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Breadth of Technologies

M _“ Fluid Mechanics:
e From Single-Phase Flows

Structural Mechanics:
From Linear Statics

Electromagnetics: From
) Low-Frequency Windings

: Systems:
From Data Sharing

To Multiphase
Combustion

To High-Speed Impact

To High-Frequency
Field Analysis

To Multi-Domain
System Analysis
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Summary

* Brief Overview of EM Techniques FEM and Transient
* Connector on Board “Assembly” Simulation

* HFSS 3D Components

* Thermal Simulation of EM Models

 EMI Analysis using HFSS

* EMI Scanner
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AEDT: ANSYS Electronics Desktop
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HFSS: High Frequency Structure Simulator

* Full-wave FEM 3D electromagnetic field
solver

- Computes electromagnetic behavior of high-
frequency and high-speed components and
systems

- Extracts S-, Y-, and Z-parameters =
- Provides 3D electromagnetic fields s

* Applications —

- RF/Microwave

- Biomedical

- Radiation: Antennas, EMI/EMC

- Signal Integrity/High Speed Digital
» Packages |
> PCB
» Connectors
» Transitions




HFSS Transient Now Included with HFSS

3 (mm})

Time Domain F|n|te element solver
Faster implicit solver (New 2019)

Improved Auto-HPC performance (New 2019)
Unstructured FEM Mesh based on Tets (variable size, variable order, conformal)
Adaptive meshing

Local time stepping

Waveform input flexibility (oblique angles)




HFSS 3D Layout
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HFSS: Arbitrary 3D Geometry Editor
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HFSS 3D Layout Desktop
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Stackup Editor : Manufacturing Tolerances
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Stackup Editor : Surface Roughness

» Surface Roughness

- Huray or Groisse Roughness Models
» Per Layer based

» Per polygon based

Power Loss due to Periodic Structures in High-Speed Packages and Printed
Circuit Boards
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HFSS 3D Layout: “Connector-on-Board”

Combine ECAD (PCB, Package) and MCAD (Connector) in single design and simulation flow
Single 3D Mesh
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System Analysis within HFSS 3D Layout

Assemble ECAD & MCAD
— Select appropriate solver
— HFSS or Slwave
— Connect TX/RX up within

Schematic

— LNA

— IBIS & IBIS-AMI

— QuickEye, VerifEye _«

— HSPICE* -
PSPICE** &

*Requires Synopsys license;
Nexxim supports HSPICE syntax

** Uses Nexxim solver with
PSPICE syntax

@ 2019 ANSYS, Inc.




3D Layout Capabilities and Performance

e MCAD Utilizes “TAU” Mesher
e ECAD Utilizes “PHI” Mesher

* New ECAD+MCAD mesh assembly process
Phi is used when appropriate
Material overrides supported
Parallel ECAD meshing
» Faster mesh generation

 Numerical de-embedding of non-rectangular
lumped ports




New: Full Assembly - ECAD + MCAD Mesh Assembly

3D Layout

3D Layout: Full Assembly

Geometry changes can P
quickly be implemented,
adaptive meshing gives | P
confidence on every NG 1 Ay
solution without user i
interaction

Automatically generated
mesh shown on PCB

2D Cross
section of 3 ¥
mesh

=  Automated Mesh Creation
= Accurate
= Efficient
= Solve time independent of port count
= Capture full network parameters for all nets
simultaneously with low computational overhead
= Captures small and large features efficiently
=  Small pitch traces, meandering traces, accurate
coupling and isolation




Simulation Setup Example: Multi-die Laminate

» Assembly and meshing technology significantly speeds up simulation

setup time

» 12 Filters, two SMD (as HFSS 3D Components), one Laminate

1. Component Creation via Scripted Automation — 7x faster
* 3D:21m
* Layout w Mesh Assembly: 3m (Laminate/BAW + SMD)
2. Assembly Creation — 5x faster
* 3D: 9m + Validation (~13m)
* Layout w Mesh Assembly: 2m + Validation (<2m)
3. Project Opening — 5x faster
e 3D:4m
* Layout w Mesh Assembly: 45s
4. |Initial Mesh — 1.6x (~850k tets)
1. 3D:1h9m
2. Layout w Mesh Assembly: 44m
5. Adaptive Mesh — 1.2x
1. 3D:186m (144GB RAM)
2. Layout w Mesh Assembly: 156m

Representative design only

2019 R1 Flow Improvements

— HFSS Layout 3D with Mesh Assembly
* Faster initial mesh time
* Faster user experience

— Non-graphical Script Execution (Beta)
— Reduction in 3D Component size-on-disk
— Reduced 3D Validation Time
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Electromagnetics Highlights

Integrated Transient Circuit Simulation ((( j))

Assemble electronic system then perform electromagnetics plus transient circuit analysis system automatically
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HFSS 3D Layout Improvements

Fuwme
Tow  [wesamee o]
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tizts addrg: }) T

W e wrthose = savd v e

* Far Field + Post-Processing Enhancements
> Consistent with HFSS 3D F tmetia s

Farsortal Pazzng fJ-' 3

» PML Support

P Pacmng i 7 Sox

 Enhancements for on-chip inductor modeling
» Dielectric Stackup Simplification
» Via clustering

IFX Technology Exarmple: T40_FLa -._\‘ Technalogy u=ed for HFSS
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HFSS 3D Layout Port Configuration Enhancements

* Wave port support for mesh assembly
- i.e. “connector-on-board”

* Usability improvements
— Visualize wave port de-embed distance
— Layer control for Pin-groups and internal/ref ports
— Separate de-embedding/distance settings

Nam Value | Uit [ Evaluated Value
Phase 0 deg Odeg
Renomal lize: |7
Renomalize Impedence 50+ 0 ohm  50chm + 0i chm
DeembedGapPortinductance I_
PlanarEM
Type Coupled Strips Gap Source
PortSolver I_
lgnore Reference I_
HFSS
HFSS Type Wave
Orientation Wertical
Horizontal Extent Factor 2 2
Vertical Extent Factor 3 3
PEC Launch Width 0.03 m 0.03mm
Deembed v
Deembed Distance 2 m 2mm
< >

Param Values | Footprint  EM Design I




Stackup Wizard in 3D Layout Design
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High Frequency Signal Integrity

* Single environment allows extraction of component models such as vias, connectors, and transmission lines as well as concatenating
these and other models into a channel schematic

* S-parameters, eye diagrams, and bit error rate of channel can be simulated

* Individual components can be optimized and channel results updated quickly




3D Components




3D Components

* 3D Components
- Save and reuse designs
- Share with partners,
vendors and
colleagues
* Contains
- Geometries
- Material properties
- Boundary conditions
- Excitations
- Encryption
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3D Components: Library Browser

Easy availability of 3D Components
Drag and drop of component geometry into modeler window

(7 File Edit View Project Draw Modeler HFSS Tools Window Help
iDE@E| B8 & ifow B
(2RiBLLB O BIOCESEQ B% (@02
 GADRMLHABRIGK ST L o 0N\ IC00C00HOBBOO® = o R @ @ wra 0% B 5 0B jasl i hem

RO

jer =99 Model
Pter 2-@ Solids - Favorites
Filter (DrivenTerminal) -4 Non Model -4 Most Recently Used
FilterSetup (DrivenTerminal) = 99 air - HFSS Components
Definitions = 4 copper [ g User Library

(- 4% FR4_epoxy @ g Personal Library

=83 Sheets
@ B3 Finite Conductivity
& 2 Non-Model
-3 Unassigned
5-l¢. Coordinate Systems
-8 CCAP2CS
= B CCAPCS
@, Global
@-B8 GndCS
@-B PadCS
- Planes
=@ Lists

20 (mm) Components

1) Aninterpolating frequency sweep with 401 points has been started using HFSS. (3:52:35 PM Oct 27. 2016)
(@ Interpolating frequency sweep complete. Converged. (352:35 PM Oct27.2016)
(1) Normal completion of simulation on server. Local Machine. (3:52:35 PM Oct 27, 2016)

= g FilterSetup (DrivenTerminal)

A\ Boundary 'Conductors": Assignment has changed due to geometry modifications. (4:3940 PM Oct27,2016)




S
3D Component: Edit Definition

3D Component Edit
e An existing component can be flattened to a new design
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8 ________________________________________________________________________________________
TDK Chip Antenna 3D Component Library

 Library of TDK RF chip antenna 3D Components with encryption
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ANSYS HFSS 3D Componentsp—c— 2

Name [EPianeToe

Ownar ‘vu-- Cemmens
Emadt [m-:oﬂw:ﬁ':mvs com
Company fansys

Company URL 'rtbs Jwww ansys com

Model Number  XYZ123

Help URL. ,N‘n [hoowwe ansys comsuppon
Veesion l' ¢

Date [5:09.05PM Apr 25,2018
Notes

Nuze I Vb v Daplay mage n 3D modaler window whanav Bis component & used

(e Vebow ivwwan

Crid  voorwesw¥asmeion mage Fia: IC"L ; 4Doc D g0 2 NS Browse

Corgury ANSYE

Coopor 34 S Vg4 €5 = 3 .

Veewih  Xvn ke Model ] Boundares l Excratcns l Hytnd Reguas [ Mash Operanom I
e e et . & e | Coordinate Systoms | [ Encrypten Licensing Image |
Veodor 10

Dew SR IN Age s 20

Sioten Save defiaition file at: Ci/ umests/Ansoft/ 8.1/Personallin/30Con

L ﬁl—" Q— el

* Created by vendor using HFSS
* Imported into HFSS project

* Encrypted for security

* Includes vendor licensing info

Vendor
Component
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Creating a 3D Component

* To create component select
objects from modeler window
and go to T

— “Create 3D Component...”
* Enter Design information

B " Create 3D Component

§ ° Create 30 Compa

B ' Create 3D Component

Lo ba ey ¥ ' Create 3D Component
* Select parameters to include - ===
— Objects e
— Boundary conditions and {:
excitations oo
— Design parameters o |

* Review image

 Save to system, user or
personal library folders

H
— Update menu i
Coordinate Systems ] Parameters ] Encryption Image
|- Info I Model J Boundaries J Excitations I Mesh Operations
— Right dick in the view window to change view orientation. Alternatively use usual vie
P
[ OK | Cancel |
1




Inserting a component

Insert 3D Component ﬂANMElﬂLlﬂxl.ﬁbDﬂHﬂF Fary Guni. HFS5Dewignd S0 Bdodcder  [Ray Gun HFSSDeuignl - Muodser]
B Fle Edit Wiew Project Drow Models  HFSS Tools  Windes Help

— Review Parameters DSE T & b
R B T L A o e || ET——
it | |y

s i b B we cE e B ] i - "
El g Lo Waveguice | ansmon _J—

Y —

T;ﬂ AU = guﬂ:ﬂ:‘m‘wuidfﬁuruiﬁuul
M B HFsSUDcwngnd {Brventiodal) il Lmlie
* Component in model — e e
oo Coan I avegutE Transitan L F ; Il:"
= I 3] Liz

and project trees oo

[ R —————— |
= et el T ransiton t
AP Pty Omera et

S Armyr
| @ Dol TS

 Component design data o Properties =

| |-y P vty

in project tree b — Name Value [ Urt | Evalusted Vaiue | ] =

Router 0.138 in 0.138in
a 0.9 in 0.9in
b 0.4 in 0.4in L
c 2.209 in 2208
* Com ponent para meters —] —— - s 0,204 o 0.204in
. [=] =M .
HF2s Dirrvsen Mclal h1 0.012 in 0.012n
in the property box Lej<mpoert | h2 0.056 in 0.056in L
v | h3 0.103 in 0.103in
e h4 0.057 in 0.057in
° ComeVaveguid. .| Type = Finbe Conduativizy, M h& 0.064 in 0.064in
* Treat as custom defined Com e Topm = Fonn Crshrsy M he 0.283 in 0.283in

. e 0 NE=W=rn s1 0.406 in 0.406in
3D primitive e e |2 o n 077t

—

General  Parameters |




3D Component Assembly Meshing

* Per-component model settings

* Per-component mesh

* Mesh in parallel

e ECAD+MCAD mesh assembly process
 Component based units

* Overcomes aspect ratio issues
 Multiple instances for same component

 Mesh re-use for parametric analysis

lrn [ Vew | - Do Mesh Asserbly v




AEDT Thermal Analysis
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ANSYS Icepak — Computation Fluid Dynamics Solver

Icepak is an integrated “Electronics Cooling” solution for connectors, packages,
printed circuit boards and electronic systems

- Fluid flow

- Conjugate heat transfer
- Steady-State Thermal

- Multi-physics coupling

Velocity streamlines and temperature contours for a
card array in a VME box cooled by three axial fans

- Single or multiple fluids
- Parametrics
- Optimization

Temperature contours and fluid velocity vectors of a fan
cooled rack mounted computer




Icepak — ANSYS Electronics Desktop Integration

iy o e i I o —e

*  Supported Workflows

MCAD Support

ECAD PCB workflow

EM loss coupling with HFSS, Maxwell and Q3D
Efficient Electronics Cooling CFD solution

= Setup -> Meshing -> Solution (HPC)

= Optimetrics and integrated post-processing

YV V VYV

e Supported Thermal Physics
» Steady-state flow and thermal
» Conjugate heat transfer, including radiation
» Laminar and turbulent flow modeling

* Modeling

» Comprehensive thermal and flow boundary
conditions

» Native 3D Components : Fans (2D & 3D), Heatsinks,
PCBs
* Libraries
» Complete solid, fluid and surface materials library

» Vendor component libraries: Fans, Heatsinks, BGA
Components




Material Library for Electrical, Thermal, & Mechanical

Select Definition
Materials | Material Filters |

Search Parameters

Search by Name Search Criteria Libraries v Show Project definitions [~ Show all |i
& by Mame ¢ by Property [svs] Amoldiagnetics
| [sys] ChinaStes
[Fielative Permitivity =1 Lsys] Diamet
) . Therrnal . Specific | Thermal Expansi... Thermal
Hemme [ocetion ‘ Origin ‘ Conductivity e WEmetily ‘ T—Ieat ‘ Coef‘ﬂciznt Material Type
SmCoZ8 SysLibrary Materials 0 300 350 (Be-006, 1.1e-00... Solid
| |SmCo24 Syslibrary Materials 0 4300 350 (9e-006, 1,1e-00,,, Solid
| |Ceramic8D SysLibrary Materials 45 4900 o0 (1.4e-005, 1e-00... Solid
| |Ceramich Syelibrary Materials 45 4900 400 (1,4e-005, 1e-00,, Solid
| |Oxygen(@3.. SysLibrary Materials 0.0323 1.3 920 (0,486 Fluid
| Oxygen Syslibrary Materials 0,0323 1.4 920 (0,486 Fluid
Mitrogen(@3,,, SysLibrary Materials 0,0309 1,123 1041 (0,003674 Fluid
[ |Nitrogen Syslibrary Materials 0.0309 1.85 1040 67 [0, 003674 Fluid
| |Helium{@35,.. SysLibrary Materials 01777 0,133 5200 0,003655 Fluid
| |Helium Syslibrary Materials 01777 014 5200 [, 003658 Fluid
4| T |
Wiew/Edit Materials, ., Add Material,., Clone Material(s) Remove Material(s) | Export to LiH
A

0| ‘

Materials for Thermal Physics

EY wiew ¢ Edit Material

Material Name

Matenal Coordinate System Type:

|Earbon Diowide (300K,

Properties of the Matenal

Cartesian -

Wiew/E dit M aterial for

Simple 1.73
Simple 871

tazz Density

Specific Heat

Thermal Matenal Type Fluid
Thermal Diffugivity

Molecular Mass

Dypnamic Yiscosity

Therrnal Expansion Cosfficient | Simpls 0,371

Simple 1.099-005 m™2/s
Simple 0.04401
Simple| 1.455e-005 kg/m-=

* Active Design

kga’m " Active Project

JikaC " Al Properties
1/C Phwzics:

-

-
kadkmol

-

View/E dit Modifier for
u

Material Appearance
[v ze Material Appearance

L

Colar:

Mates |

Transparency: 0.95

|Calculate Properties for:

]

&

Cancel |

W alidate b atenial

Surface materials : Paint, metals, plastics etc.
Solid materials : Insulations, epoxy, metals, Heat-spreaders, package materials, etc.
Fluid materials : Liquid, gaseous materials relevant to electronics cooling applications




AEDT Icepak 3D Components Library

Support

- Variable Fan library

- Variable Heatsink library

- Customized Component

- Native 3D Components for Creating Fans,
Heatsinks and PCBs
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Component Library of Parts

- Fans : Adda, Delta, EBM, Elina, Jaro, Nidec, NMB, Panasonic, Papst, SanyoDenki, Sunon

- Heatsinks : Aavid
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Integrated with ANSYS Electronics Desktop

B Eohsinm: Gmphic, Land 4.—.-,:.;:@
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O & lcepskDesignl (Temperaturesndflov

Icepak: Two-Way Coupling with HFSS, Maxwell, Q3D o

HF Araalysis

. . . . NP i+
* New Coupled Simulation Controller in Icepak Design Goves 3 7 =
. po . . Tl P elete elete
> User specified “Number of Coupling Iterations” S Quosiare | % — >
Toperties..
» Options to “continue” Icepak iterations during coupling il .
Addd 2 Wy Coupling...
» Single controller per design Generte M E
Anahze
* Updates to EM losses in each coupling iteration T e
Continue lcepak terations |7
. lcepak terations Per Coupled ker... |20
* Multiple EM Losses supported S ST oo S
raer T o
: : : e e
* Icepak-Optimetrics Integration o B
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2-Way Electro-Thermal Coupling

* Valid for HFSS, Q3D, and Maxwell design types

» Utilizes thermal modifier for materials and temperature feedback in electromagnetic design

 New 2-way Coupling controller in Icepak design

E-J&F Analysis
- B Setupl

..... 2-Way Coupling

Allows for additional
Icepak iterations between
material updates

HFSS Design of a High Power Waveguide Load
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2-Way Coupling

Mumber of Coupling |terations:

—

X

[ Corntinue lcepak, berations During Coupling W

Max. lcepak Iterations per Coupling:

A

Cancel

Maxwell Design of Planar Transformer

i
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AEDT Icepak — Post-Processing

Thermal conductivity X

Top

Thermal plot & PCB mesh

HFSS 3D layout Field = Temperature

Velocity

air_speed = 0.1m_per_sec

-

f.mma b i




Highlights

% e 2-way thermal coupling to HFSS, Q3D, and Maxwell design types
% e 1-way thermal coupling to Slwave DC IR solver in AEDT

% * Import .tzr archive from Classic Icepak interface

% » 2D & 3D profile boundary conditions using datasets

* Workflow Improvements
- Solution setup streamlined

- Rotated PCB components
- MCAD fan objects can be simplified into Icepak primitives

* Mesher Improvements
- General mesh speed and quality improvements
- Allow for simplified stair-step meshing
- Control over uniform mesh sizing
- Added the capability to enforce 2D cut cell meshing in a specified coordinate direction

* Classic Icepak Enhancements
- Job submission to supported schedulers — within and across Windows/Linux platforms
- Ability to export unencrypted ECXML files
- Monte Carlo radiation model added (BETA)
--Per Object meshing controls & Mesh re-use (BETA)




EMI EMC




EMI Capabilities

* Resonant Mode
— Power and ground plane resonant mode solver.

* Induced Voltage (Susceptibility)
— Models a plane wave incident to the PCB. Monitors voltages induced at port locations.

* Near-Field
— Computes the near-field E- and H- fields close to the board.

* Far-Field
— Computes the far-field radiation.




Induced Voltage (Susceptibility)

* Models a plane wave incident to the PCB

* Monitors traces and planes for excitation

Induced Voltage Sim Cap2 Induced Voltage Plot 2 SIWave_INDV_.5Inch_Ref Cap2
000023 T Curve Info
—— maag(Signal_P1_phi0_thetad)
] Induced Voltage Sim Cap2
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Induced Voltage — 10GHz Plane Wave Excitation

E Field [¥/m]
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Animation
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Near-Field

 Computes the near-field E- and H-field at a specified distance from the

model

 Mimics near-field probing that is commonly done with a spectrum analyzer

to pinpoint localized sources of EMI

Maux. E Field Plot
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Near-Field E-Field Pattern

E Field [Y¥/m]
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Far-Field

 Computes the radiation pattern and strength of the E-field in the far-field
* Mimics Radiated Emissions testing used for EMC Compliance

* Can be calculated for 3m, 5m, 10m testing

XY Plot 1 Shwave_EMI_MS_Trace &
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- Far e St oo
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Far-Field Radiation Pattern
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Microstrip w/ Slot — Varying Gap Width

Transmission Line models that assume perfect reference planes do not show the impact of non-ideal return paths

CM or DM radiation is proportional to the areas of the loops (s or h),which are set by the PCB/Connector technology and design
strategies.

Insertion Loss (Variable Gap Width) EMDesignt
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B N
Near-Field E-Field — 2.1 GHz
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Microstrip w/ Slot - HFSS — Vector E-Field at 3mm above Slot
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N
ANSYS EMI Scanner

e Either HFSS or Slwave can utilize the EMI Scanner
— No additional license needed
— EMI Scanner runs directly in either tool
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Electromagnetic Interference Rules

Signal Reference Wiring/ Crosstalk .
* Net Crossing Split Example: Net Near Edge of Reference ~ *  Critical Net Near /0 Net Example: Net to Net Coupling
* Net Changing Reference - * Exposed Critical Trace Length Z.

0
: e (Critical Net Isolation

* Critical Differential Net Matching
*  Wide Power/Ground Traces

* Net Near Edge of Reference

Example: Net Crossing Split

Example: Via Stub Length

Decoupling
* Decoupling Capacitor Density Example: Decoupling Capacitor Distance to Via

* Power Pin to Capacitor Distance E ]

* Decoupling Cap Distance to Via
* Power/Ground Trace Decoupling
* Power Via Density

* |C Power/Ground Pin to Via Distance

Example: IC Power Pin to Via Distance
e —
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Summary

* Brief Overview of EM Techniques FEM and Transient
* Connector on Board “Assembly” Simulation

* HFSS 3D Components

* Thermal Simulation of EM Models

 EMI Analysis using HFSS

* EMI Scanner




