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Legal Disclaimer

= ANSYS product information is highly confidential and
proprietary. By proceeding with ANSYS product
discussions, recipients agree not to use or disclose this
information for any purpose.

= ANSYS product information is not a binding commitment,
and is subject to change in ANSYS’ sole discretion. ANSYS
undertakes no obligation to update product information.

= Purchase decisions, investments and other actions should
not be taken in reliance on ANSYS product information,
which may be prospective in nature, forward-looking and
not guaranteed to occur.
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CPA (Chip-Package-Analysis) solver

Solver Features
* FEM quasi-static field solver. Geometry driven mesh. Uses multi-threading (HPC)

« CPA MoM (activate Q3D solver feature) uses Adaptive Meshing

* Fast, accurate RLGC extraction of power & signal nets for IC, Packages and PCB

Usability Features

* Pin group, or Per-bump-(up to thousands)-resolution SPICE models including
decoupling caps and inductors

* High Resolution graphical color maps of R and L for package probing

* IBIS RLGC Model Generation

* Scalability (handles large number of nodes, eg. 5000)

* Chip + package co-design either in Slwave or Redhawk with CPM file addition
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Applications

* Package/PCB electrical engineers:

* RLCG extraction of RDL, PKG and PCBs (DC RL, and frequency
dependent AC RL and CG)

* User selectable solver choices (FEM or Q3D-MoM solvers)

* Probe the layout weakness — do design iterations — PDN system — DC
to GHz's — individual bump level - fast turn around

* Sl analysis — quick extraction of 100’s of signals — IBIS model
generation of RLCK — quick scan of signal properties

* PCB RLCG modeling including the passive RLC components
* Broadband S-parameter export from RLCG data
* Chip engineers:

* Include the package effects into Chip simulations — cosimulation of
chip+pkg — hotspots — codesign — covisualization of results
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Chip-Package Coanalysis and Codesign

RedHawk and Totem Slwave-CPA

BB ESHdes9 o= ks - Sl - o x
phat-Shee Slwave 2017.1
FILE Import Home View Tools Advanced Export Simulation Results Q  Tell me what you want to do... Style ™ 0
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Slwave-CPA Highlights

Uses 3D FEM and 3D MoM solvers
Similar to PSI and Q3D solvers
Extracts RLCG netlist

Frequency dependency

Ground bounce preserved

Very high capacity FEM solver - full
package and PCB structures — 10,000’s
of sources/sinks

Fast extraction (minutes to a few hours
— even for extremely large packages
with over 10K bumps)

Distributed computing (HPC)

=  PDN analysis with FEM solverSelect
MoM solver (Q3D) for better accuracy.

= Performance-Accuracy trade-off Silicon Interposer and RDL

Thru Silicon Via (TSVs) structures
Packages

PCBs — Power Electronics
Supports decaps, and embedded
components

Pl and Sl analysis

IBIS modeling

Wideband Spice models

= Integrated into Ansys Chip tools
* Integrated into Ansys Slwave
= Very easy to use and detailed reports




R19 Slwave-CPA Highlights

Solvers
* Fast RLCG extraction at per-bump level with high granularity
* Rigorous MoM solver (Q3D) for high accuracy applications
* Distributed computing (HPC)

Models
* Broadband Spice netlist and IBIS model generation

* ESD and CPA models for ANSYS RedHawk/Totem Chip-Pkg-System
cosimulations

Results
* Detailed reporting capabilities including:
* RLCG spreadsheets
* Pin level color maps of resistance and inductance
* Spice netlist’'s compatible with all mainstream Spice simulators

* HTML reports including the complete setup, geometry, and the
results. Interactive control of results in the report for customization.
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R19 Slwave-CPA Highlights

Flexible Source/Sink Setup

* Traditional CPA setup (Die, BGA and PDN components)
o RedHawk generated PLOC import
o Chip Power Model (CPM) import

= |ndividual source/sink setup, with ability to float pins

Flexible Choices
= User-defined extraction frequency (both FEM and MoM solvers)
=" Independent selection of DC RL, AC RL and CG extractions for Q3D

= A new fast and robust mesher coupled with adaptive refinement
= Ground planes above and below the structures supported for Q3D
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CPA-Q3D: HPC Performance

Project name Machine number Total Runtime (H:M:S) Peak memory(MB)
1 1:36:51 13080
2 0:50:31 9716

(30 nets + 72 source ports) - 0:44:09 8862
8 0:23:15 8516
1 1:06:45 9696
2 0:30:08 8787

(77 nets + 211 source ports) 4 0:21:38 8226
8 0:16:55 7274
1 0:58:28 12512

- 2 0:39:10 9260

(38 nets + 97 source ports) 4 0:29:07 8474
8 0:24:55 8206
1 1:09:40 9995

wirebond 2 0:31:06 9957

(230 nets + 230 source ports) < 0:19:56 9708
8 0:15:16 8487

note:

Each machine uses 8 cores

Peak memory is for master node
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Some Key Technical Detalls of CPA solver

Quasi-static approx. is a simplification of Maxwell’s equation for electrically small
structures. Rule of thumb: “structure size < lambda/10” at maximum freq. of interest
Depending on the options selected for “Select Parameters to Compute,” CPA

Solves (CG & RL) at DC

Solves (CG & RL) at AC using the entry for “G+RL frequency” as the solution frequency
Surface current (skin depth) is well developed, and quasi-static approx. (structure
size<lambda/10) holds

Blends AC and DC solution in the transition region

S —
A Md:!.#']#r xod ppit, d is conductor thickness
I

resistance
R e x{}f » The Quasistatic approx. allows to solve Poisson

equations for the electric and magnetic potential
functions Phi and A

« V =grad (®); grad"2(®P)=p; grad"2(A)+k"2*A=J

1 . .
Mme  where V and J are the excitations
I

I |  The charge, Q is then derived from Phi and find

— - CG from (G+HwC)V=jwQ
P
' : * R and L derive from the surface current
DC inductances v AC inductance/ distribution, the surface impedance Z =
resistance is valid resistance is valid sqrt(2))/(0d), and A
DC Region ACRegion Z = R+jwL

transition region
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CPA - FEM Solver

* FEM Solver is based on 3D modeling — similar to Slwave-PSI
solver

* Geometrical objects such as microstrip/striplines, vias, pads,
etc. are all modeled as volumetric metallic objects with
finite conductivity

* Volumetric elements (Prisms) are placed inside the via
barrels, traces and shapes

e Dielectric objects are modeled as such using 3D elements
with lossy material

 FEM solution assumes that RL and CG are decoupled in the
qguasi-static limit and can be extracted separately.

e This is similar to MoM approach of Q3D solution.
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FEM Meshing: Fast Conformal Meshing
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FEM Solver: Key to a Fast RLCG Extraction

e Sparse nature of FEM matrices
* Mature technology of the fast Sparse matrix solver
* Direct matrix factorization — Only once

* Forward-Backward substitution for multiple right-hand-sides
(1000’s of RL branches) — very fast extraction of per-pin RL

* Highly multi-threaded solver
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General Setup and Usage
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Slwave-CPA

v lmpoﬂ Home  View  Tools  Advanced Export Simulation l Results 1 Q@ Tell me what you want to do... l
& - m . M &) Compute Far Field... ; ﬁ Hacrosstatk Scan.., ~ || @hn Q ®3
10}l Compute Near Field... : B swizard... o ||| NG L
Vaﬁdatwn Options... Compute Compute SYZ Compute Compute Frequency Signal Net Impedance C Options... Compute AC
Check ™ DCIR.. Parameters.. Resonant Modes... Sweeps.., 4% Compute Induced Voltage... | Analyzer~  Scan... .TDRW“’--- Currents.,,
‘ Stwave sl
‘Single Ended Nets " X Componen 7 x
Regular Exp: [ [ [#0X Copacitors ~
EVDD puy [ Inductors
[IVDD_15 1 " @[ J Resistors
[Fvss | O X Ports =
[C]JFCHIP_A1 =| [T #& Voltage Probes
[CJFCHIP_A2 [T & Current Sources |
[JFCHIP_A3 [T % Voltage Sources
[C]FCHIP_AS m [T 9 Integrated Circuits
[C]FCHIP_A7 | -  Input/Output L
[[JFCHIP_A12 #.fX 9/ Discrete Devices (v |
CJFCHIP_A13 <[ " T3]
[CJFCHIP_A16 @ compone... %, Selection ...
[CIFCHIP_AT7 - — n
[JFCHIP_A18 Results Ry
[JFCHIP_B3 CPA Simulations
[C]FCHIP_B4 CPA Sim 1
[C]FCHIP_B5
[]FCHIP_BS
[]FCHIP_B13
[]FCHIP_B14
[]FCHIP_B15
[]FCHIP_B16
[CJFCHIP_C2
[C]FCHIP_C17
[CJFCHIP_D2 =
s s Ao e e




Setup

Results @ Tell me what you want to do...
oy AR
' ‘% NW!.I: N
ite Compute Compute Induced | Signal Net Impedance Crosstalk Slwizard... TDRwizard...| | Compute
d... Mear Field... Voltage.. Analyzer=  Scan.. Scan.. RLGC..
-l Shwave

Traditional CPA setup
(Die + BGA + PDN comps)

setup — \ [ Launch cPa c e

Independent \ Simulation name: CPA Sim 1 -
Source/Sink/Float setup+—____ |

™ (@ CPA Channel Setup

[~ ) Individual Source/Sink Setup Source/Sink Assignment. ..

— Extraction Type
DC Resistance model < © ESDR Mode
|—T@) RLCG Model
/ i
/ 1030 Solver
Solvers — FEM solver (default) |
/ [Oﬁ"ler Solver Settings... ] ’ Save Settings ] [ Mext ] ’ Cancel ]
Q3D (MoM) solver

RL, CG choices, adaptive refinement,
Number of cores, and net selections

Note: Q3D solver extracts the whole geometry without any partitioning of structure.
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FEM Solver

No limit on number of
sources and sinks

Packages and PCBs with
well defined ground
planes

Large scale PDN
structures

RDL, Silicon Interposers,
TSVs

No limit on number of
Signal lines

Solver Selection Recommendation

MoM Q3D Solver

Limited number of
sources and sinks

Leadframe designs
Wirebond packages
Smaller flip-chip designs

Sl analysis with “fewer”
lines

Can handle larger designs
— based on memory/run
time requirements

Results @ Tell me what you want to do...

Analyzer~  Scanm..  Scan.. T

Shwave

’
Launch CPA

Simulation name:  CPASim 1 -
@ CPA Channel Setup
_ Individual Source/Sink Setup Source/Sink Assignment,

Extraction Type

") ESD R Model
@ RLCG Madel

193D Salver

[Other Solver Settings... ] [ Save Settings ] [ Mext

Note: We use FEM solver by default,
unless Q3D solver is selected.

Note: Do not compare partial RLCG data between FEM and MoM solvers. They use different
global reference. We can only compare Loop-RLCG results across solvers.
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Use FEM solver with this setting for a fast

CPA Options and accurate extraction of 100’s of signal

nets.
SIwave Options @
R |
FEM SOIVer- Must be bEfore 1St | SIfF1 I SIPI Advanced I DC | DC Advalced | CPA |Mulh’processing I Met Processing | External Environment|
resonance. Typica I Iv’ 100M Hz for : Optimal - PT Extraction Optimal - 5 Extraction | — Adaptive Refinement
packages, and in KHz for PCBs. G Solver
Q3D: High enough for skin-effect [¥] Custom Refinement Maximum number of passes: 2
H ote: For non simulations, the "SI Extraction” \
to man IfeSt' \I SNEtt;ngFEXtracgztnjlv the I;]op RLGC pSaIr.Em:terhs Percent error: 15
q Percent refinement per pass: 30
~ G +ACRL frequency: 100 MHz
Select both DCRL a nd Select Parameters to Compute RL Solver
Capadtance/Conductance Maximum number of passes: 1
Ac RL together \ ~ [#pe @) Resistance/Inductance . =
) Resistance Only Percent error:
AC Resistance/Inductance Percent refinement per pass: 30
[ Ground P/ nets for Q3D solver
@Parﬁﬁoning \
Model Type Enable I
DI @ Package PCB Auto plane extents
cutting distance: 0.5 mm
Ignore Small Holes Preferrn?d net 5 i
IC: for RDL, interposer, etc. group see: |
@ Auto Detect ¥¥ coupling |
H H H istance: mm
Package: for wirebond, flip-chip, etc.|  vemetr smaler than gt 1
PCB: use for PCBS \ 1 | MNumber of simultaneous partitions solvy
PKG+PCB: Select Pacakage type /
/ [ OK ] I Cancel I

Z

"4

* Refer to HELP.

* Recommended only for Sl extraction with
large number of signal nets.

* Recommend to select Ground P/G nets for

Q3D solver option.
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Importance of Pin Groups

* Extraction is controlled by user-defined pin groups defined in the project.

* If RedHawk PLOC (or CPM) file is imported into Slwave, it also creates pin groups and
these are subsequently used for extraction.

* Sources and Sinks can be defined on the pin groups.

e Import Home View Tools Advanced Export Simulation Results Q Tell me what you want to do... .
S s — % B oo S Make sure to check these boxes while
]

37 - * &' Relocate Bondwires...

Generatec-ir-c:itElementGem Creating pin groups' OtherWiseI pin groups

Create/Manage|Capacitor Library | S-parameter Model Attach n-port Attach SPICE Attach Package

Pin Groups... Browser... Assignment..  S-parameter Model... | RLC Model..  or RDL.. F Merge Build-up vias... on Components... el
s r == would be created across nets, and there could
=TS zate/M. Pin Groups .’ R —— . .
1 RO creatermtanage in Groue o - Optons / be duplicates — Not supported for extraction.
Create pin groups for each part
FCHIP v
F l ] Create pin groups for each net
0 — e Pin groups can also be created on rectangular
Row # Col #
V] sehvonize gridnes move cells for the selected reference designator.
Delete existing pin groups.
Pin Group List n N
e DIE_GRP_0_0_VS5 [ X & B 3 X
List common nets only Display Pin Names DIE_GRP_0_1_V55 6]
DIE_GRP_0_2 V55 1
W[vDD2 & ; DIE_GRP_0_3_Vs5 7
@vss RS DIE_GRP_0_3 V55 .,, , ) )
o oo B == o i
e i .o 1 Rows 5 ¥ s
1 sing... AT Diff... é DIE_GRP_1_3_VS5 = i
DIE_GRP_1_4 \DD2
Selected Mets DIE_GRP_1_4 V55
L DIE_GRP_2_0_VDD2
(20 Net Visibility DIE_GRP_2_0_VS5
Show All Nets
[ Create Pin Group(s) ] [Naming Convention... ]
Hide All Nets
[ Delete Pin Group{s) ] [ Create Port ]
[ Edit Pin Group... ] [ Create Terminal ]
1//// o o et e .
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CPA Channel Setup

Launch CPA

Extract each pin

™~

E5T)

Simulation name:

CPA Sim 1 -

Slwave-CPA Simulation -
PLOC Connection
Import RedHawk PLOC file, or proceéd
Die with pin groups defined on DIE

PartName: |FCHIP

comppnent pes.: [rcrr

Nn Grouping

) None (compute per-pin model)

@ CPA Channel Setup

Individual SourceSink Setup SourceSink Assignment...

Extraction Type
ESD R Model
@) RLCG Model

Q3D Solver

Other Solver Settings... |

| Sawve Settings | MNext

| Cancel |

Majority of the structures have two or more components to be extracted.
Without loss of generality, let us call them DIE, VRM and PDN components.

=  Select a component as the DIE component - all of its pins become

sources.

=  Select a component as the VRM component - all of its pins become

sinks.

=  Any other components (second die, decaps, etc) are left as Channel
components. Set their “Internal to netlist” flag to NO, if they also need

to be extracted.

(®) Use die groups defined in layout

() Use PLOC

Pin Group Summary

Group Mame Met # Pins
FCHIP_RXDATA... 2
FCHIP_RXDATA... 2

FCHIP_VS5_Group

Channel Companenits

Part
CSP_BGA

Internal to netlist?
‘fes

Ref. Des
BGA

Decaps also appear here. Set this to

wu_No” to extract the pins

Part Ref. Des | Supply Voltage (V) | Power Net Ground Met
CSP_BGA BGA 1.50 VDD V55
C5P_BGA BGA 1.50 VDD_15 V55
Delete Row(s) | Restore Recommended VRM Assignments |

=  Specify a supply voltage (leave as 1.5V, if not known). It has no impact
on RLCK parasitics, and is only used by Chip level simulations.

| Save Settings | | 0K | | Cancel |

Click OK to proceed with extraction

CPA Channel Setup must be used if the model is going to be used in RedHawk for system level simulations.
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Individual Source/Sink Setup

Launch CPA S

Simulation name: CPA Sim 1 -

CPA Channel Setup

[G Individual Source,u’SinkSeb.lp] | SourcefSink Assignment... |
Extraction Type
B Terminal Assignment &

ESD R Model
@) RLCG Model |\ P T Display Ports
Q3D Solver Net Mode {Group) Component Node Kind Node Type
VoD DIEVDD:7 DIE Bump Source @ Source
VS DIE_V55_Group DIE Fin Group Source Sink
toﬂ'nerSolverSetﬁngs...| |Save5&tﬁngs | [ Launch ] | Cancel | o)} DIE_GRP_0_0_VDD DIE Pin Graup Source
VDD DIE_GRP_1_0_VDD DIE Pin Group Sourcs Float
VS8 BGA_VS5_Group BGA Fin Group Sink
VDD BGA_VDD_Group BGA Pin Group Sinlc e
= Provides more flexible setup when needed.
= Pin groups and ungrouped pins appear in the
table.
* Individual pins (groups) can be floated.
= Select multiple rows and set them as source,
::nk orhfloat t\I/1pes. wh - Check if the Source/Sink [:
n . ide RLCs
ot.e that each net can on y a.ve one sink. setup is correct e L
= A pin group can only contain pins of same net. e
= RedHawk PLOC hook-up and encrypted netlist
generation not supported. [ox ]
= RLCG extraction at the user-defined sources [oma ]

and sinks is performed.
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Extraction Type (Solver choice)

Pure DC resistance extraction with the . ... )
Spice netlist customized for Chip ESD
applications

Simulation name:  CPA Sim 1 -

@) CPA Channel Setup

Individual SourceSink Setup

Extraction Type

= Uses FEM solver.

* High capacity and fast turn-around time.

= Recommended for large PDN structures and -
(or) having several hundreds of source

ESD R Model
@ RLCG Model

Q3D Solver

terminals- |Oﬁ1er50lver Settings... | | Sawe Settings | [ Next ] | Cancel | I
= Recommended for IBIS modeling

= Uses Q3D MoM solver with adaptive
meshing.

" Recommended for high accuracy Note: ESD model always ungroups the pins on the
Iadpp':Cfat"l’"s&f I scale back BGA component, and extracts resistance for each and

u eal Tor leadirames, small scale packages, . . . .
otc packag every pin. This is needed for chip-level ESD path

tracing.
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Other Solver Settings
Launch CPA .. ]

Simulation name:  CPA Sim 1

(@) CPA Channel Setup

() Individual Source,/Sink Setup Source/Sink Assignment. ..
Extraction Type

(©) ESD R Model

(@) RLCG Model

[ 03D solver

LOﬁ"ler Solver Settings... ] [ Save Settings ] [ Next ] [ Cancel

Slwave Options

&S [smoonon R, =
[sypr_|stpradvanced [Dc [ DC Advanced | CPA

|Mu|ﬁpwr:essing Net Processing ExbemalEnvironmentl

[sypr [ sup1advanced [De [ DC Advanced [ cPA | Multiprocessing | Net Processing | External Environment |
Optimal - PI Extraction Optimal - ST Extraction Adaptive Refinement Multiprocessing
D €6 Solver Number of cores to use: : 8
[] custom Refinement Maximum number of passes: 4

Note: For non-Q3D simulations, the "SI Extraction™

setting extracts only the loop RLGC parameters ercant error:

o . @ HPC Pack |sipr [ supradvanced [pc | DC Advanced [ cPa | Multiprocessing | Net Processing | External Environment
‘ercent refinement per pass:
G +ACRL frequency: 100 MHz Max. 80 % of total @ Use current net selection for sigulation
Select Parameters to Compute AL Solver ©) Auto select nets for simulation
] Capaditance/Conductance Masimum number of pesses: 4 Simulation server name:  localhost Port: 31000 ] ) )
~ Ignore nets named "DUMMY ™ or \nused” during Simulation
[Floc (©) Resistance/Inductance
(@ Resistance Only Percent error: s Additional Nets to Indude in Simulati
AC Resistance/Inductance Percent refinement per pass: 30 N um ber of cores Slwave ALWAYS incudes nets containNg at leask one plane,
During frequency sweeps, nets ko which Agurces or probes are attached
Model Type (atleast 8 cores recommended) are automatically included. During Y2 pardgeter sweeps, nets to which
~ ~ ~ Power /Ground Net Options
@ IC () Package CpCcB

parts are attached are automatically include!
I d | del: |Level 1 - Select any additional nets to include in the sim
mproved oss model: [level1 <]

DUMMY
This option improves the accuracy of low frequency
) Auto Detect resistance (typically in the kHz range). Note that

|
‘ iy Recommended to select desired
simulation time can increase by as much as 30%.
[P 0w 216 nets for Q20 sobver nets, and check “User current
net selection for simulation”

tion From the Following list:
Ignore Small Holes

(@ Diameter smaller than ~ 1e-06mete

y

Controls extraction frequency, DC/AC RL
and CG setup )

‘
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Other Solver Settings — External Environment

Slwave Options H‘ ﬁ
—

|syp1 | sijpradvanced [ Dc [ DC Advanced | cPa | Multiprocessing | Net Processing | External Environment

Metal Plane 2
Top Fill (e.g., air) h2
External Metal planes:
Applicable only for Q3D MoM Package
Solver () Bottom Fill () h1
PCB

Check the material setup

Material
TopFil  [ar -
Bottom Fil [air

PCB [air -] i
[ tndude Metal Plane 1 [ tndude Metal Flane 2
L~ @ ecround @ Ground
Float Float
/ hi 1mm h2  1mm
= Check the box to add a metal plane
(Ground or Float) under the \ -
geometry at h1 distance.
= Note that “h1” is measured from = Check the box to add a metal
the bottom of the layer stackup, not plane (Ground or Float) above the
counting solder balls if present. geometry at h2 distance.

= Note that “h2” is measured from
the top of the layer stackup, not
counting solder bumps if present.
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Description of Extraction Results

View colormap of RL data

Results v B X
=@ CPA Simulations - HTML report generation
-BE Plot pin RL ;

Export simulation report.. / Export RedHawk adsCPA folder
Export Apache RedHawk netlist... .
S R —» Export IBIS, Spice, S-para, etc

Export Solution...
View Profile —> View the log file

View Sirmulation Properties

Rename Solution View results table and export to text file
Delete SDlutiD/
RLCG Table

Results Folder Structure

= |-E
@ . | . < test » analysis.siwaveresults » 0000_CPA_fern_grouped |» adsCPA » _ Search adsCPA ¥l
Organize = Include in library « Share with Burn MNew folder i= » [ l@l
| test “ MName - Date modified Type
. analysis.siwaveresults . _ ~ i )
| cpa_inputs 10/17/201610:46 ... File folder
. 0000_CPA_fem_grouped )
| dB 10/17/201610:46 ... File folder
 adsCPA " )
. 10/17/201610:46 ... File folder
| cpa_inputs [ - .
- J log 10/17/2016 10:46 ... File folder
: ) ; model_for_ ACM 10/17/2016 10:46 ...  File folder
| Extraction
J log

, maodel_for_ACM
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Contents of adsCPA/Extraction folder

Mame Date modified Type

J bin 10/17/2016 10:46 ... File folder
AC RLCG matrices ":-ﬂ 0000_CPA_fem_grouped_CS5P_BGA_BGA.cpp 10/17/2016 10:46 ... C++ Source

\"3_*1 0000_CP&_fem_grouped_FCHIP_FCHIP.cpp 1071772016 10:46 ... C++ Source
DC RL matrices 1] mult_whole.lvi 10/17/2016 10:46 LVL File

\._'. mult_whole_dcres. vl 10/17/2016 10:46 ... LVL File

Empty BGA Spice deck (Edit to || 0000_CPA_fem_grouped.pkyg 10/17/201610:46 ...  PKG File
add PCB models) |_| cpa_annotated.ploc 10/17/2016 10:46 ...  PLOC File
|| cpa_annotated_ASCILploc 10/17/2016 10:46 ...  PLOC File
| 0000_CPA_fem_grouped.sp 10/17/2016 10:46 ...  SP File
Encrypted wrapper for\ | 7] 0000_CPA_fem_grouped_CSP_BGA_BGA.sp 10/17/2016 10:46 ...  SP File
RedHawk/Totem | 7| cpa_rh_pkg_wrapper.sp 10/17/2016 10:46 ... 5P File
| 2| cpa_rh_pkg_wrapper_ASCILsp 10/17/2016 10:46 ...  SP File
Top-level netlist for CPA / | 7| spiceModel_WT.sp 10/17/2016 10:46 ... 5P File
model || Crnatrin.td 10/17/2016 10:46 ...  Text Document
|| Gratrixtbet 10/17/2016 10:46 ...  Text Document
= Loop_L.bet 10/17/2016 10:46 ...  Text Document
For each net, we group all the || Lumped_L.txt 10/17/2016 10:46 ...  Text Document
DIE and VRM pins — compute <+ || Lumped_PerMet_R.txt 10/17/2016 10:46 ...  Text Document
the Iumped resistance for each || Partial_L.txt 10/17/2016 10:46 ...  Text Document
net (from die to VRM). || Partial_L_VDD.txt 10/17/2016 10:46 ...  Text Document
|| Partial_L_VDD_15.txt 10/17/2016 10:46 ...  Text Document
L . . / || Partial_L_V55.txt 10417720016 10:46 ... Text Document
This is the partial L of each pin E RLCG_Consolidated bt 10/17/2016 10:46 ...  Text Document
from DIE to VRM. || Statistics.bt 10/17/201610:46 ...  Text Document
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Description of Extraction Results: Pin Resistance Map

For each die pin, we compute the effective resistance to
the corresponding VRM pin group of its net.

Plot pin RL Plat pin ristane map

Export simulation report... Plot pin partial inductance map

Export Apache RedHawk netlist... e R Rest of the extracted pins on the die, vrm, and pdn
Export Solution... components are open-circuited.

View Profile

View Simulaticn Properties
Rename Solution

Delete Solution

RLCG Table




Description of Extraction Results: Pin Inductance Map

=@ CPASimula For each die pin, we compute the effective inductance to
the corresponding VRM pin group of its net. This is the

Plot pin RL Plot pin resistance map

Export simulation report... Plot pin partial inductance map partial branch inductance_

Export Apache RedHawk netlist... Plot pin loop inductance map

Export Solution... . .

S Rest of the extracted pins on the die, vrm, and pdn

View Simulation Properties components are open-circuited.
Rename Selution
Delete Solution

SLCG Table While the partial inductance per-pin is a useful feature, it

is not a direct indicator of how well that pin behaves in
the presence of chip.

That requires the computation of Loop inductance — as
each pin can take the surrounding pins as return paths.



Description of Extraction Results: Loop Inductance Map

Loop inductance is a post-processed result
derived from the partial inductance matrix.
(Lloop = L11 - 2*L12 + L22)

Plot pin RL Plot pin resistance map

Export simulation report...
Export Apache RedHawk netlist...
Export Solution...

Plot pin partial inductance map

Plot pin loop inductance map

View Profile

Partial inductance matrix is what is used in the
Spice netlist exported for RedHawk usage.

View Simulation Properties
Renarne Solution

Delete Solution

RLCG Table

Loop inductance is presented to only aid user in
troubleshooting the package design.

For each DIE power pin, we use all of the DIE
ground pins as return paths and compute the
Loop-L for the power pin.

Similarly, for each ground pin, we use all the
DIE power pins as return paths.

Changes in Loop-L from one pin to another can
be used to located poorly routed pins.




Loop Inductance Map (contd ...)

VDD and VDD_15 pins use
VSS as return path




Description of Extraction Results

HTML Report

Results v I x ["cpa HTML Report Semngs: : :' i = ANSYS

Export Options

SIwave CPA Simulation Report
=@ CPA Simulations et

& L_| Plot pin RL N File Name:

pkg8

Bxport simulation report.., =————0 | || o roden

Export Apache RedHawk netlist... I E:/Backup_Disk/EBU/CPA_TPA/CPA_Collateralpkgs/pka8 siwaveresults HTMLReport) | Browse...
Export Solution... Content

View EI’Df”E <Al /| General Information /| Design Information /| Simulation Results

View Simulation Properties U=

/| Use WebGL canvas to display per-pin RL data (requires up-to-date versions of Chrome, Firefox or IE)
Rename Selution I

Delete Solution Doni't ask again |?m

RLCG Table —

Interactive 3D Display of RL data in the HTML Report

Pin Resistance Map Open Controls
Left Mouse: rotate | Mouse Wheel: zoom infout | Right Mouse: pan | Background

Resistance [mOhm]
7.600
7082

6584

: ||-ifn

« Name:B7

« Designator: DIE
« Net:VDD2

« (0.5625,16875) mm
« Value: 7510 mOhm
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SIwave CPA Simulation Report

Table of Contents

1 General Information

2 Design Information A comprehensive report of the layout, setup and the
21 Layer Stackup analysis of simulation results is presented in the HTML
2.2 Materials form_
2.3 Layer View
2.4 Solder Bumps/Balls
2.5 External Environment Colormaps in the report are interactive in nature and
2.6 Nets Selected for Simulation can be modified Within the report.

3 Channel Information
3.1 Die .
+2 Chamel Components Histograms and 2D plots of the results are also
33 VRM presented.

4 Simulation Control
4.1 Multiprocessing Options
4.2 Net Processing Options
4.3 CPA Options
5 Simulation Results
5.1 Ball, Bump and Via Statistics
5.2 RL Statistics per domain
5.3 Per-domain Histograms
5.4 Pin RL data for all nets

5.5 Pin RL color map
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HTML Report Description

Sorted R data (All nets)

Sorted R data (All nets) (mOhms)

-

(]

For each die pin the effective
resistance is plotted.

The resistance is sorted from low to
high so that identifying how pins
are outliers would be easy.

Similarly, the sorted (low to high)
data for inductance is also
available.

20 40 60 80 100 120 140

2
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cpa_control.xml

User can edit this file to do certain things not yet available in the GUI.
Keep this file at the location of the .siw project file and run simulation.

[=] cpa_control xml E3 l
1 <?¥xml wversion="1.0" encoding="untf-8"37>
2
3 <1—— This file need to be placed in the same folder as SIwave project file (**% .=3iw) —-->
4 <!'—— Indiwvidual sections can be disabled by setting Enable=Nog —->
& [«<CPA Control Specs>
8 «<1—— If enable, the anncotated ploc file would use this chip layer name -—--2»
g = <Chip Layer Name Enable="yes" Name="ic ml layer">
11 <1—— BA1]1 units in mm and are in package DIE coordinates -->
12 <!'—— Omly the die pins (having PLOC connections) falling within this polygon region gets extracted —-->
13 = «Partial DIE Region Enable="no">
14 “«Point x="-5.0" v="H.36"/>
15 <Point x="-5.0" v="0.37"/>
16 «Point x="5.5" v="0.37"/>
17 <Point x="H.5" yv="H.36"/>
18 - </Partial DIE Region>
20 <!'—— Voltage values are in wolts —->
21 <!1—— The unconnected PLOC pins corresponding to these Chip nets are terminated with wvoltage supplies —-3
22 = <0Open PLOCpinzs VoltageSupply Enable="no">
23 <Het HName="NewNetl" Voltage="1.2847"/>
24 «Het Name="HewHet2" Voltage="2.384"/>
25 - {poen_PLDCpins_VDltageSapplyb
26
27 -</CPA Control Specsr
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Application Specific Examples
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Model Generation for ANSYS RedHawk and Totem

Recommended Setup

-
Slwave Cptions

F il P— - .
Launch CPA S

[sUPL | SUPLAdvanced [DC_ | DC Advanced [ CPA | Multiprocessing | Net Processing |

Simulation name:  CPA Sim 1 - @ Use current net selection for smulation ]Select the desired nets first
_ () Auto select nets for simulation
@) CPA Channel Setup
- Ignore nets named "DUMMY™ or “Unused” during Simulation
() Individual Source,Sink Setup Source/Sink Assignment. ..

Additional Nets to Indude in Simulation

Extraction Type - -
t
“ esormodel | Choose ESD R for Totem and e P R
l © RLCG Moddl RLCG model for RedHawk [SLPL | SUPLAdvanced [DC_ | DC Advanced [ cPA_ | Multiprocessing | Net Processing | External Environment |
[[1Q3D Solver La!unch Optlllons filalc’):g and set Metal Plane 2
slidebar to “Optimal
[ Other Solver Settings... ] [ Save Settings l [ Mext ] l Cancel l Top Fill (e.g., air) h2
u [ ]
Package
[ Slwave Options Bottom Fill
g Al L B2 IS Q) Ol 1,
| syp1 | siPIAdvanced | DC | DC Advanced | CPA | Multiprocessing | et Pre e
Multiprocessing [ Metal Plane 1
[Number of cores to use: : 8] Minimum of 8 cores |
Material
Use HPC licensing (1 HPC Poal TopFil [air _]
@) HPC Pack . .
- = Bottom Fil [ -] Use “air” for PCB material
Manx. 80 % of total - B = /
Simulation server name:  |acalhost Port: 31000 [DlndUdE Metal Plane 1 [Ctndude Metal Plane 2] Uncheck metal pIa nes
: ol oarm : oo
Float Float
hi 1mm h2  1mm
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Model Generation for ANSYS RedHawk

Import  Home | View | Tools  Adwenced  Export  Simulation  Results | Q Tellme what youwant to do...
coaaa V)20 View L] || User Grid Spacing: |1 |mm Q‘ — Wl =
| FT Dymamiczoom ‘ 17| Simplify Vias =} Z stretch: P— 3| J o
| 9l FasterRotate (@ @l | | Simplify Circuit Elements. Color Net-by-Net  ~ Ci : @ | Som

View I

PDN System setup for RedHawk CPA model

View Options

Single Ended Nets e

e ; * Select VDD, VDD_15 and VSS nets.
o I ' * Create pin groups on DIE and BGA components. Pin groups

on DIE component can be skipped, if a PLOC file is
available.

[CJFCHIP_AT
[CJFCHIP_A2
[C]FCHIP_A3. =
[CIFCHIP_AS
[JFCHIP_A7
[CJFcHIP_A12
[CJFcHIP_A13
[]FCHIP_A16.
[JFCHIP_A17
[JFCHIP_A18
CIFCHIP_B3
[JFCHIP_B4
[JFCHIP_BS
[C]FCHIP_BS
[]FCHIP_B13
[JFCHIP_B14
[JFcHIP_B15
[JFcHIP_B16

Simulation name: ‘ CPA Sim 1 Vl

(®) CPA Channel Setup

Extraction Type
() ESD R Model
(®) RLCG Model

[m]
3
F
@

CJFCHIP C17

CIFCHIP_D2

CIFCHIP_D17

CIFCHIP_E2

[CIFCHIP_E17

[CIFCHP_F2

[CJFCHIP_F17

FCHIP G2 >N
s Hs &t De =

(SR
g

[1Q3D solver

[ other solver settings... | [ savesettngs | [ mext | [ Cancel

Die

revere: [ Y ko o g Import PLOC (if available), or

Pin Grouping

A, ” use existing pin groups * Proceed with extraction.
L Ovn e * Export RedHawk netlist from the results.

Group Name Net #Pins
FCHIP_VDD_15_, 24

FEHIP_VDD_Group 112 Results
FCHIP_VSS_Group 211

Channel Companents

Part Ref.Des  Internal to netist? Set External . .
csp_BoA A Yes e Export simulation report...
_SEtIrvtEms\

Export Apache RedHawk netlist...
Restore recommended |

. Export IBIS Package Model...
P Ref Des | Supply Votage V) PowerNet | Ground et settings, and then

CSP_BGA A 18 VoD vss View Profile

o - e setup proper SUPply View Simulation Properties
voltages. Rename Solution

Delete Solution

RLCG Table

[sovesatings ] [ o6 | [ camat | '

Plot pin RL 3

VRM

AddRow | | Delete Row(s) Restore VRM Assignments \/

Lol
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General RLCG Extraction

e

Launch CPA

Simulation name: CPA Sim 1

@ CPA Channel Setup

Extraction Type
ESD R Model

@ RLCG Model
Q3D Solver

Individual Source/Sink Setup Source /Sink Assignment

I | Other Solver Settings... |

| Sawve Settings | [ Mext ] | Cancel |
e

Choose appropriate setup (Channel setup or
Individual Src/Snk setup)

Selecting RLCG Model enables high capacity FEM
solver: ideal for PDN analysis of large structures
and those requiring 100’s to 1000’s of terminals
Choose Q3D solver for high accuracy application
needs, which also allows independent extractions
such as, DCRL only, AC RL only or just the CG
extraction (or some combinations of those)

SIwave Options

=S)

SIPL | SIfPI Advanced | DC DC Advanced | CPA

Optimal Exhaustive

U

Custom Refinement

G + AC RL freguency: 100 MHz

Select Parameters to Compute
| Capadtance/Conductance
J|DC @) ResistanceInductance
Resistance Only

| AC Resistance/Inductance

© 2015 ANSYS, Inc.

Multiprocessing | Net Processing

Adaptive Refinement
CG Salver

Maximum number of passes:

Percent error:

Percent refinement per pass:

RL Solver
Maximum number of passes:

Percent error:

Percent refinement per pass:

September 7, 2020

External Environment °

wm

[

ANSYS Confidential

Extraction frequency and adaptive
refinement parameters can be custom set, or
left at default.

* Recommendations for Multiprocessing, Net
Processing and External Environment are
same as before (atleast 8 cores, use current
net selection, etc.)




External Metal Planes

Some applications may require the presence of top and bottom metal planes.

Slwave Cptions - - e

|syp1 | sipradvanced [Dc | DC Advanced | cPA | Multiprocessing | Net Processing | External Environment

Metal Plane 2

Top Fill (e.g., air) h2

Package
() Bottom Fill () T -
hl
I PCB
= -
Material
TopFil  [ai -] If needed, check

Bottom Fil [air - the box to enable
PCB [air - / the metal plane
[#] Indude Metal Plane 1

Indude Metal Plane 2°

@ Ground @ Ground
) Float () Float
hi 1mm h2  imm
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Each of the metal planes can be grounded
(shorted — at internally generated terminals
for inductance calculations).

They can be floated (or open-circuited).




Package IBIS Model Generation

Import Home | View l Tools Advanced Export Simulation Results O V‘I’reillrmewrhartyouwanrt't'o 07 T —
Ié@faﬂﬁl V! 2D View (] | User Grid Spacing: |1 \mm Qe ii — ‘ !
‘ | Dynamic Zoom ‘ "'} Simplify Vias @, Zatrete Y= z—: l E ‘!Sh /Hid ‘ Lab I‘ C p;
! Faster Rotate |@ @, af)| | V| Simplify Circuit Elements Color Net-by-Net Circuit Element Sizet  ——U—— 1x Safitetial e d ey
sl St — = 3 Power/Ground nets
e All Signals on the package
Regular Exp: M| | ® A 3 -
B ?
B
=
B
R ox
Set dielectric fill to EDB_FR-4
s Hs &lc DE =F
Color | Name Type 2+ Thickness (microns) &Y Materal Conductivity (5/m) <3 Dielectric Fil [ Dielectric constant
. TOP METAL 3048 EDE_COFPER 5.959E-07 EDE_AIR 1
UNMAMED 002 DIELECTRIC 203.2 EDB FR-4 1] 45
3048 EDBE_COFPER 5.559E+07 EDB_FR-4 ] 45
ri | R EOR PR 1] 45
3048 EDBE_COFPPER 5.959E-07 EDB_FR-4 ] 45
2032 EDB_FR-4 [1] 45
3043 EDE_COPPER 5.959E-07 EDE_AIR 1




Package IBIS Model Generation

Step-1 Step-2
Power/Ground ldentific.,, & > & Create/Manage Pin Groups
Part Name: Options
Create pin groups for each part
Regular Exp: [Fosr ~ [ =N

Refer D tor:
Srerence Designator [ Create pin groups per grid cel

feop ________
Row # Col #
Synchronize arid lines' movement
Delete existing pin groups

Maon Power/Ground Mets

THDATAT- ~

THDATAZ+
TKD'&.‘T'&'E- NEEust common nets only [ Display Pin Names e
THDATAZ+ =

TDATAR- ®) Net Selection

T=DATAL+

THDATAS- e}

THDATAR+

TeDAT MR- O Net visibiity

TKD.&.T,I':".E+ Show All Nets —
THDATAE- e
THDATAT+ =
THDATAT- - [
VDD e

YOD_15 >

Poveer/Ground Mets
‘ W55 |

1) Net types do not matter. Nets can be set as Signal or PG types.

2) Group all the pins of each net on Die, and repeat on BGA.

3) Select VDD, VDD _15, VSS, and all DAT+ and DAT- nets.

4) Go to Other Solver settings and select “Exhaustive” from slidebar
and from Net processing tab, choose “Use current net selection
for simulation”.
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Step-3

Selected Nets

WES
R=DATAD+
R=DATAD-
R=DATAT+
F=DAaTAT-
F=DATAZ+
R=DATAZ-
F=DATAZ+
R=DATAS-
R=DAT A4+
R=DATAS-
ReDATAS+
FDATAE-
FDATAE+
R=DATAE-
F=DATAT+
R=DATAT-
TeDATAD
TxDATAD-
THDATAT+
THDATAL-
THDATAZ+
THDATAZ-
THDATAZ
THDATAZ
THDATAL+
TxDATAS-
THDATAD+
TeDATAS
THDATAE+
THDATAG
THDATAT+
THDATAT-
WDoD
WVDD_15

35 nets selected

ANSYS Confidential

IBIS model not available for
Individual Src/Snk setup

Launch CPA
imulation name: | CPA Sim 1 hd |

[ (®) CPA Channel Setup ]

(2 Individual SourceSink Setup SourceSink Assignment...
Extraction Type

() ESD R Model

(®) RLCG Model

[1Q3D solver

|Oﬂ'1er Solver Settings. .. | | Save Settings | ‘ Mext | | Cancel

Slwave Options

|sip1 | sipradvanced | DC | DC Advanced | CPA | Multi

Optimal - PI Extraction Optimal - 51 Extraction Ada

i C

|| Custom Refinement

Mote: For non-Q30 simulations, the "SI Extraction”™
setting extracts only the loop RLGC parameters

G + AC RL frequency: 100 MHz

Select Parameters to Compute F
[7] Capaditance /Conductance
o — - - -

Select “SI Extraction” option to
get better accuracy for S|
problems and also to compute
loop-based RLCG data needed
for IBIS.




Package IBIS Model Generation

Slwave-CPA Simulation -
[ PLOC Comnecton | 5)  Set FCHIP as the Die component, and CSP_BGA as VRM.
6)  Start the simulation.
7)  Once the simulation is done, RLCG table can be viewed, and the

Die
PartMName: |FCHIP v|  Ref.Des.: [FcHrP v IBIS model can be exported_
Fin Grouping

(®) Use die groups defined in layout Results 3 x
onnection... =@ CPA Simulations
LR Em'l i |
Plot pin RL [ |

(0 Use PLOC PLO

(]
(]

Pin Group Summary

s Export simulation report...
Group Name Met #Pins -~
FCHIP FCHIP A... 1 Export Apache RedHawk netlist...
FCHIP_FCHIP_A... 1 Export IBIS Package Model... I
FCHIP_FCHIP_A... 1 View Profile
FCHIP_FCHIP_A... 1 View Simulation P rti
FCHIP_FCHIP_A... 1 iew Simulation Properties
W .
e e s “ Rename Selution i
Delete Solution e
Channel Components .
RLCG Table
Part Ref. Des  Internal to netlist? Set Externa '
C5P_BGA BGA ‘fes c) ﬁf/ 7
Set Internal
Set Interna 2

[=10001_CPA_Sim_1pkg E3

VRM 1 |rzBIs ¥erl 5.0

2 [Comment Char] |_char

Part Ref. Des | Supply Violtage (V) | Power Net Ground Met ~ 3 [File Name] 0001 CPR_Sim 1.pkg
4 [File Rev] 1.0

CSP_BGA BGA 1.50 TXDATAG- VES s [Date] Fri Aug 12 11:54:53 2016

CSP_BGA BGA 1.50 THDATAT+ V55 5

CSP_BGA BGA 150 TXDATAT-  VSS 7 [Seurce] From hnsys Ing.' result.
2 [Notes]

CSP_BGA BGA 150 VDD V55 . .

- ¢  [Disclaimer]
CSP_BGA BGA 1.50 VDD_15 VSS v | [—— IBIS 'pkg model

1
[Define Package Model] 0001 CPA Sim 1

Delete Restore Recommended YRM Assignments [Manufacturer] unknown
[CEM] unknown
[Description] unknovn
1
[Number OFf Pins] 35
1
N [Pin Numbers]
Save Seftings | | OK | | Cancel 0 | Pin Name Terminal Het Name Starting Node Ending Node
21 Bl18 | 1 RXDATRO+ FCHIP FCHIP n237 CSP_BGA BGR né74
22 cig | 2 RXDATRO- FCHIP_FCHIP n236 CSP_BGA_BGR _né73
23 Eig8 | 3 RXDATAl+ FCHIF_FCHIP n232 CSP_BGA_BGA_n669
24 pig | 4 RXDATAl- FCHIF_FCHIP n233 CSP_BGA_BGA_n670
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Key Setup Guidelines

« For simulation performance & accuracy, classify various nets properly

« Large planes as Power/Ground nets

+ Signal Nets as Non-Power/Ground nets

« Define solderballs and solderbumps for appropriate padstacks
« Define Pin Groups as needed

« Slwave (see example projects for details)

* Tools -> Sanitize Layout to clean up planes and traces #1
« Simulation -> Validation Check to identify and fix any problem areas #2
* Simulation -> Compute RLGC (CPA) -> select either Individual Source/Sink or CPA channel
setup,
o Individual source/sink setup-- user defines source/sink per pin or pin group
o CPA Channel setup — user specifies Die, Channel components, VRM
» Set Extraction Type: RLCG Model only -> CPA fast FEM; Q3D Solver -> MoM Solver
« Under Other Solver Settings, setup Netprocessing, Multiprocessing, CPA options

* Run analysis & post-process results

43 © 2015 ANSYS, Inc. September 7, 2020 ANSYS Confidential srrieee



Example 1- Package PDN extraction

« Open project file pkg.siw : Slwave -> File -> Open -> Browse to file

Iocanon

U dEEB9 - pkg8 - Siwave - o x
i Slwave 2020 R1
FILE Ilmpurl Home  View  Taols Advanced Export simulation Results @ Tell me what you want to do... style - €
Hz) s CE
QENWM O X oM » A 88 % e WOQ K W
» o = (] ;
Validation EMI  Options... ute Compute Compute SYZ Compute Compute Frequency Compute Compute Compute Induced | Signal Net Impedance Crosstalk Slwizard... TDRwizard... = Compute Options... Compute AC Compute SYZ = HFSS 3D Pl PDN Channel
Check > Scanner . EM MTTF Parameters... Resonant Modes... Sweeps. Far Field... Mear Field... Voltage... Analyzer>  Scan.. Sean..~” RLGC... Currents... Parameters.. Llayout.. Advisor.. Builder...
Shwave CPA Psl
Single Ended Nets ~ # x Components v & ox Layers v R ox
Search Exp: O i & 5| @K Capacitors [ Show Dielectrics
0 T & Inductors B E G E
VD1 [T 3 Resistors —
AvoD2 X5/ Ports | OROUTELl MR MMM EM
=vss [T 5 Voltage Probes b @®VvoD_C1 [ [ e v R % Y
T3 Current Sources = Titape= Qvss_Cl 5 v v v v R
[T 3 Voltage Sources b o OBALFELD E R M HE ¥ M
M%7 Integrated Circuits ;&J‘B‘N L1
@R Input/Output u}
X+ Discrete Devices ‘iggﬁ
X% Pin Groups
T4 Virtually Mounted Packages
[ Terminals
[ CPMsand PLOCs p=]
-9 Compenent Blocks
Hsin.., | AIDif.. & Edt. Po.. @ Components %, Seledtion Filter
Selected Nets + * x  Results v X Properties v * X
vDD1 =-@ CPASimulations
vDD2 L cpa_tol O
VS5
[N
= | @ el = =
el 5 TR
g g O
[ O
21
3 nets selected Unselect
Messages ~ & x [nformation / Errors / Warnings v R ox
Creating SIwave session log C:\Users\nazenui\AppData\Local\Temp\Untitied. log - )
0s: windows 10 Professional (Build 18362) (D @ A\ Display outputfrom: - | G X
Loaded material library “C:/Program Files/AnsysEM/AnsysEM20. 1/w1n54/;y5'|1b/MatEr‘Ia]; amat”
Loaded material library /Cadence/sSPB_17.2/share/pch/text /materials. da
Loaded material Tibrary /Cadence/SPB_17.2/share/pch/text/mcmmat. dat”
Loaded components from “C:/Program Files/AnsysEM/AnsysEM20. 1/w1n54/cump11b
Loaded buffer models fr ogram Files/AnsySEM/AnsysEM20. 1/win64,/bu
warning: could not create D: /D'IdLap:op/DATA/PackageH'Ies/cPAst}B Prakash/pkga log; check permissions
Loading D:'\0ldLaptop\DATA\PackageFiles\CPAvsQ3D_Prakash\pkgs.siw.
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Example 1- Package PDN extraction

« Classify Power/Ground Nets accordingly
 Tools -> Sanitize Layout * Simulation -> Validation Check

BRISHEEY &+ plgt - Shwave
Slwave 2020 R1
FILE Impart Home View Tools Advanced Export - Results Q  Tell me what you want to do... Style ™ 0
E (Hz) = i (u=n]
CEBOeEFNB O 0 oM » A+:8 0 @ % % O % w
! 2 v = Nzl y -
validation| EMI Options... ute Compute Compute SYZ Compute Compute Frequeny Compute Compute Compute Induced  Signal Net Impedance Crosstalk Slwizard... TDRwizard.. Compute Options... Compute AC Compute SYZ = HFSS 3D Pl PDN Channel  Icepa
Check ~ f5canner EM MTTF Parameters... Resonant Modes.. Sweeps., Far Field... Near Field... Voltage.. Analyzer-  Scan..  Scan.. T RLGC.. Currents... Parameters.. Layout.. Advisor.. Builder...
Shwave CPA Psl
Power/Ground Ide... ~ * x Components - & x Layers - 7 ox
Search Bxp: ELL1EL [ Capacitors [ Show Dielectrics
N T3 Inductors
jon Power fGround Nets =
DUMMY - 3 Resistors
- Ports OrROUTELT O K
[T 3 Voltage Probes @®VvDD_C1 [l
T3 Current Sources Cvss_C1 [l
-7 3 Voltage Sources (OBALLFELD [ &
[T % Integrated Circuits
E [ Input/Output
Power/Ground Nets K« Discrete Devices
VOD1 -7 Pin Groups
vop2 ~[719 Virtually Mounted Packages
V85 [ Terminals
-7+ CPMsand PLOCs
[T« Component Blocks
Auto Identify
tHsin... | dTDiff.., E:Extl 0., @ Components %, Selection Filter
Selected Nets ~ 2 x  Results v ax Properties v ax
wDD1 =@ CPASimulations
VDD2 A cpa_tol
WSS
3 nets selected Unselect
Process Monitor (cpa_tol_pg) - # = Information / Errors / Warnings v & x
Display: | Messages Slmow b (i) @ 0\ Display output from: | cpa_tol_pg = e
~ (i) Simulation Status
P il I\ Nets Ignored
(i) Mets Included in Simulation
Setup: [ E 1 I\ Self-Intersecting Geometry Warnings
Simulation: [ [ ET 1
|S] Messages . Pracess Monitor [cpa_tol_pg)
Ready x -55 y |0




Example 1- Package PDN extraction
« Launch CPA interface: Simulations -> Compute RLGC (CPA)

BERLSHEER9 &= pkgs - Shave Slwave 2020 R1

FILE Import Home View Tools Advanced Export Simulation Results @ Tell me what you want to do...

¢EOEN U I

style ~ €
Sle s % OH W o<

¥+

Validation  EMI Options... Computs Compute Compute SYZ Compute ompute Frequency Compute Compute Compute Induced Compute | Options... Compute AC Compute SYZ = HFSS 3D Pl PDMN Channel | Icepa
Check = Scanner DCIR EM MTTF Parameters... Resonant Modgf... SWeeps.. ar Field... Near Field... Voltage... Analyzer~  Scan..  Saan.. T RLGC... Currents.., Parameters.. Layout.. Advisor.. Builder...
——————— B —
Shwawe— CPA Psl

Power/Ground Ide.. ~ * x Components Layers - 7 ox

Search Exp: 0%l 3 Capacitors [ Shaw Dielectrics
73 Inductors
Mon Power/Ground Mets ‘ =
DUMM - L1 Resistors o o R
ROUTE_1 pe
Li h CPA -
aunc @®VvoD_C1 [
o Cvsscl [l &
Simulation name: | epa_tol_pg ~ | CBaLFED @ B

() CPA Channel Setup

(® Individual Source/Sink Setup
Power;
VDD1 Extraction T
it xtraction Type
vss (O ESD R Model for ANSYS RedHauk/PathFinder 2]
(®) RLCG Model 'EL)J
— Q3D Solver g
Auto 4
e E
Sin. | |Oﬂwersalvar5etﬁngs‘.. ‘ | Save Settings ‘ | Launch I | Cancel | Fa)
e .
Selected Nets ~ & x Results v 1 x & Properties v ax
'vDD1 =@ CPA Simulations g
\vDD2 EH cpa_tol &
= .3 cpa_tol_pg o
=

. —
QO & @
=
o9l ® O @

Inets selected Unselect

Messages - # = Information / Errors / Warnings - 3 x

/Cadence/SPB_17.2/share/pch/text/mcmmat. dat™ * . 1
Loaded components from "C:/Program Files/AnsysEM/AnsysEM20.1/winG4,/complib” A (@ 4\ Dpisplay output from: | cpa_tol_pg - EHREX
Loaded buffer models from “C:/Program Files/AnsysEM/AnsysEM20.1,/Win64,/buflib” =

lAppending to SIwave session log D:/0ldLaptop/DATA/Packageriles/CPAvsQ3D_Prakash/pkge. log (i) Simulation Status
Loading D:\0ldLaptop\DATA\Packageriles\CPAvsQ3D_Prakash'pkgs.siw... Jl Mets Ignered

Creating SIwave session log D:\DeleteMe\pkgs.log (i) Mets Included in Simulation

0s: windows 10 Professional (Build 18362) A Self-Intersecting Geometry Warnings

Loaded material Tibrary

Saved D:\DeleteMe'\pkgs.siw

x -6 y 45

Ready

77 ==
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Example 1- Package PDN extraction

« Select Individual Source/Sink Setup option
« Click on the Source/Sink Assignment button, & assign Node Type as below
« Set Extraction Type (select RLCG Model+Q3D Solver for this example)

« RLCG Model only -> CPA fast FEM

Q3D Solver -> Use Q3D MoM Solver with Adaptive Meshing

Pin Groups were
previously defined

Assign Node Type
[ pisplay Ports

et Node (Group) Component J Mode Type

VDD2 DIE_VDD2_GROUP DIE Fin Group Source (®) Source
VDD DIE_VDD1_GROUP DIE Pin Group Source () sink
V55 DIE_V55_GROUP DIE Fin Group Source

VDD BGA_VDD1_GROUP BGA Pin Group Sink O Float
VDD2 BGA_VDD2_GROUP BGA Pin Group Sink:

V55 BGA_V55_GROUP BGA Fin Group Sink: Apply

| |

Simulation name: | cpa_tol V| :
(_)CPA Channel Setup 1 ( |
| |

@ s SoureforkSetp [ Sorlork dssoment . | Explanation: Schematic of this
Extraction Type 1 Setu p

[ (_JESD R Mode! for ANSYS RedHawk/PathFinder 2 r - :
@R mods Sources Nets Sinks
ide 5 l
| Q3D solver srel VDD1 Kl [1Hide RLC i
D|e VSS —-_Verif'y ;
I Other Solver Settings... I3 Save Settings 4 Canicel sre2 sk2 @ I
— _ . \ src3 VDD? sk3 i
. QK

3 & 4 Next slide There must be at least a single source and sink for each net Cancel
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Example 1- Package PDN extraction
CPA Setup — Other Solver Settings & Launch simulations

Slwave Options
SIfPI  SIJPI Advanced DC

Optimal - PI Extraction

Custom Refinement

Note: For non-Q3D0 simulations, the ™SI Extraction”™
setting extracts only the loop RLGC parameters

Optimal - 5I Extraction

DC Advanced CPA IMuIt’processing " Net Processing | External Environment

Adaptive Refinement

Maximum number of passes:
Percent error: 5

Percent refinement per pass: | 3

G + AC RL frequency: MHz

Select Parameters to Compute

RL Solver

Capadtance/Conductance

pc

(®) Resistance Inductance
(D) Resistance Only
[] capaditance/Conductance

Maximurm number of passes:

Percent error:

=]
= =

Percent refinement per pass: | 3

AC ResistanceInductance

I [l Ground P/G nets for 51 Extraction l

Ignore Small Holes

(O) Auto Detect

3D Partitioning

[ClEnable Preview

(®) Diameter smaller than

Model Type

o

Ignore geometry smaller than

Ignore voids smaller than

Snap vertices separated by less than | 2.5um

Export Settings

Import Settings

Orce

[ 0.00883385mm2 | | Restore Defauit

| 3.5344-06mm2 | | Restore Defauit

| Restore Default

Cancel

*

OK to complete setup. Launch Simulation

© 2015 ANSYS, Inc.

September 7, 2020
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Under Net Processing, choose either
custom or auto net selection

Choose Custom Net Selection to include
only Nets in the Selected Nets window in
the simulation

Specify AC solution frequency as G+AC
RL Frequency

Select desired Parameters to Compute
Adjust CG solver and RL solver
convergence settings

Use slider bar for recommended settings
for either Sl or Pl extraction

Set Model Type to IC for RDL structures
and Package or PCB for others

In the Multiprocessing tab, set available
#cores & HPC license

The CPA setup options can be exported
for subsequent reuse
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Optionally, CPA Channel Setup Option

JodmBE9 @

pkg8 - Slwave

Slwave 2020 R1

FILE Import Home View Tools Advanced Export Simulation Results 0 Tell me what you want to do... Style ™ 9
8 - \ ] iy fiHz) & Compute Far Field.., H= Crosstalk Scan...w e Iy o (m=mu}
c@OEE A H I ¢ et e @ YW Q8 @
- « »| Compute Near Field... 8 Slwizard... TR o
Validation  EMI Options... Compute Compute SYZ Compute Compute Frequency _ Signal Net Impedance - Compute  Options... Compute AC Compute SYZ  HFSS 3D Pl PDN Channel
Check~ Scanner EM MTTF Parameters... Resonant Modes.., SWeeps... &% Compute Induced Voltage... | analyzer~ Scan.. g DRwizard.. RLGC... Currents.. Parameters.. Layout.. Advisor... Builder...
Shwave CPA Psl
Power/Ground Ide.. ~ # x Components > B X Layers > B x
Search Exp: ] ,’(L i-[7 J Resistors ~ Slwave-CPA Simulation b4
X« Ports
MNon P d Nets .
DL::;IM:wer,fGroun = 1 Voltage Probes PLOC Cannection
[T & Current Sources Die
L. 3 Voltaoe Sonrce:
B A PartName: |FCHIP w Ref. Des.: | DIE e
Launch LEA >< o Fin Grouping
I G: () Mone {compute per-pin model)
) I ) | (®) Use die groups defined in layout
Simulation name: | cpa_tol_cs ~ a (Ose PLOC PLOC Connection...
I@ CPA Channel Setup I 1 E Pin Group Summary
Group Name Net #Pins .
. . - : . Pin Groups at
() Individual Source,Sink Setup Source /Sink Assignment. .. ] DIE_VDD1_GROUP 50 h p
L 3 DIE_VDDZ_GROUP 16 the Dle
b DIE_VS5_GROUP a0
- Component |
i eI
Extraction Type COmporic ..
Channel Components
(JESD R Model for ANSYS RedHawk/PathFinder .
Part Ref.Des  Internal to netlist? Set External
[ @ RLCE Model C5P_BGA BGA Yes pe—
71030 Solver All other Components (Capacitors,
IC, I/QO, etc.) on the relevant Nets
3 VRM  Unconnected Die Pins
I Other Solver settings... I Save Settings Part Ref Des  Supply Vokage (V) Power Net Ground Net
CSP_BGA BGA 150 voD1 WSS
’ T CSP_BGA BGA 150 voD2 Vss
* VRM Components
. = isti H
I — >=1 per distinct power supply required
CSP_BGA Update Update
Update
Messages BGA Update -
Loaded material library "C:/Cadence/SPE_L7.2/share/pch/text /mcmmat.dat” Add Row Delete Rowl(s) Restore Recommended VRM Assignments

Loaded components from “C:/Program Files/AnsysEM/AnsySEM20.1/wine4/complib™

Loaded buffer models from "C:/Program Files/AnsysEM/AnsysEM20.1/Winé4/buflib"

Appending to SIwave session log D:/OldLaptop/DATA/Packageriles/CPAvSQ3D_Prakash/pkgs.log
Loading D:%\0ldLaptop\DATA\PackageFiles\CPAvsQ3D_Prakash'pkg8.siw...

Creating SIwave session log D:'\Deletede\pkgs.log

Cancel

Save Settings l oK l

0s: windows 10 professional (Build 18362)

saved D:‘\Deleteme\pkgs.siw

Ready

‘ | 1\ Self-Intersecting Geometry Warnings

Runs analysis

dhe dy: Units: |mm
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Example 1- Package PDN extraction

« Simulation Results — Partial and Loop RLCG values are generated
* RMC on the Results folder -> RLCG Table, Show Net Name, Data Type Loop — see below
Bl B B o= : _
G EEFET) P Slwave 2020R1 -~ ° ~*
FILE Import Home View Toals Advanced Export Simulation Results @ Tell me what you want to do... Style ™ 9
@ = N | "y i fiHz) 03 - /ﬁ ?ﬂ e :E [y e e ?{“I @ * [n=n]
R BN EH @ e M » 4 pl e = @ Wi U K/
Validation  EMI Options... Compute Compute SYZ Compute Compute Frequency Compute Compute Compute Induced Signal Met Impedance Crosstalk Slwizard... TDRwizard... Compute Options... Compute AC Compute S¥Z  HFSS 3D Pl PDN Channel
Check~ Scanner EM MTTF Parameters... Resonant Modes... Sweeps... Far Field... Near Field... Voltage... Analyzer~  Scan..  Scan..~ RLGC... Currents... Parameters... Llayout.. Advisor.. Builder...
Slwave CPA 1)
Power/Ground Ide... ~ # x Components v 3 x Layers v rx
Search Expi O % -5 Capacitors & I B W 9 [ Show Disectrics
Non Power /Ground Nets E X inductors . e - : . onr il L H oWnm e 8 5
DUMMY 1T JE Resistors 0 00— - e L]
& Ports al 5 ORoUTELl [ &
[ X Voltoge Probes e L @) ! owoc W
M3 Current Sources qE‘li—] # IH%HD [@)lw [y
-7 J& Voltage Sources | VijL S )‘\DLDI = ) T | (OBALLFIELD [ &
[T+ Integrated Circuits “EDL-‘%EL _J‘SSIE‘E‘J] S
* X Input/Output SOO00L 10 0na
Power/Ground Nets X4 Discrete Devices ES T it ] A
voot B Pin Groups | i 2 l“ |
VsSS [T« Virtually Mounted Packages 5 ¥
[T« Terminals ' = = | = i
[T+ CPMs and PLOCs E B Loop RLCG Table (cpa_tol_pg) - 100.000000MHz X
: -~ % Compenent Blocks
SRty = Show [Net Name -1 Riom - L |nH - C oF - G mse -
. b w -
Hsin., . fIDiff.. | £ Bxto. . S Po.. ®P Components . Selection Filter g I Data Type Loop . I Frequenc:yl S I — Procision| 3 .
”Se\ected Nets - % x Results - v 3x o T Net 3 T G Gi
o =@ CPA Simulations — VDD1 VDD1 2116e-03 5.892¢-02 3.750e+01 7.558e-01
vas cpate I VDD1 vDD2 853704 2.294e-02 -2.165¢+00 4.300e-02
= e , vDD2 VDD 8.537e-04 2293402 -2.165e+00 -4.300e-02
e VDD2 VDD2 1.924e-02 5.368e-01 3.930e+00 6.901e-02
Export simulation report...
Export ANSYS RedHawk netlist...
Export Solution...
WView Profile L |
View Simulation Properties
Rename Solution ‘
Delete Selution
RLCG Table |
Remap PLOC/CPM £ . .
S * Loop values are based on defining VSS as the return path
N . . . .
Meseages Obtain results at interpolated points by changing Frequency
Loaded material library "C:/Cadence/SPB_17.2/share/pch/text/mcmmat.dat™ Value
Loaded components from “C:/Program Files/AnsysEM/AnsysSEM20.1/wine4/complib™
Loaded buffer models from “C:/Program Files/AnsysSEM/AnsysEM20.1/Win64/buflib"™
appending to SIwave session log D:/OldLaptop/DATA/PackageFiles/CPAvsQ3D_Prakash/pkgs.log
Loading D:%0ldLaptop\DATA\Packageriles\CPAvVSQ3D_Prakash’pkgs.siw...
Creating SIwave session log D:‘DeleteMe'pkgs.log
0s: windows 10 professional (Build 18362)
saved D:\DeleteMme\pkgs.siw
Export Matrix... Spice CG matrices Display Selfterms only Close
Ready x 6.5 y: |5 e dy: Units: mm -
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Simulation Results for various
Solvers

Slwave RLCG Model Only -- aka CPA fast FEM

Net i Net j Rij (mQ) Lij (nH) Cij (pF) Gij (mSie)
VvDD1 VDD1 2.081 0.06831 32.39 0.6682

VDD2 VDD2 24.260 0.4602 3.755 0.06701

Slwave RLCG Model +Q3D Solver -- aka CPA MoM
Net i Net j Rij (mQ) Lij (nH) Cij (pF) Gij (mSie)
VDD1 VDD1 2.107 0.05892 35.700 0.75420
VDD2 VDD2 19.210 0.59680 3.717 0.06754
Q3D Standalone

Net i Net j Rij (MQ) Lij (nH) Cij (pF) Gij (mSie)
vDD1 VDD1 2.0466 0.054864 36.153 0.76444
VDD2 VDD2 17.716 0.57016 3.741 0.067852

© 2015 ANSYS, Inc.

September 7, 2020

ANSYS Confidential

Ccomments

U

Total:
Omb3s
Fastest &
Accurate

Total:
14m44s
Fast & More
Accurate

Total:
51m12s
Standard for
Accuracy




Example 2: Differential Pair Example

« Open project file differential _ustrip.siw
« Slwave -> File -> Open -> Browse to file location
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Select Individual Source/Sink Setup -> Source/Sink Assignment
and setup sources and sinks as shown below

L A . | differential_ustrip - Slwave Slwave 2020 R1 - o x
Imulation Results Q  Tell me what you want to do... Style ™ 0
Smulation name: | CPA Sim cs v] @ CEDl
- Gy
g == =] O3
()CPA Channel Setup ¢ & &” N.,!,,E,: E ;B = Q I(Hz) @ “/ i
- Signal Net Impedance Crosstalk Slwizard... TDRwizard... Compute = Options... HFSS 3D PDN Channel
| ®inciviunl Source sk setu | sourcesic Assignment... | Analpzer | St Seam - i Layout.. e
Slwave Psi
Extraction Type
1 (OESDR Model for ANSYS RedHawk/PathFinder 7 ox Layers v 1 ox
| RLCG Model I
L @ oo ~ 7] Show Dielectrics
0 [¥1Q3D Solver B ome o %
E @METALT @ K
Other Selver Settings... Save Settings Launch Cancel OwMeTaL2 H &
M I'xf\npu_t:mtput
X+ Discrete Devices
-/ Pin Groups
X5/ UG_1_GND_Group (8 pins)
¥« UG_2 GND_Group (8 pins)
R« US_1_M51_Group (1 pin)
X5 US_1_MS2_Group (1 pin)
R« US_2 MS1_Group (1 pin)
[®f US_2_MS2_Group (1 pin) - =
[« Virtually Mounted Packages S
[T & Terminals
[M# CPMsand PLOCs spn Node Type
. ~ & w [ nisplay Ports
Hsin... | d1piff.. D EBd.  Po.. @P Components W, Selection Filter
Net Node (Group) Component Node Kind MNode Type
Selected Nets + & x Results - B X GND UG_2_GND_Group uG_2 Pin Group Source @ saurce
GND UG_1_GND_Group UG_1 Pin Group Sink ) sink
5@ CPASmulations sz US_2_MS2_Group us_2 Pin Group Source
& cPASim1 Ms1 U5_2_MS1 Group us_2 Pin Group Source O Float
Ms1 US_1_MS51_Group us_1 Pin Group Sink
M52 US_1_M52_Grouy us_1 Pin Grouy Sink
el - ? Apply
]
0 nets selected Unselect
Messages [ ide RLCs
Appending to SIwave session log D:/Collaborations/Aravind/Al board odb. Tog :
Loading D:%\Collaborations‘\AravindiAl_board_odb.siw. Verify
lAppending to SIwave session log D: ;cPAExmp]esmerrenna] ustrip.log
Loading D:\CPAExamples\differential_ustrip.siw.
Appending to SIwave session log D: \CPAEXiT\p1ES\d1fFEr’Er’|E151 ustrip.log
saved D: \cPAExanp]es\mfferenna] ustrip.s
Appending to SIwave session log D: \CPAExa’np]es\mfferenna] ustrip.log oK
saved D:\CPAExamples\differential_ustrip.siw
Cancel
Ready

ANSYS Confidential
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 Launch Other Solver Settings and configure the options — see below
« Setup the NetProcessing (choose auto option) & Multiprocessing tabs

Slwave Options ¥

SI/PI  SI/PI Advanced DC DC Advanced CPA  Multiprocessing MetProcessing External Environment

Optimal - PI Extraction Optimal - 5I Extraction Adaptive Refinement
CG Salver
Custom Refinement Maximum number of passes:

Mote: For non-Q3D simulations, the "SI Extraction”

Percent error: 5
setting extracts only the loop RLGC parameters

Percent refinement per pass:

G + ACRL frequency: | 100 MHz
Select Parameters to Compute RL Solver
Capadtance/Conductance Maximum number of passes:
DC (®) Resistance Inductance
) Percent error:
(D) Resistance Only
[ capacditance/Conductance Percent refinement per pass: EI

AC ResistanceInductance

I [l Ground P/G nets for 51 Extraction l

3D Partitioning

Ignore Small Holes [ ]Enable Preview
(O) Auto Detect
0.2
(®) Diameter smaller than
10
Model Type

o ore

Ignore geometry smaller than | 0.008836mm2 | Restore Default
Ignore voids smaller than | 3.5344-06mm2 | | Restore Defauit
Snap vertices separated by less than | 2.5um | Restore Default

Export Settings Import Settings Cancel

« OK to complete setup. Launch Simulation
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Simulation Results & Interpretation

Bl JcdERE9 &+ differential_ustrip - Shwave
- Slwave 2020 R1
FILE Import Home  View  Tools Advanced Export Simulation Results Q  Tell me what you want to do... Siyle ~ @
@' N oyt H | - e Q... @ @ a=n)
- S b \ = =] B %= i 5w
! ¢k | > o} et poa o e iHz)
Validation  EMI Options... Compute Compute Signal Net Impedance Crosstalk Slwizard... TDRwizard... Compute Options... HFSS 30 PDN Channel
Check~ Scanner EM MTTF Resonant Modes... Analyzer~  Scaan..  Sdaan.. v RLGC... Layout... Builder...
Slwave Psl
Single Ended Nets ~ * x Components v B ox Layers v B ox
Search Exp: ] i | w0 & Resistors & [] Show Dielectrics
W %K Ports
B onme 8 3
vt [ % Voltage Probes
Cimsz [ 3 Current Sources @METALT [ X

[ 3 Voltage Sources OwmetaL2 @ &
[+ Integrated Circuits

% Input/Qutput

-[X o Discrete Devices
- [® < Pin Groups
[® < UG_1_GND_Group (8 pins)
¥ UG_2_GND_Group (8 pins)

i} e
R US_1_MS1_Group (1 pin}
R US1MS2_Group (1 pin] "7 Loop RLCG Table (CPA Sim 1) - 100.000000MHz X
¥ 47 US_2_MS2_Group (1 pin) ) ) A
[0 Virtually Mounted Packages Data Type Loop > Frequar\l:y Refresh Note: power/ground net teminals have been grounded Precision 3 -
::V Terminals Neti Net] R Lj Gii Gi
-1 CPMs 2nd PLOGs ¥ st st 9.347e02 5553400 1222400 135602
Hsin. | Afoiff.. S et EPo.. &P Components %, Selection Filter Ms1 ms2 137802 1.503e+00 -2.688e-D1 2.703e-03
Ms2 ms1 1378602 1.5036+00 2688601 270303
Selected Nets + 7 x  Results + 7 x| Ms2 ms2 9562602 5.5576+00 121900 1357602 Properties v 7 x
= @ CPA Simulations 1
B3 cPasim1
Dbz Unselect Export Maix.. Spice CG matrices [ Display Seffems only Close
Messages ~ & x Information / Errors / Warnings v B ox
lAppending to SIwave session log D: ;chanuramuns,Aravmd;Al board_odb. Tog = :
Loading D:'\Collaborations\Aravind\Al_board_odb.s A (D@ U\ | Display output from: - | &
lAppending to SIwave session log D: /CF’AExa'np'les,/mFferemna] ustrip.log
Loading D:\CPAExamples\differential_ustrip.siw.
lAppending to SIwave session log D: \cPAExa-np1es\d1FFeremt1a1 ustrip.log
Saved D:'\CPAExamples'differential_ustrip.si
lAppending to SIwave session \cPAExammes\dwfferenneﬂ ustrip.Tlog
saved D:\CPAExamples\differential_ustrip.siw
v
Ready x 550 ¥ |-200 di: dy: Units: |mils -

Zoga = SArt{(L11-L15)/(C11-Cyp)} =52.12 => Z = 2%Z \qq = 104.24
Zeven = Sqrt{(L11+L12)/(C11+C12)} 86 04 => Zcomm (1/2)*Zeven = 43 02
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Comparison with 2D Extractor

* Run the 2D Extractor simulation included and review the results

; - —_—
|a
{ ®Y File Edit View Project Draw Modeler 2D Extractor Tools Window Help
| I Cut Select: Objet % [@ < Pan @, Fit All o 3 Surface v | Ju Relative €S+ i@ Measure ~  f Grid H E  Model -
Cop! Selectby Name & 4 Rotate = | G Fit Selected H <> Sheet ~ ¢ == Ruler InPlane ~ copper .
| s = z : =
ave oom
| [ Paste X Delete ® - [ orient - ) “\, Edge - Lo Units B G S matera
Desktop ~ View  Draw  Model  Simulation  Results  Automation N
| Project Manager + 2 % il @ Model Component Libraries > 3 x
1 wl-le, Coordinate Systems Y
| D.Deﬁnmnns N g : y: i 4 Faortes
8 1B peie_gen3_fab3_8_CPA_wCsCpi® anes ik Most Recertly Ussd
|| @R Craiti® P Lists
‘B QaoMadel1
i (22 Definitions
=] Q3D_diffpair_correlate_sweep
[ W Microstrip_Differential_Created February
& 3D Components
4 Model
{4 Boundaries
+) 84 Conductors
{88 Mesh
[E] Reduce Matrix
-4 Analysis
S setupt
() optimetrics
i Results
| .. Wiy Field Overlays
| ﬁ. transmissionline_diff1
(77 Nefinitinne v
< >
| Properties > 1 x
| [ 87 Solutions: Q3D_diffpair_correlate_sweep - Micrastrip_Differentiel_ Created_February13181412_..  — m] ® L y
Simuation: | Setupl | [wespt v[RC v o
DesignVariation: [ yness="0mil toptracewidth="20mil' tracespacing="16mil tracethickness=" .393999999999939%\\1 Q/
Profile  Convergence Matix  Tine Data  Mode Data  Mash Statistics
Resistance  Units: | mOhm ~ Lumped Maxwe 100MHz ~
[Finductance  Units: |nH - Original ~ | [JallFregs
[ self Terms . .
e Famat Pomny | St Z,4q = 20,,-20,,=56.01-0.15] => Zdiff =112.0
odd 11 12 . . .
Zeven = Z04;+Z0;,= 95.7+0.19j => Zcomm = 47.8
|
| Fieq: 100MHz even 11 12 . L J CO .
Tracel 6188804, 592391 475738, 1.76332
Trace2 475738, 176352 6162828, 592468
r
< 0 50 100 (mil) Components
b
ml ~ & % il Progress v 3 x
E
|
Close
Reaay [ Hide 14 Messages |[— Hide Progress

« Comparing 2D Extractor vs Q3D results Zdiff = 112.0 vs 104.2 and Zcomm
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=47.8vs 43.0




Conclusion of 2D Extractor vs Q3D

For this example

« The difference in results between 2D Extractor and Q3D in this
example is due to the edge effects that exist in the Q3D model

« Remember that the 2D Extractor extract the per-unit-length
parameters assuming an infinitely long transmission line
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Extra: Transmission Ilne Extraction

Slwave_DC: Define a voltage source on U10

and current source on Ul11

CPA: Define sources on U10 and sinks on U11

Slwave_DC vs CPA

&
@DC R (mQ) L (nH)
Slwave DC 158.39 78.29
CPA 158.30 78.13

DS




