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Slwave Training

Signal and power Integrity analysis for
complex PCBs and IC packages
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EBU Vision: Electronic Systems

Signal Integrity Touchscreen

Power Integrity

Touchscreen

EMI/EMC

Wireless Power
Transfer

Antennas/RF
Thermal

Vibration / Stress

<L NS ey, - 3D Housing
Power Conversion O o, and Antennas



ANSYS Electronic Business Unit
Driving Chip-Package-System Convergence

CHIP PACKAGE BOARD

RedHawk HFSS™, Siwave™, Q3D, Slwave, HFSS, Q3D,
Icepak®, Mechanical Icepak

Analog IPs ~ .\
Totem \\
CONNECTOR
HFSS, Q3D \I

End-to-End Chip-Package-System

-

Power, Noise, Thermal, EMI, Timing Platform
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High Speed Digital Design Issues

Dlsplay Panel

MI[EM
-Common mode radiation
m - Differential mode radiation
| /,\\
—
Pwr Noise —» rm“‘ ?““\ - = 4—— Driver IC
. Control IC Memory ___:
e T \ ////l y ) | g
ta = = ¢ —— . h/ ——
. Y %—: PCB
Power Integrity < \/ Signal Integrity
-DCIR drop

i - Impedance
- Switching Noise (SSO/SSN) Power Supplies P

q il - Crosstalk
RS ancz Prlo o - Reflection
- Power/Gnd Plane Resonance _Termination

- Return Path discontinuities _Dielectric Losses

4 © 2015 ANSYS, Inc. December 7, 2016



<ot g RekeshProct / Update rojct lingart..

———

[ Show Progres |+ om0 tamsmoes |

Workbench

N

HFSS l

hd

\/ \
l CPA Solver J

Parasitic
Extraction

W

Nexxim ]

5 © 2015 ANSYS, Inc.
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PowerArtist

RedHawk

Totem

Analog /1P

ALinks for EDA:
ECAD Translation

h 4

Loop Inductance J

AC SYZ J Plane Resonance

'

o

Frequency Sweep J

Pl Advisor: Decoupling Optimization

]
a4

_—
L B B B N § § § N § §F §F

—

\-

< .

Ve

1
|

| Near/Far Field

J

v

Signal Net Analyzer
Z, & X-talk Scans

SI Circuit Analyses:
IBIS, IBIS-AMI, Transient

6
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WSS Slwave

Functionality

Slwave — DC

Slwave - Pl

Slwave

ECAD Translation

<\

Slwave & 3D Layout GUI

I2R DC solver

DC Path Resistance Solver

NN ENEN

~
Leadframe Editor gAN\/e "‘é
“1/\/\/‘;

Plane Resonance Solver

Automated Decoupling Analysis Optimization

SYZ Solver

Frequency Sweep Solver

Synopsys HSPICE Integration
-~/

2

AEDT Integration AC SYZ Sol\icva/rllntegratlon §\I e W§

AN ENENENENEN ENEN N

7 = |
Z0 & Crosstalk Scanner >n e wé

] —~
TDR Wizard

Near-Field solver

Far-Field Solver

Signal Net Analyzer

Circuit Analysis (IBIS, IBIS-AMI, QE, VE, ...) ]

PSPICE syntax model support in Nexxim

N e w

NENENEN AN AN AN AN AN AN AN ENEN AN AN RN RN RN




ANSYS Typlcal SI/PI Design Flow

Slmulate & Extract Parasitics

Database Import
Geometry, Stack up, Components

PU] SUORIOT AIPIEA

eMYLSFSi §OR

SFIZHLZLZZ RSS2 U/

T T e a6 000,306 000 [BIA

Electronic DeS|gn Enwronment
(Cadence, Mentor, Zuken, Altium ...) A

Circuit Simulation

&Y ANSYS Electronics Desktop - Transient_Decoup_EMC - Dynamiclink - SchematicEditor - [Transient_Decoup_EMC - Dynam.nk se. o @R ]
a7 File Edit View Project Draw Schematic Cireuit Tools Window Help

IDEHE S BE|E|X - Loc LA m i s By s oz
{2 W 1mTe g I

BB R

QueckEye EYE

Project Manager 2 x

N
Ermnsienl:m_aconp,mc | Slwave/H FSS Model . EM MOdel

£ DynamicLink
Data

Excitations

] Ports A
-] s2874:PLopt
¢ @4 Analysis

0 Design Verification
& SoD Config L
|3 optimetrics
[ Results
74 Voltage Waveforms at Drivel

< | »
Properties 2 x

Nams nit |6

ModelName FieldSolver

Ta

i

_ Spice
B : o S Parameter
CosimDefinition Edit X ! I : : — ‘ Verilog_A
Status Active

IBIS 5
IBIS AMI

«| i, 3 1 New Page ‘ =4
Param Values [General | Symbol |

Pt

2 X Progress

Message Manager

ber 7, 20

| num|

Insert Filter Design item




What is ALinks for EDA ™ ?

* Integrate Electrical CAD (ECAD) to ANSYS Software

Electronic Design Environment > ANSYS Simulation
(Cadence, Mentor, Zuken, Altium ...) o Products

* ANSYS ALinks for EDA (once called AnsoftLinks for ECAD) streamlines the transfer of
design databases from popular third-party EDA layout tools into ANSYS
electromagnetic, thermal and mechanical simulation products. EDA links are available
for a number of tools offered by Altium, Cadence, Mentor Graphics, Sigrity and Zuken.

* This license give you access to an ANSYS menu in your layout tool (after installing
ECADtranslator) and to the Slwave GUI to prepare your simulation project.

* Translator / Editor / Link from a 3rd party layout tool to ANSYS Solvers

% Cadence SiP Layout

File Edit View Add Display Setup Shape Logic Place FlowPlan Route Analyze Manufacture Reports Tools [ ANSYS| Help

EI_LI = E E%}o 0% 5 46 4 @ f ED @ E;{ @‘{ q q (.f\l EE‘L 9] Elﬁ Alinks Launch Stwave with ALinks...

HFSS 4 Launch TPA...

EDEE BiiNgeBBEs (L0504 ANSYS Wepste | | Wit Ansoft Neutrel File V2
""" I et
-

9 © 2015 ANSYS, Inc. December 7, 2016




Supported ECAD Translations

Cadence
* Allegro
* APD

* SiP Digital/RF
*  Virtuoso

Mentor Graphics

* Expedition

®* Boardstation

* Boardstation XE
* PADS

Zuken (Sold by Zuken)
* CR5000
* CR8000

ODB++

*  Altium Designer

* Mentor Expedition
* Mentor PADS

®  Zuken Cadstar

IPC-2581
®  Pulsonix
*  Altium Designer (BETA)

Other ECAD Formats
e .anf

* .gds

e xfl

e .dxf

Uy U444 U444

L

L4

16.0, 16.1, 16.2, 16.3, 16.5, & 16.6
16.0, 16.1, 16.2, 16.3, 16.5, & 16.6
16.0, 16.1, 16.2, 16.3, 16.5, & 16.6
5.10, 6.14, 6.15, & 6.16 (Linux only)

v2005, v2007.1 thru EE7.9 (uses HKP design flow)

8.x (uses HKP design flow)

v2007, v2007.1, v2007.2, v2007.3 and v2007.7 (uses HKP design flow)
PowerPCB v5.2a, v2005 and v2007 (ASCII Flow)

10 and higher (Zuken translator for .anf & .cmp)
2013 and higher (Zuken translator for .anf & .cmp)

R10 and greater
EE7.9.1 and greater
9.4 and greater
12.1 and greater

Revision 8.5 build 5905 and greater
v2015 and greater

ANSYS neutral file format
IC Chip format

Apache Sentinel format
AutoCad drawing format

Added Lead Frame Editor capability to Slwave and ANSYS Electronics Desktop

10 © 2015 ANSYS, Inc.
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WSS Software Installation

* Software needed for this training class
— ECADtranslator (for file translation), Slwave and ANSYS License Manager

— A user is able to download all of the above software from ANSYS Customer Portal. Click on
Download > Current Releases (17.x) and then choose “ANSYS Electromagnetics products” to
select the above products.

* ANSYS License Manager installation
— ANSYS License Manager package on Tools section
— Specify license server during installation

* ECAD translators

— ECADtranslator 17.x

* Itisa common installation Add-on package that will install ANSYS menu in your layout tool. After
ECADtranslator installation, a user should see an ANSYS menu item in Cadence Allegro SIP /APD and can
translate a layout file to Slwave with Alinks or create an .anf file.

* Slwave installation
— Install Electronics primary package : All EM tools will be installed at the same time.

12 © 2015 ANSYS, Inc. December 7, 2016



Importing a Layout with ALinks from Mentor

QERERALUEH 7 Untitled - Siwave
m IMPORT HOME EDIT GEOMETRY CIRCUIT ELEMENTS VIEW VISIBILITY TOOLS EXPORT SIMULATION RESULTS
E Cadence Allegro/APD/SiP.., Mentor Board Station RE/XE Design.. ﬂ; ODEB =+ Design... T "2 ANSYS EDB... ™2 XFL File.., = Huray Roughness Models.. % RLC Part Values..,
E DXF... Mentor Expedition Design ~ M Zuken CRS000 Design... = 7 Ansoftlinksé Project.. "% Template File...  APD/SiP Bondwire Profile File., < Layer Stackup... %y Settings File..,
ANF... ;
[B GDSIL.. ODB++ (EE7.9.1 or later) Leadframe Editor =2 MDL File... + Component File... *| Plane Extents... m‘Temperature Profile: |--Import New Profile—- -

HKP (up to EE2007.8) ANSYS EDA Layouts Other Imports

f Impor: ODEB+ + Desig

ODE++ archive type: | Directory -

ODE-+-+design: Cifndewesfaystem32f

Lse= conbrol fil=: C:fufindowvs feystemsz2

* Path to import Mentor ODB++ layouts:
* Import > Mentor Expedition Design > ODB++ (EE7.9.1 or later)

13 © 2015 ANSYS, Inc. December 7, 2016



Importing a Layout from a ODB++ Design

ORBIEH

m IMPORT HOME  EDIT GEOMETRY CIRCUIT ELEMENTS VIEW  VISIBILTY ~ TOOLS EXPORT SIMULATION RESULTS

a

Untitled - Swave

£ Cadence Allegra/APD/SiP... MentorBoard Station REO(EDesign...‘ "} ANSYSEDB... ™8 XFL File... =/ Huray Roughness Models... *J RLC Part Values..,

ﬁ DXF... ﬂ Mentor Expedition Design + ’ jnkso Project... " Template File... y APD/5iP Bondwire Profile File.. % Layer Stackup... *y Settings File..,
[B] GDSIL.. ﬂMentorPadsDesign... Leadg “¥ MDL File... % Component File.., */ Plane Extents... imiTemperature Profile: |-Import New Profile-- v
Third Party EDA Layouts ANSYS EDA Layouts Other Imports

Impor: ODE++ Design

OD8++ archive type: | Directory L

QDS+ degigr: CifndewsfaystemIZf

Use control fils; C:pndowsfeysiem =z,

* Path to import ODB++ layouts:
* Import > ODB++ design

14 © 2015 ANSYS, Inc. December 7, 2016



Importing a Layout with ALinks from Zuken

QRIS H : Untitled - Swave
m IMPORT HOME  EDIT GEOMETRY CIRCUIT ELEMENTS VIEW  VISIBILITY  TOOLS EXPORT SIMULATION RESULTS
C Cadence Allegro/APD/SiP.. Mentor Board Station RE/XE Design... ‘.') ODB++ Design... za ! ANSYS EDB... ™ XFLFile... ™, Huray Roughness Models... % RLC Part Values..,
ﬁ D¥F... ﬂ Mentor Expedition Design = M Zuken CRS000 Design... = 1 Ansoftlinksé Project... ™% Template File... 3 APD/SIiP Bondwire Profile File... < Layer Stackup.. Y Settings File...
[B] GDSIL.. J Mentor Pads Design... Leadframe Editor Al i* MDL File... 3 Component File... *, Plane Extents... imiTemperature Profile: |--Import New Profile-- M
Third Party EDA Layouts AN3 Other Imports

< Local Disk () ¢ Alinks_Training +

Ornganize = Mew folder Eoe [ &
' Favorites % Mame ate modified
Bl Deskicp 1 Alinks Exported 2 hfssresults 12,5,/2012 G:31 PM File folde
& Downloads A 2_ALinks_Frported 3 siwaveresults 2572012 GeDE P File folder
5l Recent Places | Alinks_Example hfss results 12/4/2012311 BM  File folde
Alinks Examiple.siwavensults 12,4,2012 3:44 P File folde
i Libraries References 20472012 342 Ph File Folder
| Documents signoiserun L4012 302 PM Filefolde
@' Music Solved eample 127472012 204 M File folde
k| Pictures
M videos
"B Commuter Il q
File name - ip‘.ns-:ft Neutral Files (*.arf) '|J
L
Open |v| | Cancel |

* The recommended path to import Zuken layouts:
* Import > ANF...

* Otherwise use the ASCII files exported from Zuken ( .pcf & . Ftf)
* Import > Zuken CR5000 design...
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?
How to translate Cadence database to ANSYS tools:

* Two Modes of Operation :
— Direct Launch from 3™ party layout tool

* Requires installation of ECAD Integrations executables ( ECADtranslator )
— Stand Alone Editor
* Export / Import of .ANF files

* Here is the view of this integration inside of Cad

ence APD

; nes Py _ . L. =10 xj
230 O Shweoe Looc Blace Boute Anahe Menufochre Beports Jooks A6YS b cadence
3 —~ =] s B 3 - : om >
dH A ] § ]| : Ao i\ NNy I BaE 08 S
B 8 % X irbeD Y iRBERdE@ |

Design Otgect Favd Fibee
AXOn | 0% |

I Gioups ¥ Bood waes

r ¥ Shapes

I~ Symboks 5~ Vo

r ¥ Cire Segs

~ Nees ~ Other Sege

~ Pra ~ Fgpees

~ Vi F DAC emoes

~F Fingees ~F Tes

~ Coes ¥ Ratsnests

~ Lines ~ RaT:e

Fied By Nome

2 Find »oo

: Cadence Advanced
Package Designer (APD)
Access ANSYS Tools directly from

Cadence APD

File Edit View Add Display Setup 5Shape Logic Place FlowPlan Route Apalyze Manufacture Reports Tools | ANSYS| Help

[Net =] [Name =]
5

L

16 © 2015 ANSYS, Inc.
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HFS5 4 Launch TPA...

Write Slwave Component File




Cadence Layout Translation

* Before Integratlon

!Allegro pPCB Performance o
File Edit View Add D_isplay Setup Shape Logic Place Z
- . ’ x = T - E — — —_ ’ | o) |
N = 2o O X & FEEH A& ] f | «q & c
&) : =i =1 Fagl =3

Je=
= el W @ = &
* After the Integratlon

B8 Allegro PCE Performanc A
File Edit View Add Display Setup Shape

EH i+ 0 % 5 4 ¢ + @ # I HAQAQ @« B o 30 B
=] d @ DR B OO0 =32 @ - — a2\ ® K

Route Analyze Manufacture Tools Help

Logic Place Route Analyze Manufacture Tocls | A 4 Help

1) Direct link to S/lwave with Alinks
e Cadence and ANYS EM tools are available on the same machine

ANSYS | Help AMNSYS | Help
Alinks Launch Shwave with ALinks... ALinks Launch Slwave with ALinks...
HF55 r Launch TPA... HF55 r Launch TPA...
Write Ansoft Meutral File V2 ANSYS Website Write Ansoft Meutral File W2

AMNSYS Website

_ Write Slwave Component File _ Write Slwave Component File
2) Write an .anf file and then import it into Siwave with Alinks

— Cadence and ANYS EM tools are installed LANSYS| Help
. . Alinks Launch Slwave with &links...
on different machine HFss ¥ Launch TPA..

ANSYS Wehsite Write Ansoft Meutral File V2
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WSS When to use *.anf file?

* Direct link from Cadence is not appropriate if Slwave is not installed on
same machine. *.anf (Ansoft Neutral File) is required :

* Select « Write Ansoft Neutral File v2 » [2nSis] kel

Alinks Launch Swave with ALinks...
HF55 r Launch TPA...
AMNSYS Website Write Ansoft Meutral File V2

I Write Slwave Compeonent File
* To get all components, a .cmp file is also required :
* Select « Write Slwave Component File »

* Launch Slwave :

* File > Import > ANF or Component File...

QEDLEH : Untitled - Swave
m IMPORT HOME  EDIT GEOMETRY CIRCUIT ELEMENTS VIEW VISIBILITY TOOLS EXPORT SIMULATION RESULTS
C Cadence Allegro/APD/SiP.. E Mentor Board Station RE/XE Design.., ﬁ ODB++ Design.., i ! ANSYS EDB.., "f XFLFile... ™ Huray Roughness Maodels,.. *j RLC Part Values..,
ﬁ DXF... E Mentor Expedition Design = B Zuken CRS000 Design... = 1 Ansoftlinksé Project.. ™ Template File.., APD/SIP Bondwire Profile File.., % Layer Stackup... Y Settings File..
[B] GDSIL.. ‘J Mentor Pads Design... Leadframe Editor AF * MDL File.., Component File... % Plane Extents... 'miTemperature Prafile
Third Party EDA Layouts ANSYS EDA Layouts Other Imports

18 © 2015 ANSYS, Inc. December 7, 2016

the

: |--Import New Profile--



ITYS< Drag & Drop the Cadence project In Slwave

* Select Nets to import.

QERBLEH s -8 %
FILE IMPORT HOME EDIT GEOMETRY CIRCUIT ELEMENTS VIEW VISIBILITY TOOLS EXPORT SIMULATION RESULTS STYLE ~ o
 Cadence Allegro/APD/SiP... Mentor Board Station RE/XE Design... & ODB+= Design... =3 ANSYS EDB... =3 XFLFile... = Huray Roughness Models... *j RLC Part Values...

o oxF.. B Mentor Expedition Design = Ml Zuken CRS000 Design.. =) Ansoftlinksé Project... "% Template File.. 4 APD/SiP Bondwire Profile File... < Layer Stackup., *J Settings File...
ANF... .
@ GDSIL... [ Mentor Pads Design... Leadframe Editor =% MDL File... | Component File... %) Plane Extents... i Temperature Profile: |Import New Profile-- -
Third Party EDA Layouts ANSYS EDA Layouts Other Imports
Single Ended Nets - # x Components >R Layers v 1x
Regular Exp: 4| @3 Capacitars aanen s
- 3 Inductors
@[ 3 Resistors @METALl O W ¥ ¥ ¥ ¥ &
M3 ports METAL2 [ ® M ] ¥ W] ¥
[T 3 Voltage Probes METAL? B X ¥ @ F ¥ @
[T J& Current Sources VETAL4 O K F @ Fl @ @
[T 5 Voltage Sources
-[7 7 Integrated Circuits
4'? Inpugt:output B Select nets to import from siwave_board == = |
[T+ Discrete Devices -
-+ Pin Groups Load Net Configuration File lm/ \&/
-4 Virtually Mounted Packages
[ Terminals Net Name Import Setup Ports Port Reference Net -
ABC F GND
BLT_DATA_P1 = GND
BLT_DATA_P2 & GND
BLT_DATA_P3 = GND
BLT_DATA_P4 & GND
BLT_DATA R1 = GND
BLT_DATA_R2 ™ GND
w _DATA |
Sing.. AiDife.. £ Ede. TeFow.. P components .+ Selection Filter BLT_DATAR - GND
BLT_DATA_ R4 & GND .
Selected Nets - 4 x Results TEE LIk 5 GND Properties TR
CLK_125K ™ GND
CLK_156K & GND
CLK_32K = GND
CMD_EXECUTE = GND =z
Total Nets: 308 Nets to Import: 308
Wid card:
Operations
Yes
Yes GND
Save Net Configuration File... | ‘ImpurtCunﬁgurahunl ‘ Cancel
0 ets selested Unsslect
Messages - # x Information / Errors / Warnings v ax
Creating sIwave session log c: \Usel’S\fecastr’D\AppData\LD:a'l\Te'r\p\untlt'led Tog & = . L
Os: windows 7 Professional service Pack 1 (Build 7601) i) (NS | Dispiay output from: =

Loaded material library "¢ ferogran Files/Ansysem/Ansysem: D/\\ln64/sys11b/Mater1a1s anat”
Loaded components from Progran Files/ansySEM/AnsySEM17.0/Wine4/compli
Loaded buffer models from "C:/Program Files/AnsysEM/AnsySEM17.0/WinG4/buflib”
Transiating Cadence design 1nto ANSYS EDS: please Wait...railad:
Extracta translator log Tile saved to C:/Users,fecastro/apppata/Local/Temp/siwave_board_| cranshtwn Tog
Importing Ansoft Neutral File E:\SVN_Training\trunk\SIwave\input_files\ws01_1\siwave_board.anf.
1 ASCII unencrypted file generated by unknown layout system

lappending to SIwave session log C:\Users\fecastro\AppData\local\Temp\Untitled.log
Importing Ansoft Neutral File E:\SVN_Training\trunk\SIwave\input_files\wsol_1\siwave_board.anf... -
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NWHSH Slwave GUI

OBEBOEdY o+

IMPORT | HOME ~ EDT  GEOMERY ~ CRCUELEMENTS ~ VIEW  VISBLTY  TOOLS  EPORT  SIMULATION  RESULTS

sme ~ @

£ Cadence Allegro/apoysip... B Mentor Board Sttion RE/YE Design.. ) 0DB+ + Design. [ "1 anss EDa. =1 XFLFile =) Apathe CPM/PLOC it =) Hury Roughness Models... %) RLC Part Values.
i
Do 2 Mentor Expedition Design * I ke CRS000 Design.. | =¥ = Ansotinkst Projct. = Templte i, | 1§ AP/S Bandire ofle i, % Lo Stckup | Settings File.

ANF...
GDSIL 23 Mentor Pads Design. Leadframe Editor = MDL e = Component File. 4] Plane Extents, ighTemperature Profile:|-Import New Profile- -

Third Party EDA Layouts ANSYS EDA Layouts OtherImports

Single Ended Nets ~ % x_Components vRx

TR
Inductors

[ Resistors
1% Ports

{7 & Voltage Probes
[ Current Sources
7% Voltage Sources
47 Integrated Circuits

FEE

Bowmobi

e B B e e I

Properties

[/ Input/Output
B/ Discrete Devices

T4 Pin Groups.

[/ Virtually Mounted Packages

[ Terminals
sng.. doe., et Teoou &P Components %, Selection Fiter

v ix
Selected Nets - x Results
Onets selected Unselect
Messages ~ 1 % Information / Errors / Warnings
reating SIwave session log C:\Users\fecastro\AppData\Local\Temp\Untitled.log N6 -
S: Windows 7 Professional Service Pack 1 (Bui1d 7601) ©Q ) | Dl ot rom:

Loaded material 1ibrary "C:/Progran Files/AnsysEM/AnsysEN17. D/wmm/sys'llb/Marerla'ls anat"
Loaded components from " rogram Files/AnsysEM/AnsysEM17.0/Wing4/complib’
Loaded buffer models from /Prngram Fl]as/Ar\sysEM/MsysEMﬂ ummsc/nmm"
Translating Cadence design into ANSYS EDB; pleas
Extracta translator log file Saved to C: /users/Fe(asr a/ ocal/Temp/siwave_board_translation. Tog
Importing Ansoft Neutral File E: \SWLTralm"g\trunk\slwa‘/!\lnwt files\WS01_1\siwave_board.anf.
0% : ASCIT unencrypted file generated by Unknown 1ayout Systi

* 3D model automatically created
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Silwave GUI

GUI Ease of Use Improvements

* Undo/Redo : S5 S 2225220232322

* Recent project history . g0 GEDDDDE H DHHDHD e :

* Net Selection Ease of Use ﬁuﬁui e i EDT
— Show only highlighted nets = ﬁnﬁ HH DFJ g ﬁ”ﬁ L
— Automated differential net identification ﬁj '[ i o, o i '” i
— Automated extended net (ENET) identification b = QHE ] Dr :
— Automated pwr/gnd identification ] 2% ﬁaDEi = [D[ |

* Net Properties
— Net properties by hovering cursor

— Net filtering
— Detect close edges
— Measure ey
— Check Net Length ¥ -
— Calculate Electrical Properties (R, L, C, G, delay, Zo, ...) : _ o
— Change Trace Width it . B o an. E .
* Color Mode Jg o gy A1 B ﬂagﬁ, -~
— Color by layer T e o : LiE iﬁ ik E!g E g,,.
— Color by net CLK_ 312K Change Net color... % it ﬂ
— Control highlighting color S Eﬁgﬁg&' Z:'Ete““&'”’ égl% %E :=§ e
— Control background color clo_BXEC_ Shz:(HideA”Otheer) Eﬁﬁ mg:_ 7t B EE .
— Control lighting COMPARATC  Show All Nets e e
* Interactive Options i Fide

— Z Stretch

— LMB Pan, Roller Zoom

— Dynamic Zoom or Fast Zoom

— View Cross-section

— Hot Keys (standard ALT/SHIFT/LMB commands)
22 © 2015 ANSYS, Inc. December 7, 2016




GUI Controls — Desktop

* Starting Slwave on Windows ANSYS Electromagnetics
, , AMSYS Electromagnetics Suite 17.0
— Click the Microsoft Start button A\ ANSYS Corporate Website

@ AMSYS Electronics Desktop 2016

— Select All Programs @ ANSYS Shwave 2016

— Select Ansys Electromatgnetics Suite 17.0 JAY Modify Integration with ANSYS 1
4. Register with RSM
= ANSYS Slwave ‘5 Simplorer - AMSYS Electronics Dv

A Unregister with RSM

* Or Double click on the icon on the Windows Desktop

* Starting Slwave on Linux, Go to the install directory :
/Jopt/AnsysEM/AnsysEM17.0/Linux64/
Siwave
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Slwave User Interface

QRBLIEEY v+ - 8 x
FILE IMPORT HOME EDIT GEOMETRY CIRCUIT ELEMENTS VIEW VISIBILITY TOOLS EXPORT SIMULATION RESULTS STYLE ~ 0
£ Cadence Allegro/APD/SiP... [l Mentor Board Station RE/XE Design... & ODB~= Design.. o) “4 ANSYS EDB... 4 XFLFile.. *J Apache CPM/PLOC File... = Huray Roughness Models... %) RLC Fart Values...

B oxF.. [ Mentor Expedition Design ~ I Zuken CRS000 Design... = = Ansoftlinksé Project... ™3 Template File.. | "J APD/SiP Bonduire Profile File... < Layer Stackup... %) Settings File...
ANF... .
GDSIL.. [ Mentor Pads Design... Leadframe Editor =4 MDLFile.. = Component File... #] Plane Extents... i Temperature Profile: -Import New Frofile— -
Third Party EDA Layouts ANSYS EDA Layouts Other Imports

Single Ended Nets ~ 1 x Components v 1 x Layers v 1 x

Regular Exp: [ & & %] | @& Capacitors d I s

Eor | $ K i s 3D Modeler "

[EICSEP N T X Resistors 1§ e 2 5

. X

[FICSER N | -0 Ports

[FIFIFO_ET_METER — || -0 voltage Probes x

[FIFIFO_ON [T 3& Current Sources : "

[EIFIFO_ON_SWITCH [7 5 Voltage Sources 5 "

[CIFIFO_PR_SWITCH [ Integrated Circuits g ®

[JFORCEOFF 7+ Input/Output Al ]

X o Discrete Devices = ®

[CJHLC_AVAILABLE [ Pin Groups

[C]HLC_COMPLETE 47 Virtually Mounted Packages

[CHCCTL [ 4 Tewinal

B ¢ Layer/Geometry

o

4 Nets Components S

=) Visibilit

["HICRAC_RESET

[FHLC_RST_N | S

[FTHLC_SHIFT - &

- - &P components W, Selection Filter <
Hsing.. Diffe.. £ Ede. Pow. %
T .

Selected Nets . 2 x Results vax Properties v Rx

i1

.
*
g

Post processing
Results

2
e o
ple 9] gaie

L Properties

0 nets selected Unselact
Messages ~ # x Information / Errors / Warnings -1 x
reating SIwave session log C:\Users\fecastro\AppData\Local\Temp\Untitled.Tog +| @ 2\ | visplay output from: Bl=1= e

5: Windows 7 Professional Service Pack 1 (Build 7601)

Loaded material Tibrary "C: /Prngraﬂ\ Files/AnsysEM/AnsysEN17.0/WinG4/sys1ib/Materials. amat”
Program Files/AnsysEM/AnsysEM17.
Loaded buffer models from "C:/Program Files/AnsySEM/AnsysEm:
ranslating Cadence design inTo ANSYS EDE; please wait...fa

Extracta translator log file saved to C:/Users /fecastro/App] .1log .
Importing Ansoft Neutral File £:\SVN_Training\trunk\SIwave\ essa es
pe  : ASCII unencrypted file generated by unknown 1ayout

o s R
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WSS Slwave Workspaces

Slwave Visibility > Workspaces

* The Slwave window has several optional workspaces:
— Selection Filters

=

— Components w
— Information/Errors/Warnings o o
— Messages |- L |
i
— Nets (Single Ended, Differential, Extended, PWR/GND...) [ v Dt et
IR e
— Results ! o

v seetionrtes

Each window can be Floating or Docking

Single Ended Nets » 1 x Compc
Regular Exp: ] & Floating [
ABC + Docking 1
BLT DATA_P1 Auto Hide F
BLT_DATA_P2 Hide F
ELT DATA P3 e b
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GUI Controls — View

Changing the View . i TS @ o
S &S E S a
% TOOIbar Rotate Pan Zoom Zoom Zoom Fit Fit Top-down
In Cut All - Selection  Wiew
View

* Shortcuts

— Since changing the view is a frequently used operation, some useful shortcut keys exist. Press the
appropriate keys and drag the mouse with the left button pressed:

* ALT + Drag — Rotate

— In addition, there are 9 pre-defined view angles that can be selected by holding the ALT key and double clicking on
the locations shown on the next page.

e Shift + Drag - Pan

. | Predefined View Angles
* ALT + Shift + Drag — Dynamic Zoom

R  w® ®
®) = ®
R ®
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GUI Controls — Desktop

Layers Window
* Layer Selection

— Select the active layer by clicking on the circular radio button. The active layer is important
when geometry is being created in the Slwave interface

* Fill/Unfill Layers Show/Hide
L .
- Toggle between Opaque and ayers Planes Traces Pads _Vias
I ) Layers \ j v/
Wireframe layer views
E o we 0 ¥ Circuit
Active Layer—> | @ surRFacE Il X [¥] V] [¥] W] @ Elements
* Show/Hide Layers L2 EFEVEEEE
. 2 A . L3 R E F R
— Click the X to either view or hide a layer P BEEEEEE
L5 B EF MR
. L& B 7 7 P ¥
* To select planes, traces, pads, vias or B BEUYE T E
circuit elements in a particular layer, select the BASE /'- EFEEEE
corresponding check boxes '
Fill/Unfill
Layers

* Click on the icons to hide or view all layers
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GUI Controls — Desktop

Selection Filter Window

* Check or uncheck boxes to select certain elements. For example, all types of elements can be selected except for
Nets since the box is unchecked

Components Window

* For manufacturer supplied components the name, series number, global parts, circuit elements, and pins can be
viewed

* For local components (created and placed by the user) the part name, circuit elements and pins can be viewed

Selection Filter v 2 X Components v 2 x Components v 2 x
—E% Circuit Elements T"I_x Capacitors - % Voltage Sources i
[®4F Capacitors J;r--l_x Inductors - o Integrated Circuits
-.[® e Inductors +|I:§ Resistors II: ? }:FJUtIOLII;FJUt
. 1% %" Ports S PR iscrete Devices
E;‘; E::m 5 /X o ST_DATAD_U27 13 1 IX ¢ 74AC04_SOIC
P o Pef ST_DATAL_U27 12 -l Us1
-7 Voltage Probes DR STOATA2 U271 || &= 1 (BLT_DATA_RL)
-X® Current Sources o ®f STDATA3 U270 | | F— 2 (UNIGACD4Z18PY0)
¥ & Voltage Sources w K ST DATAd UZTG || &==— 3 (TCLTCIL_PR_SWITCH} |E
-.[% # Board Elements w s STDATAS U277 | | = 4 (UN14AC04240PY0)
R0 1Cs o ST DATAS UG || =— 5 (BLT_DATA_RZ)
¥ 40 10s o R sToATAT UZZS || = 6 (UNI6ACO4219PY0)
= # Discrete Devices [ & VoltageProbes | bbbl == 7 (GND)
—EG; Geometry 3 Current Sources b == & (UN16AC04220PY0)
X ke Bond Wires - & Voltage Sources | bbbl =— 9 (BLT DATA_R3)
R %% Pads s Integrated Circuits || b e == 10 (UMN16AC04221PY0]]
= O nput/Qutpst == 11 (ELT_DATA_R4)
~[X40) Planes o/ Discrete Devices | | i = 13 (VCC)
Pl Traces W% PinGrouwps | == 14 (VCC)
- [R#T Vias [T % Virtually Mounted Packages +- B o US4
TR Mets [T % Terminals X b TAAC257_SOIC
- # T4ACT0S SOIC
Q})Compnnents ‘4'-" Selection Filter = 10T 2

&P Components W, Selection Filter &P Components | %, Selection Filter
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GUI Controls — Desktop

Nets Window

* Select and Deselect Nets by clicking the checkbox. Also, Nets can be selected and unselected
by using a Regular Expression. Note that the expression field is case sensitive and that both *
and ? are supported. In the following window BLT_* selects all of the BLT_DATA nets

* NOTE: The option Wild Cards must be selected in Tools > Options

. i Pop from .
Single Ended Nets v 1 X Ei’gl’(’jess'on Unselect Nets stack Single Ended Nets - 1 x Cor
Search Exp: | BLT* O £l | Search Exp: | BLT* O Z| JE
M \ 4
[ ABC - . " P e 2 []ABC bt
TR search Exp: | BLT o A L IBLT _DATA P1 E Ij:
! - =N
FlLT_DATA P2 1 N CIBLTDATA 2 o
BLT DATA_P3 Select Nets  Push onto Swap stack EELT_DATA_PA
BLT_DATA_P4 stack alphabetical | =g/ pura ay
BLT_DATA_R1 order [JBLT_DATA_R2
BLT_DATA_R2 [/BLT_DATA_R3
BLT_DATA_R3 [|BLT_DATA_R4
BLT_DATA_R4 [CICLK_IK
[CICLK_1K Options 22 :
[]CLK_125K . : .. 1 1 [J; DCLK_'IBEK' Edit Met Name...
[T]CLK_156K _ [F]CLK_312K Change Met color...
DCLK_?}'I 2K Search Type in Net Workspaces I:‘CMD_EXEI Delete Met Colar
DCMD_EXECUTE i | () Perl RegEx (Full string matches RegEx) _H sing... Show
H sing... .I.’;-' E— E: Exte.. 1-* POW... i : | Perl RegEx (String contains RegEx match) Show (Hide All Other Nets)
| @ Wild Cards (? = Any character, * = Any string) Se | ectE(
Show All Mets
Power Ground Workspace Auto Identification Setting CLE_125k Hide
Minimum Plane Area to Total Area Percentage on each Met: 30 %o
oK ] [ Cancel
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GUI Controls — Desktop

Properties Window

* Information displayed in the Properties Window will vary based on the type of object selected

* Types of Objects that can be selected graphically in the Modeler Window:
— Circuit Elements

* Capacitors, Inductors, Resistors

* Ports, Voltage Probes, Current Sources, Voltage Sources

— Board Elements

* ICs
* |0s

* Discrete Devices

— Geometry

* Bond Wires, Pads, Planes, Traces, Vias

— Nets

Properties
Met

Marne

Met Length
Visibility
Color Mode
Met Color

Net Properties

30 © 2015 ANSYS, Inc.

- 0 X

CLE_ 125K

Compute |

Show
Layer Color
Edit |

December 7, 2016

Properties
Resistor
Part Murmber RES_4K7_10%
Mame Ri6
Value 50 Ohms
Visible True
Active True
Compute Sensiti...  False
Terminal Nets
Positive SC_CLK_CMTI10
Negative SC_CLE_CMTE
Terminals
Swap Terminals Swa
Layers
Paositive SURFACE
Megative SURFACE

Circuit Element Properties

Properties

Via

Padstack Name
Top Layer
Bottom Layer
Mirrored Layer
Angle (Degrees)
Operate on Angle

Electrical Properti...

Other Properties
Location

X

Y
Net Information
MName
Net Length

42C16P

SURFACE

BASE

False

0

Select Action
Display

Edit

3750.000000, 675....

3750.000000

675.000000

TCLTCO_PR_SWI...

Compute

Geometry Properties

Properties v X%
IC
Part Mumber T44C04_S0IC
Ref. Des Us1
Layer SURFACE
S-parameter mo.. Mone
SPICE RLC model  Mone
Die Stack Edit |
Pin Groups Edit |
Default Buffer Models
Class Mane

Board Element Properties



* Geometry

GUI Controls — Desktop

* Bond Wires, Pads, Planes, Traces, Vias

®* Nets

Net Properties

Froperties

=1 Met
Marme
Met Length
Wisibrility
Color Mode
Met Color

2M559

Compute |

Showw
Layer Color

e Edit

Geometry

Properties
=1 Pad
Padstack MName
Lawer
Pirrored Layer
Angle (Degrees)
Other Properties
=l Location
x
N
=1 Fin Informatiomn
Dewvice Type
Part Mame

a0x12
TOP
False
4]
Edit

5862, 173000, 256=2.898000
56869.173000
2563 .898000

Fef. Designator MName 25

Pin Murmber

=1 Met Information
Mame
Met Length
Visibrilitgyr
Color Mode
Met Color
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et Lengths

DIE
ZCODe240PFC_QFPSOP14X1 4. ..
T|ITEMRMP
40M4TA42

Compute |
Showw

Layer Color

Edit |
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\4

Met Mame: “SHMNa3732

| Showe this net only

List of Lengths

Lengths between two net nodes

Met Modes are:
1) Pins or
27 End modes where no object is
connected

Path 1: 233.9951
Path Z: 169.8951
Path 3: 6<4. 1000

(Select a path, then it be highlighted)

Compute Distance

Select two net nodes farrawvws)
im the graphic windowe.

Met Mode 1:
Met Mode 2:

Distance:

| Close |




GUI Controls — Desktop

Information/Errors/Warning and Messages Window Information —» i) @ 1\ «—Warning

?

* Messages Error
— General information related to various tasks will be displayed in the message window.
* Information/Errors/Warnings Window
— Errors must be corrected before running the simulation
— Warnings should be further investigated but Slwave will run the simulation
— Information messages should be reviewed

Messages v X

Appending to SIwave session log C:\Users‘fecastro\AppData\LocaliTemphuntitled.log
Importing Ansoft Neutral File E:h\SVN_Training\trunk'sIwave\input_files'\ws01_1'\siwave_board.anf...
Type : ASCII unencrypted file generated by unknown Tayout system

Importing Ansoft Component File E:‘\SVN_Training'trunk’5Iwave'input_files'ws01_1'siwave_board.emp...
&4 capacitors read

1 inductors read

16 resistaors read

Creating SIwave session Tlog E:‘\Simulations'siwave'\ws0l\siwave_board.log
05: windows 7 Professional Service Pack 1 (Build 7e01)

1T

Saved E:‘\Simulations'siwave\ws0l%siwave_board.siw

Information / Errors / Warnings

i) ) I\ | Display output from: |SYZ Sweep1 1 H X
+ 1) Simulation Status

7 [\ Layer Validation Warnings

+# (1) NetsIncluded in Simulation

1)
_b

/\ CL: negative nade at (150.000000,4975.000000) on layer SURFACE is not attached to any net included in this simulation
O3 negative node at (550.000000,4250,000000)

A\ C4: negative nade at (725000000,4575.000000) on layer SURFACE is not attached to any net included in this simulation
1\ C5: negative node at (825.000000,5125.000000) on layer SURFACE is not attached to any net included in this simulation
1\ A negative node at (1225.000000,4575.000000) on layer SURFACE is not attached to any net included in this simulation

on layer SURFACE is not attached to any net included in this simulation
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Selecting Mode

Several selecting mode
* Home > Selection
* Right Mouse Button

Units :

T HOME EDIT

GEOMETRY CIRCUIT ELEMENTS VIEW VISIBILITY

Selection Mode: |Single Object - k D‘ [:k @*

+| Preserve MNet Selections Select By Select By Select By Plane Extent Special

Clicking Rectangle Polygon Selection Mode Select—
Selection

! [#| Select By Clicking

I 0, Select By Rectangle

I HOME EDIT

Selection Mode: (Single Object |+ b

| Preserve Net Single Object

GEOMETRY

MNet

[ [, Select By Polygon

Plane Extent
1 Nets Differential Net Unselect All
il Extended Net -
. Edit

* |In the Toolbars, set the reference units

— Usefull for drawing, measurement...

Coordinate of the mouse
* In the Toolbars
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GUI Controls — Cursor Tool-tip

Cursor tool-tip shows information about the selected
object: component, trace, net, device, etc

Met: BUS_CLE_DRIVE
Layer: TOP_COMD
Length: 104.12 mils

IC

Part Mame: 16LFCSP3R5-
Designakor Mam
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GUI Controls — Via Properties

* Via Properties

— Graphically select a via in the layout then select the menu item

* Edit > Via... to bring up the Via Properties Window

— Editing the properties in this window will override the padstack definition. For example, if a user would like
to investigate whether or not to backdrill a via on a high-speed net the bottom layer can be changed. The
antipad definition for a particular via can also be investigated without having to change the parameters of all

Type

Layer

35

of the other vias that share the same padstack

Pin Info provides the Type, Layer, Part Name, Reference Designator and Pin Name for the selected pad. The

Part Name, Reference Designator and Pin Names can be edited from here as well

Check layer(z] which
the selected vias have SURFACE
antipads on

GHD
SIG1

Aslis SIG2

T

Fin Info

degrees

Tap Layer | suRFacE
Bottom Layer | BASE

Rotation Angle 0

Mirrored? | Ha h

m

Mot Defined

Part Name
Rel. Designatar

Pin Name

| Delete |

© 2015 ANSYS, Inc.

Cancel

December 7, 2016

-
Via Properties

Top Layer |suRFace

Battamn Layer |M
Fiotation Angle 1]
Mirrored? | Mo i

Check layer(s] which SURFACE

the selected vias have

antipads on GMND
S1G1

Asis SIG2
W

Fin Info

degrees

m| »

1

Type [IE -|
Layer [suRFacE |
Part Mame SOFP28<28_208 -

Rel. Designator L1 -

Pin Mame 146

| Delete |




Slwave GUI Controls — Results

e Plot Self terms or Transmission terms

36

e Click on “Select self terms” to quickly plot all the self term

S-parameter Plot
SR bEM

Matrix Entries to Plot

Plot Flow
v ST_CLK_CNTE
v ST _CLK_CNTE
ST_CLK_CNTE
ST_CLK_CNTE
v ST_CLK_CNTE_D
ST_CLK_CNTE_D
ST_CLK_CNTE_D
v ST_CLK_CNTY
ST_CLK_CNT7
v ST_CLK_CNT7_D

%

Col
ST_CLK_CNT®
ST_CLK_CNT&_0
ST_CLK_CNT7
ST_CLK_CNT7_0
ST_CLK_CNTE_0
ST_CLK_CNT7
ST_CLK_CNT7_0
ST_CLK_CNT7
ST_CLK_CNT7_0
ST CLK_CNT7._0

Search expression:

Export for Post-Processing

| Export to ndExplarer |

S-parameter Plot Y¥-parameter Plot

| Select self terms /| select transmission terms
Search expression syntax: {PORT 1}:{PORT2} Select |

| Unselect |

[ Plot In Electronics Desktop | Plot Name: 5 Plot 1

Z-parameter Plot

Magnitude in dB

-0.00818781

-11.1153

-22,2224

-33.3295

-44.4366

-55.5437
5

5-parameters

1004 2003 3002 4001 5000
Frequency [MHz]

» |deal to plot all the “Reflexions” of the S parameters matrix.
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GUI Controls —Script Commands

Any script language that supports ActiveX objects may be used:
* VBScript

* Jscript

* Python

Extensive scripting support allows automation.

Online Help
* Script Commands are available
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WSS GUI Controls — Visualization

Dvnamic Foom

+| Faster Rotate

Performing Faster Transformations c

* Slwave allows you to view a simplified model during rotate, zoom or pan operations.
* View>Faster Rotate.

Planes are represented in 2D, while vias and circuit elements are not displayed while
you are rotating, zooming or panning in. The complete design is displayed only after
you finish the operation.

Before and After Rotation During Rotation
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GUI Controls — Visualization

VIEW VISIBILITY TOOLS

40

2D View

gne Fxddent Transparency...

|E::|I::ur Layer-by-Layer =

Color Layer-by-Layer

A user can toggle between the net
and layer color modes

L yer

© 2015 ANSYS, Inc.
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‘I . |
P\ . :
Net Color Mod




GUI Controls — Visualization

A dockable window displays the Properties v 3 x
c . N
properties of the selected object - K ik
Met LEﬂgth I:Dmpute |
§ [N o: == ol
' \ 016 M Net Color Show Only This Net
f ©L7 | x Show All Nets
) B OersE WK Hide
‘ ) . Propestie v 1 x Only the selected net will be
b Net visible
/ Mame CLE_1K
{ Met Length Compute
Visibility Show : v 0
/ ' Color Mode Layer Color perET—tIES “
Met Color Edit | Net

Mame CLE_1E
Net Se|eCted Met Length Compute |
M e Ch i

Color Mode Layer Color E]

For nets, users can change the net
name, color, color mode and net
visibility options

Met Calar Met Color

e Object properties window Toggling between
e Same options available using a right-click on the net list. | two color modes
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GUI Controls — Visualization

e Changing opaque view by setting Translucency for all metal
Select all > METAL layers > Apply

Set Translucency to 70% > update

Better 3D visualization and rotation

Select l IMEFAL '] layers

Awlv]

1" Layer Stackup Editar L]
Color - Name Type £ Thickness (i) % Material Conductivity (5/m) % Dielectric: il Dielectric constant * Loss tangent
UNNAMED_1 DIELECTRIC ] air 0 1.0006 ]
B SURRACE METAL 072 copper 5.8E07 & 1.0006 0
UNNAMED_3 DIELECTRIC B FRA_epoxy 0 44 0.02
O w METAL 14 copper A.8EAT FR4_epoxy 44 0.02
UNNAMED_5 DIELECTRIC B FRA_epoxy 0 44 002
B METAL 14 copper 2 FRA_epoxy 44 02
UNNAMED_7 DIELECTRIC B FR4_epoxy 0 44 0.02
B u METAL 14 copper B8ET FRA_epoxy 44 0.02
UNNAMED_S DIELECTRIC B FRA_epoxy 0 44 002
| METAL 14 copper A.8EAT FR4_epoxy 44 0.02
UNNAMED_11 DIELECTRIC B FRA_epoxy 0 44 002
B METAL 14 copper 2 FRA_epoxy 44 02
UNNAMED_13 DIELECTRIC B FR_epoxy 0 44 0.02
B v METAL 14 copper B8ET FRA_epoxy 44 0.02
UNNAMED_15 DIELECTRIC B FRA_epoxy 0 44 002
y ll  BASE METAL 072 copper A8EAT El 1.0006 0
Add | Delete | Mave Layer(s) Edit Selected Layer(s)
A Aoove Selcted yer Color Asls Update DielectricFil | Asls 'I | Updste |
Add Below Selected Layer l
Name  Asls Translucency u 70%
Delete Selected Layers -
e M o] (ke ] mens w i
Materia |copper of [ lpdate | Regmess [ mk0,HRO | s | Lpcate |

I Edit Material Properties H Tnvert Stackup l [|conformal Coat ~ Units

Translucency | Blevation (mils) | Roughness mils) e

N
n

N
nu

N
nu

5208
51.36
&53%
4392
782
348
048
24
pAl
216
156
1416
816
b.72
07

n
u

A0 HE:O
R0, H:O
A0, HE:0
HJ:0 HE:O -
R0, H:O
A0, HE:0
HJ:0 HE:O

HEO RO | -

&
o
=
i
k)
=
L)
Lol
B

LN

= =

4

N
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GUI Controls — Visualization

View > Compute Cross Section 8 Compute Cross Section

* Draw a clipping line

=,

-.__//
-_jJT
.

e View > BaCk To FU" DESign *EEIEL’.TD Full Design
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GUI Controls — Visualization

* View > View Options

— Z Stretch— artificially scale Z values so that very thin planar objects have a 3D appearance.

Choose any discrete value between 1 to 25
— Change Selection Color - change default selection color (yellow)
— Circuit Element Size - change the scale factor for circuit elements
— Gradient Background - change default background colors
— Lighting — change the Brightness and Contrast

3
=
’
.

lors:

Basic col

-
|
|
|
|
|

| Adaptive Grid Spacing r"l i ad' 9
i =] o
- b = f®

i
1 =
Gradient

EEEET
EEENETT
EEEENN
EEENET
TEENEN
EEEENT
THEENET

Circuit Selection
Element 5ize... Color., Background..

I Stretch: 3 Lighting...

g
g

View Options
Hue: 40 Red: 255
Sat: 240 Green: 255

ColoriSclid - 120 Blue: 0

1]
1]
1]
17

Define Custom Colors >

[

Add to Custom Colors

=

Set the scale fac%o circul

D |
‘ Brightness [} 20
1x l Contrast ) 50
| et | [ 0k_] [ carce
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Gradient background zettings
@ Customize () Default
Top Color
Preview
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[ Ok, ] [ Cancel ]




GUI Controls — Visualization

* Stretching Z:
— To artificially scale Z values, so that very thin planar objects have a 3D appearance.
— View>View Options>Z Stretch.
— Choose any discrete value between 1 to 25, as the scaling factor.

View Options

Original view : scaling factor =1
45 © 2015 ANSYS, Inc. December 7, 2016

Original view : scaling factor = 10



WSS GUI Controls — Simplify Visualization

e View > Simplify Circuit Elements Simplify Gircuit Elements

e View > Simplify Vias

Simplify Vias
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GUI Controls — simplify Visualization

e View > Layers > 2D View 2D View

i@ SURFACE
@& L2

[ |

(|

L3 [

[ ou
©L5 5]

[

=

® L6
® L7
{7) BASE

o Unfill All layers by clicking on the yellow rectangle in Layer workspace

Layers

@ sURFACE 3
©L2 O
oL =
(S)E il

E
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NWSSHE Run in Remote

* To improve the response time when Slwave is running over a remote
desktop:

— OpenGL management is mandatory to support 3D
— Informational tooltips will not appear.

— Dynamic zoom is deactivated.

— Faster transformation is activated.

— Simplify all visualizations settings :
* Vias
e Circuit Elements
» 2D view for layers

— Use Translucency / Unfill layers
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WSS Batch mode

49

Syntax for Slwave:

<path to>/siwave -exec_eigen <path to>/<project name>.siw

The following flags are supported:
-exec_eigen

ExecAcSim
-éxec_syz ExecResModeSim
ExecPdnSim
'exec_ac ExecPsiPdnSim
ExecSyzSim
'exec_dc ExecSentinelPsiSyzSim
ExecSentinelPsiAcSim
Examples : ExecFfSim
] ] I ] . ExecNfSim
C:\instaldir\siwave -exec_syz D:\Examples\Midplane.siw ExecDcSim
ExecFwsSim
C:\instaldir\siwave -exec_eigen D:\Examples\switch.siw ExecPiOptSim

C:\instaldir\siwave -exec_dc D:\Examples\Blade.siw
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Non graphical Batch solve command

In R16, siwave ng can be used as follows :

* This command, in addition to executing a requested simulation type, creates the necessary directory hierarchy and
.asol file such that results can be post-processed in the Ul after the siwave_ng run completes.

siwave_ng <path to .siw> <path to .exec> -formatOutput —useSubdir

Example :
C:\Program Files\AnsysEM\AnsysEM16.2\Win64\siwave_ng C:\projects\ssn.siw C:\test\execsyz.txt -useSubdir

ExecSyzSim
SetSwp 5e3 5e9 500 Linear

The .exec file, at the very least, should contain one of the
following strings (which specify the type of analysis to execute):

ExecAcSim
ExecResModeSim
ExecPdnSim
ExecPsiPdnSim
ExecSyzSim
ExecSentinelPsiSyzSim
ExecSentinelPsiAcSim
ExecFfSim

ExecNfSim

ExecDcSim
ExecFwsSim
ExecPiOptSim

50 © 2015 ANSYS, Inc.
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This file can also (optionally) contain commands to modify the
sweep, change the number of CPUs, the licensing scheme, etc.:

SetSwp
SetNumCpus
AddSwp
SetinterpSwp
SetDiscreteSwp
InterpSwpCvg
NuminterpPts
EnableQ3dDomains
WaitForLicense
DistributeSlwaveSyz
HpcHostName
ComputeExactDcPt
SolverMemLimit
UseHpclLicenses



Non graphical Batch solve in detail

. InterpSwpCvg <Relative error for S>

* SetSwp <f_start> <f_end> <num_pts> <linear/log/linear step InterpSwpCyg 0.005

SetSwp 0 1e9 100 Linear

. NuminterpPts <num_points>
*  AddSwp <f_start> <f_end> <num_pts> <linear/log/linear step> - number of points to be explicitly solved for during the interpolating sweep
- use this like you are adding another sweep line in the Ul; allows for changes to the ~ NumlinterpPts 30
number of points & the distribution type

- use in conjunction with SetSwp . UseHpclicenses <pack | pool>
SetSwp 0 1000 10 Log - SolverMemLimit <% of memory to be used by the solver on a machine when using a HPC
License>

AddSwp 1000 5e9 500 Linear UseHpcLicenses pack

SolverMemoryLimit 80

* SetNumCpus <number>

SetNumCpus 4 0 ComputeExactDcPt <boolean>
ComputeExactDcPt 1

* SetDiscreteSwp

- no argument; just tells the simulation to use a discrete sweep for the sweep setup in 3 EnableQ3dDomains <boolean>

the Ul EnableQ3dDomains 1
- can also use in conjunction with SetSwp
SetSwp 0 1e9 100 Linear 9 WaitForLicense <boolean>

SetDiscreteSwp WaitForlLicense 1

. DistributeSlwaveSyz
* SetinterpSwp no argument required
- no argument; just tells the simulation to use an interpolating sweep for the sweep
setup in the Ul i

HpcHostName <machine_name|IP address> <CPUs_to_use> <%Memory>
- use in conjunction with DistributeSIwaveSyz
SetSwp 0 1e9 100 Linear - can use this command to enter multiple machines

SetinterpSwp DistributeSlwaveSyz
HpcHostName \\machineA 6 80
HpcHostName \\machineB 6 80
HpcHostName \\machineC 6 80

- can also use in conjunction with SetSwp
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Realize Your Product Promise™
Stack up, Padstack,

Balls/Bumps, Bondwire
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Layer Stack-up Editor

e All layers are imported with material properties and thickness

B Layer Stackup Editor . P
Color | Name Type = Thickness (mils) % Material Conductivity (S./m) % Dielectric Fill Dielectric constant | Loss tangent | Translucency | Elevation {mils) Roughness {mils) o
UNNAMED_1 DIELECTRIC ] ar 0 1.0006 1] 5208
B GURFACE METAL 0.72 copper 5.8E+07 ar 1.0006 0 70 51.36 Hd: 0, HE:0
UNNAMED _3 DIELECTRIC B FR4_epoxy 0 44 0.02 4536
O L METAL 144 copper 58E+07 FR4_epaxy 44 0.02 70 4352 HJ: 0, HI:0
UNNAMED _5 DIELECTRIC ] FR4_epoxy 0 44 0.02 3752
O METAL 144 copper 5 BE+07 FR4_epoxy 44 0.02 70 3648 HJ: 0, H:0
UNNAMED _7 DIELECTRIC & FR4_epoxy 0 44 0.02 3048 E
B METAL 144 copper b 8E+07 FR4_epoxy 44 0.02 70 2904 HJ: 0, H):0
UNNAMED_3 DIELECTRIC ] FR4_epaxy 0 44 0.02 i
B s METAL 144 copper 5 8E+07 FR4_epoxy 44 0.02 70 218 HJ: 0, H:0
UNNAMED_11 DIELECTRIC ] FR4_epoxy 0 44 0.02 156
B L METAL 144 copper 5.8E+07 FR4_epoxy 44 0.02 70 1416 Hd: 0, H:0
UNNAMED_13 DIELECTRIC & FR4_epoxy 0 44 0.02 8.16
B v METAL 144 copper 58E+07 FR4_epaxy 44 0.02 70 6.72 HJ: 0, HI:0
UNNAMED_15 DIELECTRIC ] FR4_epoxy 0 44 0.02 072
» [l BASE METAL 072 copper 58E+07 air 000G 0 70 0 HLO.HED | -
Add [ Delete [ Move Layer(s) Edit Selected Layer(s)
| Add Above Selected Layer | z — ) .
olor Asls Update Diglectric Fil | AsIs - | Update
| Adifohn Sobdtndaver | Name Asls Update Translucency [} 70% Update
| Delete Selected Layers |
| Move Selected Layers Up | Type |ME|-N‘ M | I—IUpdate Thidkness Asls mils I—IUpdate
| Move Selected Layers Down | Material |CODDEI' v | Update Roughness H1:0,H2: 0 | mits [ Update |
Selectall | METAL | layers | Apply | | Edit Material Properties | | Invert Stackup | Conformal Coat Units | mils - oK | | Cancel

» Possible to edit and export/import the Layer stackup (“.stk” file)
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* File > export > Export Layer Stackup
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Material

e Easily change the material properties using the predefined Material library of
Slwave or Add a new one.

Color | Name Type == Thickness {mils) @m Material Conductivity (5/m) % Dielectric Fil Dielectric constant | Losstangent  Translucency | Elevation (mils) Roughness (mils) i
UNNAMED_1 DIELECTRIC 0 air 0 1.0006 0 52.08
» l  SURFACE METAL 0.72 copper -~ 5AE07 air 1.0006 0 0 5136 HJ:0 HJ:0
UNNAMED 3 DIELECTRIC 6 lcopper [N 44 0.02 4535
O w METAL 144 QO'dh_n 5.8E+07 FR4_epoxy 44 0.02 0 4392 HJ:0 HJ:0
UNNAMED_5 DIELECTRIC 6 TNeONEL 0 44 0.02 7.9
O u METAL 1.4 indium 5.8E+07 FR4_epoxy 44 0.02 0 36.43 HJ: 0 HJ: 0 |
O u METAL 144 'EE';VAR 5.8E<07 FReepoy —— e —e——m—m————
UNNAMED_S DIELECTRIC & lead |0 Dielectrics
[ METAL 144 magnesium 5.8E+07 FRA_epoxy
[ IUNNAMED_11 DIELECTRIC 6 ﬂ%hﬁgfnum 0 Name Relative Pemmittivity Loss Tangent Measurement Frequency (Hz) |-
|| W METAL 144 mu, metd 5 8E-07 FRA epory || | B AG_CU_EUTECTIC 45 0 1E+09 U
UNNAMED_13 DIELECTRIC 6 ﬁg?ig 0 & air 1.0006 0 1E+09
7 e L 7 Al2_03_ceramic 5.8 0 1E+09
B L METAL 144 NCHROME =|[5.8E0 FR4_epoxy gm . i : el
UNNAMED_15 DIELECTRIC & rickel 0 | : +
B BASE METAL 07 palladium 5807 air gﬁ'—“!"”“’;b ;-Dz gm ]:*E:
pec alumina_SZpct . 1 -+
Add | Delete | Move Layer(s) Edit Selected Layer(s) perfect conductor 2} alumina_%6pct 94 0.006 1E+09
e e FLATED_COPPER_FOIL S ALUMINUM_NIT... 85 0 1E+09
— Color ;'a*énum — | Dielectric Fil &) Adon 25FR ¢m) 358 0.0035 1E=09
ey . &) Adon 25N fm) 333 0.0025 1E+09
e SmCa2d e &) Adon AD10008m) 102 0.0023 1E+09
Type sSonCeDrzg Thickness D) Adon AD250A §m) 25 0.0015 1E+D9 -
) SOLDER_60_40 =
Material A s SR + |Roughness Delete Nody...
Select al IDIELECTRIC V] layers [ Apply ] [ Edit Material Properties ] [ Invert Stackup ] ["] conformal Coat Units | il OK ] [ CE:”CEI l [ _ HTIIP
LS J

e Add a new Material
e You can click on Edit Material Properties > Add... or go to Home > Edit Materials

Edit
Materials
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Materials — View / Edit /Create

* Materials
— View existing material properties or create a new material

— Make sure that the correct material, Conductor or Dielectric, is selected then click the Add button to
create a new material [ material Properties »” =

Conductors Dielectrics

Mame Relative Permittivity Loss Tangert Measurement Frequency {(Hz) i

By AG_CU_EUTECTIC 45 o 1E=09

=i 1 o 1E=09

=y air 1.0006 o 1E=-09

=y AZ2_03_ceramic 5.8 o 1E=09

= 2.8 o 1E=09

=N ALUMIMNA, 10 o 1E=09

=Y alumina_S2pct 5.2 0.008 1E=09

=y alumina_96pct G4 0.006 1E=09

By ALUMINUM_MIT... 8.5 o 1E=09

=y Adon 25FR &m) 3.58 0.0035 1E=-09
N =y Ardon 25M gm) 2328 0.0025 1E=09 -

. o I L]

Dielectrics ok | [ Gance

- Choose which dielectric material model to use

- The preferred Djordjevic-Sarkar model is a causal frequency-dependent dielectric model developed
specifically to model FR-4. It is also useful for many other low-loss insulator materials. The Debye model
characterizes a lossy dielectric material by two measured values at a certain frequency. (More detailed
information on both of these models can be found in the Slwave Help)

Edit -5 Material Properties — Debye Material Properties

Material Mame

i Low Frequsncs Param
Propertiez at DIC

_ B - N i L = Frequency [Hz] 1E+0E
Select dielectric material model to use I.i:?—,l Felative Permittivitg: Relative Permittivity 2
Conductivity: ] S @ DC Conductivity [Siemens 1 o
Loss Tangent o0.001
@) Djordiewvic-Sarkar [preferred] Properties at Measurement Frequency
High Frequency Parammel ters
D ebype M easurerment Frequency:  1TE+09 H=
Frequency [Hz]  1E+03
Felative Permittisite: 4 Fielative Permittivits 1
[ Ok ] | Cancel Loss Tangent: 0.02 Optical Relative Permittivity 1
Loss Tangent  0.002

[ Ok ] | Cancel i [ oK ] Cancel
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WSS Material - Frequency dependent parameter
* Have to consider : 108 R(f
®* Conductor loss

— Skin Effect

* Dielectric constant and loss
— Djordjevi¢-Sarkar model

Relative Permittivity

g(a)) — g’(a))+ jg"(a)) :j Aévm
L As In[wB - J_a)j+ o .
IN(@s /@r) \ o+ j ) joe N Tk o

m —— Djordjevic-Sarkar

(oo}

Frequency (Hz)

Frequency dependent models are default
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Modeling of Traces

e Define Trace Cross Section by choosing the appropriate

shape by layer:

e Rectangular, Trapezoidal and hexagonal

e Edit > Trace Cross Section...

Rectangle Trapezoid
Trace Cross Section Shape Editor lihj Trace Cross Section Shape Editor &J
Layer: |SURFACE ~| Layer: |SURFACE -
Shape: |RE“‘3“9|E 'l Shape: |Trapezoid v|
Etching Style Etching Style
Over Ei @) Over Etch
~der Etch Under Etch

Formula (Trapezoid Only)

Set Ratios
B Top:
Wi
100 %
W2
Bottom:
100 %

| OK | | Cancel |

Set Absolute Values For Etching

Wi

W2

QK

| Cancel

Formula (Trapezoid Only)
@ w1 =width * 0.85

W1=width - 0.85 * Thickness

Set Ratios
Top: |_j
85 %
Bottom:
85 %
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Hexagon
Trace Cross Section Shape Editor &J
Layer: |SURFACE -
Shape: |Hexagur| vl
Etching Style
@) Over Etch
Under Etch

Formula (Trapezoid Only)

Set Ratios
Set Absolute Values For Etching _
Top: { J
wi:

85 %
w2: -
Bottom: | J

85 %

/| Slide Both Simultaneously

OK | ‘ Cancel




WSS Trace Electrical Properties

* Display the electrical properties of the selected transmission line in real time.
* Selecting mode should be on “object”
* In the properties window, click on Display

Electrical Properties X
« Transmission Line on Layer SURFACE

Length {mils) 1718.969696

Width (mils) 9000000

Configuration Microstrip

Ref. Layer L2

Cross Section Profile Rectangular
< Attributes

Computation Frequency  1GHz
Propagation velocity (m/s) 1.67272E+08

Delay (ns) 0.261022

R (ohms/m) 323021

L (H/m) 3.33075E-07
G (5/m) 00117422

C (F/fm) 1.07302E-10

Z0 (ohms) 557134
Properties v 1x
4 Trace
Layer SURFACE
Length {mils) 1715.969696
Width (mils) 9.000000
Center Line Edit

Electrical Properti...' Diséla; l

4 Net Information
Mame CLE_125K

Met Length Compute I
Visibility Show
Color Mode Layer Color

Met Color Edit I

58 © 2015 ANSYS, Inc. December 7, 2016



Bondwire Electrical Properties

|Properlies v o X
= Bondwire

Layer Name WE11

Length (microns)  995.37

Bondwire Model  WE1L

Support Layer ML

Termination Layer WE11

Orientation Correct |
Center Line Edit |
= Bondwire Electrical Propert... Display |
Length (micro... 995.367007 E Net Information
Radius (micro... 10.000000 MName GMD
Configuration Floating MNet Length Compute |
E Attributes Visibility Show
R (chms) 0.0736826 Color Mode Layer Color
L{H) 6.56293E-10 Met Color Edit

CF 2.03132E-14
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Padstack Editor

* Padstacks describe the stacking structure of shapes associated with pads and vias. They enable different
shapes on different layers and contain drill information, plane layer information, and inner layer

information. In the editor, padstacks can be added, modified or deleted

* Home > Edit Padstacks

» Select a padstack to view its properties. If a via is selected in layout it will automatically be highlighted

when the Padstack Editor is launched

-
" ' Padstack Edit
'adstac |or-‘

Crogs-Sectional Yisw

35C106N
35CT10M
3BC125N
3BCT180M
38C1EP
42C1EP

rrach

Padstack Properties

Mame: 35CFON

‘ia Plating
R atio

@ Absolute 7

[

“ia Material

brass
bronze
cast_iron
chiamium
cobalt

mils gold

Top-Daown Yiew

Paolygonal Pad Edit
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Add Padstack ‘ | Delete Padstack | | Copy Padstack|

Layer Pad Antipad Thermal Relief Pad
SURFACE Circle [R: 17.5] Circle [R: 78] Circle [R: 78]
UNMAMED_3 Circle [R: 35] Mone Mone
L2 Circle [R: 17.5) Circle (R: 75] Circle [R: 75]
UNMAMED_B Circle [R: 35] Mane Mone
L3 Circle [F: 17.5) Circle (R: 75] Circle (R: 78]
UNMAMED_7 Circle [A: 35] Mane Mone
L4 Circle [R: 17.5) Circle [R: 75] Circle [R: 75]
UNMAMED_9 Circle (R: 35) Mane Mone
L5 Circle [F: 17.5) Circle (R: 75] Circle (R: 78]
UNMAMED_11 Circle [R: 35] Mane MNone
LE Circle [R: 17.5) Circle [R: 75] Circle [R: 75]
UMMAMED 13 Circle [R: 35] MHone Mone
Select All Metal Layers | | Select All Dielectric Layers |
Fad Properties Antipad Properties Themal Relief Pad Properties
Shape: | Circle v| Shape: | Circle Shape: | Circle -
Radius: 175 mils Radius: 75 mils Radius: 75
Update | | Update | Update
| 0k ‘ | Cancel |

m

T




WSS SolderBall Generation
2

Solderball

* Home > Solderball Properties o
* Choose padstack and Enter Type, Radius and Height

pall Properties [ =]
ol - poy s
—y
185_140R A ; """""
aterial | solder - 2o ' "'E""'
35C106M T
3BCITON
35C125N
35C180M
35CFON
38C1EP |
42C16P
ED_45R
EBC37P
EBCA0P
EB537FP
E2540P
Solderball Placement Teminal Type
P 75_35R
@ Above Layer Stackup () All solderballs are sinks 7E_3ERFINT L
N @ Al solderballs are sources 75_70R
() Below Layer Stackup P FECA5P
() Leave types asis ZES45P
: 80_5R
Solderball Dimensions 30_12R
— 50_12RPIN1
Height: E0.000000 il 30_35R
50_35RPINT
Riadius 21.600000 il CMP_FIDUICIAL
P 20000000 g TCREC25P
Frustum Height: milz TCERCTIP L
Middle Radius: 27.000000  mils S

Creation of the solderballs and add a PCB layer

* Update the stackup £ LayerStack-up Eito e
H Color Mame Type % Material Translucency =& Thickness (mils) Elevation {mils) Roughness (mils)
( replace FR4 by Alr) Top Dielectric DIELECTRIC air 1] 2526
i) SURFACE WIREBOND copper 0 2526
[ bbbb00  TOP_COND METAL copper 65 144 27.82 0.0 |
UNNAMED_4 DIELECTRIC FR-4 3 24.82
I 696363 VCC METAL copper 65 144 2338 0.0 |
UNNAMED_& DIELECTRIC FR-4 5 18.38
B tb3caa  GND METAL copper 65 144 16.54 0.0 |
UNNAMED_8 DIELECTRIC FR-4 3 1354
65 .
65
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WSS Bondwire Generation

* Bondwire models can be assigned to the layers in the stackup. This command is active only when
at least one layer has the type WIREBOND. You can edit the layer properties to change the layer

type.
* Because bondwires are modeled as traces, you first need to draw a trace before creating a
bondwire.
Bondwire Model Editor [
’0.27 mm Typical Bondwire Len: lzimm
* Edit > Bondwire Model | 'weml= o oeelmsee o]

W -0.6 y: 1.4 d: dy:

[ Flip Profile Across XY-Plane

Diameter: 0.1 mm
[ Reverse Pkg & Die
By 1 L] |:| Static Diagram
h2: 0.5 ™ [~ select Bondwires
alpha: degrees
Create New Model
beta: degrees
Delete Current Model
Edit Profile Points... Apply ] [ QK ] [ Cancel ]
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Bondwire Model

* Bondwire type

| H . Mone
Several models are available : ey

Stub
JEDEC 4-Paoint

Type: |JEDEC 5Point  ~|

Stub Low Profile
- R — Low Profile
Model Name: [WB11 v|  Type: [stub -

Model Name: | WB11 +|  Tvpe: [Low Profile ~|

JEDEC 4-Point JEDEC 5-Point

Model Name: |WB11 v| Type: |JEDEC 4-Point - Model Name: |wWB11 v| Type: |JEDEC 5-Paint v|

Diameter
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User Defined Bondwire for SiP

64

* For Bondwire profile, it is common to use JEDEC 4 or 5 points, but this can cause collision
problem for stacked dies in SiP.

* With User Defined Bondwires is it possible to draw every kind of profile from sketch (user can
also edit, save or import his own profile)

Edit Bomdwire Frofile Yertices E

Al coordinate veluss are i microns

Seogment enghe in red are less than 3 tmes
the specified bondaie racius and mey ceuse

- . — r
Bandwire Edilor - Typleal Bondwira Len: 422.256427 microne (X meshing probies,

[ | = J bl I z Segment Length I

4 40065 197772171

25654697 241 436155 43.531867
7054092 135942028 e0.S7TEE

214627544 285100142 237364920

Z99.357045 2668405082 86, 338056

476.451153 215162963 94. 796605

495 283131 1S0.2ZE4BD &5.80TLLL

S00,000000  100,000000 50,234 759
®500,000000 |S0.000000 50000000

Layer. [WIREBIND w|  bodet [Sketched £l

e EnE e

Ldd new vertex

(

Fiadius: |1U micion:
Delete vertex(s)
Al
Suppar -
[ e TOP_COND

r o Update Borchwie Disgram
[N REBOND e —

[™ Arvers=Pho i Die .

Expart Profile... Tmpoet Profie, ., |

Edt Frevie Printa. Cancsl I Caneel
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Custom Bondwire Profile

* Edit > Bondwire Model...

* Create a custom bondwire profile by entering points or importing coordinates from a file. The
.bwp (bondwire profile) can be imported for use in other projects. Click the Update Bondwire
Diagram button to refresh the sketch

Edit Bondwire Profile Vertices —t5
—

Bondwire Model Editor - Typical Bondwire Len: 0.5 mm P All coordinate values are in mm .
- Segment lengths in red are less than 3 times E::h E CI r-l dWI rE pl.l1 cl d E I TR

the spedfied bondwire radius and may cause
meshing problems.

Muodel Name: | Bridge - Type: |Sketched -

X z ISegment Length
0.041237 0.030000
0.123712 0.330000 0.311130
0.371137 0.330000 0.247425
+|0.453012 0.030000 0.311130

Add new vertex

$# File created by Lnsoft TPL
Diameter: 0.02 . Flip Profile Across XY-Plane $# Sketched bondwire profile point data
Reverse Pkg &Die $# Project: G5G model.tpa
; _
elete vertex(s) $# Bondwire laver: Bridge
[ A, |
Bridge
_— UMITS mm
| Create Mew Model | | = -
- pdate Bondwire Diagram | 0.041237 0.030000
| Delete Current Model | . . 0.123712 0.330000
| Export Profile. .. | | Import Profile. .. | 0.371137 0.330000
| EditProfie Points... | [ o | | cancel | 0.453612 0.030000

| Ok | | Cancel |
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Expanded Bondwire Options

¢ Trace-to-trace

i O 2 3R e | [

o @ 8RR — T "

e Die-to-die

[ i0scsp 071210010

DM &§BRE+ © | nSONKE M af )| i [ | degiess
sEaeiy|ERB || SO0/ A3As

1 Pua/Gind |
2% Paritons | [z Selection |
Lagess 33 Nets

: RLC Dialog

Resistance (Obms]  Inductance frH) | Capachance (oF] |

AD_DATA_CLK_CH1:193 [AD_Y11_CH1::92 [AD_Y1Q_CH1::91 [AD_Y¥21_CH1::90 [AD_Y2Q_CH1::89
AD_DATA_CLK_CH1:195 |1.0392386-+000 4.25%084-001  3.443038e-001  2.910086e-001

ulation Results Help

AD_YLI_CH1:92 5.712043¢-001 5.630050e-001  4.203461e-001  3.414051e-001

= NN RS

AD_YIQCHI:91  |4.25%084e-001 5,589 01 4.184029-001
* AD_Y21_CH1::90 101595564000 5.576551e-001

| ® 0% B w [T

AD Y20 CH1:89 3.4140516-001  4.184029e-001  5.576551e-001  1.016538e+000 “yuu;.f h: ‘

EmE |[coaela’as

&= || g R

= e L8 [STepr——

i}

D @ | ¥ o B @ [Mege N \ (o >§7 5, 0 | Geometry = ‘*l}“

I «[ 450000 | y[ -0.50000 ‘ dic dy ‘Unils:lmm

Ready

[wes 7




NWSYSE Relocate Bondwires

e Tools > Relocate Bondwires...
e One isolated Bondwire « VDD_LNA » on Layer ‘WB11’
e Relocate it on ‘WB22’ layer using « Relocate Bondwires » utility

| Properties * 0 X

= Bondwire
Layer Mame WE11
Length (micrens) 105587
Bondwire Model  WE11
Support Layer M1
Termination Layer WELL
Orientation Correct |
Center Line Edit I
Electrical Propert... Display |

= Met Information

Marme VDD_LMA

Net Length Compute I
Visibility Show

Color Mode Layer Color

Met Color Edit |

Length Criteria (in microns)

| < Bondwire Length < 0

Destination Layer: [wszz
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Realize Your Product Promise™
Drawing Mode
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Drawing Mode (1/2)

To modify the layout, you can specify various options for drawing two or more
geometric shapes. The shapes can be either added without merging, or merged, or

subtracted.
Select one of the three mode
* Draw > Drawing Mode

— Add (No Merge) : To draw and display multiple objects together. No union between each
shape primitive and different “net name”.

— Merge : To draw and display multiple objects as one merged object. Same “net name”.

— Subtract : An existing geometry can be modified by drilling holes in it or by removing some
elements from it. The area of the geometrical shape is cut out from the main Drawing Area.

QERERLNEEHY ¥+

m IMPORT ~ HOME  EDIT | GEOMETRY = CIRCUTELEMENTS  VIEW  VISIBILTY  TOOLS  EXPC
Add [No Merge] j J | | ] [ VIA_M1_M4
Merge METAL-1
S Circe. Polygan Redtangle Trace~  Via METAL4

Draw Geometry
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Drawing Mode (2/2)

Select the drawing layer in the Layers Workspace

Select a primitive :

* Circle (Shortcut Key: F5)

* Polygon (Shortcut Key: F6)

* Rectangle (Shortcut Key: F7)
* Trace (Shortcut Key: F8)

* Via (Shortcut Key: F9)

Note 1 : To draw a Trace

* Specify the width before
— Draw > Set Trace Width...

Note 2 : To draw a Via
* Select a Padstack before
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Set Trace Width e g
il
Trace Width - * mm
| oK | | Cancel |

VIA_M1_M3

WIA M1 M2

VIA_M1_M4
VIA_MZ_M3
VIA_MZ_M4
VIA_M3_M4
M1_PAD
M2_PAD
M3_PAD
M4_PAD

Layers

@ SURFACE

L2
L3
L4
L5
L6
LY
BASE

EORECOON

23 B I TS T I I I A |

O 1N S SIS IS IS SO

] I ] ) ) = ] =

< [ [ € € € |9 € @

o [ [« € [« [« € € = L |
=
X,

Layers

METAL-1
METAL-2
METAL-3
@ METAL-4

T

SIS IS IS IS SIS S

OOEM

X X x| X =



WMSEH Measuring Data

« Slwave allows you to measure the distance between points and spacing
between edges.

e To measure data: R ——

e Click Tools>Measure. The Measure Data dockable window Position 1 (Reference)
appears_ x 0.000000
i 0.000000
Layer METAL-2
 To measure the distance between two points: Click any point fora :“"“““2 (Current) .
reference coordinate. This is displayed as Position 1. Move the v 8.412258
cursor in the Drawing Area to see the values for Position 2 and Layer METAL-2
. . . D B Poi
Distance between Points. The data updates as the cursor is moved. D.E:::: stween G'"Emﬁﬂg
The shape of the cursor changes when it is snapped to a corner or dx -11.998424
mid-point. dy 8412258
dz 0.000000
Spacing Gap Between Edges
e To measure the shortest distance between two edges: Select an EEfEFE:EE'ElE“'E'E E]'Efz“f'&;t
. . i . . Urren dge ot avallaole
edge in the Drawing Area. This is displayed as the Reference Edge. Shortest Distance Not available

Move the cursor over another edge to see the values for Current
Edge and Shortest Distance.
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Computing Net Length

* You can compute the lengths of all possible paths in a net, and also
calculate the distance between any two net nodes.

* Tools > Compute Net Lengths or « Compute » button in the properties

L3
window
- 7
Layers v b x
» — ﬁ B o me 8 %
Net Lengths 5—7 i
CMETALS B &
Met Mame: A-MIT-RXD3 I METALY [ X
how thi | _
[FlShow this et orly D D g @METALZ [ K
List of Lengths ¥ '\_,' METAL-3 n E
Lengths between two net nodes q |_| METAL-4 I:l E
el Modes are: £
) Pins or
nodes where no object is e
e = Met: A-MI-RXD3
R Layer: SURFACE
Path 2: 127.0159 R mm
Path 5: 12,7836
(Select a path, then it'll be highlighted)
Compute Distance
Select two net nod .
o the e widon T Properties v ax
Net Node 1: Net
Met MNode 2: MName MET 1
Distance: MNet Length Compute
Visibility Show
Color Mode Layer Color
Met Colar Edit




WSS Operations on Plane

* Boolean operations can be performed on planes. You can unite,
intersect or subtract planes.

L 49
%

Boolean
Operations~ (| Cor

# Unite
4 Subtract...
¥y Intersect

Eg : Uniting Planes
* Select the two planes that you want to unite.
* Click Edit>Boolean Operations>Unite.

Subtract Planes from Planes l&]

Blank Planes - Tool planes = Result planes

| Clear

| Clear

Subtract | | Canhcel |

73 © 2015 ANSYS, Inc. December 7, 2016



* Trace/Bondwire

Edit Trace/Bondwire center line properties

— To edit a bondwire first graphically select a bondwire in the layout. Bondwire coordinates can
be edited. The bondwire radius is also displayed

Edit Trace

TEEEwwwEmo A =-

X | ¥ | Width | ArcCenter x| ArcCenterv | cw
i i0- 1S [
2 |0.086670 0.134100 0.040000 |—
TEI‘EIB313EI 0.267210 0.040000 [
4 |0.216320 0.400400 0.040000 [~
5 |0.674350 0.400550 0.040000 |—
& |0.719950 0.421040 0.040000 |—
| 7 |L228130 0.506700 0.040000 -
2| 1.298140 0.506340 0.040000 [~
Add new vertex Edit trace width
| Above... | | Below... ‘ @ Selected Node(s)  0.040000 mm
All Nodes 0.040000 mm
Delete vertex(s)
| selected... | | am. |

Cross Section Shape
Cross Section Shape: Rectangle
Height: 0.027 mm

Width: 0.04 mm

OK ] ‘ Cancel |
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Layers
|
METALS I X
METAL1 [ X
@ METAL2 [] X
METAL3 & X
METAL4 [ &
Properties
Trace
Layer

Length (mm)
Width {rmm)
Center Line
Electrical Properti...
Net Information
MName

MNet Length
Visibility

Color Mode

MNet Color

+ 1 x Edit Bondwire

d @ EEE o
9 Q@ EE=E

d @ EEE e
d e EEE =
d Q9 S S ¢#

METAL-2
2330991
0.100000
Edit
Display

MET_1

Compute I

Show

Layer Color

Edit

(o
X | ¥ Width Arc Center X | Arc Center ¥ [ cW
 0.300000 | |
|2 |-0644930  -1298780  |0.010000 —

Add new vertex

Delete vertex(s)

Cross Section Shape

Edit trace width

Selectes

d Node(s)

Cross Section Shape: Cirde

The radius is 0.01 mm

Switch Vertices | [

OK

] | Cancel

Layers v Rx
E o om e 8 %
METALS B K ¥ F ¥ F &
METAL1 @ K # F ¥ F &
QMETAL2 [ X ¥ ¥ ¥ ¥ &
METALS O K ¥ ¥ ¥ F &
METAL4 & K ¥ F ¥ F &
Properties v X
Bondwire
Layer METAL-5
Length (mm) 2864382
Radius {mm) 0.050000
Bondwire Model test
Support Layer METAL-5
Termination Layer METAL-5
Orientation Correct
Center Line Edit

Electrical Properti... Display

Net Information

Mame MET_2

MNet Length Compute
Visibility Show

Color Mode Layer Color
Met Color Edit



Edit Plane / Solderball properties

* Plane (Boundary/Cutout)

75

— Manually edit plane boundaries. To activate this
option graphically select a plane

Solderballs

— Create solderballs and/or solderbumps on
packages. Choose the Padstack on which to
create the balls and the radius and height

© 2015 ANSYS, Inc.

December 7, 2016

Edit Plane's Boundary

—
Mrball mn:'\es

| Solderball Dimensions

Solderball Placement
@ Above Layer Stackup

Below Layer Stackup

Terminal Type

All solderballs are sinks

@ All solderballs are sources

Height £0.000000
| Radius: 21.600000
Frustum Height: 20.000000
Middle Radius: 27.000000

Leave types asis

ks
il
il

il

S0.12R
90_12RFINT
50_35R
50_35RPINT
CMP_FIDUCIAL
TCESC25F
TCEECI?P

X ¥ Arc Center X Arc Center Y cw -
ill>0.000000 |3805.000000 ]
2 P5.000000 | 3805.000000 [
3 #5.000000 | 3825.000000 —
4 B5,000000  3915.000000 I Il
5 B5.000000 | 3925.000000 |7
5 F5.000000 | 3925.000000 I
7 B5.000000 | 3935.000000 [
3 55.000000 | 4065.000000 I
2 50.000000 | 4080.000000 [
19 B5,000000  4080.000000 I
11 i
o T .
Add new vertex Delete vertex(s)
Above... | | Below... | | Selected... | | All...
[ QK ] | Cancel |
= L=
- - - .
Type: | Complex - Calor: D Padstacks
185_140R i
Mtsriat [solder =] 185_140RPINT
L hd 270958
3501 06N
I5CT10N
35C125N
I5C180N

m

Ok

‘ Cancel




Clipping the Design

* Slwave provides you with the option to cut out and view a particular region
of the design, and ignore the rest of the geometry.

r

* Edit > Clip Design %

S e )
o Clip Hu ——o
* Follow the 6 steps > Clip . i —
Dresign — ° > 3
Rt =" B
[ e ] o
" - ] ;
Options For Clipping Design l&] ﬁ : 3 B e ﬂ 5
£ el AR
£ L
1. Select dipping polygon shape ] I % & -
] r | Tt I 1.
@ Rectangle o e b o
OO0 LB ] :
Polygon T 2 I L 1
L | g ARD ¢
2. Draw dipping polygon using the mouse : "!
{To dose polygon, return to the start point, double-didk or E: 5 I : " =y == o
dick the right mouse button) oI :_ '5 5
(%) r 4
3. Choose one of the following options for dipping traces ﬂ- ﬁ I ﬁﬁ ﬁ
ST G 64
@ Cut traces crossing dipping polygon boundary oooooooo B L5 80008 :ojo'_’o"o'_’o:‘;:o:o::Z::::::

Include all traces that overlap the dipping polygon

==
o=
I3
&
&
&
g

Indude only traces completely inside the dipping palygon

4, Do you want to ignore layer visibility during the dip operation?
@ Yes (Clip objects on all layers)
No (Invisible objects won't be dipped) i ¢
5. Do you want to keep objects inside the dipping polygon?

2 Yes

Ladafafafagaiod |

Mo (Reverse Cutting) 00000000

6. Click the "Clip” button

| Clip | | Cancel |
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WSS Create a custom Reference Designator

* How to create your own reference designator inside Slwave Ul ?

1. Select via(s)/pad(s) of interest (those you wish to classify as belonging to a part/ref des.).

2. Right-click and select "Properties" in the pop-up menu.

3. In the "Via Properties" dialog set the following under the "Pin Info" section:

- Type (either BGA or DIE)
- Part name (any reasonable string)
- Reference designator (any reasonable string)

- Pin name (any reasonable string).
-This field is disabled if more than one pad/via has been selected;

in this case, pin names are automatically generated (“1", “1", ...)
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Wia Properties

Top Layer

Bottom Layer

Rotation Angle

Ref. Designatar

Pin Nurmber

Pin Marne

| Delete |

(08

[METAL1

[METAL1

de

grees

birmored?
Check layer(s) which METALA
the selected vias have METAL2
antipads on :
. METAL-3
A is METAL-4
Pir Infa
Type | DIE
Layer [METAL
Part Mame Mycomponent

[optional)

Cahcel |
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How to do a 3D export?

1. Identify Power and Ground nets Power/Ground Identif.. + # x

Search Exp: a

Mon Power/Ground Mets

ABC -
BLT_DATA_P1
BLT_DATA_P2
BLT_DATA_P3
BLT_DATA_P4
BLT_DATA_R1
BLT_DATA_RZ
BLT_DATA_R3
ELT DaTA R4 i

] (¢
FPowerdGround Mets

GMD
P
WCC

| At ldentify |

sing.. OJDiffe.. & Exte..| =Pow..
4 sing :
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How to do a 3D export?

Single Ended Nets v 3 X

Search Exp: |:| ,'!ﬂ

2. Select Nets you wish to simulate

[]SC_CNT_RST_N .
7] SC_COMPLETE
[F]sc_cTL
[F]SC_EN_N
[F|SC_ERROR
FdlSC_PARA_DATAD
FllSC_PARA_DATAI
FllSC_PARA_DATA2
FdlSC_PARA_DATA3
FAlSC_PARA_DATA4
FdlSC_PARA_DATAS
FdlSC_PARA_DATAG
FdlSC_PARA_DATA7
FdlSC_PARA_DATAS
[F]SC_RST_N
[F]SC_WDC_EN
[F]SC_WORD_COUNTO
7] SC_WORD_COUNTY
7] SC_WORD_COUNTZ

[F1SC WORD COUNT3 b
tsing... OIDiffe.. & Exte.. *Pow..

]
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How to do a 3D export?

TURNON

PLANE EXTENT MODE
3. Define Plane Extents O EBLEE .
e Automatic S ;
il Slmple m IMPORT HOME EDIT GEOMETRY CIRCUIT ELEMEMTS VISIBILITY
— Precise Single Object Q D‘ I::h ﬂ /

+| Preserve Met Selections

Type a clip distance

. |

Select By Select By Select By Plane BExtent

Special

5 Clicking Rectangle Polygon Selection Mode Select~
Clipboard Selection
L} .F'.LILU[III]LILI]II_‘{ uravy raric CELErIL PRNE Rl s )
e Manual i
Auto plane extent type r Simple
— Draw Polygon _ _
Auto plane extent to terminals # Precise
— Draw Rectangle
DEFINE PLANE EXTENT
CUTOUT SIZE
DRAW PLANE EXTENTS (FOR AUTOMATIC CUTOUTS)
AUTOMATICALLY
@ E—l ‘5% _1 ,__}‘ L‘ﬂ - siwvave_board_Completegg WS501_1.siw - SIwave
m IMPORT HOME EDIT GEOMETRY CIRCUIT ELEMENTS VIEW WVISIBILITY TOOLS EXPORT SIMULATION RESULTS
Add (Mo Merge) 75_TJOR 0.0 1mm
‘ | ] [ 4K Capacitor Regioi
e SURFACE
Subtrack Draw  Draw Draw  Draw Drop - Draw Polygonal Draw Rectangular | Automatically draw &y Equipotential Re
Circle Polygon Rectangle Trace~  Via SURFACE Flane Extent Plane Extent Plane Extent ~

Draw Geometry

) Automatically draw Plane Extent [Faw Other Obj

DRAW PLANE
EXTENTS MANUALLY

» Simple |

Auto plane extent to terminals

Auto plane extent type

Precise




What is a Plane Extent?

— Plane extents define the region that will be cutout when exporting to HFSS, Q3D Extractor, ANSYS
Workbench, or Designer.

— Plane extents define the region that will be cutout for inclusion within an HFSS solve

— Plane extent operations

e Users must first define power and ground nets. This allows a cutout on those nets when trying to
simulate signal nets.
e Plane extents can be created automatically or manually
— Automatic Plane Extents
» Define the extent you want the cutout to extend beyond the signal traces (mm, um, mils,
inches, ...)
e Simple: Creates polygon cutout without Arcs
e Precise: Creates polygon cutout with Arcs
— Automatic Plane Extents to Terminals
» Defines the extents to Wirebond, Solderball/Solderbump
e Simple: Creates polygon cutout without Arcs
e Precise: Creates polygon cutout with Arcs
— Manual Plane Extents
e User draws a plane extent in the layout editor window
e Rectangle: Creates rectangular cutouts
e Polygon: Creates polygon cutouts
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How to do a 3D export?

3D EXPORT PREVIEWS FOR
DIFFERENT PLANE EXTENTS

AUTOMATIC PLANE EXTENT
AT 0.2MM

= Braoe: MANUAL PLANE EXTENT MANUAL PLANE EXTENT
Svoeit QR 9 ¥ 2 0W POLYGON RECTANGLE
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How to do a 3D export?

HFSS

Q3D EXTRACTOR

5. Export to HFSS, Q3D Extractor, Designer or ANSYS Workbench

SIWAVE WITH ALINKS HFSS 3D LAYOUT
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Slwave : Validation check

* Before you run an analysis on a model, it is very important that you first perform a validation
check on the project. When you perform a validation check on a project, Slwave runs a check on
all the setup details of the active project to verify that all the necessary steps have been
completed and their parameters are reasonable.

Performing a Validation Check
* Tools > Validation Check.

e Self-Intersecting Polygons
—  Check for duplicating planes, intersecting edges, and check if -2nhValidaton Check ng
voids intersect the plane boundaries. Check List Select a smulstion made [
PY DiSjOint N etS | Select All | | Unselect All | |Nc| Associated Simulation - | 1
N Check |f there are any nets that are nOt completely /| Self-Intersecting Polygons Minimum Area:  3100.01mils~2
/| Disjoint Nets (Floating Nodes) Cutouts that are smaller than _
connected. this minimurn area will be ignored during
J | DC-Short Errors validation check.
L | o s i st
— Check if any nets overlap. P Borxdnire: Colisions
. . i | Tlegal Bondwire Connections Nets to be cheded
L Identlcalloverlapplng VIaS 7] Misalignments Some nets might not be included.
. ) ] I Plgase refer the Simulation -» Global Option
— Check if any vias are identical or overlap on the same nets. Less Than Two Terminals window.

Mumber of cores to use: 4

OK | | Cancel
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Slwave : Validation check

* Bondwire Collisions

— Check for duplicate or overlapping bondwires.

* lllegal Connections of Bondwires

— Check if the inner radius of the via is more than the bondwire, or if the bondwire extends
through the pad.

* Misalignments

— Check for all misalignments, in the following cases:

to flag and auto-correct areas where the centerline of a trace is not contained within a plane.
if a trace overlaps with a plane, but the centerline of a trace doses not intersect with a plane.

if a trace overlaps with other trace, but the centerline of a trace does not intersect with the centerline of
other trace.

if the boundary of a pad/via intersect with the boundary of a trace, but the center of a via/pad is not
located on the centerline of a trace (in other words, the pad/via is not snapped to the centerline of a
trace).

if the boundary of a plane intersect with the boundary of a pad/via, but the center of the pad/via is not
contained in the boundary of the plane.

* Unreferenced Trace Segments
— Check for traces with no reference plane above or below it.

87
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Validation Check : Disjoint Nets

* Definition of a Net : A ‘net’ is a continues piece of metal. If two pieces of metal that
are defined to be the same net are not DC shorted an error can occur.

* Disjoint Nets
— Check if there are any nets that are not completely connected and highlights trouble with electrical
connections.

— A very common problem that arises sometimes is that piece of metal that have been added as shield are not
physically connected to ground. These floating pieces of ground pour can actually serve as a radiating
structure rather than provide effective shielding as the engineer was intending. Any floating pieces of metal
should be connected through vias/additional metal or removed from layout.

* To fix the disjoint nets
— Expand the Disjoint Nets error message

Information / Errors / Warnings v 2 x
i) @ !\  Display output from: 3D Export - || %
=% J
&) net "GND"
/I Warning: The centerlines of two traces on layer SURFACE are not connected (2602.283882, -1446.716118) net "MDC"
/I Warning: The centerlines of two traces on layer SURFACE are not connected (2602.283882, -1446.716118) net "MDC"
— The net GND has been identified as having disjoint geometry. Select this net from the nets listing
— Select Edit -> Nets -> Separate Disjoint Parts
— Click OK to the resultant message window.

— Scroll down the nets window and notice that additional nets were created from the disjoint pieces, net-1, net—2,....
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Validation check : Identical / Overlapping Vias

Identical/Overlapping Vias

i i i i Confirmati
* Check if any vias are identical or overlap on the same nets.

C. 2 identical or overlapping vias or solderballs have been detected.
1 Do you wank SIwave to resolve the overlaps by automatically
deleting one or more of the identified vias now?

Lo J[ Mon |

a net "SECURITE_GRILLES" { 138.737500, 159.712500, 0.000000 )

89 © 2015 ANSYS, Inc. December 7, 2016



Validation Check : Misalighments

Misalignments :

1"* Mlsallgnment '-.-'-.-'arnlngs

i (u] ac - . _|" . nicrons an layer v S Mok Co ECLE 0 e center ar a via | -al<gg, 1L _I-" LU ncrons
1'“ The centerllne l:uF a tral:e { 45I:II:I I:II:II:II:II:II:I 5I:II:II:I I:II:IIIII:II:II:I} MiCrons an Iayer Ml is nl:ul: l:l:unnected l:l:u I:he l:enl:er l:uF avia { 451I:I IIII:II:II:IIIII:I 5033, I:II:II:II:II:II:I} Microns

' / _
) |
/ Auto Fix -

° Traces-ln5|de-Traces Errors :

Traces-Inside-Traces Errors: 194 W | Bgko Fix




Nets options

Edit > Nets

91

Most of the Nets options are used to correct geometry that has been imported from a third-party layout
tool. It is useful to first run a Validation Check (which will be described later in this section) to detect

potential issues @ BBLEH 5
S vrort HOME EDIT GEOMETRY CIRCUIT ELEMENTS VIEW VISIBILITY TooL:
1FR'}Assign IBIS/Source to Pins... @ HFSS 3D Layout]Ports... ]b Via.. =; Bondwire/Pin Associator... é’%
¥ Capacitor Dimensions... : '.IZS’ Mets — ﬂTrace Cross Section... -~ -
Merge QP Components - |l Trace/Bondwire... Merge - All Selected Mets..,
Other Edit Tools Check if Disjoint Connected Mets,.,
* All Selected Nets single Ended Nets ~ 7 x Compon; Checkfor DCshort =
— Merges all electrically connected nets that have been selected  «..rch e O] sz 2] [mIX Cag  Porate Dijomt Parts
: +r 3 Indd Misalignment »>
GND I
* Connected Nets JIRXD_12_0_ n 1 3€ Resi__ Change Name..

— Merges all electrically connected nets in the set into a single net. It is not necessary to manually select these nets
Check if Disjoint
* Only checks the selected nets. The complete layout can be checked during the Validation Check
Check for DC Short
* Only checks the selected nets. The complete layout can be checked during the Validation Check
Separate Disjoint Parts
* [f all parts of a net are not electrically connected this operation will allow these parts to be separated into different nets
Misalignment
* Select and View
— No operation is performed, this is a visualization only
* Correct

— Slwave will try to correct the alignment. The misalignment will be detected in the Validation check. This occurs when
a design has traces whose center lines are not connected to any planes or pads or the center lines of other traces

Change Name
— Enter a new name
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Disjoint Nets

Original : The two pads look to be connected For solver setup, the arcs are discretized
and so they are not connected.

?
_
Ml
&

IIIII

The auto fix can't separate the disjoint nets,

but the validation check will point the
- |_Q)|E|I| Display output from: Validation Checker AR REE 4 . . ..
—E S separating locations of disjoint nets
7 _ﬂ Mizsalignment Warnings . . . .
( 5 O b o If a trace connecting two pads in the design is
R E—— added manually, the net gets well-connected.
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Slwave GUI Controls — Results

Slwave Desktop : Results Window

* Users can define solve, and post-process multiple resonant mode, frequency, SYZ, etc., simulations

* Simulation results are no longer stored in the *.siw file but rather are stored in the *.siwaveresults
subdirectory. Far-field results and network parameters are accessed from the desktop

* One quick integrated reporter with S,Y,Z tab
* Results can be exported to AEDT for post-processing

* Results can also be exported to NdE for causality/passivity check B3 SvZ Sweep 1MHz > 1GHz Linear

S-parameter Plot
PRYbEM

Matrix Entries to Plot S-parameters

-9.30282e-10
Flot  Row Col
»| ¥ |D1RXD_12.0_ D1_RXD_12.0_
D1_RXD_12.0_ D1_RXD_12_1_
D1_RXD_12_0_ D1_RXD_12_2_
l

Results * O X
= SYZ ~
—-B 5¥Z Sweep 1
P4 Plot 1

EX 5v7 Sweep 2

@) ANSYS Electronics Desktop - Siwave PKG SYZ Analysis_plofs - Siwave PKG SYZ Analysis - SYZ Sweep 15 Plot 1 - [Siwave PKG SYZ Analysisplots - Slwave PKG S.. 1| 0. [REc)

5 File Edit View Project Report2D Circuit Tools Window Help - [=][x
iDeHd BB S . itocal B @B R A m
HEALY A
PP ERHGN R
Manager 7 x SYZ Sweep 1 S Plot 1 Slwave PKG SYZ Analysis

PKG SYZ Analysis_plots 0.00 Curve Info
—— db(S(D1_RXD_12_0_D1_RXD_12_0_))
SYZ Sweep 1:5YZ Sweep 1
—— db(S(D1_RXD_12_1_D1_RXD_12_1_))
SYZ Sweep 1 :5YZ Sweep 1
—— db(S(D1_RXD_12_2_D1_RXD_12_2))
SYZ Sweep 1 '5YZ Sweep 1

21-[F] Resul
=-EJ SYZSweep 15 Plot 1
7 db(5(D1_R¥D_12_0_D1_RXD_12.0))

i db(s(D1_RXD_12_1_D1 RXD_12_1)) ~10.00 ] —— db(S(D1_RXD_12_3_D1_RXD_12_3))
i db(5(D1RXD_12_2_D1RXD_12.2)) SYZ Sweep 1 - 5YZ Sweep 1
D1_RXD_12.0_ D1_RXD_12.3_ 536367 74 dh(SD1 RYD_12 3 D1 RXD_12_3 )|
v DI_RXD_12_1_ D1_RXD_12_1_ i nedExpiorer [ === @
DIRCZI.  DIRND12.3_ i il —/ —— — — %1500
D1_RXD_12_1_ D1_RXD_12.3_ 8
o] D1_RXD_12_2_ D1_RXD_12_2_ Mt Vurk Simavefrput_R 01_2/50 G 517 Aalysis. 340 g
D1_RXD_12.2_ D1_RXD_12.3_ L 12727
v DI_RXD_12.3_ D1_RXD_12_3, P

Export for Post-Processing
Plot In Electronics Desktop_|  Plothdme: S Plot 1
SSsedSeaiSEieRa e eSn

Export to ndExplorer le-0e 2000 4000
Frequency [MHZ]

ter Plot ter Plot ter Plot

19,001
-30.00 -
Teke @ o
Select transmission terms /
ntax: {PORT1}:(PORT2} Select 98(S) -35.00
L —— R o T T
Unsele; 254547 ~ | 0.00 2.00 4 8.00 10.00
Ny FIGHz]
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WSS Slwave Circuit Element Parameters

Set Active or Set Not Active

A green check mark in front of
the element shows that it is
active and will be included in
the analysis. A red cross shows

Home > Circuit Element Parameters

CRARRS

==

FEEET
Circuit Eleme
Parameters

For manufacturer supplied components: you can see the manufacturer name, series number,

global parts, circuit elements, and pins.

nt

For local components (created and placed by you): you can see the part name, circuit elements

and pins.

— Next to each pin number, you can see the net to which it is attached.

that is inactive.

95
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Circuit Element Properties -

Capacitors | Inductors | Resistors | Ports

Voltage Probes | Cument Sources | Voltage Sources | Net Teminals

#  Active 8.-"3_)( Part Number RefDes Capacitance (F}  Parasitic L{H) Parasitic R {phms)  Positive "Teminal" Net Negative "Teminal" Net it
o Yes X CAPACITOR_CDROE C1 1E07 1E09 0.05 GND UNACAPACITOR14PAD
o Yes X CAPACITOR_CDRO4 c2 1E07 1E09 0.05 GND WCC
W Yes X NO_DEV_TYFE c3 1E07 1E08 0.05 GND UN105554PAD
W Yes X CAPACITOR_CDROZ o] 1E07 1E08 0.05 GND UNACAPACITORT1PAD -
W Yes b4 NO_DEV_TYFE C5 1E07 1E08 0.05 GND COMPARATOR_VCC 1
W& Yes b4 NO_DEV_TYFE cé 1E07 1E09 0.05 GND UNACAPACITOR18PAD
W& Yes b4 NO_DEV_TYFE c7 1E07 1E09 0.05 GND POR_RST_N
W Yes b4 NO_DEV_TYPE ca 1E07 1E09 0.05 GND UNACAPACITOR24PAD
W Yes b4 CAPACITOR_CWRO6-10V.47.10% C9 4 7E-05 1E-08 0.5 GND WCC
W Yes b4 NO_DEV_TYPE c10 4 7E-05 1E-08 0.5 GND WCC
¥ Yes b4 NO_DEV_TYFE c1 1E07 1E09 0.05 GND WCC
¥ Yes b4 CAPACITOR_CSR13B ci2 1E07 1E09 0.05 GND UNZCAPACITOR218PAD
W Yes b4 NO DEV TYPE c13 1E07 1E-09 0.05 GND WCC
W Yes b4 M
o  Yes b4 Mg H _,_ -
| imd1ta WO w1 T T T TR TN
§ :93 i :: |||||||_"T‘|||||||"|l 1L Illlll ] ||i|l |||| I|l||||||T I BINEN RN
s es
& Yes e NEFEE | : . . me =2 22
W Yes b 4 M
& Yes & e U VT A TTOTAE ATl IR L AT I [ EENIRN
o % b D JI0T T LRI L0 JLE T
o Yes X e L - ! !
o Yes - 4 NoSo o e — e e e oo
W Yes X NO_DEV_ TYPE C24 1E07 1E08 0.05 GND WCC
off Yaa W MO NEV TYPE IR 1E.N7 1E.NG nns (13 1n} wer i
< 3
66 capacitors, 66 active, Dinactive
Export oK ][ Canesl
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WSS Passive components

* Direct import of passive component

Choosing appropriate model

* Three methodologies :
* |deal resistor, inductors and capacitors e
1F
* TouchStone representation of Capacitors, =
Capacitor Library
= Browser...
Inductors, Resistors, and ICs
— Vendor libraries of commonly used Capacitor Library Browser x
X ow I e R g
components (ESR, ESL included) N o
- - - 1E2
* Equation based RLC parasitics
E
. . L] . L] %lﬂ]
— User defines parasitics at specific frequency £
1E1
1E-2
4o . | Eg A 1E3
. SEt Ca pal.'_ltﬂr Para mEtErS 1E4 1E-3 1E-2 1E1 Frequ:nE; b 1E1 1E2 1E3 1E4
Vendor Series Part Name Plot Value (F) | #Active | ElASize |P Lmrt(H) | R_mnt {ohms) | SRF (Hz) S_min (dB) | ~
AVX 0201 02013A0R5CA 5E-13 0 0201 0 1E-10 0.001 0 -18.2069 3
AVX 0201 02013A100JA 1E-11 0 0zo01 0 1E-10 0.001 2.98937E+09  -516102
AVX 0201 02013A120JA 12E-11 0 0zo1 0 1E-10 0.001 266208E+05 -45.282
AVX 0201 02013A150JA 15E-11 0 0zo01 0 1E-10 0.001 247884E+08 -514814
Name: E1 AVX 0201 D2013A180JA 18E11 0 0201 0 1E10 0.001 2.12148E+09 527179
AVX 0201 02013A1ROCA 1E-12 0 0201 0 1E-10 0.001 0 -40.679
PartNumbEr: |: CuStl:lm - AVX 0201 02013A1R2CA 1.2E-12 0 0201 0 1E-10 0.001 8A45719E+09 419754 -
— < T} +
Capacitance:  1E-07 Farads sterminal: 5GA Update
. Filters
Parasitic: Inductance: 1E-03 Herries Vendor | Show | « Series Show EIASize | Show | » Fiter | Quantity Min Max
Parasitic Resistance:  0.05 Ohms T:r::nsnn : gig; : n 01005 : E‘ :?ieﬂla?gew) TDE-13 g?ﬁi;s&m
Kemet % 0402 ] 0201 R S_min Range [dB) -106.911 797204
Murata (] 0508 ] 0306 [ ESR Range (chms) 4.99788E05 19.1185
D K ] [ Eancel ] Panasonic ] 0510 ] 0402 vl ESL Range (H) 0 6.88769E-09
Samsun, [~ 0603 vl 0508 = Price 0 0
Sanyo i M 0612 vl 0603 v
\ 2 Syfer M . 0805 M . 0612 A e
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WWSEH Examine Component Properties

e |f you have a global part name selected: you can examine component properties,
plot the component’s impedance vs. frequency graph, or place a component
either on the top layer or bottom layer

Components v iX

= 3 Capacitors -
0 i Av
;--rEJohansun
i--rEKemet
-3 Local
S Murata
5.7 GAM2

m

0 ¢ EEEr

[ ¢ GAMIQRTENT Examine compaonent properties

+r@ GAZ43 Plot component data
+r@ GA255 Place Component
#  GA3R2

o[ GA33

Component Properti

Manufacturer: Murata
Series; GCM21
Type: GCM21BRT1AZ25KAIT

5-Parameter Model Frequency range: 0.03MHz -= 6000MHz
Series Capacitance: 2.2E-06 Farads

Series Inductance: 5.16887E-10 Henries
Series Resistance @ 100MHz: 0.00393988 Ohms

9/ © 2015 ANSYS, Inc. becember /, 2016

@) ANSYS Electronics Deskiop - ATOUD - AT00D - A700D107MUBATED1S Z Parameter Magnitude Plot
File Edit View Project Report2D Circuit Tools Window Help
DEd| BR S L iliear

HEL 2

ALt R

o

O3 RBELAm i LB

T I)

Fraject Manages LK

5 ATOOD - AT0OD -

= |

] A700D - A7000 - APDIDIOTWOOBKTERLS

ZBarametes ESR Plot = @)=

. Ar000

4 A700D
i Ansiyss 10000.00

A700D107MO0BATEO15 Z Parameter Magnitude Plot ATOOD &

& [ Remits
= EJ ATOUD107MODGATER 15 Z Parameter Magnitude Flot

1000.00

100.00 -

1000 -

b °|f 3
HF ‘
mag(Ziport1 porii)}

100 o

Carvainio !

o

1000.00

A700D107MO0BATEO15 Z Parameter ESR Plot ATOOD &

10000 -

1000 -

100 -




AMSEH Slwave : Component Management

[ ==
To launch the Component Management dialog -3
o S-parameter Model
* Tools > S-Parameter Model Assignment... e
[ ®  5-parameter Compaonent Management Dialog !_2@_!1
Local Part Name Type Walue Size Est. | Manufacturer | Series Part Name Matched Value | Matched Size
» CAPACITOR_CDROZ Capaciter  100.000000nF 1808
CAPACITOR_CDRO4 Capaciter  100.000000nF 1812
CAPACITOR_CDRO& Capaciter  100.000000nF 2525
CAPACITOR_CSR13B Capaciter  100.000000nF  N/A
CAPACITOR_CWRO6-10V... Capacitor 47.000000 uF 3a38
NO_DEV_TYPE Capacitor  100.000000nF 1812
NO_DEV_TYPE Inductor  1.000000 nH N/A
| Auto Match By Value... | | Luto b atch By Mame... | | Import Part katching File |
| Azzign S-parameter Model... | | Clear Model Azsignment | | Export Part Matching File |
| Impaort S-parameter kodel | | Remove S-parameter Model |
| Ok | | Cancel |

e Matching can be done :
— Automatically by Matching part names or values
— Click Auto Match By Value... or Auto Match By Name...
— Using a matching File :
— Click Import Part Matching File ...
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Slwave : Part Matching File

In the Component Management dialog

* Import Part Matching File

r

# ' S-parameter Component Management Dialog

Local Part Name

» CAPACITOR_CDROZ2
CAPACITOR_CDRO4
CAPACITOR_CDROG
CAPACITOR_CSR13B
CAPACITOR_CWROB-10V...
NO_DEV_TYFE
NO_DEV_TYFE

= - ND“EFIEd"‘ e D:\newmap.pmap | Auta Match By Walue... |

File Edit Search View Format Language Seftings Macro || [ assion S-parameter Model.. |

D Ew' >< ><+ ‘ | | ﬁ ‘?}D Q Q | Import 5-parameter Model |

H Newmap pmap I

Type
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Inductor

100.000000 nF
100.000000 nF
100.000000 nF
47.000000 uF
100.000000 nF
1.000000 nH

Size Est. | Manufacturer | Series

1808
1812
2525
NAA

3338
1812
NAA

Auto Match By Mame...

Clear Model Aszignment

Matched Value | Matched Size

I Import Part Matching File I

| Export Part Matching File |

| Remove S-parameter Model |

| QK || Cahcel |

1 #<localPartName> <CompTyper <Manufactulbee——==
2 2113945L49 Capacitors Murata GRMI1S GEMIZSRTI1HIO3KAOL
5 2113945143 Capacitors Murata GEMIS GEM128RTI1HS6ZEAQL
4 2113944C85 Capacitors Murata GRM18 GRM1Z385CI1HS10JA01
5 2113944AR0 Capacitors Murata GRM1S GRM1555CIH200JZ01
6 2113945035 Capacitors Murata GRM18 GRMIZBRTIH2TZEAOL
7 2113946E02 Capacitors Eemet CO805C COB05CIOSK4RAC

2414032869 Ind Coilcraft 1008C3 1008C5-122
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Slwave : Part mapping file

Part Matching from Part Number

The vendor part number in the
BOM may not be an exact match
to a value in the library.

Select Part Hame

Couldr't find global part name with Manufackurer Mame
"TOK", Series Mame "C1005" and Part Mame
"C100557R1EL103K(MY", Please select a closely matching part
namne From the lisk below

Park Mames

C1005:7R1E105E
C100557R1E153K
C100557R1E47 3k
C100557R1E333K
C100557R1EZ 23
C1005%7R 1HES2E

]|

84

Cancel
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Components

H il Panasonic AI
--{- i Samsung
=% & TDK
- &P COE03
= i@ C1005 -
- @ C1005C0GTHORGC
- @ C1005C0GTHIREC
- ¢ C1005C0G1H2R2C
¢™ C1005C0GTHERAC
¢™ C1005C0GTHOaC
¢™ C1005C0GT1HOZ0C
¢™ C1005C0G1HO30C
¢™ C1005C0G1HO40C
¢™ C1005C0G1HOS0C
¢™ C1005C0GT1HOEOD
¢™ C1005C0GT1HOFOD
¢™ C1005C0G1HOS00
&

-
-
-
-
-
-
[ ¢ C1005C0GTHO90D

== ¢ C1005C0G1H101.
B & C26
B[ ¢ C30
- & C31

[F2l PVl e

\j Components EIECLIOn FILEr

Wide-band scattering-
parameter models are
automatically assigned
from the Slwave library.



Slwave : part mapping file

* Syntax for specifying parts:

<part name> <type> <val> <pin order>

which gives little clue as to supported strings for the <type>, <val>, & < pin

order> fields
There is a component mapping file that has the format like this:
# <partname> <ParasiticCap> <Parasiticind> <ParasiticRes>
R_PAK_0402X4-15,5%,31.25MW,N/AA Res 1.500000e+01
R_0603-750,1%,1/16W,N/A-1%,1/1A Res 7.500000e+02
R_0603-75,1%,1/16W,N/A-1%,1/16A Res 7.500000e+01
R_0603-7.5K,5%,1/16W,N/A-1/16WA Res 7.500000e+03

Which can be exported through File > Export > Component Mapping File
Then there is a PMAP file which has the format:

<CustomerPartNumber> <Type> <Vendor> <Family> <PartNumber>
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Example : part mapping file

e Soif the customer has a part number called CUST203204932 which is a 0201 cap
that would map to an AVX capacitor family 0201 part number <0201YA390JA>:

Components - o ox
=¥ o Capacitors -
Sl AT L

5.7 #0201

T @ 0201vA390)A
T @™ 0201V A4TOIA
T @ 0201VAS60)A
T @ 0201YABS0IA
T @ 0201VC101KA
T @™ 0201VC102KA
T @ 0201VC121KA
T @™ 0201VC151KA
T @ 0201VC181KA
T @™ 0201VC221KA
T @ 02001VC2T1KA
T @™ 0201VC321KA

| ST AL ]

Q}:"Cnmpnnents "3'" Selection Filter

e  Then the Customer.PMAP file would be a text file that would have then entry:
 CUST203204932 Capacitors AVX 0201 0201YA390JA

*  This file would perform the mapping under the Tools a Component Database a Part
Matching File
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Port Ass

5>

it =

Slwave :

NANSYS

ignmen

PRI

>

To Perform a circu
extraction or S

analysis, place ports <
In desired location

Ports are similar to probes
-~ In lab measurements

December 7, 2016
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WSS Slwave : Manually draw a Port

e Top-Down view must be activated ?P?
e Circuit Elements > Add Port Add
e Click 2 times to define the positive and negative pin. Port
e Define the Positive and Negative Terminals roiropere: | . =
by choosing a layer Name: CLKTK
Reference Inpedance: 50 Ohms

e A port can be placed everywhere

Pazitive Terminal Met: CLE_TE.
Megative Terminal Met: GHD

i |
selectizvers forportterminals. R Bl Tiatuliel Pl BT

Reference Terminal not connected to Pin or Pingroup

Pozitive Terminal Rezides on Layer Megative Terminal Resides on Layer
Layer Met Layer Met
W SURFACE CLE_1K Il SURFACE WCC
aLz GMD 2 GMD —
L3
OLe
LA
Ml LE F2aa WLE F2aui,
EL7 YCC ELr YCC
[ BASE CLE_1K [ BASE

1]8 ] | Canicel

Mame: CLE_1K
Zref: 50ohms
+ Met: CLE_1K
- MNet: GND
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NWSYSl Slwave : Generate on selected net

e Generate the port on the selected net S5
L
Y zenerate Circuit Elemenf Generate Port on
SeIeCt the nEt(S) on Components... Selected Mets...
e Tools > Generate on Selected net...
Components v 3 x
[ Generate Ports on Nets |i|1 E‘ﬁ? Capacitors |E
&% % Inductors
Check Mets to Process Check Pins to Process on Met SC_PARA_DATAD i .
. _PARA_| _ _ o -[% 9 Resistors
[F]SC_COMPLETE " (Click on the Green Tick f Red Cross mark to deactivate [ activate the ports on the respective pins) EE @? Porte
Ezg:;ltw S :: Mame EZ; Des. ::;tcrzgg e Driver /Receiver E‘f’? U34_SC_PARA_DATAQ =
[EIsc_ERROR & 18 U34 PAL22Y ID:SMSOCKE... "E@F U34_5C_PARA_DATAL
|—| | @K U34 5C PARA DATAZ
[]5C_Para_DATAL - R

[T]sC_PARA_DATAZ
[T]5C_PARA_DATAZ
[T]sC_PARA_DATA4
[T]5C_PARA_DATAS

[T]5C_PARA_DATAG
[Flar PaRA NATAT

i ——

Port Options i

Port (Active)

Ref. Impedance: 50.0 ohms Ref. Met: GMD - Maming Convention B e ——
Name: C5CR_MN_J5_6

Ref. Type: @ Pin (2 Pin Group Zref: 50o0hms
+ Net: CSCR_N
- Met: GND
Generate ] [ Cancel
L 4
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Slwave : Generate on Component

\
e Generate port on component ma ?&t
Ty

EEE
L Select d Component Gzenerate Circuit Element [Generate Port on
on Components... Selected Mets...

® Tools > Generate on Component...

® Define Positive and Reference terminal

B Circuit Element Generation Dialog = |5 =
Positive Terminal Component Reference Terminal Component

PartName: [74ACT299_SOIC -] PartName: |74aCT299_SOIC -]

RefDes: [u35 v] RefDes: ||_|35 v|

Same as Positive Terminal

Circuit Element Positive Terminal Circuit Element Reference Terminal Circuit Elements
- GMD = Capacitors
- ST_CMTL_SRO - ST_CMTL_SRO Current Sources
- ST_CMNTL_SR1 - ST_CMTL_SR1 Inductors
- ST_DATA4 - ST_DATA4 Resistors
- ST_DATAS - ST_DATAS - Ports
- ST_DATAG - ST_DATAS U35_5T_SR_CLK
- ST_DATAT - ST_DATAT Voltage Probes
= ST_SR_CLK - ST_SR_CLK Veoltage Sources
- UM14AC257209PY0 - Terminals
- UN14AC257209PY0 - UNL4ACT299220PDST0
- UN14ACT299220PDST0 - UNL14ACT299220PMRO
(- UNL4ACT299220PMRO - UNL4ACT299220P Q70
- UN14ACT299220PQ70 - VCC
- VCC

Expand | [Collapse | | Find Pin at Location. .. IC

@) Use nearest pin as reference pin Part Name: MACZHZ3 _5“.'1 S0
() Group pins within the reference distance Dresignator Mame: U14

Circuit Element Type

Port

(") Capacitor
€ Current Source

() Voltage Source

[ Expand | [collapse | | Find Pin at Location... |

Reqg Expression syntax {Net name}: {Pin name}

() S-Param Cir Elem () Voltage Prabe
Feg exp: () Terminal
[ Maming convention | | Create ] [ oK | [ canca |
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Slwave : Create Differential Pairs

e Make sure that the Differential workspace is checked :
e Visibility > Workspaces > Differential Nets
e This area allows you to define, search, sort and remove the differential pairs.
e An Auto Identify feature find differential pairs using the positive and neagtive net suffix

e Define + & - net suffix
) A u to I d e nt ify Differential Pair Name Positive Net Negative Net
BLT_DATA1 BELT_DATA_P1 BLT_DATA_R1
BLT_DATAZ BLT_DATA_P2 BLT_DATA_RZ
BLT_DATA3 BLT_DATA_P3 BLT_DATA_R3
BLT_DATA4 BLT_DATA_P4 BLT_DATA_R4
TSD TSD_F TSD_R
Auto Identify Settings
Delete Selected Row(s) |
+MNet Suffix: P @ Append to grid contents
-Met Suffi: _R Replace grid contents
Auto Identify
OK | | Cancel
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Slwave : Create Extented Nets (E Net)

e Make sure that the Enet workspace is checked :
e Visibility > Workspaces > Extended Net

e This area allows you to define, search, sort and remove the Enets. Most extended nets in

real usage consist of only 2 nets with names like “NET1” and “NET1_R"” connected by a
resistor.

e An Auto ldentify feature find Extended net using a keyword (i.e. the net name

differentiator) should be just “_R” o ety endsd e o

Extended Net Mame Nets
HSSL_EXTD HSSL_R. HSSL

Auto Identify Settings

Delete Selected Row(s) |
Met Mame Differentiator _ @ Append to grid contents -

Replace grid contents

| Autordentify |

OK ] | Cancel
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Classic questions about Port Settings

* What if a port in Slwave does not have a connection to a
reference plane, but is connected between two signal
locations? Does this invalidate the results?

 S-parameter models generally consist of ports referenced
to ground.

 In DesignerSl, the S-parameter symbol is often in is an
“implied reference to ground” format.
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A Simple Example

 Consider a 2-inch long trace over a reference plane.

— Ports P1 and P2 between the trace and plane at each end

e Model in AEDT, with a source at P1 and P2 shorted to
ground:

Mame=source

R4
P1 P2

50
va ref
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TDR Results

e Source drives a 100ps edge

Vv

Name=source

R4 L
{ P1 P2

50
Q V3 ref
Lo
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T00.00
I oRlels Reflection from
500.00 - edee far-end short
- | /
EUU.UU—-
E:mn.nn—
0
3 ] Round-trip
£300.00
> ] prop delay
EUU.UU—-
1[][].[][]—-
U.UU | T T T T I T T T T I T T T T I T T T
0.00 200.00 400.00 G600.00 Ta0
Time [ps]

00



Now Split the Trace In Two...

* Now two traces of roughly 1 inch in length

 Ports to ground at all trace ends

L8

~ ove
* Connect a series
Namesouce | | | | inductor between P2
Y ! o o4 and P3
50
V3 ref
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WSSl Series Inductor Results

the waveform

* Results still perfectly intuitive

V

Name=source

|

L8

1e-009

n
S8

@
L

P1

P2 P3

P4

ref
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Inductor causes small positive reflection in the middle of

T00.00
] Inductive
] reflection
600.00 S
SUU.UU—_
= -
E:iﬂﬂ.ﬂﬂ
T
: : Roughly the
£300.00 same round

trip time

200.00 5

100.00

0.00 4 ———,

0.00 20000 40000 60000 750
Time [ps]

00



Now Place Just One Port In the Middle

 Same pair of 1-inch traces, but now place a single port P2
across the gap between them.  , ... P2 reference
— No connection to reference plane at P2 terminal terminal

P /

In the circuit schematic, we only have

Name=source

iy it one pin. How do we connect the series
¢ P P3 inductor?
50 .
ref If we connect it between the P2

V3
terminal and circuit ground, will that

) o short out the second trace?
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No. Results Are The Same

 Voltage between node P2
and circuit ground ]
corresponds to voltage 600.00
across the positive and ]
reference terminals of the
Slwave port

700.00

500.00

V]
=
=

o=

=
|

E

e Circuit ground and physical £
L300.00

reference plane are z
completely different things 20000
‘lUU.UU—:

o0 %\
0.00 200.00 400.00 G600.00 T20.00

Time [ps]
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Slwave Solver Technology

Slwave solver components:

/ Trace model \

Quasi static MoM
for microstrip and
striplines

" =/

/ Plane model \

A

2D FEM approach
with triangular
mesh

J
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Kirchhoff's current

/ Via model \

2D FEM and 2.5D
MoM for parameter
extraction

| ———

and voltage laws

/ System Matrix \

/Bondwire model\

3D MoM for
parameter
extraction

Lt

Y11 Y12 Y1n
Y21 Y22 an

Yo Y, - Y

L

/ Results

™

* SYZ parameters
* Near and far field
* Resonance analysis

\U )




Plane Handling

Same FEM technology as
HFSS, but for layered
structures, i.e. 2D non-
uniform mesh

ea AT
e

Ot

T e
e L
S

Sy
ST,
e

o

e
e ey

P e
e
P e

E=2E,(X )
H=xH, (x,y)+YH, (X y)

|
v E Power and/or ground planes

Separation between the
metal planes is much less

2D restriction offers a major speed and memory advantage than the wavelength
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2-D Full-wave FEM continued

e The Maxwell’s equations can be reduced to a wave equation
in terms of the voltage difference between planes.

1
R+ JolL

VA(X,y)—(G+ jaCV(x,y)=
* The pre-processor identifies where the assumption is valid

ES 2Ez (X, y) \/ /\Special case

v E L ¢T3y )

N

\/
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Slwave - Hybrid Solver

Slwave is a Hybrid Solver

* The pre-processor validates the layout, identifies and
categorizes structures, assembles matrix and passes to
sparse matrix solver.

* WhenisE = ZE, (X, y) not valid?
— Traces
— Trace-plane coupling
— Via transitions
— Plane edges
— Bondwires, balls, bumps
— Coaxial probes
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Correct Handling of All Plane Effects and

Dielectric Losses

Frequency-dependent plane impedance

[

 log R(f)

-
IQM

e===7

f

Correct Handling of Dielectric Losses

Iog(f)

C

ac ~ "

* Loss tangent and permittivity vary with frequency in a coordinated way

* Djordjevic-Sarkar model

— Satisfies causality laws -> physically realistic behavior
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MoM Modeling of Traces

2D MoM RLCG trace extraction

* Generalized multilayer extraction
— Transmission lines
- CPW
— Split planes
* Non-uniform material stackups
* Trapezoidal and hexagonal cross-sections

* High accuracy and speed
— Adaptive meshing of the trace cross-sections
— Fast frequency sweep acceleration

* Multithreaded solve capability with perfect scaling
* Automatic coupling based on dB threshold

kkk

\\

HHH
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Slwave Modeling of Traces

e Define Trace Cross Section by choosing the appropriate

shape by layer:

e Edit > Trace Cross Section...

Rectangle

Trapezoid

e Rectangular, Trapezoidal and hexagonal

Trace Cross Section Shape Editor &J Trace Cross Section Shape Editor &J
Layer: |SURFACE ~| Layer: |SURFACE -
Shape: |Rectangie ~| o <]
Etching Style Etching Style
Over E @) Over Etch
Under Etch
Formula (Trapezoid Only) Formula (Trapezoid Only)
1=\Width * @ W1 =Width = 0.85
= W1=Width - 0.85 * Thickness
Set Ratios Set Ratios
e = Et Set Absolute Values For Etching —
Top: Top: | J
Wi Wi
100 % 85
W2 Wz
Bottom: Bottom:
100 % 85 %
OK | Cancel | OK. | | Cancel
1¢
7

Insertion Loss (dB)

T T T T T T T T T
Rectangle
Trapezoid
o541 Hexagon |1
I L LU/ B | B e R B ,,,,,. -
a5 SN .
20 F—A VA —
25— N AN <
33— AN\
35—
-4 r I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20
|F_r|equency (GHz)

Trace Cross Section Shape Editor lﬁl
Layer: |SURFACE |
Shape: |Hexagon - |
Etching Style
@ Over Etch
Under Etch

Formula (Trapezaid Only)

SetRatios
Set Absolute Values For Etching _
Top: | J
wi:

85 %
Wz —
Bottom: { J

85 %

/| Slide Bath Simultaneously
Ok | | Cancel




Additional Solver Capabilities...

126

Vias

* Quasi-static FEM. Recognize repeated structures and solve only once.
Plane edges: edge-edge coupling

* 2D-MoM. Similar to transmission line modeling

Plane edge to trace coupling
* 2D-MoM

Low frequency plane-plane coupling
Passive components (RLC or s-parameters)

Bondwires & Balls and bumps
* Fast quasi-static 3D MoM (or Boundary Element Method)

Efficient, accurate full-wave analysis of complex PCB’s is possible due to

* Sophisticated ,pre-processing” that properly recognizes and categorizes 3D
features.

* Multiple EM solvers working in combination.
* Advanced Numerics (Matrix solver)
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WSS Slwave Solver Components

Further models for improved accuracy:

127
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Fringe fields: correction for thin planes
(very critical for inductance!).

Smart coupling detection: coupling between traces/plane edges and via
coupling.

Coplanes, split planes and thin planes: plane — plane and traceﬁa:he‘
coupling.

Split CPW




Slwave - Via Modeling

New VIA library - IBM Benchmark Examples

Taken From: Selli, G., et al, “Developing a ‘Physical’ Model for Vias,” DesignCon 2007
Single Through Via + Ground Via

Single Through Via

T T

0 —~- T T 0
=== Measured N === Measured
s \{f —— SIWAVE v4.0 || 5 ) S /\ | = SIWAVE v4.0 ||
N T - A
\ \ -~
-10 [ : -10 | -
I’ , ‘
)
—~ —~ 1
3 | g Moy
= -20 1 1 = -20 L W !
o 1 N I | W]
0 1 %) I 1y
I 1 111
-25 1 -25 ] 11
1 1 U]
:'l ] lll
'l ,l,, a
-30 - -30 u
I 4
]
-35 35
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Frequency (GHz)

Frequency (GHz)
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_ High-Speed Memory System
Design Issues : Via Stub effect

e Board level - Via Stub effect

nrt

3

*J
S
ammun
-_E%

N

T AT

I_

!-l | 0 D ]

H : "
H K B H F H_H
!-!H I-I !-!-

Via Stub Effect

05 Jan 2007 Ansoft Carporation 223029 Y1 —o—]|
S-Paromater Magniuds Plo R
05 Jan 2007 Ansoft Corporation 22:3152 v1—o] Smemf’th iﬁf({ﬂlg’%m”
S-Parameter Magnitude P 455 (ot per 13 -
stub_thrawght <tub_{hrought 000
>>—<‘ i
0.00 4B(S (port2 por Ty
v M—— tub_throughd
1B (S (o2 por Ty (9 / stub_throug
stub_throught ae—————
/ e BN 2\/1 2
pont2 port.
00 11—
i 4B(S(port2 porZ [q stub_throughs
h o
g
o £
z 5
s % 4000
] £
& 4000 g
IE! o
s "
Iy
wn
50.00
£0.00
80.00
a0 01 2. 1. 6. 80 1000
0. 2. 4. 6. a0 1000 Freq [GHz]

Freq [GHz]

129 © 2015 ANSYS, Inc. December 7, 2016



NWSSE Bondwires

A 3D methOd Of moments SOIver is USEd to Bondwire Editor - Typical Bondwire Len: 44.0722 mils

extract the RLC parasitics, including self|*=*

Laver | SURFACE R Model: | JEDEC 5-Paint w

and mutual terms

JEDEC 4-Poi
JEDErcesen

Lowa Profile

[D#g]
Diameter
h Alpha

h2
Beta

D{2 D2

Diameter: |1 mils alpha; |85.0 degrees
hl: |8 il beta; (5.0 degrees
hZ: |2 mils SquDrt SURFACE “w
Laver:

[ Flip Profile &cross 5v-Plane Temination

Layer. SURFACE v

[ Reverze Pkg & Die
Static Diagram
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ISl Passive Components

e RLC components can be modeled
as:

e Lumped Element
e Touchstone file

ESR ESL
C —~
Component attachment accurately
4 modeled from pad dimensions

Ferrites included as a Touchstone
model
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SYS Realize Your Product Promise™

Simulation Options

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics




Simulations > Options...

Slwave Options @
SUPL | SI/PI Advanced | DE

| b€ Advanced | Multiprocessing | Net Processing

(@) SI simulation ‘

Slwave Options @
Optimum speed SYPIAdvanced | pC_ | DC Advanced | Multiprocessing | Net Processing
~) PI simulation Coupling Plane Void Meshing
coplane S L - —
_ - -

Intra-plane Slwave Options ‘ A a “ '

Split-plane [ syt | sup1advanced | DC | DC Advanced | Multiprocessing | Net Pracessing |

Cavity field

[] custom (selecting this opt Trace
-34 r I S
- » -
N r—— T T Y e 11
DC Advanced
T race return current dicl [supr [ sipradvanced [DC | | Multiprocessing | Net Processing |
[ custom (selec .
[ nclude Voltage/Current Initial Mesh Max, Edge Length: ~ 455mil []Perform Adaptive Mesh Refinement
[]introduce infinite ground Plot Current D 7 Mesh Bondwires Adaptive Mesh Refinement Parameters
erform ERC during sim CircLit element cot Bondwire Discretizatio] SIwave Options et
Exclude non-functional py syP1 | syP1Advanced [DC | DC Advanced | Multiprocessing | Net Processing
(non-functional pads are
Multiprocessing
[ZJvesh vias Number of cores to : 4
Via Discretization
Use HPC licensing Slwave Options' @
|syP1 | syP1Advanced | DC | DC Advanced | Multiprocessing | Net Processing
Max (7) Use current net selection for simulation
(@) Auto select nets for simulation
Simulation server

Ignore nets named "DUMMY" or "Unused" during Simulation
Additional Nets to Include in Simulation

Slwave ALWAYS includes nets containing at least one plane.

During frequency sweeps, nets to which sources or probes are attached
are automatically included. During SYZ parameter sweeps, nets to which
ports are attached are automatically included.

Select any additional nets to include in the simulation from the following
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Slwave - Mesh
Use FEM Discretization

Mesh Refinement. This parameter controls how the finite element mesh used in
Slwave is generated. You can select from the following options:

* Automatic: This options automatically picks the suitable mesh refinement frequency.
It is dependent on the drawing size, the number of modes, and/or the maximum
sweep frequency. This is the recommended option.

([

Frequency: This option lets you control the mesh size and is based on the effective
wavelength of the specified frequency.
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Frequency = 5GHz Automatic : Fmax = 10GHz
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3D return current distribution

135

3D return current distribution check box if you want to accurately model the
change of the characteristic impedance of transmission lines caused by a
discontinuous ground plane. Instead of injecting the return current of a trace into
a single point on the ground plane, the return current for a high impedance trace
is now spread out.

Pr—
W - - $trip Transmission Line

Substrate

5 ' E
~ - -
T = "< —
- —
1 ~

’ ! -
, et D ' ' Diracdelta
— e -

Ground
Conducior

The trace return current is not distributed when all traces attached to a node
have a characteristic impedance of less than 75 ohms, or if the difference
between two connected traces is less than 25 ohmes.

Not really necessary for Pl relatedsimulations.
For Sl analysis it is quite useful and improves accuracy.

Slow down the simulation noticeably. RAM is slightly increase by more matrix entries and
some other overhead.
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Coupling Options in Slwave

Solver Coupling Options

— By default, all coupling options are disabled. Please check the box Custom
in the SI/PI tab to enable them.

e (Co-Plane

Slwave Options @
b I n t ra — p I a n e SIP1 | SI/PIAdvanced |pc DC Advanced | Multiprocessing | Net Processing

f Coupling \ Plane Void Meshing
-
* Split-Pl : D
p I a n e Coplane Do not mesh any voids less |

e Cavity Field e

race Mesh Refinement

* Trace

Include Voltage/Current Source Connections/Parasitics in Resonance/SYZ Simulations

Introduce infinite ground plane | 0 below bottom layer in

V| Perform ERC during simulation setup (abort when an electrical short or floating geometry is detectec

| Exclude non-functional pads from resonant mode, frequency sweep and SYZ simulations
(non-functional pads are always excluded from DC IR drop simulations)

oK | | Cancel
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Case 1 -1 trace, 1 plane
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Coupling — Split Plane

With and without Split Plane Coupling

— With all the options enabled, Slwave calculates coupling between trace2
and GND_left

— When Split Plane is disabled there is no coupling between the two

T
O
5
trace 2 =7 GND_left
Salver
Coupling
V| Coplane ID
V| Intra-plane
o | Cawity field
Trace
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NANSYS

With and without Split Plane Coupling

— With all the options enabled, Slwave calculates coupling between trace2 and GND _left

Coupling — Split Plane — Two Cases

— When Split Plane is disabled there is no coupling between the trace2 and GND _left

8] solver_tests_good - solver_tests_good - SYZ Sweep all options S Plot 2 o | @ |58 ] | Ia'f solver_tests_good - solver_tests_good - SYZ Sweep all options2 S Plot 1 S ==
000 SYZ Sweep all options S Plot 2 solver tests good 000 SYZ Sweep all options2 S Plot 1 solver_tests_good 4
20,00 -| 2000
-40.00 -| 4000
a
7 °
i
i 5 o J
s : Split Plane Disabled
1 ©
5
f &
w
Curve Info
Curve Info
-60.00 — -60.00 — db(S(GND_left GND_left))
= db(S(GND _left, GND_left, 50 -
Bl e WO oy
] —— db(S(GND_left, GND_left_0] ave )_led )_left_(
vz S A o D-1eM0) sz i:?;(ﬁé :JI‘JD‘Dﬂf:JTﬁ >
, — oft trace
I I O t' w7z SN aiisne e S Supdlapines
] — oft trace
A PTIONS |wesopimmen s SRERase )
- = db(S(GND_left_0.GND_left_0) avr )_leit_L )_lett_|
vz NP spsitz CND-Ief0) svz i:(ESE(pG :‘ED‘Dh;nnﬁf 2))
— = db(S(GND left 0,t ¥) | a7 )_left_U lrace.
-80.00 Tz 868 S(p Pt g race )] -80.00 svz i:(s;(pe ;‘I‘J u‘phffmnﬁf 20
—— db(S(GND _left 0,t 2 0] ave )_leit U traceZ |
1 vz S N s o200 sz i:eseil all ;P‘ﬂunszi
— db(S(iraced.trace
1 Svz e E e sz i:%;% al apirs: ]UJJ
— db(Sace2.race,
1 5374 g&(ese(‘t,vaaﬁeg;‘r‘icneszin)) sYZ i:(é;: all ;pgn‘nsf 20
race? 1 trace
, vz S arace2.0 5vz Snbep A optionss -
00004 i -100.00
0. 1bo 2o 260 4bo 500 0bo 1bo 2bo abo 4bo 500
Freq [GHz] Freq [GHz]
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Freq [GHz]

0.001000
0.010998
0.020996
0.030994
0.040992
0.050990
0.060988
0.070986
0.080984
0.090982
0.100980
0.110978
0.120976
0.130974
0.140972
0.150970
0.160968
0.170966
0.180964
0190962
0.200960
0.210958
0.220956
0.230954
0.240952
0.250950
0.260948
0.270946
0.280944
0.290942
0.300940
0.310938
0.320936
0330934
0.340932
0.350930
0.360928
0.370926
0.380924
0.390922
0.400920
0.410918
0.420916
0.430914
0.440912

S

db(SIGND _left trace2))

weep all options
-75.481569
-11.617708
-66.838655
-63.441114
-60.839158
-58.749028
57.252107
-55.991105
-54.905827
-53.956594
-53.115906
-52.363950
-51.686013
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-50.509937
-49.996268
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-49.089985
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-47.372560
-47.105335
-46.860149
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-46.432098
-46.247726
-46.082332
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-45.806722
-45.695832
-45.602548
-45 526682
-45.468092
-45.426667
-45.402320
-45.394987
-45.404614
-45.431152
-45.474556
-45.534781
45611773
45705474
45.815817
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Freq [GHz]
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0.220956
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db(S(GND _left trace2))

S

weep all options2
-inf
-nf
-Anf
-inf
-inf
-inf
-nf
-Anf
-inf
-inf
-nf
-Anf
-Anf
-inf
-inf
-nf
-Anf
-inf
-inf
-inf
-nf
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-inf
-inf
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-inf
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-inf
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-inf
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Case 2 — 1 trace, 2 planes

140 © 2015 ANSYS, Inc. December 7, 2016



Coupling — Split Plane

With and without Split Plane Coupling

— With all the options enabled, Slwave calculates all coupling including coupling
between narrow planes like plane_2 and traces like trace_1

— When Split Plane Coupling is disabled, there is no direct coupling between
trace_1 and plane_2

Solver
Cougling
| Coplane
| Intra-plane
V| Cawity field

Trace

e 2

Trace Narrow Plane GND_plane

e 1

141 © 2015 ANSYS, Inc. December 7, 2016



Coupling — Split Plane

With and Without Split Plane Coupling
— Only coupling between the trace and GND plane are significant

| | solver_tests_3 - solver_tests_3 - SYZ Sweep all options S Plot 1 E@ |m-] solver_tests_3 - solver_tests_3 - SYZ Sweep no split planes S Plot 1 [} [=] X
000 SYZ Sweep all options S Plot 1 solver_tests_3 4 000 SYZ Sweep no split planes S Plot 1 solver_tests_3 »
5000? AW 000 r \/\(\
R Curve Info R
—— db(S(GND,pl. 2 Curve Info
-100.00 SYZ Sw(ee(p all u‘:}ﬁg% ) -100.00 — db(S(CND.plane 2
4 — db(S(GND trace_1)) i SYZ Sweep no splif planes
SYZ Sweep all options — db(S(GND trace 1
4 —— db(S(plane_2 trace_1)) E SYZ Sweep no sphif planes
SYZ Sweep all options — db(S(plane_2 trace_1
b 1 SYZ SW(e_eLLI"I_V__D D no SpIit planes
-150.00 — -150.00
o o
o i o i
E E
(5} o
E 4 £ J
o m
<] A a J
a o
-200.00 -200.00
-250.00 — -250.00
-300.00 — -300.00
-350.00 T T T T T T T T T T T T T T T T -350.00 T T T T T T T T T T T T T T T T
0.00 1 !]U 0 3.00 4. !]U 5.00 0.00 1 bO 3 4 60 5.00
Freq [GHz] Freq [GHz]
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Coupling — Coplane

With and without Coplane Coupling

— When Split Plane Coupling is disabled, there is no direct coupling between trace_1
and plane_2

— If Coplane is also disabled, no coupling is computed between traces and planes

Coupling

| Intra-plane
Splitplane

| Cawvity field

| Trace

e 2

e 1

Trace Narrow Plane GND_plane
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Coupling — Coplane

With and Without Coplane Coupling

— Only coupling between the planes, plane_2 and GND are reported when Coplane is
disabled

|8 solver_tests_3 - solver_tests_3 - No coplane i 2 S |8 solver_tests_3 - solver_tests_3 - No split planes o | =3

No coplane solver_tests 3 4 No split planes solver_tests 3 4

0.00

Curve Info
—— db(S(GND plane_2))
SY¥Z Sweep no split planes
—— db(S(GND trace_1))
SYZ Sweep no split plaries

—— db(S(GND trace_1 —— db(S(plane_2 irace 1
SYZ Sw(as(p no cnplaﬁen SYZ Sw(ee(g no Split pleu'\‘es]J

. i — db(S(plane_2 trace_1
5000 vz Shiaplane tiace ) ﬁ \/w\

Curve Info

—— db(S(GND,plane_2j)
SYZ Sweep no coplane

) ) S Parameter indb
do Y] %) L
& & 1= I
e e e e
= = = =
=1 =1 =1 a
T T S T N TS SO T N RSN N SR NN N S
) , S Parameter indb
do Y] ) L
& & =1 o
e e e =
= = = =
=1 =1 =1 =1
/

3.00 i i 2.00 3
Freq [GHz] Freq [GHz]
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Case 3 — 2 traces, 1 plane
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Coupling — Trace

With and without Trace Coupling

Coupling

[ Coplane
Intra-plane
[ ] splitplane
[V] Canvity fiald

e 2

Trace_1 Trace_2 GND
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Split Plane and Coplane Two Trace Model

. For the Two Trace Model the results are the same as the Split Plane Enabled

. Disabling the Coplane excludes the coupling between each trace and the ground

[m solver_tests_2_traces_lplane_no_coplane - solver_tests_2_traces_lplane_no_coplane - SYZ Sweep no..| = || B | &2 [ solver_tests_2_traces_lplane_no_splitplane - solver_tests_2_traces_lplane_no_splitplane - SYZ Swee..

o || B3
000 SYZ Sweep no coplane S Plot 1 > 00 SYZ Sweep no split planes S Plot 1 *
i Curve Info -
7 — db(S(GND, race_1)) Curve Info
4 SYZ Sweep no coplafie — db(S(GND, trace_1))
— db(S(GND trace_2) SYZ Sweep no spitt planes
SYZ Sweep no coplafie — db(S(GND, frace_2))
¥z gb(S(lrace_1 t‘race_E)) SYZ Sweep no split planes
weep no Toplane’ —— db(Sit 11 )
-10.00 | -10.00— vz Soirace Lirace 2)
-20.00 -20.00 —
-30.00 -30.00 —

o el

£ i kel

= =

g ] g i

“5-40.00 ‘140 00 |

E El

@© | -

5 @

& i o

» 1 l
-50.00 -50.00 —
-60.00 — -60.00
-70.00 — -70.00
-80.00 T L T L e T £0.00

0.00 1.00 2 0 4.00 5.00

3. i |
Freq [GHz] Freq [GHz]
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Coupling — Trace

With and Without Trace Coupling

Freq [GHz] dQ}ggv’ye%;t)rgﬁeopluons two trace model g%z Eweégglcle@nons two trace model ng gweep all opetﬁ)n)é two trace model Freq [GHz] d‘%}S(gv’yeZ;'ﬁ%er&%e two trace model %S(gvveDegﬁgergc)e two trace model SYz "ﬁéiplnéatfaece wo trace model
0.001000 -80.094041 -79.939533 -80.268550 0.001000 inf -inf Linf
0.010998 -81.500037 -74.406131 -63.452760 0.010998 inf inf inf
0.020996 -79.837461 -69.370202 -58.019106 0.020996 Jinf inf inf
0.030994 -77.104160 -66.019871 -54.757956 0.030994 Jinf inf inf
0.040992 -74.213273 -63.519997 -52.439362 0.040992 Jinf Tinf Linf
0.050990 -71.614311 -61.531155 -50.645301 0.050990 linf linf inf
0.060988 -70.062135 -60.043304 -49.143095 0.060088 Jinf Jinf inf
0.070986 -68.753971 -58.786333 -47.869037 0.070986 Jinf Linf inf
0.080984 -67.626534 -57.699034 -46.762601 0.080984 Linf Linf inf
0.090982 -66.637847 -56.741630 -45.784876 0.090082 Linf linf inf
0.100980 -65.758885 -55.886934 -44.909291 0.100980 inf Jinf inf
0.110978 -64.968820 -55.115593 -44.116836 0.110078 inf linf linf
0.120976 -64.252223 -54.413357 -43.393409 0.120976 inf inf inf
0.130974 -63.597366 -53.769421 -42.728244 0.130974 inf Linf Zinf
0.140972 62.995129 53.175396 42.112926 0140972 inf nf inf
0.150970 -62.438292 -52.624630 -41.540749 0.150970 inf inf inf
0.160968 -61.921043 52111755 -41.006282 0.160968 inf inf inf
0.170966 -61.438639 -51.632369 -40.505065 0.170966 inf Linf inf
0.180964 -60.987161 -51.182820 -40.033393 0.180964 inf inf inf
0.190962 -60.563334 -50.760038 -39.588152 0.190962 inf inf inf
0.200960 -60.164395 -50.361418 -39.166703 0.200960 inf inf inf
0.210958 -59.787992 -49.984729 -38.766791 0210958 inf inf inf
0.220956 -59.432106 -49.628047 -38.386472 0.220956 nf inf nf
0.230954 -50.004988 -49.289698 -38.024060 0.230054 inf inf nf
0.240952 58.775118 -48.968215 -37.678086 0.240952 inf nf nf
0.250950 -58.471159 -48.662309 -37.347257 0.250950 nf inf inf
0.260948 -58.181934 -48.370838 -37.030433 0.260948 nf inf nf
0.270946 -57.906399 -48.092784 -36.726604 0.270946 nf inf nf
0.280944 -57.643621 -47.827237 -36.434869 0.280944 nf nf inf
0.290942 -57.392766 -47.573381 -36.154421 0.290942 nf inf nf
0.300940 -57.153082 -47.330479 -35.884537 0.300940 Sinf Sinf Sinf
0.310938 -56.923888 -47.097862 -35.624563 0.310038 inf nf nf
0.320936 -56.704568 -46.874923 -35.373909 0.320936 Gnf Sinf Sinf
0.330934 -56.494560 -46.661110 -35.132038 0.330034 g nf inf
0.340932 -56.293350 -46.455915 -34.898460 0.340932 Linf _inf _inf
0.350930 -56.100465 -46.258873 -34.672731 0.350930 in nf nf
0.360928 -55.915472 -46.069557 -34.454441 0360928 inf nf nf
0.370926 -55.737971 -45.887570 -34.243215 0.370026 I nf inf
0.380924 -55.567591 -45.712547 -34.038708 0.380924 Linf _inf _inf
0.390922 -55.403988 -45.544148 -33.840601 0.390922 Linf _inf _inf
0.400920 -55.246843 -45.382057 -33.648601 0.400920 Linf nf Sinf
0.410918 -55.095858 -45.225980 -33.462434 0.410018 Linf _inf Sinf
0.420916 -54.950755 -45.075642 -33.281847 0.420916 inf Linf _inf
0.430914 -54.811272 -44.930786 -33.106607 0.430914 Zinf Linf Sinf
0.440912 -54.677165 -44.791169 -32.936492 0.440912 inf Linf Sinf
0.450910 -54.548206 -44.656566 -32.771301 0.450910 inf Zinf Linf
0.460908 -54.424177 -44.526762 -32.610841 0.460908 Linf Zinf Linf
0.470906 -54.304875 -44.401557 -32.454934 0.470906 Zinf Linf _inf
0.480904 -54.190106 -44.280761 -32.303413 0.480904 Jinf Linf Sinf
0.490902 -54.079690 -44.164193 -32.156122 0.490902 Zinf Linf _inf
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Coupling — Cavity

With and without Cavity Field Coupling

— Cavity Field coupling models the effect of
fringe field between cavities

— Two cavities are represented by the

following stackup

C.. Name
DIELECTRIC-1
Top
DIELECTRIC-2
Middle
DIELECTRIC-3
Bottom
DIELECTRIC-4
Middle2
DIELECTRIC-5
Bottom2

BEO0O@ &
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Type
DIELECTRIC
METAL
DIELECTRIC
METAL
DIELECTRIC
METAL
DIELECTRIC
METAL
DIELECTRIC
METAL

Coupling

[/] Coplane
[¥] Intra-plane
[¥] Split-plane

| Cavity field

Trace

Coupling

[/] Coplane
[¥] Intra-plane
[¥] Split-plane

Cawity field

Trace




Coupling — Trace

With and Without Trace Coupling

— Coupling between the Top Layer, top cavity and bottom layer, bottom cavity

150

Ansoft LLC
-30.00

Without Cavity Field S Plot 1

solver_tests_cavity_fields2 &

S Parameter in db

-100.00

Importe

Cune Info

dB(S(Top, lower.
Without ((:fgrli[)? Field ™

dbéS(Top‘ lower_cavity))_1

cavity))

T T

l.%)O

T

T

T

T

2‘%)0

T

T T

Freq [GHz]
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SYS Realize Your Product Promise™

Recommended
Slwave Solution Settings

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics



SYZ-SI

Recommended Settings

Automatic void detection
preferred

Enable coupling except intra-
plane coupling

Disable trace return current
distribution

Do not select additional nets
to include in the simulation

Use Trace return current
distribution when signal
traces switch layers
frequently (slowdown)
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Slwave Options

SUPL | SYPIAdvanced | DC | D Advanced | Multiprocessing | Net Processing

(@ ST simulation

B

Optimum speed Balanced Optimum accuracy

() P1 simulation

[ custom (selecting this aption allows you to configure advanced solver settings)

Slwave Options

SYPTAdvanced |pC_ | DC Advanced | Multiprocessing | et Processing|

Coupling Plane Void Meshing
Coplane Do not mesh any voids less  Ee]
Intra-plane
Cavity field
Trace Mesh Refinement
3) Automatic
-34

Frequency | 4GHz

Trace return current distribution

[ nclude Voltage/Current Source C asitics in Y

[ introduce infinite ground plane | 0Mm below bottom layer in

(non-functional pads are always excuded from DC IR drop simulations)

Slwave Options

[syp1 [ sypradvanced [pc | pC Advancad | Multiprocessing | et processing

Slwave Options

SYFL | SYPIAdvanced | DC | DC Advanced | Multiprocessing | Net Processing

Multiprocessing

Number of cores to 4

[#]Use HPC licensing (") HPC Pool

(@) HPC Pack

Max. 80 % of total
Simulation server localhost Port:

Perform ERC during simulation setup (abort when an electrical short or floating geometry is detectec

[#]Exclude non-functional pads from resonant mode, frequency sweep and SYZ simulations

") Use current net selection for simulation
Q@) Auto select nets for simulation
[ 1gnore nets named "DUMMY" or "Unused" during Simulation
Additional Nets to Incude in Simulation
Slwave ALWAYS includes nets containing at least one plane.
During frequency sweeps, nets to which sources or probes are attached
are automatically included. During SYZ parameter sweeps, nets to which
ports are attached are automatically included.

Select any additional nets to include in the simulation from the following




SYZ-RF

Recommended Settings

Slwave Options Slwave Options @
° Exp I iC it Iy Set t h e P I a n e VO i d SUPL | SYPIAdvanced | DC | D Advanced | Multiprocessing | Net Processing SYPI Advanced [pc | pe Advanced | Multiprocessing | Net Pracessing|
@) SI simulation Coupling Plane Void Meshing

Meshing for a low bandwidth J | | e R
Optimum speed Balanced Optimum accuracy Split-plane

sweep up to a few GHz

Trace Mesh Refinement

Automatic

e Enable coupling except intra-
p I a n e CO u p I i n g [] custom (selecting this aption allows you to configure advanced solver settings) Trace return current distribution

[ nclude Voltage/Current Source C asitics in

Y
© D i b I t t t []ntroduce infinite ground plane | 0mMm below bottom layer in
I s a e ra Ce re u r n C u r re n [/]Perform ERC during simulation setup (abort when an electrical short or floating geometry is detectec

. . . [/]Exclude non-functional pads from resonant mode, frequency.sweeg and SYZ simulations
d I St rl b u t I O n (non-functional pads are always excluded from DC IR drop simulations)
o, .
* Select additional nets to 4

include in the simulation if S-

Slwave Options Slwave QOptions @
pa ral I Iete rs I I IOdEIS a re [SUPI [ SyPiAdvanced [DC | DC Advanced| Multiprocessing [net Processing SUP1 | SyPIAdvanced [ DC | DC Advanced | Multiprocessing | Net Processing
Multipracessing ") Use current net selection for simulation

attached to components oo [

[ 1gnore nets named "DUMMY" or "Unused" during Simulation

[#]Use HPC licensing “JHPC Pool
@) HPC Fack Additional Nets to Include in Simulation
Max. 80 % of total Shwave ALWAYS includes nets containing at least one plane.

* Use Trace return current — - ;’ngfm“é:“i:”.fﬂtt‘g@?z"ﬁd?tsf”p e to e
distribution when signal
traces switch layers
frequently (slowdown)

Select any additional nets to include in the simulation from the following

o
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SYZ-PI

Recommended Settings

__ . . )
Siwave Options m ™ .‘ I ™ ivvove Options m i .‘ I - e 1. i i ed |
- ——

SPL | SIPI Advanced [ DC | DC Advanced | Multiprocessing | Net Processing | SIPL Advanced D | DC Advanced | Multiprocessing | et Processing |

* Automatic void detection

Coplane Do not mesh any voids less than 1062000124n2
f d Intra-plane
prererre ot plare Restore befauk

@ PI simulation Cavity field

 Disable all coupling ]

@) Automatic

Optimum speed Balanced Optimum accuracy 4
. Frequency | 4GHz
* Disable trace return current
[] Custom (selecting this option allows you to configure advanced solver settings) Trace return current distribution
d i St ri b u t i O n [T Indlude Voltage/Current Source Connections/Parasitics in Resonance SYZ Simulations
[ Introduce infinite ground plane | Omil below battom layer in stackup

Perform ERC during simulation setup (abort when an electrical short or floating geometry is detected)

* Do not select additional nets to e e e fon st i, ey e 2 e
include in the simulation

,

* Use do not Explicitly Mesh voids ... MEai® 1 T ™o FEe Y T TYSSEEITET
< Om m2 When PI solutions [stp1 [ sip1advanced | DC | DC Advanced | Multiprocessing | Net Processing | SIFL | s1/P1 Advanced [ DC | DC Advanced | Muliprocessing | Met Processing |

Initial Mesh Max. Edge Length:  455mil [CPerform Adaptive Mesh Refinement I
.
contain Hatched Planes U Erenones
Optimum speed Balanced Optimum accuracy Bondwire Discretization i
(Slowdown) ' :
[7] Custom (selecting this option allows you to configure advanced solver settings) 20
[ Mesh vias

* Use Intra- p lane Cou P lin gw hen P\ot Current Density and Vokage Distrbution o o "
DC solution accuracy is |
extremely important (RAM
increase & slowdown)

Refine Mesh Alang Vias
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Near Field

155

Recommended Settings

* Select a few frequency points
only (harmonics)

* Select an observation layer at
least 3mm away from the PCB

© 2015 ANSYS, Inc. December 7, 2016

Compute Near Field

Simulation name:

Excitations

Fregquency Range Setup

@) Use sources defined in project
Uze sources defined in external file

Start Freg

Stop Freg

MNum. Points | Distribution

100kHz 2GHz

100 Linear

Cuboid Surface Positions

Preview...

Mear Field Solver Options

+x offset: 3 mm Min. Adapt Passes: 1
x offset: 3 mm Max. Adapt Passes: 10
+y offset: 3 mm Triangles to Add Pass: 20 %G
-y offset: 3 mm Global Error Tolerance: 3 %
+zoffset: 3 mm Maximum Edge Length
zoffset 3 ] @ Automatically determined
43927
Other solver options... | | Save Settings | [ Launch ] | Close




Slwave Setup Guide for SYZ simulation

e Use the Djordjevic-Sarkar model
e Slwave "standard" dielectrics use Djordjevic-Sarkar by default

* Frequency Sweep
* Include DC point

Decade sweep from low frequency to around 1GHz

Linear spaced sweep for 1GHz to highest frequency

Set highest frequency to a minimum .35/tr where tr is the rise time
Error Tolerance : Set to .001 (default is .005)

* Impedances
» Set power plane solution impedances to 1 ohm
e Set transmission line solution impedances to 50 ohm

* Exporting s-parameter files
 Renormalize to 50 ohm or 1 ohm according to application.

156 © 2015 ANSYS, Inc. December 7, 2016



Realize Your Product Promise™
Signal Integrity
simulation - Basics
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Signal Integrity Analysis

158

Slwave can be used to extract models that accurately model return path, parasitics and
all relevant coupling .

Models can be in the form of a Touchstone file (v1.0 and v2.0), FWS SPICE subcircuit,
lumped RLGC and others, and can be used for any time/frequency analysis

SSO

— Verify signaling with non-ideal power delivery to drivers
Eye diagrams

— Verify signal is clean enough for proper detection
Cross-talk

— Verify neighbors do not cause excessive noise

Within Slwave environment, some analyses include Insertion/Return loss, Coupling,
TDR and TDT, you can view frequency domain data and time domain data using an IFFT

© 2015 ANSYS, Inc. December 7, 2016



SI Analysis Setup

S LSO LSOO =D
To Perform a circuit 22
extraction or Sl

analysis, place ports

probes in lab
measurements
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S-,Y-, Z- Analysis

e To extract S, Y and Z matrix for the predefined
ports :
e Simulation > Compute S-,Y-,Z-parameters

e Enter the value for Start Frequency.
*Include DC point
*Decade sweep from low frequency to
around 1GHz
Linear spaced sweep for 1GHz to highest
frequency
*Set highest frequency to a minimum .35/tr
where tr is the rise time

e Specify the Number of Solution Points.
e Select the method for distributing points
e Choose the sweep Selection

e Discrete sweep

e Interpolating sweep

160 © 2015 ANSYS, Inc. December 7, 2016

Compute SYZ-parameters m

Sweep | Sensitivity | Distributed Analysis (HPC)
Simulation name: SYZ Sweep 1

+ | Compute exact DC point

Freguency Range Setup

Start Freq Stop Freg | MNum. Points f Step Size | Distribution
1 |1Hz 1GHz 20 By Decade
Add Above | | Add Below | | Delete Selection | | Preview, ..

Sweep Selection

| Set FW'S generation parameters

@) Discrete Sweep

Min Rise Fall Time /s |

Interpalating Sweep
Slwave with 30 DDM

Other solver options...

| Export Touchstone® file after simulation completes

File path:  E:\SVM_Training\SIwave\input_files\WS01_2\siwave_ | Browse... |

Save Seﬁingsl | Launch

| | Close




Frequency Sweep Selection box

Discrete Sweep : Fraqueney U e T
* All frequency points in the list are solved. Look at the Frequency List Preview. st :
Eio7e
Frorre
i
o 4.5E+07Hz
Interpolating Sweep : =
| e
* Following an Error tolerance, an interpolating sweep estimates a frequency response | 7.
for an entire frequency range by solving at a relatively small number of frequency i
9.5E+07Hz
points within that range. Between the actual solution frequencies, the frequency o ot
i N i N N . 1, 1E+08 Hz
response is obtained by rational interpolation. Slwave adaptively chooses the | i
i f . . . . 1.25E-+08 Hz
frequency points at which it computes the field solution. After a new frequency point | x5
. B . M - N . . 1.9E+08 Hz
is solved, a new interpolating fit is generated. This is compared to the interpolant L35 05 -
N A . . Total number of frequency peints: 501
from the previous step, and the maximum difference between the two is |‘ '|
. . Close
determined. If the difference exceeds the requested tolerance, then a new frequency | —

point is chosen for a solution. The interpolating sweep is complete when the
difference between successive interpolants is less than the error tolerance criterion.

Optionally, to save these settings and use them for subsequent
simulations, click the Save Settings button
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WSS Simulation Profile

. During simulation, in the Process Monitor workspace, you can follow the simulation
progress. profile, monitoring the real time, CPU time, memory requirements and
view the matrix informations.

Process Monitor (SY 2 Sweep 1) -~ o

Drisplay: PMessages - - dia

sSsolwving Tor DC vo1tage;current distribution. - . —
Initializing the probles
Setting up solution -nat.-:r1 als
Reading geometry FTile
Reading lawer stack up
Setting up <circuit graph
Creating & Tayver meshes

Mmeshing Layer #1

Me=s=hing Layer =3I

Meshing Layver #3

Meshing Lawer #4

Meshing Layer #5

Meshing Layver #&

Setup: [ 100Es 1
Simulation: [ I 353 1
=| Messages Process Monitor (SYZ Sweep 1)

. When the simulation is done, the profile is available with real time, CPU
time, memory requirements and view the matrix informations.

: - e S S
*  Results > Analysis Name > View profile | .- ......c. -ore .

ea1 Time CPU Time Memory Size
siwawve ng 5.0.0 (Built: NOw 4 2010 04:34:46)
Commenced on hosT LYORFERNAND7L at Mon Feb 07 22:18:26 2011
real Cpu

| | | | |
1 Command | Time 1 Time | 1
I | I | I
I I

nig

eomproc
1 project

m

SIwave 5.0.0 Nov 9 2010 at 11:47:27 beginning
C:wProgram Files (x86)hwAnsoftySIwaveshansoftbins4hsiwave_solver.exe on LYORFERMNAND

| Cpu | mMemory | |
Command Time Number of El1ements
geomproc 00z 00z 00 11128K 2040 triangle
H 7 xsections

| |
I |
I |
| xsec_solve |
| wia_extract |
I I
I |
I

bsmadapt 00: 00: 03 SE6868K 18246 triangles
DRS_. 00z 00z 00 7328 21162 matrix
SInave | 00:00: 01 | FIZEOK 21162 matrix

Finished on LYORFERNANDTFL at 0207 /2011 2Z2:18:37

AC solution Profile:
Module rReal Time CPU Time Memory Size
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Save &3 | [ Close ]




Frequency Analysis

ANSYS SYZ Sweep 1 S Plot 1 Simple_diff_pair Curve Info
0.00 — —— dB(S{n1,n2))
SYZ Sweep 1

_ | — aBisete2n
SYZ Sweep 1

. R | — espzoz)
SYZ Sweep 1

llnsertion

SYZ Sweep 1

—— dB(S(n1,p1))

SYZ Sweep 1

— dB(S(n1,p2))

SYZ Sweep 1

— dB(S(n2,n1))
Z

eep 1

_ — dB(S(n2,n2))
SYZ Sweep 1

— — dB(S(n2,p1))
3YZ Sweep 1

—— dB(S(n2,p2))
SYZ Sweep 1

— dB(S(p1,n1))
SYZ Sweep 1

—— dB(S(p1.n2))
3YZ Sweep 1

—— dB(S(p1,p1))
SYZ Sweep 1

—— dB(S(p2,n1))
3YZ Sweep 1
—— dB(S(p2,n2))
SYZ Sweep 1

— dB(S(p2,p1))
SYZ Sweep 1

S Parameter in db

Coupling

1 Verify proper signal
| transmission over desired
1 frequency range

-120.00
0.00 ‘ I I 0&5 I ‘ U.éﬂ I I U.J!S I I I ‘ 1.%0 I I I I 1.&5 ‘ I I 1%0 ‘ I I 1J15 I I 2.00
Freq[GHz]
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Signal Net Analyzer
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SNA provides:

1. Z, Profile & Delay
for all paths of a sigh@

2. Reflection Noise

through transient analysiss
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Slgnal Net Analyzer (SNA) in Slwave

ad«%ﬁ’%ﬂ%

FRRARN
v sy

Voltage [V]
"

Display [Transient Response Plot v | [Compute Flot [ Transient options | | 71A

A-MII-COL
A-MII-CRS

A-MII-RXDO
A-MII-RXD1
A-MII-RXD2
A-MII-RXD3
A-MII-RXDV
A-MII-RXER
A-MIFFTXCLK
A-MII-TXDO

8 16 24 32 40
Time [ns]

& Compare Plots | Export Plots... | [ Clear Plots |

Layer Type Length (mils) Delay (ns) Z0(ohms) Top Ref L. Bottom Ref. Trace Separation (. 1 Pin So.
Net A-MII-RXCLK
=l Path: Pin SQFP20X20_144:U7:60 > Pin SQFP28X28_208:U1:25 (Length: 5572.78 mils)

TOP Microstrip 172.202 0.0258193 61.7998 N/A GND N/A

BASE Microstrip 439.196 0.0658514 61.7998 vcec N/A N/A

TOP Micros trip 4834.81 0.724912 61.7998 N/A GND N/A

Accumulate Selectio

Length Units Lmlls




Signal Net Analyzer — Impedance Delay

. The Signal Net Analyzer gives you the ability to get a quick idea of characteristic impedance and
also to rapidly generate transient voltage waveforms (using HSPICE or Nexxim simulations) of
pin-to-pin signal propagation. The Signal Net Analyzer generates an impedance delay plot for
each trace path selected. It also works for differential pairs.

. Tools > Signal Net Analyzer

# ° Signal Net Analyzer (K | - 1 b bl

Plot

Impedance [ohm]

1} 0.2 04 06 0.3 1
Delay [ns]

Display |Impedance Delay Plot Transient Simulation Options ‘ | Frequendes ‘ V| Accumulate & Compare Plots Export Plots... | | Clear Plots

A0 MUX 3 Layer Type Length {mm) Delay (ns) Z0 {ohms) Top Ref. Layer | Bottom Ref. Layer | Trace Separation {mm) IBIS | Pin Source
AD_N 4 Net: AD_GPIO

AD_N 0 4 Path: Pin G63512-001:U4:2 -> Pin H18589-001:U8:39 (Length: 91.8648 mm)

AI_GI;IO TOP Microstrip 0824539 0.00445472  164.461 N/A GND N/A

AI_MU!{ LYR 2 Stripline 85.9063 0611063 58.5413 PWR GND N/A

A2GPIO ToP Microstrip ~ 1.8288 00100839 523672 N/A PWR N/A

AZ_MUX

A3_GPIO

A3_MUX

A4_ADC_GPIO

A4_GPIO

A4_MUY

A5_ADC_GPIO

A5_GPIO Suppress All Warnings

A5_MUX Accumulate Selections for Transient Analysis Reverse Selected Path for Transient Analysis Run Transient Analysis in ANSYS Electronics Desktop

V| Select these nets on dose Length Units | mm ¥ | Delay Units |ns v| Show Selected Net Only Export Table... | [ Close
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Signal Net Analyzer — Transient Response

[V] elect these nets on dose

Lengt s [om 7]

Delay Units

[T show Selected Net Only

© 2015 ANSYS, Inc.

December 7, 2016

|:| Linear source resistor: ohm
[T Pull-up termination resistor: ohm
Pull-down termination resistor: 50 ohm

(Source resistor only when no driver IBIS model & termination resistor only when no receiver IBIS model)

Automatically reverse path on IBIS model type inconsistency {e.q., input model on receiver side)

Kill analysis if still running after: 60 g

- -— S — & = Al
B Signal Net Analyzer - " -' ) 4 ...“- & |
Plot
1
0.3
= 06
@
204
=
02
"]
0.2 . . . .
0 10 0 30 Transient Simulation Options l. 1 (S|
a— -
Time [ns]
Simulation Setup
Display [Transient Response Plot v] [Compub& Plot] [Transient Simulation Options ] [ Frequencies ] Accumulat
@) Use Nexxim license [¥] Use recommended values (Recommended)
") Use HSPICE license Use recommended values {Recommended)
[FlAD_GPID
Ty Layer T Length Del Z0 (oh Top Ref. Layer | Bottom |
[ mo_muy P T L ] 2y {rs) fiz) & om Path to executable: | C:\Program Files\AnsysEMAnsysEM 15, 0\Win54 nexsim. exe Br
[ClA0N Sl
[C]mo_N_R 4 Path: Pin 1 1:U4:2 > Pin H1 1:U8:39 (Length: 91 mm) Specify license (file or server name): | C:\Program Files\AnsysEM\adminyredirect.lic
[ALGPIO TOP Microstip ~ 0.824539 0.00445472  164.461 MN/A GND
DAI_MUX LYR_2 Stripline 85.5065 0611063 58.5415 PWR GND
DAZ_GPIO TOP Microstip ~ 1.8288 0.0100833 52.3672 N/A PWR Input Parameters
[TA2_Mux Source: Default Pulse - Manage Sources
[[a3_cpPIo ) Default Pulse
[]A3MUX Stoptime:  pefault PRES
. X Default CustomBitSeq
EM—ADC—GPIO i Step size: Default Clodk
A4_GPIO
E::_I:[L)'é o0 Additional Components
——— river from the model (if assigne: r the source pin
145610 [¥] Criver from the IBIS model (if d) for th
[ A5 _Muy i [ Accumulate Selections for Transient Analysis | Reverse Selected Path for Transient Analysis [~| Run Transient Analysis Receiver from the IBIS model (if assigned) for the termination pin
[Flames neT sa

[ OK ] [ Cancel

]
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WSSl Slwizard

Simulation > Slwizard...

Automates the creation of

169

Pin groups containing power/ground pins
Ports on both signal and power nets

SYZ data (DC to fstop, based on signal TR/TF)
FWS deck

AEDT schematic

Time domain voltage waveforms at drivers, receivers
and power supply pins of all buffers

Eye diagrams

TOOLS EXPORT SIMULATION RESL

& B

Signal Met Impedancp Shwizard... TDRwizard...
Analyzer~  Scan...

© 2015 ANSYS, Inc. December 7, 2016

Select Signal Nets

|

4 Ports / Pin Groups

|

SYZ

\

|

FWS / S-parameters

|

AEDT Schematic

|

\Transient Simulation / Eye Diagram



Slwizard

Single-Ended | pifferential | Extended | Extended Differential |

Nets in Design

epad

exhaust_valve_control

exhaust_valve _current

and

I 5

\lgirxd 01 Shwizard Step 2: Assign Driver and Receiver Models

lin_tcdl

Is

Is1_enable Net Pin Emo_ Palbumber  RefD.. Type Comer  IBIS Companent ModelSelect. IBISModel  Exciaion Sour PKGR_

Is2 p|AMETDD 18 & Driver (Active) Typical VIRTEXS ~None- SSTLISN  DefautPRES @

s2_control _ S, § _

Is2_enable L i i < s i

octal_reset AMETXD2 17 7]

pump ol AMETXDI 16 )

pump_control

pump _current D00 M £

pump_out AMETXDT 75 &

pwm_ls_control AMETXD2 76 F g h]
sensor_power_contro BT = ﬂ
tool0 - I .

toold Stwizard Step 3: Component Power and Ground Nets -

vbat_monitor e —————————
wbat_monitor_power_|

vbatp_valve

PartName Ref Des.  Suppl
SQFP28X28_208 U
) SQFP20X20_144 vy

| Slwizard Step

I Options
ANSYS Electronics Desktop Project Name siwizard
Bl o | Suppiy: v || Update [ Generate netlistinstead of schematic
Change pin type to Driver (Adtive) [7] Use ANSYS Electionies Deskiop-Shwave Dynamic

["] Include User-Defined Port:
Chiange pin buffer comer to | Typical [7] Inelude User-Defined Ports

|=l Transient Simulation Options

Include PXG RLCS for N Step Size 0125s
Stop Time 125ns
| [¥] Invoke Transient Simulation

[7] Plot Driver Waveforms :|

[7] Plot Receiver Waveforms
[7] Plot Power Rail Waveforms
[ Invoke QuickEye Simulation

as Options ==
S-parameter Sweep Configuration Edit |
Signal Net Port Reference Impedance S0ohms
Power Net Port Reference Impedance 1ohms

[7] Force S-parameter Recomputation

S-parameter Sweep Configuration

<Previnusl l 0K l l Cancel
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Select component in drawing area

Cuseno O OOOOO
CBASE o ¥ FEEEFEFE

Properties

B 1c

Part Humber
Ref, Des
gefault Buffer Models

BGABOPIX15-90
ui1

S MNone
Part Name: BGAS0P9X 15-30
Designator Mame: U11

=

Set “Type”
= IC

Part Mumber

BGABOPSX15-90

Part Mumber BGASOPSX15-90
= EE]:Delinﬁ Model o Ref. Des uit
elau urrer Moaels

Class 1BIS [Z Default Buffer Models

Type Undefined | Class ]II!S )

Corner Type Driver (Active)

Component Driver (Inactive) Corner Typical

Recciver |
Receiver {with Termination) SR
Cydonell
EDE1116ABSEDIN
MT4/H16M168G-3_25
MT4/H32MBBP-3_25
et MT47H32MEBP_CLP-3_25
MT4He4M4BP-3_25
MT47/He4M4BP_CLP-3_25
VIRTEX-5
psxddr2ob
psxddr2obg
171  © 2015 ANSYS, Inc. December 7, 2016

Buffer Assignment

Set “Class” to IBIS

Properties

B IC
Part Mumber BGABDPSX 15-30
Ref. Des u11

= Default Buffer Models

Class

X<

IBIS

-

a

X

ype MNone
Corner
Component

Select IBIS Component

Properties 0 X
E IC

Correct IBIS buffer model
assigned to all component pins

= Ic ~
Part Number BGAB0PSX15-90 i
Ref. Des U1l
= Default Buffer Models
Class IBIS
Type Driver (Active)
Corner Typical
Component MT47H16M16BG_CLP-3_25
= MT47H16M16BG_CLP-3_25
Manufacturer Micron Technology, Inc.
R_pka {typ.) 56.5m
L_pkg (typ.) 1.86nH
C_pkg {typ.) 0.27pF
Model CLKIM_B800
E Pins
DDR-AD:ME CLKIN_800 {Input with damps)
DDR-A1:M3 GND
DDR-AZ:M7 GND
DDR-A3:N2 IM_800 (Input with damps)
DDR-A%:NS CLKIN_800 {Input with damps)
DDR-AS:N3 IN_B00 (Input with clamps) L
DDR-AS:NT IM_800 (Input with damps)
DDR-AT:F2 IM_800 (Input with damps)
DDR-AS:PE IN_800 (Input with clamps)
DDR-AS:P3 IN_800 (Input with clamps)
DDR-A10:M2 POWER
DDR-A1L:PT IN_800 (Input with clamps)
DDR-A12:R2 IN_800 (Input with clamps)
DDR_BAD:L2 GND
DDR_BALL3 DQ->DQ_FULL_800 {I/0 with damps)
DDR_CAS#iL7 DQ->DQ_FULL_800 {I/0 with damps)
DDR_CKON:K8 DQ->DQ_FULL_800 {I/0 with damps)
DDR_CKOP:J8 GND
DDR_CKE:K2 DQ->DQ_FULL_800 (I/0 with damps)
DDR_C5#L8 GMND
DDR_DO-R:G3 GND
DDR_D1-R:G2 GND
DDR_D2-R:H7 GND
DDR_D3-R:H3 GND
DDR_D4-R:H1 POWER
DDR_D5-R:H3 POWER
DDR_D6-R:F1 POWER
DDR_D7-R:F3 POWER
DDR_D&-R:C8 CLKIN_800 {Input with damps)
DDR_D3-R:C2 CLKIN_800 {Input with damps)
DDR_D10-R:D7 GND 3
Fen R Rne [t bl
Part Number




Automated Simulation Setup

Identify Component Pwr/Gnd Nets

4

1 ' Slwizard Step 3: Component Power and Ground Nets

PartName Ref Des. Supply » Power Net
SQFP28X28_208 U1 Buffer Internal Voltage VCC
p SQFP20X20_144 U7 Buffer Intemal Voltage VCC

Ground Net
GND

GND

172
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Power Pin Group.. Ground Pin Grou..

Group All Group All
Group Al Group All
|
< Previous Next > Cancel
e




Set Transient Simulation

Automated Simulation Setup

= Options
AMNSYS Electronics Desktop Project Name
Generate netlistinstead of schematic
/| Use ANSYS Electronics Desktop-Slwave Dynamic ...
Include User-Defined Ports
—| Transient Simulation Options
Step Size
Stop Time
/| Invoke Transient Simulation
/| Plot Driver Waveforms
/| Plot Receiver Waveforms
/| Plot Power Rail Waveforms
Invoke QuickEye Simulation
—| S-parameter Options
S-parameter Sweep Configuration
Signal Net Port Reference Impedance
Power Net Port Reference Impedance
Force S-parameter Recomputation

S-parameter Sweep Configuration

® | Slwizard Step 4: |ﬁnsient Simulatiﬂ iiBtio-

siwizard

0.125s
125ns

Edit

50ohms
Tohms

< Previous | |

Cancel
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WSS Auto Generated AEDT Project and Transient Simulation
Results

Y1V
MW w A
=1

= Properties...
Puzh blominal Parameter Yalues. .

YIM
1

When Transient Analysis is complete, voltage/currents at the
PCB terminals are ,pushed” back to the field solver.

December 7, 2016
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DC Analysis

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics




Slwave - DC Analysis

* IR Drop
— Verify supplied voltage at all active parts

* Electromigration
— Verify maximum current denisity through vias

* Bottle Necks
— Visualize regions of high current or voltage change

Perforated power and ground planes make for non-ideal DC supply rails

Components with different proximity to VRM will have different supplied voltage

Voltage seen at each load must remain within specified tolerances of chip
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WSS Slwave - DC Solver

e DC Volta

ge Distributions

Ty, e B S R RN
Lo A G J

» DC Current Density Plots
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I2R Drop

e Place voltage source at VRM location

e Setup current sources at all IC loads;

Pin by Pin or Total Current

)

179 © 2015 ANSYS, Inc. December 7, 2016

WDC Simulation Element Data

Bondwires ] Current Sources ] Wias

Yaltage Probes l Yoltage Sources ]

Probe Mame

| Walue [ W

YPROBE_LINZ00_AAZT 1
YPROBE_LI0Z00_Y28_1
YPROBE_LIDZ00_ABZE_1
YPROBE_LDZ00_AAZ9 1
YPROBE_LIDZ00_Y20_1
YPROBE_LIDZ00_Y22_1
YPROBE_LIDZ00_Y24_1
YPROBE_L0Z00_Y20_1
YPROBE_LIDZ00_AAZ3_1
YPROBE_LIDZ00_%/19_1
YPROBE_LIDZ00_AAZ1_1
YPROBE_LIDZ00_Y16_1
YPROBE_LIDZ00_AAZS_1
WPROBE_L0Z00_AEZZ_1
WPROBE_0200_Y16_1
YPROBE_LIDZ00_AA19 1
YPROBE_LIDZ00_AB24_1
YPROBE_LIDZ00_AB20_1
WPROBE_LIDZ00_AB18_1
WPROBE_LDZ00_AA17_1
YPROBE_LIDZ00_Y16_1
YPROBE_LIDZ00_AB16_1
YPROBE_LINZ00_AA1S 1
YPROBE_L0Z00_¥14_1
WPROBE_0200_Y30_1
YPROBE_LIDZ00_AB14_1
YPROBE_LIDZ00_ABS0_1
YPROBE_LIDZ00_Y22_1
YPROBE_LIDZ00_AA31_1

1.032994422649e+000
1.033036257515e+000
1.033373295162e+000
1.0334245680802+000
1.034408546710=+000
1.0344147585251e+000
1.034430523074e+000
1.0344965852552e+000
1.0345885226462+000
1.0346041391585e+000
1.034612264655e+000
1.034627139438e+000
1.0347269995329e+000
1.0347731673042+000
1.034792394522e+000
1.03458157580404e+000
1.034844473055e+000
1.0348365734052+000
1.0351523065652+000
1.0352075924112e+000
1.035252125032e+000
1.035587041452e+000
1.035891159574e+000
1.03502662359%:+000
1.036086352595e+000
1.036335995195e+000
1.035840961 1440e+000
1.0368504100767e+000

u.035531319395e+uny

Verify min/max voltages

at all loads



WSS Elctromigration

N DC Simulation Element Data

l Current Sources ] Yias ] Yoltage Probes ] Voltage Sources ]

Bondwire | Met | Current [ A Lirnit: [ & | Pass [ Fail | Resiskance | Ohms | IR Drop | W

Bondwire 0 MET-2 3323612005251 e-001 +1, 15097 355529 2e+000 Pass 2.018460548696e-001 6, 70857971177 2e-002
Bondwire 1 MET-2 3.2877908539532e-001 +1,130973355292e4+000 Pass 203548077 2894e-001 6.692235140937e-002
Bondwire 2 MET-2 3.38859726991 Z2e-001 +1,130973355292e4+000 Pass 1.95185452497 1e-001 6. 715706832678e-002
Bondwire 3 MET-1 -2,485415642892e-001 +1,130973355292=4+000 Pass 2,221 276000658%9-001 -5.5207041 19293=-002
Bondwire 4 MET-1 -2,51572564458584=-001 +1,130973355292=4+000 Pass 2.193621761704e-001 -5.518550521 246e-002
Bondwire 5 MET-1 -2,514511294508e-001 +1,130973355292e4+-000 Pass 2.193621761764e-001 -5,515558669553602-002
Bondwire & MET-1 -2.484347582411e-001 +1,1309733552924+000 Pass 2221 276000658%-001 -5.518421662179-002

# t

Total current Current limit
(I,0) flowing (1) (see next
through page)
element

™~

Electromigration check:
“Pass” if 1, <= I,
“Fail” otherwise

Fit Selection

i

e Globally scan all vias and bondwires

e Reduce current density by adding additional vias to vicinity
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Bondwire/Via Current Limit

Define current limit (llim) as value above which electromigration
is likely to be a problem

Computed using simple Ilim = tA formula

* t (A/m2): user-editable value in “dc_coeff.txt” (located in the
Slwave V5 installation directory)

Ansoft Corp
Iwave D efficien
User ntrollable wvalues specified herein are used to set the
maximum legal current magnitude in bondwires, solderballs,

solderbunps and vias

B S L L e G L S
=
=]

METAL VOLTAGE is in wvolts

METAL POWER iz in W/m"2

* A: cross-sectional area of conductor

S50LDERBALL 6e6

Bondwire: A=nr2 Via: A= n(r> —rg?) ome s

METAL VOLTAGE 3.0
METAL CURRENT 5e6
METAL POWER Se4
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Bottlenecks

+2.575E+007A/ mi2

e — Visualize where design

+1.472E4007AI 82 /) : S Y M e D .

Ly improvements could be made
Motaecoorant2 . N7 A A A G5 Tp T Ry T

+B.416E+006A T2

+6.985E+006A/ 2

+5.797E+006A/ i 2
. . +8.017E- 001V

+4.812E+006 A/ m# 2 ] - +7.950E- 001V
+3.994E+006A/ mf2 : i b ) ; B : : : = +7.883E- 001V

7.816E- 001V
+3.315E+006 A/ 2 ’
+7.748E- 001V

+2.751E+006A/ mt 2 +7.681E- 001V

—

+2.283E+006A/ i 2 +7.614E- 001V

: 5 ; +7.547E- 001V
+1.895E+006A/ mf 2
+T.479E- 001V

)”"‘—0—.

+1.573E+006 A/ 2 +T.412E-001Y

.o-‘k\:

+1.305E+006A/ it 2 +7.345E- 001V

+7.278E- 001V

-

+1.083E+006 A/ m# 2

S

5 . 5 +7.210E- 001V
+8.992E+005A/ i 2

+7443E- 001V - biy

& P0bbbanan

+7.463E4005A/ 2 : : : \ : ™ : ’ : +7.076E- 001V )
+7.009E- 001V

+6.194E+005A/ mt 2

+6.941E- 001V

+5AMME+005A/ i 2 +6.874E- 001V

+4.267E+005A/ mt 2 +6.807E- 001V

5 - 5 +6.740E- 001V
+3.54E+005A/ mt 2
+6.672E- 001,

+2.939E+005A/ mt2 - 9 . : : . d : +6.605E- 0UAY

| v2qa0es005am2 LYy . ; _ 3N , +6.530

182

+6.47)
+2.025E+005A/ m 2

St

+1.680E+005A/ m# 2

}(?ujrrje\ﬁfﬁ

+1.158E+005A/ ¥ 2

+6.134E- 001V

+6.067E- 001V

+6.000E- 001V
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Slwave - Zoom to problem Areas

i @ DC Simulation Element Data =HAC X |
Bondwires ] Curert Sources  Vias l‘u"ohage Probes ] Voltage Sources ]
Via MNet Cumert / A Limit / A Pass / Fail Resistance / Ohms ~ »
Via 1485 (LAYER... GND -1.065405425275%+000 +1.050708628657+000 Fail 423186082888 1e-00
Via 1450 (LAYER... GND -1.517838674 365000 +1.050708628657=+000 Fail 4.115603804100=-00
Via 14530 (SURFA... GND -3.047255032822e+000 +1.050708628657=+000 Fail 1.163289611241e-00
Via 1485 (SURFA... GND -1.716500510124e+000 +1.050708628657e+000 Fail 1.226536595420e-00
Wia 1491 (LAYER... GND -1.3301445017062+000 +1.050708628657=+000 Fail 4.754288310728:-00
Via 1451 (LAYER... GND -2.455003384278e+000 +1.050708628657e+000 Fail 4.021466452465e-00
Wia 1491 (SURFA... GND -4 7ATABTARRAT1e+000 +1.050708628657=+000 Fail 1.192365703507=-00
V 0 I Q C Via 467 (LAYERD... GND -1.2616542388542+000 +1.0507086286572<000 Fail 4.240345664514e-00
Isualize Current on Via 467 (SURFAC... GND 8481317788146-000  +1.0507086286572<000  Fai 1.354968438607%-00
Via 466 (LAYERD... GND -1.783536418781e+000 +1.050708628657=+000 Fail 4.1848395509102-00
I I I t h I Via 466 (SURFAC... GND -3.763487226321e+000 +1.050708628657=+000 Fail 1.118508814518e-00
a aye rs O e p Via 452 (LAYERD... GND -1.252520508185%+000 +1.050708628657=+000 Fail 4.396587048363e-00 _
W= AR {l AYERND [ 11} 23 IPMTEIIRR Fa N +1 NRNTNAEIRLR Ta i E=il A 1470207047700
determine a solution | '
Fit Selection
I N C U I N G @ DC IR Drop Simulation Results(DC IR Sim 2) ' =] 23 |
Th e G N D MNet List = P Tot Pwr
[¥] +5v [ tonelec | 4 30e-08W Transparent
RETURN i3 5 562005
Flons R 4 850 10w
PATH sebniorjou\'er_conh'ol ® 5.31e-08W
ives ®
[ Select Al ] [ Update Plot Display ]
Synchronize Net Visibility
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Define Equipotential Regions for DC IR

« Equipotential regions are used by the DC IR drop solver to force equal
voltage across a specified region, including specified pads.

* To define equipotential regions, click Draw>Equipotential Regions

e The cursor is activated to draw a rectangle. Use the menu selection to
draw one or more regions on the Top or Bottom of the layout.

— Hide all layers to see the regions

. Use the Delete All Regions button to erase any previously-defined regions
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NWSYSl Resonance Simulation

Eigenmode analysis identifies location and frequency of natural cavity
resonances that exist between planes

Scans entire PCB/PKG on all layers

If a resonance is excited, Signal Integrity can be compromised :
* High Z, null in S21, EMI etc.

Resonances should be moved away from critical parts and outside operating
frequency

Reducing Resonance :

* Resonances always exist but you can reduce their impact by:
— Changing the decoupling scheme
— Changing the stackup
— Changing plane dimensions
— Adding via stitching

— Moving discrete parts
186 © 2015 ANSYS, Inc. December 7, 2016



Resonance Simulation : Rectangular Cavity

Structure: two metal planes, 60mm x 40mm
Dielectric: FR4 (er = 4.4, tan d = 0), 1 mm thick

Analytic solutions for voltage at resonance:

V(X, y) =cos(nzx/a)cos(mzy/b) nm=123,...
Analytic solutions for resonance frequencies:
m,n Slwave (GHz) Analytic (GHz)
2 2
1,0 1.192615376 1.19182823655
SRR (0 (m
nm W ]
VIR & a b 0.1 1.790103257 1.78774235483
1,1 2.154560548 2.14859890922
2,0 2.397284602 2.38365647311
2,1 3.000732847 2.97957059139
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WSS Slwave Resonance Analyse

Easy setup, no sources are required. To solve the resonant mode of the cavity

using the Eigenmode solver :

— Simulation > Compute Resonant Modes.
— Enter the value for Minimum Frequency.
— Enter the value for Maximum Frequency.

e You can leave this field blank.

— Specify the # of Modes to Compute.

e The modes indicate the frequencies at which the cavity
responds very strongly. This determines the voltage pattern
between the top and bottom planes.

— OK
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Resonant Mode Sclution Options

—

5

Simulation name:

Rezonant Mode Sim 1
Find Modes in Frequency B ange

Minimum Frequency: 2 5R232E+02

Hz

Restore Recommended Minimum Frequency

M aximum Frequency:

# of Modes to Compute; 20

Hz

Save Settings | | Ok, | |

Canicel




NWSSE Resonance Mode results

gﬂ, Resonant Modes (Resonant Mode Sim 1) m\ﬂmﬁ
Each mode is computed as well as several Mok FoFoalBH  mFealGHa K P ——
parameters. > oememme Oomenee N Gdmms e
3 0696305373 0.0710548071 14.59348149 0.430547 356 33010077700
* Re{f} corresponds to the frequency at s oo oomen  eseme omen mworesn
which it wiII OSCiIIate. F'Iit;oltage differencebetweeiplanes:n . v| | . t
* Im{f} corresponds to the loss |
Mode Flot Layer Reference Layer
* Wavelength(in vacuum) = c / Re{f} . 2 i
3 Lz L7
* K=2%pi / Wavelength e— i
* Q=Ref{f}/ (2*pi*Im{f}) e — —
Phase &nimation... | Close |

nnnnnnnnnnn

Display Voltage distribution between planesM .......

at resonance - ‘
* Red and blue areas indicate high impedances \\\\\&J
i )

at a particular frequency ) (\,__Q@\ ) N \\ib
* TN

* Viewing Phase Animation g U N = N €.
\ L R
— Select Metals plane T ).
PR e
— Compute R el

— Generate Frames
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Frequency Sweep Analysis Review

* Although resonant modes are inevitable, they may or may not be
excited depending on the location of the source.

* With the Frequency Sweep Analysis, the designer can excite the
design in specified locations and see the aggregate response of all
the resonant modes of the board for the given source location.

e Verify maximum IR drop across frequencies
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Slwave Analyses

Frequency Sweep

* Current or voltage sources

* Voltage distribution at all desired frequencies.
* Voltage probes for quantitative dependence.

Sweep from DC to
2 GHz

+1.157E- 04V
+9.916E- 05V
+8.264E- 05V

+6.611E- 05V
+4.958E- 05V
+3.305E- 05V
+1.653E- 05V
+0.000E+00V
-1.653E- 05V
- 3.305E- 05V
-4.958E- 05V
-6.611E- 05V
-8.264E- 05V
-9.916E- 05V
-1.157E- 04V



Why Resonances Mode Analysis?

* Return path current is disrupted at the via.

* Signal vias couple to the planes.

* Creates a feed for the parallel plate waveguide.

Board Edge

S
Plane
~A~
Ay
Plane
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Simple Slwave Experiment

4 Layer 8x10” PCB

Control Case :

* Microstrip transmission line without
a via transition

Test Case :

* Same length transmission line with a
via transition from top to bottom
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Resonance Results

Control Case
- L N

345 IVIHZ

* The blue and the red represent the resonance points. Where green has no
resonance.
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Far Fields at 3 Meters

196

70.00 553 MHz
343 MHz
_ T
60.00— I e e il
T -+- | |
I [ Spikes in far- fields only
R occur for resonances that
have a via transition
> 4000 through them
(a'a] L
©
30.00—
ZIJ.[}D—_
10.00 | ‘,
0.00 GHz 1
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WSS Plane impedance Simulation

e Same setup as S-Parameter extraction. Place ports in locations of interest.
Pin Grouping can be useful

e Verify low impedance up to device cut-off frequency

10000.004

PWR Impedance 1000.00]

100.00

Ztarget

PWR net with decaps
oo oo odo . idh 100 iobo  4cono0 4000600

Freq [MHz] Fmax

W
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Slwave : Grouping Pins

You can create pin groups for various components. The grouped pins will be treated as if
they were electrically connected during the analysis.

You can use this pin group to create ports —
* Tools > Create/Manage Pin Groups... @3

Create/Manage
° bl I' k h 1 h d I Pin Groups...
Double click on the IC component in the 3D modeler P
’—'—' — — —— — 7 _— e |
" Create/Manage Pin Groups l ‘ I . . I. 23 |
Part Name: Options
[SQFPZ&IZB_ZUE VI Create pin groups for each part
Reference Designator: Create pin groups for each net
II T Create pin groups per grid cell
| Row# 3 Co# 3
Delete existing pin groups
I
Pin Group List
Mets 52 CRE D 0 G PinGroup (-)
: . . - —= = Mame: Ul6_VDD_ p
List common nets only |:| Display Pin Names U2_GRP_0_1_GND Part Name: SMD_\VT3275_BGAS6S
DFIBON4 Hi‘gsi_g_g_g:g o Designator Name: Ul6
P .  GRP_1_0_¢ - Met Mame: VDD
[IFB0P3 (@ Net Selection ﬂi—ggﬁ—;—g—gmg 4 -
S Select all nets U2 GRP_2 2 GND
oo
[[HoLDCoL Unsslect alnets
IR 10cFs B
[JIR10CLK
IR10COL .
0 () Net Visibility
[JIR10DAT
[]IR10DEN Show All Nets
[C]IR 10ENA [ Create Pin Group(s) ] [Naming Convention... ]
(IR 100CFS Hide All Mets
IR 100CLK [ Delete Pin Group(s) ] [ Create Port ]
DIRlOUCOL
TR 1A0MATAR - [ Edit Pin Group. .. ] [ Create Terminal ]

"\m Close




Pin grouping port between different
components

Create a Pin Group from multiple components:
Multi-select Pins in GUI
* RT click -> Create/Manage Pin Groups...

]

[z | Select By Clicking
O, Select By Rectangle
L, Select By Polygon

Unselect All
Edit 3
Wiew »

A, Fit Selection
Show Selections Only

Hide Error Arrow

Select Drawing Mode »

Draw Geocmetry »
Set Equipotential

Insert Circuit Element 4

Set Trace Width 4

oy Boolean »

w* O X Information /Er Convert »
MAN Create/Manage Pin Groups...
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S-,Y-, Z- Analysis

e To extract S, Y and Z matrix for the
predefined ports :

Simulation > Compute S-,Y-,Z-parameters
Enter the value for Start Frequency.

Set the stop frequency or rise time
information

e (Frequency Bandwith= 0.5/min rise time)
Specify the Number of Solution Points.
Select the method for distributing points
Choose the sweep Selection

e Discrete sweep

e Interpolating sweep

201 © 2015 ANSYS, Inc. December 7, 2016

-
Compute SYZ-parameters m &J

Sweep | Sensitivity | Distributed Analysis (HPC)
Simulation name: SYZ Sweep 1 hd

+ | Compute exact DC point

Freguency Range Setup

Start Freg Stop Freq | Mum. Points | Step Size | Distribution
1 |1Hz 1GHz 20 By Decade
Add Above | | Add Below | | Delete Selection | | Preview...

Sweep Selection
| Set FW5S generation parameters
@) Discrete Sweep

Min Rise/Fall Time /s |

Interpolating Sweep
SIwave with 30 DDM

Other solver options...

/| Export Touchstone ® file after simulation completes

File path:  E:\SWN_Training\SIwave\input_files\Ws01_2\siwave_ | Browse... |

Save Seﬂings| | Launch || Close




Frequency Sweep Selection box

Discrete Sweep : Fraqueney U e T
* All frequency points in the list are solved. Look at the Frequency List Preview. st 2
Eio7e
2.5E+07Hz
3E+07 Hz
3.5E+07Hz
) b
Interpolating Sweep : =
| e
* Following an Error tolerance, an interpolating sweep estimates a frequency response | 7.
for an entire frequency range by solving at a relatively small number of frequency i
9.5E+07Hz
points within that range. Between the actual solution frequencies, the frequency o ot
i N i N N . 1, 1E+08 Hz
response is obtained by rational interpolation. Slwave adaptively chooses the | i
i f . . . . 1.25E-+08 Hz
frequency points at which it computes the field solution. After a new frequency point | x5
. B . M - N . . 1.9E+08 Hz
is solved, a new interpolating fit is generated. This is compared to the interpolant L35 05 -
N A . . Total number of frequency peints: 501
from the previous step, and the maximum difference between the two is |‘ '|
. . | Close |
determined. If the difference exceeds the requested tolerance, then a new frequency | —

point is chosen for a solution. The interpolating sweep is complete when the
difference between successive interpolants is less than the error tolerance criterion.

Optionally, to save these settings and use them for subsequent simulations,
click the Save Settings button
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WSS Simulation Profile

. During simulation, in the Process Monitor workspace, you can follow the simulation
progress. profile, monitoring the real time, CPU time, memory requirements and
view the matrix informations.

Process Monitor (SY 2 Sweep 1) -~ o

Drisplay: PMessages - - dia

sSsolwving Tor DC vo1tage;current distribution. - . —
Initializing the probles
Setting up solution -nat.-:r1 als
Reading geometry FTile
Reading lawer stack up
Setting up <circuit graph
Creating & Tayver meshes

Mmeshing Layer #1

Me=s=hing Layer =3I

Meshing Layver #3

Meshing Lawer #4

Meshing Layer #5

Meshing Layver #&

Setup: [ 100Es 1
Simulation: [ I 353 1
=| Messages Process Monitor (SYZ Sweep 1)

. When the simulation is done, the profile is available with real time, CPU
time, memory requirements and view the matrix informations.

: - e S S
*  Results > Analysis Name > View profile | .- ......c. -ore .

ea1 Time CPU Time Memory Size
siwawve ng 5.0.0 (Built: NOw 4 2010 04:34:46)
Commenced on hosT LYORFERNAND7L at Mon Feb 07 22:18:26 2011
real Cpu

| | | | |
1 Command | Time 1 Time | 1
I | I | I
I I

nig

eomproc
1 project

m

SIwave 5.0.0 Nov 9 2010 at 11:47:27 beginning
C:wProgram Files (x86)hwAnsoftySIwaveshansoftbins4hsiwave_solver.exe on LYORFERMNAND

| Cpu | mMemory | |
Command Time Number of El1ements
geomproc 00z 00z 00 11128K 2040 triangle
H 7 xsections

| |
I |
I |
| xsec_solve |
| wia_extract |
I I
I |
I

bsmadapt 00: 00: 03 SE6868K 18246 triangles
DRS_. 00z 00z 00 7328 21162 matrix
SInave | 00:00: 01 | FIZEOK 21162 matrix

Finished on LYORFERNANDTFL at 0207 /2011 2Z2:18:37

AC solution Profile:
Module rReal Time CPU Time Memory Size
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Sensitivity Analysis

Sensitivity analysis computes the derivative of a circuit response (an S-, Y- or Z-parameter)
with respect to the impedance of a circuit element, typically a decoupling capacitor.

Therefore it is a measure of how much that output parameter will change in response to a
change in the circuit element.

* A low sensitivity indicates that the circuit element has little influence on the circuit
response of interest

* A high sensitivity indicates that the response is a strong function of the circuit element.

This information can help a designer to identify which circuit elements need to be adjusted
to improve a circuit response. It can be used to find unnecessary decoupling capacitors-
-ones that aren't affecting the results significantly. It can also help to identify which
circuit elements need loose or tight tolerances.
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Sensitivity Analysis

*  Advantages:

. Sensitivity analysis can be computed very quickly for a large number of circuit
elements once you have solved for the nominal S-parameters.

. Using the built-in sensitivity analysis capability, you can reduce that time to a
small fraction (perhaps 5%) of the analysis time for the nominal problem. It is
essentially "free" information
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Sensitivity Analysis in details

The software internally computes the derivative the circuit responses that you designate with
respect to the impedance of the circuit elements you choose. To make this more concrete,
suppose you pick an Sparameter Sij and a capacitor C. The impedance of the capacitor is
Zc=jwC . So the software computes the derivative, dSij/dZc.

This "raw" derivative is then normalized as follows to make it easier to interpret:

. . a dS YA ds dZ
normalized sensitivity = —2 - =< = ( _U)/( c)
Ze S Sij Zc

e As shown in the formula above, the normalized sensitivity can be interpreted as the ratio of the
fractional change in the output parameter to the fractional change in the impedance of the
circuit element. So if the normalized sensitivity is 10, that would indicate that a 1% change in the
capacitor’s impedance would result in a 10% change in the output S-parameter. Normalized

sensitivity makes it easy to compare the sensitivities of circuit elements with widely varying
impedances.

e The normalized sensitivity is a complex number. The software reports the magnitude of the
normalized sensitivity, so what you see in the user interface is a real number.
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Capacitors Name Visibility

Change visibility settings for element names :
* Visibility > Labels > Capacitors

Adjust the size of the text
* Visibility > Labels > Change Text Attributes...

Resistors

Inductors

w| Capacitors

208 © 2015 ANSYS, Inc.
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WVl Set sensitivity computation for capacitors, inductors

and inductors
Edit > Circuit Element Parameters.

* Select capacitors that will be available for sensitivity analysis

[Circuit Element Propertie - g
Capacitors | Inductors I Resistors I Ports I ‘Voltage Probes I Cument Sources I Voltage Sourcesl
#  Active Baf Part Mumber RefDes Capacitance (F) Parasitic L (H) Parasitic R {ohms) Positive... Megative "Temin =
W Yes L RLC _XYZ C CE9 1E07 1E-11 0 WICC GMD
W Yes W RLC_XYZ C CBB 1E07 1E-11 0 WICIC GMD =
W Yes W RLC XYZ C CB7 1E07 1E-11 0 WICIC GMD
W es < RLC XYZ C CBE 1E07 1E-11 1} WICIC GMD
W es o RLC x¥XYZ C CB5 1E07 1E-11 0 WICC GMND
W Yes W CAPACITO... C39 1E-07 0 0 GMND WCC
W Yes L RLC XYZ C C73 1E07 1E-11 0 WICC GMD
W Yes L RLC XYZ C (C74 1E07 1E-11 0 WICC GMD
W Yes W RLC XYZ C C72 1E07 1E-11 0 WICIC GMD
W es < CAPACITO... C27 1E07 1} 1} GMD WICC
Vol v e os o . . ohp Compute svz-parareters ISR e
W Yes W CAPACITO. .. C38 1E-07 0 0 GMND
¥  Yes & RLC_XYZ_C CT71 1E-07 1E-11 ] VCC Sensitivity
W Yes L RLC _X¥YZ C C70 1E07 1E-11 0 WICC rrrrar T T3
o Yes W CAPACITO.. C18 1E-07 0 0 GND = VC: U':q Y EICE]
W es - 4 CAPACITO... C10 1E07 1} 1} GMD —VCC‘UH’VCC‘VRM I
IR X CAPACITO.. C9 = [} [i] GND i — DD
& Yes X  CAPACITO.. C12 1E07 0 0 GnD || | T T
4n| = — T S T B |" T
[Modify Properties...| | Modify Layers... | | Delete | | Fit Selection | Activate |
Export

e Simulation > Compute SYZ parameters
209 o200 Gheck Matxix.entry in Sensitivity tab

Save Settings l [ OK l [ Cancel l [ Help




Results >SYZ > Plot Sensitivity

Here, the max normalized sensitivity is 26.8 for C71 :

* |t indicate that a 1% change in the capacitor’s impedance would result in a 26.8%
change in the output Z-parameter.

Z-parameter Sensitivity x
AR o LA B

S5YZ Sweep 1: Z-parameter Circuit Element Sensitivity
1E2
1E1
1EQ
=
=
T 1E1
c
a
@
1E-2
1E-3
1E4
1E-10 1E2 1EG 1E-7 1E6 1E-5 1E4 1E-3 1E-2 1E1 1EQ 1E1 1E2 1E3
Frequency [MHz]
Matrix Entry Plot Circuit Element Plot e Circuit Element Matrix Entry Color Plot Max. [Sens &Y S
VCC_LH4VCC_... i » C18 | v | oM VCC_4VeC_UH4 I b52cte ¥ 26807100 :
b vec_vRmvee_... [ | c27 7] cn2 VOC_U14VEC_U14 [ sb4ds6 v 2317500 1
c28 v CE6 VCC_14veC_U4 [ 236256 16.733500
cas v = c70 VCC_14veC_U4 M 4c8266 14584800
fosc3:} v C67 VCC_14veC_U4 W 73224 4378200
CE5 v Cc73 VCC_14veC_U4 [ 9e583a 3.992960 i
CEE 7 — = oo -
C67 v
C68 W Find max. |Sens| between 0 Hzand 1E409 Hz | Update Table |
CE3 v —
C70 v - Flot only the first 0 *| eniries in the table
| Fit Selection

210 ©20 S-parameter Sensitivity *, Z-parameter Sensitivity,



SYS Realize Your Product Promise™

Power Distribution System &
Pl Methodology

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics



Power Distribution System

PDS Design Goal:

* Reduce noise in the power distribution system to a level that is
acceptable for system performance.

* System Engineer
y & AV(@w) Acceptable Ripple Voltage

* Active Device Current Spectrum Al(w) Current Spectrum

* Power Distribution Impedance Specification

()= —— Target Impedance
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Target Impedance of PDS

|
High-Speed [ Power
Digital Device 4 Delivery System
4 \AV(a))
target(a))_ —_—
ZC I )|
| | |
1KHz : 1MHz : :
I I 100MHz |
I I I 1 GHz
I I - Power/Ground
Switching Electrolytic Bulk Ealyteguency
T sl Capacitors Ceramlc Planes
Capacitors Buried Capacitance
| | |

1. The Impedance looks into PDS at the device should be kept low over a broad frequency range
(from DC to package cut-off frequency)!

2. The Desired Frequency Range and Impedance Value is called Target Impedance.
3. Target impedance goal is set with the help of allowable ripple on the power/ground plane over

a specified frequency range.
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Target Impedance Calculation & Trends

_ (Power _Supply _Voltage)x (Allowed _ Ripple)
M Current
(2.5V)x(5%)
ZTarget(Z.Sv) i 40 3 A

Z

=3.1mQ

 Target Impendence is the goal that designers should hit!

Year of first production 1997 1999 2002 2005 2008
Chip technology 0.25um 0.18um 0.13um 0.10um 0.07um
Across Chip Frequency (MHz) 450 600 800 1000 1100
Max. Chip Power (W) 100 120 140 160 180
Max current (A) 40.3 66.7 93.3 133.3 180.0
Power Supply (V) 2:5 1.8 1.5 1.2 0.9
Target Impedance (m€2) 3.1 1.3 0.8 0.45 0.25

Source: International Technology Roadmap for Semiconductors

"Target Impedance is falling ~ 1.6x, every 3 years
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Components of Z

Impedance consists of

» Capacitive factor, decreases with frequency 1
27f C
* Inductive factor, increases with frequency
* Inductance includes plane inductance, ESL of decoupling 274 L

capacitors, traces and vias which connect planes to capacitors

Bulk
Capacitance
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Core Power Delivery Network

Low Inductance Capacitor on Package

Discrete Decoupling Capacitor on PCB

Chip BGA Package Bulk Capacitor
/ Ball Bonding
[ i ? B *— /,/’(
E/RM = Ground
= Power
S W
Die Package
G e Bumps Solderballs
7Y Y\
0 T S - mj_
i N N 5 0
1 Package PCB VRM
_<~I N P/G Network P/G Network
Driver/ ReceiverModel
AN N
VSS

r

Decoupling Capacitor

On Package Decoupling Capacitor
Decoupling Capacitor On PCB

On Chip
Low Inductance BGA caps
0603, 0805, 1206 die/land slide
Frequencies higher than PCB

216 © 2015 ANSYS, Inc. December 7, 2016
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Low frequency:
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Connect a package onto a PCB

e Tools > Attach Package Design...

. -
e Some recommendations : ﬂ

e The project of the board must be opened Attach Package
Design...

e |dentify the package location.
e Identify the Part Name, Designator Name of the Package.

* Identify a specific net in the board and package side to know if a
rotation is needed.

e Package Padstack
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Connect a package onto a PCB

219

Enter the Package Path

Select the solderballs model and parameters
Select the PCB Part Name and PCB Reference Designator

Align pins using pins selection
* Automatic

Select Merging options

* Merge Layers

* Merge nets

* Generate solderballs
Execute Merge

© 2015 ANSYS, Inc. December 7, 2016

Attach Package

oS

Package

CL)

Package Path:  J:\Package.siw

Browse...

Solderball Parameters

Height: ~ 22.000000 mils -

Radius:  11.000000 mils -

Add solderballs to following package padstack:

0201
0402

BEBF300X50

DIEPADS0
SMALLVIA
TIE

VIA300

Package View

@) View Pins Only View All

Fit Al

PCE

Placement Layer: | TOP

PCB PartName: | SMD_VT3275 BGASSS -

3O

List All Parts

PCE Reference
A =

Mumber of selected designators: 1

PCB View

@) View Selected Only View All

Package Rotation Angle

Enter an angle in degrees,

Otherwise select two pairs of pins
from package and PCB to be mapped.
(yellow to yellow, red to red)

Rotation Angle: 0 degrees

Pan: Hold left mouse button and drag
Zoom: Mouse wheel
Selection: Click left mouse button

Selected Package Pins
All
8 a4

Selected PCB Pins
All
@ A4

Merge Options

| Merge Layers @
/| Generate Solderballs

V| Merge Mets
Net Merge Options
Preserve Package MNet Names

@) Preserve PCE Net Names

Export Connection Info
J:/PCB. connectionInfo

Change File Mame...

C6>

| Execute Merge | | Cancel




Workshops

WS06_0_siwave_pkg pcb_merge.pdf
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ANSYS Chip-Aware PDN Solution

« Redhawk generates a chip power
model (CPM) including chip PDN
parasitics and switching currents.

 Slwave provide robust extraction
of IC packages and boards with
broadband S-parameter models.

Pl Advisor optimizes decoupling
capacitor selection to meet a
target impedance.

 AEDT simulates power noise in the

time domain.
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What’s in a CPM?

PCB + Package

i:r

Each C4 bump (power & ground)
will be associated to its corresponding:

v'Chip PDN RLC
Physical model of chip layout

L3
P I T v'Transistor/cell current /cap/ESR
EE Rt R R L R el R e e e R L e
; Apache Redioul Sp Pover Nodel ihccurate RO reductionl Electrical model of chip layout
+ hpache RedHawk Chip Power Model [ ¥Wer 1.00 ]
B o N Version: 10 2 LimwzgdZed (Jan 20 00:31:13 20113
[+ttt ddtrrrtdirdrdbbr bbb d bt bbbt d bt i et
: [BOWER21 .INCLUDE "PowerModel. sp. inc"
+ DGROUNDZN
* Begin Chip Package Protocol --—->
* No connec + die_area 0 0 4920062 5000. 36
G0 1 pl p2 |+ Start Units . .
R 1 i ohdee CPM is topological,
E0T1 nl p4 + DPOVERZ1 3 {4905, 000000 3279. 000000) : pl = BaR 0 0 _¥OD
£l E4 n2 * DEROUNDZ0 3 {4880, 000000 3219. 000000} ;. p2 = BaR 0 0 _¥s§ . e e
Sk g2 L ERRG package prctacel (o physical and activity based
G 3 1n5p2 subckt adsPowsrModel pl p2
E 41 pl nk
c41mnepl Xpdn pl pZ PowerModel
ENDS

Icursigl pl p2 pwli

+ 0.000000ps 0.589435

+ 150.000000ps 0. 854897
+ 240.000000ps 0. BAT186
+ 330.000000ps 0. 827372
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ASyS [

nefits of CPM

([ ... : | ]
—— Traditional die model ( Apache CPM
O
Simplifying Apache CPM:
1 assumption of all Eurrent signature : supports both
/T\ 9ates switching at Wi sowces N\ Vesi static and
same time dynamic models
O
Current Drawn Pin o1
~ through Supply :':: i
. Triangular — TqmgulmTrapemdal &E‘ < EE.
E - / 3 — o1
1 | ] -— Pin a2
— — 8 o Fio o1y
=500 T500ps ‘ s — A iE
Fm FFH] 2 cUrtopl Drawr? (hrouol.\ Orounc_! pins / . ::: ::
‘ Tim‘e (in é) ) ’ *
CPM includes all die parasitics
Power-grid RLC
Estimated Cdie Intrinsic De-cap
Missing Rdie, Ldie Intentional De-cap
Instance Load Capacitance
. Single Lumped Model Well Capacitance
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Slwave CPM Integration

 Slwave CPM integration includes the following:

 Import of die PDN for
inclusion in frequency-
domain extractions

 Automatic matching of die
pin to CPM pin locations
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[ ]
[ ]
([ ]
[ ]
Apache CPM/PLOC Import

Browse to the CPM file

Slwave CPM Setup

Select the device footprint in the Slwave layout
File > Import > Apache CPM/PLOC file...

(o

® ' Apache CPM/PLOC Import

Click the Auto Connect button to attach Slwave footprint pins to the CPM pins.

Part Name: [FCHIP

>

IC Die Information

CPM File:

Rotation in degrees (counter dockwise): 0

Location of die center on package:

E:\Ansoft Project\Siwave_Projects\SIwawve - CPM fille_PDN ChipPackagePCB'\Package

(0.000000, 0.000000)

Browse. ..

Reference Designator: IFCHIP

Part Name: | FCHIP

IC Die Information

CPMFile:  E:\Package_Demo'cpm.sp

Location of die center on package:

Rotation in degrees (counter dockwise): 0

{0.000000, 0.000000)

Reference Designatar: lFCHIP

Pins mapped:
Pins unmapped: 0

106

WlFipoie [ Reset | J[ Autoconned | [ ManualComnect | [create pin Grovps... | [ ExportConnection Informaten. . [CFipoie [ Reset | [ AutoComnect | | ManualComnect | [CreatePinGroups...| | Export Connection Information...
Package Pins Package Pins
Index  Pin Name X L Net Connected Die Pin Die Pin Index - Index  Pin Mame X ¥ Net Connected Die Pin Die Pin Index o
1 Al -1.91 191 FCHIP_A1 1 Al -1.91 191 FCHIP_A1
2 A2 -1.69 191 FCHIP_A2 2 AZ -1.69 191 FCHIP_A2
3 A3 -1L46 191 FCHIP_A3 3 A3 -1.46 191 FCHIP_A3
4 AS .79 191 FCHIP_AG 4 AB -0.79 191 FCHIP_AG
5 A7 -0.56 191 FCHIP_A7 5 A7 -0.56 191 FCHIP_A7
B AS 0.11 191 VDD_15 3 Ag -0.11 191 VDD_15 bumpnode_150%2% 1
7 AlD 0.11 191 VDD_15 7 Ald 0.11 191 VDD_15 bumpnode_151#a10 2
8 AlZ 0.56 191 FCHIP_A12 8 Al2 0.56 191 FCHIP_A12
9 Al3 0.79 191 FCHIP_A13 - 9 A1l 0.79 191 FCHIP_A13 -
Add OnePair | [ DeleteOnePair | [ DeleteALLPairs | [ Pin Pair Connect Add OnePair | [ DeleteOnePair | [ Delete ALLPairs | [ Pin Pair Connect
Die Pins Die Pins
Index Pin Name SPICE Node Group Name Group Net Ref. Group Name Package Pin - Index Pin Name SPICE Node Group MName Group Net Ref. Group Name Package Pin -
1 bumpnode_150#a9 p3 VDD_15_FCHIP_VDD_15_2 1 bumpnode_150#29 3 VDD_15_FCHIP_VDD_15_2  VDD_15 A0
2 bumpnode_151#a10 p3 VDD_15_FCHIP_VDD_15_2 2 bumpnode_15 p3 VDD_15_FCHIP_\ ALD
3 bumpnode_158%b2 p4 V55 _FCHIP_VS5_2 3 bumpnode_15! p4 VSS_FCHIP_VSS_2 B2
4 bumpnode_163#b7 p3 ¥DD_15_FCHIP_VDD_15_2 4 bumpnode_163#b7 p3 E7
5 bumpnode_164#b8 p3 VDD _15_FCHIP_VDD_15_2 5 bumpnode_164#b8 p3 VDD_15_FCHIP_WDD_15_2 B8
5 bumpnode_165%b9 p3 VDD_15_FCHIP_VDD_15_2 3 bumpnode_165#b3 p3 VDD_15_FCHIP_VDD_15_2 B9
7 bumpnode_166£010 p3 VDD_15_FCHIP_VDD_15_2 7 bumpnode_166#b10 3 VDD_15_FCHIP_VDD_15_2 B10
8 bumpnode_167#b11 p3 VDD _15_FCHIP_VDD_15_2 i g bumpnode_167#b11 p3 VDD_15_FCHIP_VDD_15_2 Bi1l i
a Coeea arnuaan . unn ar cevon umn sr o N Lo, rnatn n unm e eeenoune de o nin
QOperations Operations
Change reference group for to IVDD_lS_FCHIP_VDD_lS_Z vJ I Update Change reference group for to IVDD,J.E,FCHIP,VDDJE,Z vJ I Update I

Cancel
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Slwave CPM Setup

e CPM Impedance Effect
e There is a significant effect at a broad frequency range due to the high total
capacitance present on this chip.

PDN Impedance at Die analysis_v2 4
1000.00
- Curve Info
1 —— mag(Z(FCHIP_VDD_15,FCHIP_VDD_15))
: SYZ Sweep 1
a —— mag(Z(FCHIP_VDD_15,FCHIP_VDD_15))
P KG SYZ Sweep 2
100.00 —]
§ —
!—|I —
a
o .
>
o .
T
o
L
mn
| 10.00 —]
[a} -
[a) .
>, n
o -
I
5 .
)
5 | ,
{=2]
©
E —
1.00 —
0.10 T T T T T T T T I T T T T T T T T
0.10 1.00 10.00

Freq [GHZ]
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AEDT, Slwave, and CPM

228

Drive VDDs with CPM

Slwave
Model

alolalalale|aloala
b QR U QUR JUR QU JUE U U R R
HEIEI P A R

vaddSTa

wddsT

Capture coupled high-
frequency noise

Run Near/Far-Field

Simulations using tran

results
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AEDT Transient Results

[mV]

[mV]

1100

1000

Q00—

s00

0.00

1100

250

229

VDD Noise (mV) SettlirJg Time Comparis&n

IC die model with merged package and PCB

S0.00 100.00 150.00 200.00

250.00

IC die model with package only

oo

© 2015 ANSYS, Inc.
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WSSl Simulation approaches

230

The Pl methodology is different depending on the needs. We can
considered two simulation approaches.

— « Free optimization » of a design (The location, mounting style,
value, number and type of capacitors are not predefined ).

— « Fixed » optimization of an existing design. The location of
capacitors are already fixed (footprint defined as discrete device
during database import). The max number of capacitor is also
predefined.

* Pl Optimization using Slwave and ANSYS AEDT (Iterative Approach)
* Pl Optimization using Pladvisor (An Automated Approach)
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Free optimization of a design

* Place Probe on different power nets to scan all the frequency range. EM
extraction of impedance for critical devices :
e SYZ analysis
 Compare to the defined target

* Resonances analysis is performed to evaluate problems on power planes
and helping the placement of decoupling capacitors :

* Resonance and frequency sweep analysis

* Choose some decoupling capacitors to move the resonances in terms of Impedance
magnitude and Resonance frequency

e Capacitor Library Browser
* Place them close to the resonance peaks

* The final step is to simulate in time domain to check for compliance.
Look at the Switching Power Noise

 Transient simulation in AEDT
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The Capacitor Library Browser

* Explore and plot the impedance of various vendor or imported capacitor components
versus frequency and quickly determine the lumped circuit equivalent (Included with

232

Slwave)

— Tools > Capacitor Library Browser

Capacitor Library Browser

PO E ) | S 2 g

Impedance
1E3
1E2
. /
T
=
S
— 1EO0
=
1E-1
1E-2
1E-3
1E-4 1E-3 1E-2 1E-1 1E0 1E1 1E2 1E3 1E4
Frequency [MHz]
Vendor Series Part Mame Flot Value (F) #HAc.. W ElA Size Price L_mnt {H) R_mnt {ohms) SRF (Hz) 5_min (dE) ESR {ohms) ESL (H)
AVX 0306 0306ZC103KA v 1E-08 3 0306 0.01 1E-09 0.001 9.03645E+07  -60.2637 0.0973991 3.1019%E-10
AVX NOJ NOJP335K010R 3.3E-06 2 Other o 1E-10 0.001 5.8506E+06  -43.2659 0.7041 7.51045E-11
Murata GRM55 GRM55RF5TH475ZD01 W 4. 7E-D6 2 220 0. 1E-09 0.001 3.23667E+06  -80.5035 0.00940348 5.14471E-10
AWK 0201 02013A180JA ! 1.8E-11 1 0201 0.0 1E-09 0.001 218148E+05 527179 0181548 2 85705E-10
TDK C3216-MidVokage CI216C0G2I121J(K) 1.2E-10 1 1206 0.01 1E-09 0.001 450331E+08 -58.4244 0119116 1.04087E-09
Murata GCM15 GCM155R7TH102KA3Y 1E-09 1 0402 0. 1E-09 0.001 250775E+08 -50.9926 0.280801 4.02783E-10
YUDEN Standard_Class1_1005(0. UMK105CH331 33E10 1 0402 0.0 1E-09 0.001 400222E+08 -53.1304 0220733 4 75208E-10
Kemet T433A T433A104M035AHEXT0 1E07 1 1206 0.01 1E-09 0.001 499649E-07 -35.2078 1.80002 1.01464E-10
CAPACITOR_CDRO2 App Price b
Filters
Vendor Show Series Show = ElA Size Show = Fiter ~ Quantity Mir. Mazx.
AVK v 020 v 01005 i 1 Value (F} 1E13 0.0015
Kemet J 0306 v 0201 W 3 SRF Range {Hz} o 2.10375E=10
Murata 7 0402 7 0306 7 S_min Range (dB) -106.911 797224
Panasonic v 0508 v 0402 v ESR Range (ohms) 4353788E-D05 553486
Samsung W 0603 v 0508 V ESL Range (H) o 0.451721
TOK J 0612 v 0603 v Price o 0.01
YUDEN o 0805 W 0612 W
1206 4 - 0e0s i - [Load Filters... ] | saveFilters....

(4]

© 2015 ANSYS, Inc.
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Pl Optimization using Slwave and ANSYS
AEDT (lterative Approach)

* A very useful technique for evaluating the effectiveness of the capacitors and there
locations is to extract the model into AEDT.

* |n Slwave, place a port at the IC and replace the capacitors you are interested in
optimizing with a port.

e After, run a SYZ simulation and import the s-parameters into AEDT.

* Place a port again at the IC terminal and connect the capacitors from the other
terminals to ground.

* Now, when you run a linear network analysis, you can see the same results as in
Slwave but it will be much quicker.

* This allows you to try many different combinations of capacitors and optimize them.
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The Capacitor Library Browser (1/2)

Explore and plot the impedance of various vendor or imported capacitor
components versus frequency and quickly determine the lumped circuit
equivalent (Included with Slwave)

* Tools > Capacitor Library Browser

Capaditor Library Browser

P e A L) S 24 i

Impedance
1E3
1E2
o /
E
=
S
— 1E0
=
1E-1
1E-2
1E3
1E4 1E-3 1E-2 1E-1 1EQ 1E1 1E2 1EZ 1E4
Frequency [MHz]
Vendor Series Part Mame Plot Value (F} #Ac... % ElA Size Price L_mnt {H} R_mnt {ohms} SRF {Hz} S_min {dB) ESR {ohms) ESL {H)
AVX 0306 0306ZC103KA v 1E-08 3 0306 0.01 1E09 0.001 5.03645E+07  -60.2637 0.0573551 3.10185%E-10
AVX NO.J NOJP3I35K010R 3306 2 Other 0 1E-10 0.001 9.8506E+06 -43.2659 0.7041 7.91045E-11
Murata GRMES GRMESRF51H475ZD01 V| 4 7E-D6 2 2220 0.0 1E-09 0.001 323661E+06 -80.5035 0.00540348 5.14471E-10
AVX 0201 02013A180JA V 1.8E-11 1 0201 0.01 1E-09 0.001 2.18148E+09 527179 0.181545 2.95709E-10
TDK C3216-MidVokage CI216C0G2I121J(K) 1.2E-10 1 1208 0.01 1E09 0.001 450331E+08 504244 0.115116 1.04087E-0%
Murata GCM15 GCM155R7TH102KAIT 1E-09 1 0402 0. 1E-09 0.001 250775E+08 -50.9926 0.280807 4.02783E-10
YUDEN Standard_Class1_1005(0. UMK105CH331 33E10 1 0402 0.0 1E-09 0.001 400222E+08 -53.1304 0220753 4 75208E-10
Kemet T453A T453A104MO35AHEXT0 1E07 1 1206 0.01 1E-09 0.001 4.95645E+07  -35.2078 1.80002 1.01484E-10
Price - |
Filters
Vendor Show Series Show = ElA Size Show = Filter ~ Quantity Mir. Max.
AVX W 0201 v 01005 V 1 Value (F) 1E-13 0.0015
Kemet i 0306 v 0201 W 3 SRF Range {Hz) o 2.10375E+10
Murata 7 0402 7 0306 7 5_min Range [dB) -106.911 797224
Panasonic v 0508 v 0402 W ESR Range {ohms) 4.39788E-05 593486
Samsung W 0603 v o508 V ESL Range (H) o 0.451721
TDK i 0612 v 0603 W Price 0 0.0
YUDEN v 0805 W 0612 W
1206 ¥ - 0e0s A [Load Filters... ] | saveFilters....

© 201
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The Capacitor Library Browser (2/2)

e Automatically determine the best type and number of capacitors given a
frequency dependent impedance mask and mount capacitors at certain user-
defined capacitor regions.

e (Pladvisor is mandatory)

e Define VRM parameters, Load an impedance Mask and then Run « Auto select
capacitors required to match impedance profile »

Capacitor Library Browser

Capacitor Library Browser p—
e e o = e A Sl L) ol P i)

=

Impedance s . . . .
1E3 | 4 Auto select capacitors required to match impedance profile
1E2
1E1

=
£
=
= 1EO
=
1E-1
1E-2
1E-3
1E-4 1E-3 1E-2 1E-1 1EOQ 1E1 1E2 1ES 1E4
Frequency [MHz]
Wendor Series Part Mame Plot Walue (F) #H Active ElA Size Price L_mrt {H} F_mrt {ohms) SRF (Hz) S_min {dB) -
AN 0201 0201 2A0R5CA I I 5E-132 1 0201 0.01 1E-09 0.001 o -18 20689
AN 0201 02013210042 1E-11 o 0201 0.01 1E-09 0.001 2. 98937E+09 -51.6102
AN 0201 02013212048 1.2E-11 o 0201 0.01 1E-09 0.001 2 66208E+09 45 282
AN 0201 0201321 5048 1.5E-11 o 0201 0.01 1E-09 0.001 2. 47894E+09 -51. 4814
AN 0201 0201232708048 1.8e-11 o 0201 0.01 1E-09 0.001 2.18148E+09 -52 7179
AN 0201 0201 3ATROCA 1E-12 o 0201 .01 1E-09 0.001 o -40.679
AN 0201 02013ATR2CA 1.2E-12 o 0201 .01 1E-09 0.001 8.457195E-09 -41.9754 -
Use selected capacitor model for part [ CAPACITOR_CDROZ2 ~] [ Apply | Price - | | updat=
Filters
Vendor Show Series Show o ElA Size Show ‘r Filter Quantity M Maoc
AN v 0201 o 01005 v Value (F) 1E-12 00015
Kemet W 0306 o 0201 v 3 SRF Range (Hz) o 2. 10375E+10
Murata W 0402 o 0306 v S_min Range (dB) 106911 -7 87224
Panasonic M 0508 v 0402 M ESR Range (ohms) 4 93788E-05 593486
Samsun: g o 0503 e os02 & ESL Range {H} o 0.451721
TDK v os12 v oe03 v Price o o.01
YUDEMN v o805 v oel12 v
1206 v - o805 o - | Load Filters... | [ Sawve Filters...




Matching process

e Two Statistics are provided, Siwave optimize the numbers of capacitors

used and the types.

Impedance

Capacitor Library Browser
X oz
163
1E2
1E1
T
£
=
— 1B0
o
161
1E-2
1E3
1E4 1E3
Vendor Series
AVX 0201
AVX 0201
AVX 0201
AVX 0201
AVX 0201
AVX 0201
AVX 0201
]
Filters
Vendor  Show
AVX V]
Kemet Fl
Murata Fl
Panasonic [V
Samsung V|
TOK F
YUDEN i

© 2015 ANSYS, Inc.

CAPACITOR_CDRO2 Appl

1E-2 Statistics

Part Name [ . ) 22 different capacitor types
02013A0R5CA L' 24 total capacitors used

02013A1000A
02013A1200A
02013A1500A
02013A180A
02013A1ROCA
02013A1R2CA

Show = ElASize  Show = Fiter
Fi 01005 i
0201 F
0306 F
0402 V]
0508 V]
V!
V!
V!

FlEEEEEE

Price ~/

1E2 163

L_mrt (H)  R_mnt (ohms) SRF (Hz)
1E09 0.001 0
109 0.001 2.98937E+09
109 0.001 266208E+09
109 0.001 247894E+09
1E09 0.001 2.18148E+09
1] 0.001 0
1] 0.001 8.45719E+09

Quantity Min Maze.

Value (F} 1E13 00015

SRFRange (H) 0 2.10375E+10

S_min Range (dB) -106.911 -1.97224

ESR Range {ohms) 4.99788E05 593486

ESLRange (H 0 0451721

Price 0 001

December 7, 2016

Save Filters...

1E4

S_min (dB)

-18.2069
516102
-49.282

514814
527178
40679

415754

-

Impedance

1Z11] [ohm]

1E3
1E4

Vendor
AVX
AVK
AVE
AVX
AVK
AVE
AVX

Filters

Vendor
AVX
Kemet
Murata
Pariasonic
Samsung
TOK
YUDEN

Part Name

02013A0R5CA

02013A100JA
02013A120JA
02013A150JA
02013A180JA

02013A1ROCA
02013A1R2CA

Series
0201
0306
0402
0508
0603
0612
0805
1206

Show

KR EEEEE

Statistics

==

. , 7 different capacitor types
LV 6 total capacitors used

=

EIA i
01005
0201
0306
0402
0508
0603
0612
0805

T

ze  Show
V|
v
V|
V|
v
V|
V|
v

1E2

ce L_mnt(H)  R_mnt {ohms)
i 1E0% 0.001
1 1E09 0.001
1 1E09 0.001
i 1E0% 0.001
1 1E09 0.001
1 1E09 0.001
0.0 1E09 0.001

Price A

.

m

Filter

Quantity

Value (F)

SRF Range (Hz)
S_min Range (dB)

ESR Range (ohms) 4.99788E-05 593486

ESL Range (H)
Price

SRF (Hz)
0

2.98937E<09
266208E<09
2.47894F+09
2.18148E<09
0

8.45719E+09

Min Manc

1E13 0.0015

0 2.10375E+10
-106.511 757224

0 0.451721

0 0.01

Save Filters. ..

1E4

S_min (dB)
-18.2069
516102
-49.282
514814
527179
40679
-41.9754

A



Mount the provided solution in the existing design

239

Select « Mount active Capacitors in design »

4 steps are required to mount a capacitor.

# ' Capactor Mounting Dialeg

Options

Mounting Style: |2 Via Wide -

Capacitor Library Browser

& x =2 o [EEE] 5

O=
O=

| Edit Mount Dimensions. .. |

Connect between nets

Lo -
Unmounted Capacitors
1 Vendor Series Part Mame Value Size
Murata GRMO3 GRMO33R71E121KAOL 1,2E-10 0201
Murata GRMO3 GRMO33R71C331KD01 3.3E-10 0201
Murata GRMO3Z GRMO33F51A222Z001 2.2E-09 0201
Murata GRM15 GRM1555C1H161JA01 1.6E-10 0402
Murata GCM21 GCM21BR71H104KAST 1E-07 0805
Murata GRM31 GRM3195C1H1331401 1.3E-08 1206
Murata GRM32 GRM32ERG1E226KELS 2.2E-05 1210
Mount Selection

Mounted Capacitors

Vendor Series Part Name Value Size

2

P2sva

b |

and

[

b |

© 2015 ANSYS, Inc.
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Close

4,'"1 Mount active capacitors in design ®



Mount the provided solution in the existing

design ( 3/4 steps)

For each unmounted capacitors, Slwave allow you to

choose :

* The Mounting style (2 via Tall or 2 via Wide)

* Define the Capacitors Mount Dimensions
* Define the connected nets

#* Capacitor Mount Dimensions - - —-_—— oo - X"
2 ElA Size  Pad Width (mils) Pad Height {mis) Pad Spacing {mils) Trace Width {mis) Trace Length (mis) Via Padstack
01005 30 2 10 5 20 Auto Generate
o
ﬁ < 0201 3 2 10 5 2 Auto Generate
; | 0306 30 2 10 5 2 Auto Generate
! 0402 3 2 10 5 20 Auto Generate
I H 0508 3 2 10 5 20 Auto Generate
J/ 0503 30 bl 10 5 20 Auto Generate
. 0612 3 2 10 5 20 Auto Generate
----- 0305 3 2 10 5 20 Auto Generate
/T J, 1208 £ 2 10 5 2 Auto Generate
| ) 1210 30 20 10 5 20 Puto Generate
1\ 1310 3 2 10 5 20 Auto Generate
1632 3 2 10 5 20 Auto Generate
PN 1308 30 bl 10 5 20 Auto Generate
w 1812 3 2 10 5 20 Auto Generate
H: - padeight Z 0 % 0 : » foiisiei
W: Pad Width 0 aenerte
o o w5 % 2 10 5 2 Auto Generste
5: Pad Spacing n2 B 2 10 5 20 Auto Generate
TL: Trace Length PTG ) P 10 5 2 Auto Generate
TW: Trace Width 63 3 2 10 5 2 Auto Generate
Import... ‘ | Export... | Cancel

240 © 2015 ANSYS, Inc. December 7, 2016

Mounting Style: |2 Via Tall -

1k

Connect between nets

unting Style: |2 Via Wide -

1

O~
O=

| P23va

'| and

| GND




Mount the provided solution in the
existing design ( 4/4 steps)

The last step to allow the mounting is to define a capacitor region on the layout

Define Capacitor Regions | ' S|

* Draw > Capacitor regions...
— Select the top or bottom region

Elevation of Region

i@ Top

* Use the mouse to draw a rectangle © Bottom
-
—1]

ie : 2 regions

241 © 2015 ANSYS, Inc. December 7,



Mount the provided solution in the
existing design ( Final step)

Select the pre-defined regions and Unmounted Capacitors and click « Mount
Selection »

i | Capacitor Mcunting Dial [E=EESN * ]
- |
Options Unmeounted Capacitors |

Mounting Style: |2 Via Wide -

‘endor Series Part Name Value Size

GRMO33R71E121KADL

ir]
ir] GRMO33R71C331KDOL
ta GRM033F51A2227D01
rata GRM15 GRM1555C1H161JA01 1.6E-10 0402
ta
ta
ta

GCM21 GCM21BR71H104KA3T7 1E-07 0805

@
ura GRM31 GRM3195C1H133JA01 1.3E-08 1206
ura GRM32 GRM32ERG61E226KE1S 21.IE-05 1210
4 1 | r
Mount Selection
3 z i | Mounted Capacitors

endor Series Part Name Value Size

Capacitor (Active)
Mame: 89
Walue: 2.2E-09F
. + Met: P2ZBWVA
- Met: GMND
Connect between nets
[stw\ '] and Unmoun t Selection
) -

Edit Mount Dimensions. ..

Close .......I

Warni
erindg

| -
* Note : If some capacitors can not be mount due to | |
. Some of the selected capacitors could not be mounted

i i i i _IA in the selected capacitor region(s) due to area constraints
the'r sizé / area conStralnts' the fOIIOW|ng message o an:}ortLecgbdsenEe o;spec?fied(cjo:ne:t:tion netsi:tthextricinity.
appears.
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Realize Your Product Promise™
PIAdvisor — Pl Optimization

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics



Power Integrity Design

PCB Geometry present
* A functional design, with all decoupling capacitors already placed on PCB

* Pl Engineer may want to:
— Increase capacitor count in order to make design more robust (i.e. overclocking, etc.)
— Reduce the capacitor count

— Reduce number of different capacitor types used
— Redesign using lower cost capacitors
— Chose appropriate capacitor location

244 © 2015 ANSYS, Inc. December 7, 2016



Pl Advisor

Automated Pl Optimization : An Automated Approach

to investigate into Decoupling Analysis.
* Simulation > Pladvisor...

* A functional design, with all decoupling
capacitors already placed on PCB

* Pl Engineer may want to:
— Increase capacitor count in order
to make design more robust
— Reduce the capacitor count
— Reduce number of different capacitor types used
— Redesign using lower cost capacitors
— Chose appropriate capacitor location

245 © 2015 ANSYS, Inc. December 7, 2016

Simulation | Results

Options..

Compute Resonant Modes...

Help

Compute Far Field...

Compute Near Field...

Compute Frequency Sweep...

Compute 5-, Y-, Z-parameters...

Compute DC Current/Voltage...

Slwizard (Designer/Mexdim Link]...

Impedance

v

FI Advisor...
M P Optimizer, Wizard Step 3
Capacitors Selecked for Optimization
Part Name Ref. Des. # 15
¥ CAPACITOR_CWROE-10V,47,10% €10
W CAPACITOR_CWROE-10V,47,10% €9 1©2
W CAPACITOR_CDRDA @
W CAPACITOR_CDRDA =h
¥ CAPACITOR_CDRO4 <13 1E1
¥ CAPACITOR CORDS as =
¥/ CAPACITOR_CDRO4 <15 &
¥ CAPACITOR CDRO4 a7 e
& CAPACITOR_CDRO4 =1 5
¥ CARACITOR CDROY as -
¥ CAPACITOR_CDRO4 0]
¥ CAPACITOR_CDRO4 a1
W CAPACITOR_CORDY = 12
& CAPACITOR_CDRO4 23
W CAPACITOR_CORDA =
W CAPACITOR_CDRD4 =] 1€3
W CAPACITOR_CORDS = 1e4
W CAPACITOR_CDRDA =
¥ CAPACITOR_CDRO4 =3
¥/ CAPACITOR_CDRO4 =5 RSl
¥/ CAPACITOR_CDRO4 a0 Kemet
W CAPACITOR CDRD4 =1 Kemet
W CAPACITOR_CORO4 3z Kemet
¥ CAPACITOR_CDRO4 33 Kemst
W CAPACITOR_CORDA = Kemet
W CAPACITOR CDRO4 =] v Kemet
< 2 Kemet
<
Assigned Candidate Models Fiters
wendor Series Part Name. Lo Vs
endor
Kemet: Taa1C T431CLOSHOSOAT P
Kemet Ta91C T491CLOGMO10AT
Kemet T491C T491CLO7MOO4AT Kemet
Kemnet TANC T491C15EMOISAT Murata
Kemet Taa1C T431CISEMO20AT Panssoric
Kemet: Taa1C T43ICLSTHODAT
Kemet Ta91C T431CZ2SMOZSAT ?‘;Tj“”g
Kemet Ta91C T491C2ZEMO10AT
Kemet T4s1C T4ILCZZIMODEAT YUDEN
< >

Series
49
T431C
T431C
431
49
49
T431C

E

HENEEEE

163

Seies.
0201
0306
0402
0508
0603
0612
0305
1208

12 11

Pait Name.
T4IIC22EMO1BAT
T431C226H0204T
T4F1C226MO25AT
T4IIC2Z7MODEAT
T4FICIT/MOZEAT
T4IICIB/MOBAT
T4Z1CIBMO04AT

Show

=) = 1e2 =) 164
Frequeney [MH2]
Floi | Condidate ValueF) EIASze | Cost(s) SAF(H 5 min(dB) #
] Add[22605 22 0 32612766 G521
O Add |22605 22 O 3261276408 585214
[m] Add_|22e05 2312 0 300B07E 406 57,7765
[m] Add_|nooozz 2312 i 1236796406 576332
o Add | 33608 2312 i 19728406 472703
] Add | 3306 212 0 790069 406 506705
O Add [23E05 22 O 2912216408 SEAET
>
& EldSie  Show 2 Fiker | Quantiy Min Max
1812 [} O Vvale ) 0 00015
1825 ] [ SRFRangeHz) 0 210375E 410
20 [ S_minFange (] 106911 797224
2275 [ ESR Range chms) 4.39780E05 533455
» 2312 [] ESLRangzH) 0 1HINF
206 O costi) 0 1
2623 ]
~ Other O«

=X

Genetic Algorithm Setup
Optimized for Impedance
Optimized for # of Caps
Optimized for Capacitor Types
Optimized for Price




5 Easy Steps

1. Define Ports and Impedance Targets

Bl P| Optimizer Wizard Step 1 @

Check parts where impedance
prafile should be enforced during

Impedance magnitude at port VOC_U14

optimization 1E6

Port
» VCC_ U4
WOC_VRM

Enforce ] 1E4

JZ41] [ohm]
m

1E-2
1E3
1E4
1E-5
1E6
1E7

1E8

YRM Parameters

Lacation:

ESL:|1.000e-05  |H ESR: 1.000e+00 | ohms

YRM ESL/ESR. Model Tuning
d d
EsL ESR.

[¥]Plot ¥RM output impedance in

Plot total [211] at port in

1E-4 1E3 1E-2 1E1

1E0 1E1 1E2 163 1E4
Frequency [IMHz]

Required |211]

Start [Hz) End [Hz] Target [211] [ohms]
100 1E+09 oe
Calculate... ] [ Load |Z] Profile. .. } [ Save |Z| Profile...

246
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or

izer Wizard Step 1

Check ports where impedance
profile should be enforced during
optimization

Port Enforce ]
VEC_UT4
VLT VRM ||

Automated Pl Optimization

Impedance magnitude at port VCC_VRM

1E5
1E4

1E2
1E1

1E1

1741] [ahm]

1E-2

1E3

1E-5
1E6
1E-7

1E8

1E-4 1E3 1E-2 1E1 1E0 1E1 1E2

WRM Parameters

Location: |WCC_U14

ESL: | 1.000e-05

WRM ESLJESR. Madel Tuning

d
EsL ESR

Plok WRM oukput impedance in

Plok total [211] at partin

H ESR: i .000e+00 | ohms

Frequency [IMHz]

Required |211]
Right-click in table to add ar delete raws

v
Start [MHz] End [MHz]
0.0001 1 0.02
d a0 200 05
200 300 03
300 500 12

Target 217 [ohms) ~

v

[ Load |2Z| Prafile... ]

[ Save |Z| Profile. .. ]




Automated Pl Optimization
5 Easy Steps

2. Select Capacitors for Automated Optimization

M Pl Optimizer, Wizard Step 2 @

YCC L4 Part Name Ref. Des. ‘Walue [F] Dptimize L
CAPACITOR_CORO4 C30 1E-07
CAPACITOR_CDRO4 C41 1E-07
CAPACITOR_CDRO4 Ch3 1E-07
CAPACITOR_CORO4 C&? 1E-07
CAPACITOR_CDRO4 ChE 1E-07
CAPACITOR_CDRO4 a5 1E-07
CAPACITOR_CORO4 Ch4 1E-07
CAPACITOR_CDRO4 Ch2 1E-07
CAPACITOR_CDRO4 Ca0 1E-07
CAPACITOR_CORO4 Ch3 1E-07
CAPACITOR_CDRO4 c2 1E-07
CAPACITOR_CDRO4 C43 1E-07
CAPACITOR_CORO4 CH1 1E-07
CAPACITOR_CDRO4 c48 1E-07
CAPACITOR_CDRO4 C37 1E-07
CAPACITOR_CORO4 c23 1E-07
CAPACITOR_CDRO4 C17 1E-07
CAPACITOR_CDRO4 c2e 1E-07
CAPACITOR_CORO4 C27 1E-07
CAPACITOR_CDRO4 C39 1E-07
CAPACITOR_CDRO4 [me:2) 1E-07
CAPACITOR_CORO4 ci8 1E-07
CAPACITOR_CDRO4 C14 1E-07
CAPACITOR_CWROE1OV 47,10%  C10 1E-07
CAPACITOR_CWROB10V 4710%  C9 1E-07
RLC_#vZ_C CEE 1E-07
RLC_=vZ_C c70 1E-07
RLC %2 C 7 1E-07
RLC_#vZ_C C72 1E-07
RLC_=vZ_C CES 1E-07
RLC %2 C 67 1E-07
RLC_#vZ_C CES 1E-07
RLC_=vZ_C CE3 1E-07 v

[ & Previous ] [ Mext 4 ] [ Cancel g ]
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5 Easy Steps

3. Select Candidate Capacitors for Optimizer

Automated Pl Optimization

Pl Optimizer, ard Step 3

Part harne

CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CORD
CAPACITOR_CDROS
CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CORD
CAPACITOR_CDROS
CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CORO
CAPACITOR_CDRO4
CAPACITOR_CDROS
CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CDROS
CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CORD
CAPACITOR_CDROS
CAPACITOR_CDRO4
CAPACITOR_CDRO4
CAPACITOR_CORD

2R4%R%4R%90KRIKRRRRIRRRERKS

Assigned Candidate Models

Wendor Setles
Kemnet T491C
Kemet T491C
Kemet T491C
Kemnet T491C
Kemet T491C
Kemet T491C
Kemet T491C
Kemnet T491C
Kemet T491C
<

Capacitors Selected For Optimization

Ref, Des,

CAPACITOR_CWROB-10V,47,10%  C10
CAPACITOR_CWROS-10Y,47,10%  C9

2

11
C13
Ci4
15
[
[WE:]
19
Cz0
21
czz
C23
24
25
26
27
[z}
29
C3n
31
3z
C33
C34
35

Part Mamne

T491C105MOS0AT
T491C106MO10AT
T491C107MO04AT
T491C155MO35AT
T491C156M0Z20AT
T491C157MO04AT
T491CZ25MOZSAT
T491C226M010AT
T491C227MO0BAT

~

Impedance
163
1E2
1E1
E
=
=)
= 160
B
1E1 \/
1E-2
1E3
1E4 1E3 1E-2 1E1 1ED 1E1 1E2 163 1E4
Frequency [MHz]
Wendor Series Part Mame Plat Candidate | ¥alue [F] | ElA Size | Cost[$] | SRF [Hz) 5_min(dB]  #
Kemet T491C T491C226MOTEAT O Add | 22E06 2312 0 3.26127E+06 565214
Kemet T491C TAGIC226M020AT O Add | 22E05 232 0 3.26127E+06 565214
Kemet T491C T491C226MOZEAT O Add | 22E06 2312 0 3.00807E+06  -57.77EG
Kemet T491C T4GIC227MO0BAT O Add | 000022 232 0 1.23879E+06  -57.6332
Kemet T491C T491C33EM02EAT O Add | 33E06 2312 0 9.10728E+06  47.2703
Kemet T491C T491C33BMO3AT O Add | 33E-06 232 0 7.90069E+06  -50.6705
Kemet T491C T491C336M004AT O Add | 33E05 2312 0 291221E+06 559167 v
< >
Filters
Wendor Show Series Show ElASize | Show | * Filker | Quantity hdin. Max.
B 0201 1212 O O value(F] i] 0.0015
Kemet 0306 1825 O [0 SRFRangeiHz) 0 210378E+10
Murata 0402 2220 [d] [0 S_minRange (48] -106.911 SFav22e
Panasonic 0508 2225 ] [] ESR Range [ohms] 499733E-05 593486
Sarrsung 0e03 y 232 I [v] | [ ESLRangs[H) o T.HINF
TDK ogta 2816 ] [0 Costig) 0 0
YUDEN 0805 2803 O
1208 w Other O

[ﬁPrewous] [ Mest ﬂ] [Cancel z]

© 2015 ANSYS, Inc.
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How to Determine Candidate Capacitors

1. User choice based off of BOM
‘ Enter capacitor selections

2. User choice based off of filtered selection

3. Automated selection using SimplePI

1z E
Impedance

1E4

1E3

1E2
E 1B
=2
i 1E0

1E1

1E-2

1E3

1E-4 1E-3 1E-2 1E1 1E1 1E2 1E3 1E4

2 different capacitor types
Wendor Series Part Narne Plot  Value(F)  Hactive | 2totalcapackorsused g pin (9B) | ESR (ohms) | ESLIH A
E 0201 D201340R5CA O 13 1 122089 o7sese 0
A 0201 02013410004 O 1E-11 1 |51 6102 0236473 283454E-10
B 0201 0203412004 O 1.2E11 1 43 282 021538 297863E-10
A% 0201 02013415004 O 1541 1 0201 [ 247804E.D9  E14814  01393/4 ZTEEAD
B 0201 02013418004 O 181 1 02m 0 218148E+09 527179 0181849 295703E10
A 0201 020 341R0CA O 1E-12 1 o2 a 1] -40673 0E38803 a
BN 0201 02N 3A1RZCA O 12E412 1 ozm a B45719E+03  -41.9754 0561788 295126610
A% 0201 0201341R5CA O 154z 1 0201 o TO4MEELD 02709 OSWEIT  Z67EIEAD v
Filters
Vendor | Show Series Show & ElSizs | Show A Fier | Guanity Min Mar
AV 020 01005 [0 vakelr) 0 00015
Kemet 0306 o201 [] SAFRange(Hz 0 210375E+10
Murcta 0402 0305 [ 5_minRange (d48) -106.911 7.97224
Panasonic 0508 0402 [] ESRRangefohms] 4.99788E-05 593486
Samsung 0603 0508 [0 ESLRangeH] 0 1HINF
TOK. 0612 0603 O cost(s) [ 0
YUDEN 0805 0612
1208 ) 0805 I
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Automated Pl Optimization

4.

5.

5 Easy Steps

Setup Optimization Criteria
Total Price
Total Number of Caps
Total Number of Cap Types
Total Capacitor Area
SYZ Sweep

Launch Optimizer and Analyze Results

250 © 2015 ANSYS, Inc. December 7, 2016

B P| Optimizer, Wizard Step 4

=l Simulation
Mame Fl Opt Sim 1
S-parameter Source [ Recompute |
=l Attributes to Minimize
Total price

Total capacitar area

Total number of capacitors

Total number of capacitor ty...
=l Optimzer Control Parameters

M embers per generation g
Murber of generations 40
Cap. attachment probability i
Murnber of iterations
=l Threzholds
 asirmurn total price ($) h.00
b awirnumn total capacitor area [ 4000.00
b awirnurn rurnber of capacitors 100
M awiriurn number of capacitart.. 10
=l S-parameter Simulation Options
Impedance Mask Range 100Hz -+ 1E+09Hz
Sweep Range 1000Hz -» 1E+09Hz, 3071 points
S-parameter Sweep Configuration Edit |
Port Reference Impedance Alohms

[ Cancel ,ﬂl




Optimized Results

Without Embedded Capacitance

Time = 15min 7sec
* Frequency Setup

1KHz <= f < 1GHz
50 Points/decade

* Genetic Algorithm Setup

Optimized for Impedance
Optimized for # of Caps
Optimized for Capacitor Types
Optimized for Price

100 Members

1000 Iterations

Original solution
* Total # Caps: 74
* Capacitor types:

All ideal

Optimized Solution
* Total # Caps: 18
* Capacitor Types =5
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AVX, Samsung, and Kemet
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M Optimization Results

Schemes

Marme:

Scheme 9
Scheme &
Scheme 7
Scheme 6
Scheme 5
Scheme 4
Scheme 3
Scheme 2
Scheme 1
Scheme 0

Overall Fi...

0837004
033699
0836974
0836941
0836938
0836839
0.836792
0836417
0836403
0811523

Price (§) | Num. Caps.

i)

#ipply Scheme to Design

)

[ Export Schems ECM...

Capacitors Selected for Scheme 3

Capackor

vl (F)
(emphy)
0.00068
(eripty)
(empty)
(eripty)
(empty)
4,311
(empty)
S.1E-11
(empty)
(empty)
(empty)
(empty)
(empty)
(empty)
(empty)
4.36-11
4311
4.36-11
4311
(empty)
(emphy)
(empty)
(emphy)
(empty)
(empty)
(empty)
4,311
43611
S.1E-11
(empty)
4,311
(empty)

Vendor  Se..  Part

Kemet  TS30X TS30X6S7MODGATEDIS

Samsung 0402 CLOSC430IBSHMNC

Samsung 0402 CLOSCS10IBSHMNC

Samsung 0402 CLOSC430JBSMNNC
Samsung 0402 CLOSC430IBSHMNC
Samsung 0402 CLOSC430JBSMNNC
Samsung 0402 CLOSC430IBSHMNC

Samsung 0402 CLOSC430IBSHMNC
Samsung 0402 CLOSCA30IBSHMNC
Samsung 0402 CLOSCS10IBSHMNC

Samsung 0402 CLOSC430IBSHMNC

161

Impedance at port "VCC_U14" for Scheme 3

1F0

1211 [ohm]

1E3

1E3

Port: | yeC_Uts

~ | [Z)show impedance mask

1E0 1E1 1E2 168

Frequency [MHz]




WSS Loop inductance

After running an optimization in Pl advisor right-click the Pl Advisor Simulation name in
the Results workspace to obtain the loop inductance between each port/capacitor

Provides intuitive plot to analyze capacitor layout thereby minimizing loop inductance

252 © 2015 ANSYS, Inc. December 7,



Realize Your Product Promise™
EMI/ EMC simulation

Basics

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics



EMC Analysis

First design and optimize PDS
* Low plane impedance
* Minimal resonances

Perform FFT of transient waveforms
* Add current/voltage sources at IC locations
* Measure Near/Far fields in Frequency band of interest

Place PCB/PKG in enclosure model
* Plot fields using HFSS
* Measure effects of shielding
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WSS Slwave Analyses

Far/Near-field Calculation

* Explicit field is calculated from SIWave
solution

* Far/Near-field Green‘s function is used to
determine fields in all space.

|H| 3mm above board

1.00E-004 3
Far-field maximum |E| P 1.0E-5A/m
S]1.00E-005 —
a ]
m _
=] I i}
51.00E-006 - e L-OE-9A/M
1.00B-007;=5 " 10.00

-~ 1.00
Freq [GHZ]
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NWSSHE Slwave - Near Fields

+1.000E+DD & m

Near Field correlation - 60mm slot length

+9.097E- 01 &' m

+8.235E- 014/ m Siwave v4.0 Measurement

+T.AM1E- 1 &' m
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Add sources to
physical location
of ICS and specify
max current draw
or voltage
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Slwave - Far Field Plotting

26 Aug 2005 Ansoft Corporation

Mag.E (dBuV/m) @3m

XY Plot 1
plate_1_vp

120.00

16:32:37

dE(rEtatal’3)+ 13
Theta=0.0001de
plate_1_wp_FF

| Spikes—___

100.00

| correspond\T*A

80.00

'to excited /

o Froaconanecao
1esSorarice

vl Modes

20,00 ——

0.00

dB(rEtatal/3)+1:2
Theta=45.00007
plate_1_wp FF

dE(rEtatal’3)+ 13
Theta=90.0000<
plate_1_wp_FF

dB(rEtatal/3)+1:2
Theta=135.000C
plate_1_wp FF

dE(rEtatal’3)+ 13
Theta=0.0001de
plate_1_wp_FF

dB(rEtotali3)+1:
Theta=45.00007
plate_1_wp FF

10.0 T ) T T 10000
Freq [MHz]

" '10000.0

bl
dE(rEtatal/3)+ 13
Theta=930.0000<
plate_1_wp_FF

Emission test plot @ 3m



Shielding Analysis

Slwave field
solution can be
used as a
radiation source
for HFSS

Dynamically link
Slwave to HFSS to
plot the field strengths
around the enclosure
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System Analysis (Verification)

 Design Setup for System Analysis

Import PCB and
Component Definitions
from 3rd Party Layout

-

Full-wave Extraction

Set up
Drivers/Receivers

Resonance
Analysis

\ 4

Schematic

generation

i = -,
l i H
'lsl:sm * #&

\ 4

Near and Far-field Transient circuit
Calculation I analysis
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What is a Full System EMI/EMC Methodology

State of the art EMI/EMC simulation method that
* Utilizes the best in class tools

* Incorporates physical board layouts

* Uses real world transient signals

Takes into account full 3D enclosures

Seamlessly combines frequency and time domain simulation tools to
predict EMI

What are the tools needed?

* Board analysis > Slwave

* Full 3D enclosure > HFSS

* Realistic clock/timing, and digital signals > AEDT
* CAD links > ALinks
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What are the steps ?

Import PCB layout into ALinks or Slwave
Perform analysis of PCB in Siwave

Dynamically link Slwave results into ANSYS Electronics Desktop (AEDT) — Circuit
Design

Attach drivers and receivers in AEDT to linked Slwave model
Perform a time/frequency domain analysis of entire system in AEDT
Push voltage/excitation levels back to Slwave

Dynamically link the Slwave model into AEDT — HFSS Design

Solve the full system in AEDT — HFSS Design

B N

ALINKS™ [—> SIWAVE™  ANSYS ELECTRONICS
I Hc;|< |( )I)I‘IVI

g e e
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NANSYS

The Slwave simulation

1) Layout in eCAD tool is imported into Slwave

ECORT  SIMULATION

= L File,

RESULTS

*) kpache CMP.OCFle...

= Comoonent ik,

- 8
sme
=) Huray Rovgnress Models.. %) RLC at Values,
) APD/SP 3onduite Pofle il ) Lajr tackup.. ) setirgs Fil
#) ane Stents. b Temperature Profile -Imoort New Profle--
OtherImports
Layers vix
Boowosog

suRrcE Wl

Properties vix

~ # x Information / Errors / Warnings vix

SERLUEBEEI -
DPOFT | HONE EDT  GEOMERY CROUTEEVENT  VEW  VGELT  TODIS
E Cadence Allegro/apo/sie.. B Mentor Board Station RE/CE Design.. & 0D3++ Design.. m, 4 ANSISEDE..
Bor. 2 Mentor Expedtion Design ~ M Zuken CRSC00 Desigr... =) ArsoftLinkss Project.. "} Tenglate F
B 6051 2 Wentor Pas Cesign. Leadirame Editor =4 \IDLFile.
‘Third Pary EDA Layouts ANSYS EDA Layouts
Single Ended Nets ~ #x Components TEX
Reqular Exp: X Tapacitors
K nducors
K Resitors
SR dorts
T % VoltageProoes
X Curent Sources
5 Voltage Sources
[ imegrated Circuits
[ noutjOutput
(R Discrte Cevices
¥ in Grougs
-1 Vitually Meunted Pockages
¥ Terminals
[FIHLC L0ADSHED
[JHLC R0V
[FJHLC RAC_RESET
[JHCRSTH
7IHLC_SHIFT @
- i R
Hsng.. e, Dote. Terow @ conponenss % Selection Flter
vix
Selected Nets -0 Results
Oret: seeced Urseiet
Messages
reating Stnave session 100 spotata\Local Gl
Wwindows 7 Frofessional service zack 1 Emld 7601)
Lcaded nanrla] ll r Y /PV‘(E am Files/ANsysEH/ANsySEML7 DNHM/SYSHD’N&K!NI]S amat”
Leaded co *C: /Progran 71iles /AnsysEM/AnsysEN17 . ¢/Wing/conp] ib’
Leaded Wff!r‘ Nie]: me ’Pr)gran Fﬂes/Ar\‘y:EM/AV\SVSEMV C/Wing4/buflie"
Translating Cacence design : plezse wait...failec!
[vEracta Thansiarer 109 F11¢ StVER o C1/USErs, PacastroApMDAE oca),Tenp/<tvave_board. frarslation. Jog
Imparting Ansoft Neutral Fﬂ e £ S‘/L aining,trunk\sIvave\inoLt_files\Ws0L_1\siwave_board, &
ASCIT unencrypted File gmtrat:d by urknown Tayour systen
‘

2y
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()Q A\ Display outputfrom: ‘& d -
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Sweep | Sensitivity | Distributed Analysis (HPC) | |

Simulation name: SYZ Sweep 1 -

Compute exact DC point

Frequency Range Setup

_I Start Freg | Stop Freq |Num. Points [ Step Size IDlstrlbuhonl
1 |1Hz 1GHz By Decade

: __-

Add Above I l Add Below ] [ Delete Selection ] [ Preview... ]

Sweep Selection

Set FWS generation parameters

Discrete Sweep

Min Rise Fall Time [ s

) Interpolating Sweep

[ stwave with 30 DOM

Other solver options.

Relative error for 50 | 0.005

Export Touchstone® file after simulation completes

File path:  E:\SVN_Training\SIwaveYnput_files\Ws01_2\siwave_

[Sa\re Settings ] [ Launch ] I Close ] l

1a) Simulation is setup
and run




The AEDT Simulation

263

2) Slwave model is
dynamically linked into

AEDT

2a) Drivers and
receivers are
added to the

circuit and
simulated
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4} ANSYS Electronics Desktop - Project!.- Circuit] - SchematicEitor - [Project] - Circuit]. - Schematic

Transient Analysis

Analysis Control

seo T [ =]
Stop [35 us v

Dutput Guantties

K File Edit View Project Draw Schematic ¢

it Tools Window Help

ZEE|0 R R ERRRELS

Sweep Yariables

I~ Disable

AnsoR LG

Revr Pattern

vim

Nawe | Sweep/Value

Solution Option

Additional

December 7, 2016

Name |Default Options]

Noise Scale Moise Seed r

LLLLLLL

i

e T

ACCENS ACPRP
&

R

5 M e
]

ADC AMDEM

Receiver ey

e ~a R

a

AMPROBE_DFF  AMISOURCE

S —

Frequency_Spectrum

ldoo | 35000




Back to Slwave

28 Jan 2009 Ansoft Corporation 20:29:00 h=_
Plot1 Emax_at_3m
EMi4Cat_ff EMI4Cat_ff

60.00

0.00

(4B uv)

HOME  EO  GEOMETRY  CRCUMELEMENTS VW  VISBAY  TOOIS DFORT  SMULATION A

€ Cacence Alegroap0/sie... [l Mentor Bosd Station REAE Design... §) 008 - Design. 2
8o & Mentor Expeator M Zuken CRS000 Design.
B Gost 1 Mentor Pacs

Third Party EDA Layouts ANSYS EDA Layou

Sl R s el A2 D e —
are pushed back into
Slwave

4 L e

ofiLinks6 Project... = Tempiate File.

X File

Emax_at_3m

" Leadirame Eator
e cadiame Eoto 000

#

tors

X Ports

X VorageProdes

T X Current Scurces

X VoRage Scurces

[ Integrated Circuits

O Input/Output
4 B Discrete Devices

£ Pin Groups

7 Virtually Mcunted Packages
[ Terminals

-100.00
0.00

Freq [GHz]

ERRRR R ]
CRNNREEE o
SEASURRERE =
RN QREE o
QNN ARRE o
SNRERERE

EEEEEEON

HLC_SHI =4 > . | =
Visno. dione. Cote. Tyon. | DComponents W secconrte

Selected Nets .« a x Results vdx Properties vax

3a) Fields near to the
PCB are calculated

28 Jan 2000 Ans =SS
RatM a4 InS8ton Loss [dS(SCP 1.2 1) o
e fentacar

Onets selected 1
a2 P
Messages ~ # = Information / E ] [Fres -9 x

Ereating Stuave session Tog C:\users\fecastroAsoataliocal \Temp\untitled. Top - 2
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€5 /AnSySEM/ANSYSEML7 . O,/ W1 64,/ Con
Eiles/ansyseu ansyseinr o wined N
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4000

0
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Linking to HFSS

265

4) Siwave results are ssse-caasivi ssssssa
dynamically linked ‘&= [
into HFSS model et
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Q) ANSYS Elecronics Desiiop - Project] - HFSSDesigni - 30 Modeler - Project] - H¥55Design - Modeler
ﬂmmvﬁumwm.mrmmw ]
§Dﬁﬂ|§%§[§])"£g;'§1mx vﬂﬁ‘;l
i2K (96008 0em R i || lp | fuEsnn

& |z, Coordinate Systems
=& Projectt® =48 Planes

Gormesl Oia Na Finkd W Crtons | Dt |

Soumee of Feld Sero Lk |

Toarvdation of Scnsce Cogn Retsve to Tow Dasgr.

Yot i@ e
2 Comms [0
Pt o Thws D Melatv 0 Sousca
e Garesd | Catoeras F ) |
m PGS s Pk ek, Contgamion | Pt |
Thata station sbons st ¥ st d TN -
e 3 1™ Use Th Promer
Save scurce puth wiatve (o
&
Use! 2 o gt Sewvey of setecind product
—  The pomet
[C R rmistone AN e AR s =1
[P -
Scuace Sohion [Tiera i hinon -
T Poiwrvn sossce So0gn whion
Note i oudackin mode. wuece ot vl be saved Won et

4a) HFSS model is solved
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Finishing the System Simulation

266

5) Entire System is

© 2015 ANSYS, Inc.

solved in HFSS.

December 7, 2016

XY Plot 1

I 4

1 [ |
Curve Info
3M Sphere Max

I

N

UW

T
000000

5a) Results are plotted




Workshops

Siwave_radiation.pdf

Siwave_dynamic_link.pdf
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Accessing the ANSYS Customer Portal
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https://support.ansys.com/portal/site/AnsysCustomerPortal/

Registration and login information can be requested from us

[Firefox - - e e . == X
I3 Inbox - lisa.murphy@ansys.co... \"‘ ANSYS Customer Portal Login  x b
€ a ansys.com t | B - Google Ple B Ti

I\NSYS Customer Portal

eeeeeeeee

eeeeeeeeeee
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