] - B i
4.000e-01 | [— ] o
3.500e-01 _ I[—H !I I q

3.000e-01

Solder mask

2.500e-01

2.000e-01
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Fully Implicit ISPG Formulation

* Coupled with implicit thermal and structure
solvers

- for large scale thermal-mechanical PCB and solder
reflow analysis (considering PCB warpage effect;
SMP&MPP)

* ACT on Ansys Workbench available

- Capable to define all necessary keywords

aterial
Details of “Material Propertie vﬂl:lx\—’tlt upling parameter: >+ h0Ox Details of “Gravity load" >~ 10Ox

| Solder Properties = Coupling parameter: =/ General

Mamed Selection ID |1 Target Bodies NS ID 10 Parts NS ID 25
Density 8.9E-06 kg,r’mm5 Slip B.C. [No: 1, Yes: 0] |0 Direction [X:1, ¥:2, Z:3] 3
Viscosity 2.24E-07 MPa- Surface Contact An g\ 2 rad gravity acceln. 9806 mm/s*
Surface Tension 4,99E-06 Naormal stiffness coeff. [0.2 Mass damping factor |20

— \nsys
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Ansys Icepak 2022 R1 Highlight Summary

Please refer to the Ansys Icepak 2022 R1 Update Presentation for
additional details:

+ Reduced Order Modeling (ROM) 3 - o |
- Redhawk CTM 2-Way Co-Simulation : .ggzg
- Delphi Network Creation oo

BY4.58
6@.13

* Advanced Modeling > e
- Blower Model e

[ ] ECAD Import ) . 24, 48
- Wirebond import h

- IDX Import

* Maxwell 2D - Icepak EM Loss Coupling

5 A1_PCE_3DLayout lcepak_R193 - A1_board - Layout [ " Al_PCE_3DLayout lcepak_R193 - IcepakDesign| - Madeler |5

* Mesher Enhancements

- 2.5D Meshing improvements

* User Experience
- Streamlines

- Validation Enhancements

* Migration
- Improve speed of TZR conversion

- Network Schematic enhancements

- Toolkit enhancements

. PCB, Package parameterization

Y \NnSyYS
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Ansys AEDT Mechanical

Ansys



AEDT Mechanical 2022 R1 Highlights

42

Coupling

- Maxwell 2D — Thermal EM Loss Coupling

Materials

- General expression support for temperature-dependence

Structural - Beta

- Boundaries
e Displacement
* Pressure/Force

- Coupling
* Mechanical Thermal-Structural Link
* EM Force — Structural Coupling

Meshing - Beta

- Thermal Slider bar Meshing
Reporting

- Fields Summary

Displacement
[mm]

0.6585
l 0.6146
0.5707

0.5268
0.4829
0.4390
0.3951
0.3512
0.3073
0.2634
0.2195

0.1756

0.1317
0.0878
0.0439
0.0000

©2022 ANSYS, Inc. / Confidential
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Coupling: Maxwell 2D — Thermal EM Loss Coupling

e Support EM Loss Import from Maxwell 2D

- Extruded geometries of 2D representations
e Support both +ve and —ve extrusions in XY
 Can be partial geometries

- Coupling projects 3D mesh points onto 2D geometry
- Limitations
e Extrusions need to be along Z axis

* Losses not conservative
e 2-way coupling not supported

Maxwell 2D Geometry Thermal 3D Geometry

Y \NnSyYS
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Coupling: Maxwell 2D — Thermal EM Loss Coupling

L.

Maxwell 2D Geometry

44

Temperature
[cel]

53.4225
l 51.3277
49.2328

47.1380

450432
42 9483
40.8535

38.7687
l 36.6630
34.56590

32.4742

30.3793
28.2845
26.1897

24,0948

22 0000

X

©2022 ANSYS, Inc.

Maxwell 3D Coupling

Confidential

Temperature

[cel]

529882
l 50.9223
438664

46.7905

447246
42 6588
40.5929

38.65270
l 36.4611
34.3853

32.3294
30.2635

28.1976
26.1317
24 0659
22.0000

X

Maxwell 2D Coupling

\nsys



Materials: Temperature-Dependent Materials

* Temperature Dependent Materials
General expression support

Quadratic expressions
* Advanced coefficient support

Converted to datasets for solver

Thermal & Structural

{+ Expression " Quadratic

Expression

Temperature-Dependent Themmal Conductivity:
P(Temp) = Pref [Modifier]

Reference Themal Conductivity:
Pref = 205

Parameters

Modifier:  [f(Temp > 2200cel, 14.95100476, if(Temp < Ocel, 0.97475676, 1 +
0.0012 * (Temp - (22cel)) + 2.39-06 * pow ({ (Temp - (22cel)) , 2)))

™ Use temperature dependent dataset -

MPTEMP, 1,0
MPTEMP, 2,20
MPTEME, 3, 40
MBTEME, 4, 60
MBTEMP, 5,80
MPTEMP, €, 100
MPTEMF, 7,120
MPTEME, 8, 140
MBTEMP, 8, 160
MPTEMP, 10, 180
MPTEMP, 11, 200
MPTEMP, 12, 300
MPTEMP, 13, 400
MBTEMP, 14, 500
MBTEMP, 15, 600
MPTEMP, 1€, 700
MPTEMP, 17
MPTEMP, 18
MBTEMP, 18, 1000
MPDATA, BXX, 1, ,1%
MPDATA, BXX, 1, ,233.
MPDATA, BXX, 1, ,367.
MPDATA, BXX, 1, ,914.2173353,
METEME, ., .0 yo s

" Expression % Quadratic
Basic Coefficient Set | Advanced Coefficient Set ]
Temperature-Dependent Thermal Conductivity:
P(Temp) = Pref [1 + C1(Temp - TempRef) + C2(Temp - TempRef) * 2]

Reference Themal Conductivity:
Pref = 205

Parameters

TempRef: |22 |ce| j
ct: ooz ok
c2: 386 k2

Use Default

" Expression &+ Quadratic

Basic Coefficient Set  Advanced Coefficient Set

Temperature Limits

TL and TU are the lower and upper temperature limits where the

quadratic formula is valid.

T
TU.[2200
Value Limits

TML and TMUI are the constant thermal modifier values outside the

interval[TL, TU].

¥ Auto calculate TML, TMU

S



Structural: Pressure/Force Excitations

- Force Excitation

* Face and Object assignment 5 R —
Nama |F\jm ! Defined By @ NormalTo (" Component
* Uniform and Non-uniform Force options
» Uniform (face): X, Y, Z components FUM Er— - -
= Non-uniform via Setup Link to HFSS/Maxwell Y° :° :“‘ j
- Pressure Excitation omont P~
. " Non-Uniform
* Face assignment

* Normal To or Component options ok | _cred
* Normal To: Magnitude

= Component: X, Y, Zcomponents
* Support curved faces

Assembly under 1N vertical force

— \nsys
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Structural: Displacement Excitation

- Displacement Excitation
* Assignment: Faces and Edges

Mame Displacement2 MName Displacemen t1

Defined By = Normal To

* Normal To (faces) E canconers

Displacemen t Displacemen t
- Magnitude Magritude ,057 o - Coordinate system ’m
¥ Component [V Free |'_ |—~-~ J
* Components (faces and edges) Y eoonent 7 e [ ]
= X, Y, Zcomponents ZGomporent. [~ Free [ fom =

= Each component can be fixed magnitude or free
Use Defaults Use Defaults

oK Cancel OK Cancel

Displacement
[um]

1118.0787
l 1043 5402
869.0016
894.4630
819.9244
7453858
B70.8472
596 3087
5217701
447.2315

3726929
298.1543

2238158

1480772

74.5386
0.0000

PCB Assembly with Y, Z displacements along edge

Y \NnSyYS




Thermal Stress Analysis: Link to Mechanical Thermal

Temperature

* Coupled Thermal Stress Analysis l

482777

- Linked to Thermal design
* Thermal condition excitation

47 9483
46.6148
452834

- Temperatures imported for objects o

42.6204

* System Coupling mapper 412190

399575

e Radial Basis Functions (RBF) Algorithm 386250
- Temperature field plots Iij;

Temperature
[cel]

542652
l 528713
514733

50.0754

486775
472795
458816
44 4837
43.0857
416678
402899
38.8919

37.4840
36.0961
346981
333002
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EM — Structural Coupling: EM Force

Coupled EM Force - Structural Analysis
Linked to HFSS

* Surface assignment
- Linked to Maxwell 3D
Coordinate system [Global =]
* Surface and Volume assignment _— S
_ . . . ZComponent |1 [newtor e
Assignment: Faces and Objects

1-way coupling support I
o | Product: [BectronicsDeskiop <

Source Project: [ Use This Project

-
&

.' - ‘- oo AEDT

Type: Total Deformation

|T's:":—::: -busbars2

Source Design: [ Maxwel3DDesign 1

Source Solution: |Setup1 LastAdaptive

[~ Simulate source design as needed

™ Preserve source design solution

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

oK Cancel

0.000030
0.000025
ng?ﬂ
15
10 ke
0.000005
0.000000
1 (mm)
Op
o A
) |

Workbench

[
0.0006 (rn) I i



Automated Refinement (Beta)

Thermal Slider Meshing

* Automated refinement based on slider position

- Length-based refinement inside and on surfaces of all objects

ilored to curvilinear and rectilinear geometries

tta

Refinemen

ict the need for user-defined mesh operations

* Restr

IOoNn aCcuracy

* Improved solut
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Thermal Slider Meshing: Comparison

2021R2 (Count: 2k) 2022R1 (Count 11k)

2022R1 (Count 14k)
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Reporting: Fields Summary

* Fields Summary: User-friendly report calculation capability
- Supports all Fields Calculator variables
- Boundary and Object selection o
- Surface and Volume calculations p— -
- Min, Max, Mean, Standard Deviation, DesrVaiaon: [Nonia &
- Multi-select and multiple calculations

|Entit_l,l Type | Geomety Tupe Entity Quantity | Side |N0rmal| Iin | LN | Mean | Stdew | frea Setup...
Boundary Surface Convec tion1 Temperature[C] D efault

- Export to CSV format

Object

Irpuits

Temperature[C] Default

Mag_HeatFluslw'/m™2]  Default

Suface

Entity Type: * Boundary  Object

Geometry Type: * Surface " Volume

Apply and Export... 0k Cancel

Apply Add ¥ Close

Y \NnSyYS



Additional Resources

Ansys



Ansys Learning Hub (ALH) Electronics Reliability Learning Room

Structures | Electronics Reliability

Ansys Eleetronies Reliability solutons provide users with the 1ools to analyze the major causes of slectronics failure: Therma Search
Mechanical and Electrical stress. Faaturing Ansys HFSS, lcepsk, LS-DYNA, Mechanical, Slwave and Sharlock, Ansys Electronics

niegrated projuct wiorkflows 10 speed up simulation times. imgrove communications oetween

Relisbility solutions uses adval
an ize design processes

engineering departments d

The corerstone of Electronics Relisbity s Ansys Sheriock, our relizbitty physics analysis tool Start with Sherlock Basie
Training if you are naw to our electronics relisbdity solutions

Sheriock Basic Training Fundamentals Training Intermediate & Advanced Training Applications

Webinars Technical Papers Case Studies What's New - Release Highlights

©2022 ANSYS, Inc.

- New and

including Basic,
Fundamentals, Intermediate & Advanced
Training

- Video Walk-throughs, on-demand webinars,

- Ask questions directly to

Login here:
https://catalog.ansys.com/ALH.cshtml

Direct Link (ALH Access Required):

Confidential


https://jam8.sapjam.com/groups/QxhZIS5hvjR1EWlg4pCOD2/overview_page/owCBFHDqvFQ01u7FsvRRcx

Ansys Electronics Reliability YouTube Page

3 YouTube Searct Q U A 1 @ SIGNIN ‘

Home l} Radically Improving Electronics Reliability

® Ansys

® D

Explore

Subscriptions

[

Simulation Best Practices for Electronics Reliability

Ansys

) Library PLAY ALL

O History

~

Electronics Re“ablllty Ansys Sherlock and Ansys Icepak for Temperature Cycling

Sign in to like videos, 7 videos *+ 494 views * Last updated on Sep 30, 3 Jesugu: Ansys

comment, and subscribe. 2021
= 3

‘ @ sin i ‘ S A Reliability in a Connected World: Integrating Ansys Mechanical and Sherlock

4 Ansys
BEST OF YOUTUBE
| Q ~
Music

Reliability Anaysis of PCBs with Ansys HFSS, Icepak, Mechanical and Sherlock
Sports 5

Ansys
Gaming

Movies & Shows Electronics Reliability Workflow Demo

20000090

6 Ansys
News
Live
: Ansys Sherlock: Integrating Sherlock with Ansys Mechanical
Fashion & Reautv 7 =Wl s
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https://www.youtube.com/playlist?list=PLQMtm0_chcLzeB8zCeGmvBkFpT3oG7kFN




