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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in
this documentation.

* Procedures are presented as numbered lists. A single bullet indicates that the procedure
has only one step.

Command font is used for:
e Command line prompts that should be typed exactly as written.
e Script examples.

Bold type is used for the following:
* Names of windows, workspaces, menu commands, and options.

* Menu commands are often separated by angle brackets. For example, File > Open.
» Labeled keys on the computer keyboard. For example, Enter.

Italic type is used for the following:
e Emphasis.
e Publication titles.

The plus sign (+) is used between keyboard keys to indicate that you should press the keys
at the same time. For example, “Press Shift+F1” means to press the Shift key and, while
holding it down, press the F1 key also. You should always depress the modifier key or keys
first (e.g., Shift, Ctrl, Alt, or Ctrl+Shift), continue to hold it/them down, and then press the
last key in the instruction.

Getting Help: Ansys Technical Support

For information about Ansys Technical Support, go to the Ansys corporate Support website,
http://www.ansys.com/Support. You can also contact your Ansys account manager in order to
obtain this information.

All Ansys software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what steps were
taken or what stages the simulation reached, including software files as applicable. This allows
more rapid and effective debugging.
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1 - Introduction

This Getting Started Guide is intended to quickly familiarize you with the capabilities of Slwave's
Chip-Package Analysis (CPA) solver.

The CPA solver is a 3D Finite Element Method (FEM)-based solver for fast and accurate
extraction of power and signal nets on packages. Slwave-CPA can generate per-bump
resolution SPICE models (thousands of bumps) along with user-defined, pin grouped models
that include ground bounce behavior. These models consist of a passive RLGC SPICE netlist
that includes package-mounted decoupling capacitors and inductors.

CPA models DC resistance and low-frequency inductance and capacitance effects. High-
resolution color maps of resistance and inductance aid in package probing, while a
comprehensive HTML reporting feature summarizes the layout geometry, setup, and simulation
results. CPA models can be seamlessly imported into Ansys RedHawk for Chip + Package
cosimulation.

By following the steps in this guide, you will learn how to perform the following tasks using
Slwave-CPA:

» Importing a geometric package model

» Setting layer properties

* |dentifying power/ground nets

» Specifying parameter settings for the extraction

* Running an Slwave-CPA RLGC extraction

» Reviewing results in tabular, SPICE, and graphical formats

Introduction 1-1
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2 - Setting Up the Design

This section explains how to perform the following tasks:

» Importing and saving a project

« Working with layers

* |dentifying power/ground nets

Importing and Saving the Project

To begin, import the package design from an Ansys Neutral File (ANF).

These project files contain information about the geometry, layer stackup, padstacks, via
construction, and discrete components.

N

Launch Slwave.

If the Welcome to Slwave window opens at launch, close it.
Click the Import tab.

Inthe Ansys EDA Layouts area, click ANF.

The Select Ansoft Neutral File to Import window appears.

Depending on your Operating System, browse to one of the following locations:

e Windows: \Program Files\ANSYS Inc\v252\AnsysEM\Win64\Examples\Slwave
* Linux: /Program Files/ANSYS Inc/v252/AnsysEM/Linx64/Examples/Slwave
Select the file analysis.anf.

Click Open.

The Select nets to import from analysis window appears.

Setting Up the Design 2-1
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B | Select nets to import from analysis — O
Load Met Configuration File | | Browse... Load
Met Mame Import Setup Ports Port Reference Met
FCHIP_A1 > W55
FCHIP_AZ > W55
FCHIP_A3 > W55
FCHIP_AE > W55
FCHIP_AT > W55
FCHIP_A12 > W55
FCHIP_A13 ™ W55
FCHIP_ATE > W55
FCHIP_A1Y > W55
FCHIP_A18 > W55
FCHIP_B3 > W55
FCHIP_B4 ™ V55
FCHIP_BS > W55
FCHIP_BE ™ WSS
Total Mets: 97 MNets to Import: 97
Wild card: Select Matching Rows Deselect Matching Rows
Operations
Yes Update
Yes IUpdate Vss IUpdate
Save Met Configuration File. .. I Import Configuration I Cancel

>

L]

8. Leave the settings as they are, and click Import Configuration to import the component file
for the project’'s components.

If a Component Import Overwrite message appears, click Yes to All to overwrite any

existing names.

The project loads, and the Slwave desktop should look like the following:

Setting Up the Design 2-2
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11.
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Note:

You can change Slwave's background colors from the View tab:

G'-g selection Color..,
E Background...
4% Lighting...

If the Slwave Workflow Wizard window appears in front of your workspace, close it.
Click File > Save As.
The Save As window appears.

Browse to a directory where you have write permission. Give the project a name (e.g.,
analysis.siw).
Click Save.

Setting Up the Design 2-3
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Working with Layers

The Layers workspace and the Layer Stackup Editor control the visibility and properties of the
package layers.

1. Inthe Layers workspace at the upper right of the Slwave window, use the check boxes in
the Show All/Hide All column (B) to turn on full visibility for all layers.

2. Click within the colored rectangles to change each layer from outline to solid fill.

[ ] Show Dielectrics [ ] 5how Dielectrics

E o m = 0 I E o m & 08 i
(® TOP K M M @ ToP K MMM M
(O VDD_C1 X (O vDD_C1 P
CIVss_C1 9 (Vss_C1 [
(O BOTTOM X A (O BOTTOM T 0 ¥ O

Outlined
Layers

Filled
Layers

Setting Up the Design 2-4
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The images below show how filling layers changes the display in the modeling workspace.

9.40 mm

O
>
o
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9.40 mm
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There are no layer changes necessary for this Slwave-CPA analysis, but if there were, you
would make them using the Layer Stackup Editor.

3. Click Home > Layer Stackup Editor to review these settings.

The Layer Stackup Editor appears.

1 Layer Stackup Editer

Color Name
UNNAMED_000
» @ TOP
UNNAMED_002
B voocr
UNNAMED_D04
O vssci
UNNAMED_006
O BoTTOM
UNNAMED_008

Selectall |DIELECTRIC ~

Type
DIELECTRIC
METAL
DIELECTRIC
METAL
DIELECTRIC
METAL
DIELECTRIC
METAL
DIELECTRIC

Add / Delete / Move Layer(s)
Add Above Selected Layer
Add Below Selected Layer

Delete Selected Layers
Mave Selected Layers Up
Mave Selected Layers Down

4 Thickness (nm)
0

0.03048

02032

0.03043

02032

0.03043

02032

0.03048

0

Edit Selected Layer(s)
Color [ ctabte

tame

Type  METAL

Material |EDB_COPPER

&y Material
EDB_AIR
EDB_COPPER
EDB_FR4
EDB_COPPER
EDB_FR4
EDB_COPPER
EDB_FR4
EDB_COPPER
EDB_AIR

layers Save Current Color Scheme

[ Thickness change affects die clevations

Edit Material Properties

Invert Stackup

Conductivity (S/m) < Dielectric Fil

Dielectric constant Loss tangert  Translucency  Elevation {mm)

Roughness {mm)

Trace Cross-section

0 1 0 073152
5.959E+07 EDB_AIR 1 0 60 070104 HI:O L H:0 | Rectangle |
0 45 0035 0.49784
5.959E+07 EDB_FR-4 45 0035 60 0.46736 HI0 HEO | Rectangle |
0 45 0035 026416
5.959E+07 EDB_FR-4 45 0035 60 0.23368 HI0 HEO | Rectange |
0 45 0035 0.03048
5.353E+07 EDB_AIR 1 0 60 0 HIO HEO | Rectangle |
0 1 0 0

Update Dielectric Fil | EDB_AIR v Update

Update Translucency . 60% Update

ese s _

Update Roughness H:0,H:O mm Update

Color scheme |5 Is | | setasDefault Default Scheme for new projects: Siwave

[Jconformal Coat ~ Units |mm

~ | []Copper Weight

Cancel
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4. Click OK to exit the Layer Stackup Editor.

Identifying Power and Ground Nets

Nets containing large planes must be classified as Power/Ground nets. Signal nets containing
microstrip and stripline routing need to be classified as Non Power/Ground nets. This enables
the solver to judiciously choose the mesh refinement and optimization strategies for the signal

and power/ground nets.

In this section, you will explore the Nets workspace.

Note:

By default, the Nets workspace is located on the upper-left side of the Slwave window.
Workspaces can be moved by dragging and dropping them to another location.

1. Inthe Nets workspace, which defaults to Single Ended Nets, select the Power/Ground
Identification tab.

Power/Ground Identification ~ = x

Regular Exp: |:| il

Mon Power (Ground Mets

FCHIP_A1 A
FCHIP_AZ
FCHIP_A3
FCHIF_AB W

L 4

Power fGround Mets

VDD
VDD_15
VSS

[ Auto Identify |
Isingle.. CIDiffere.. &£ Extend.. = Power/...

2. Click Auto Identify to have Slwave automatically classify the power and ground nets.

Setting Up the Design 2-7
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Power/Ground Identification + & x

Regular Exp: £l

Mon Power {Ground MNets

FCHIF_A1 ~
FCHIP_AZ
FCHIF_A3
FCHIP_AB W

i 4
Power /Ground Mets

VDD
VDD_15
VsS

[ Auto Identify |
tsingle.. rIDiffere.. &, Extend.. = Power/...

Nets VDD, VDD_15, and VSS should be classified as Power/Ground Nets.

3. Ifany netis incorrectly identified, click to highlight the net name and use the up and down
arrows to move it to the correct list.

Setting Up the Design 2-8
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3 - Slwave-CPA RLGC Extraction

This section explains how to perform the following tasks:

¢ Defining pin groups on power and ground nets
¢ Performing an RLCG extraction

Defining Pin Groups on Power/Ground Nets

CPA extraction is controlled by the pin groups defined in the project.

When a RedHawk PLOC file is imported into Slwave, it creates pin groups and these are
subsequently used for extraction.

Otherwise, pin groups must be created manually, as in the next steps.
1. Click Tools > Create/Manage Pin Groups.

The Create/Manage Pin Groups window appears.

Slwave-CPA RLGC Extraction 3-1
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B Create/Manage Pin Groups

Part Name:

Reference Designator:

Mets

List common nets only [ Show Pin Mumbers  [_] Show Pin Names

(®) Net Selection

Select all nets

Unselect all nets

() Net Visibility

Show All Mets

Options
Create pin groups for each part
Create pin groups for each net
[Jcreate pin groups per grid cell

Row #

|:| Delete existing pin groups
Pin Group List

Synchronize grid lines' movement

Create Fin Group(s)
Delete Pin Group(s)

Edit Pin Group...

Maming Convention...

Create Port...

Create Terminal

Close

2. From the Part Name drop-down menu, select part name CSP_BGA.
3. From the Reference Designator list, select BGA.

4. From the Nets list, ensure that VDD, VDD _15, and VSS are selected. Ensure that the
Create pin groups for each net check box is selected.

The settings should look like the following:

Slwave-CPA RLGC Extraction 3-2
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B ' Create/Manage Pin Groups
Part Name:

CSP_BGA -

Reference Designator:

Mets

List common nets only  [] Show Pin Numbers [ Show Pin Names

[~IvoD -
[#]voD_15
[Avss Select all nets
[JFcHIP_a1
[JFCHIP_AZ Unselect all nets
[JFCHIP_a3
[JFCHIP_as
FCHIP_A7
SFCHIP‘ a12 (") Met Visibility
[JFcHIP_a13 Show All Nets
[JFcHIP_a1s
CFcHIP_a17 Hide All Nets
[JFcHIP_a18
[JFcHIP_B3
[CIFCHIP B4 )

(®) Met Selection

Options

Create pin groups for each part
Create pin groups for each net
[Jcreate pin groups per grid cell

Row # Col #

Synchronize grid lines' movement
|:| Delete existing pin groups
Pin Group List

Create Pin Group(s) Maming Convention. ..

Delete Pin Group(s)

Edit Fin Group...

Create Port...

Create Terminal

Close

5. Click Create Pin Group(s).

You can now see the three pin groups listed.

Slwave-CPA RLGC Extraction 3-3
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B ' Create/Manage Pin Groups x

Part Mame: Options
Create pin groups for each part

Create pin groups for each net

CSP_BGA -

Reference Designator:

[Jcreate pin groups per grid cell

Row # Col #
Synchronize grid lines' movement
|:| Delete existing pin groups

Pin Group List

MNets
BGA_VDD_Group
List common nets only  [] Show Pin Numbers [ Show Pin Names BGA_VDD_15 Group

Avon -
[#]voD_15

[Avss Select all nets
Sig:ig::; Unselect all nets
[JFcHIP_A3
[JFcHIP_As
DFCHIP_A?
[JFcHIP_a12
[JFCHIP_A13 Show All Nets
[JFcHIP_a1s Create Pin Group(s) Maming Convention. ..
DFCHIP_A]? Hide All Mets

[JFcHIP_A18 Delete Pin Group(s) Create Port...

DFCHIP_BS
[TIFCHIP B4 W Edit Fin Group... Create Terminal

Close

(®) Met Selection

(") Met Visibility

6. Inthe Part Name drop-down menu, select FCHIP. In the Reference Designator field,
select FCHIP.

7. Repeat steps 4 and 5 to create pin groups on the die for VDD, VDD_15, and VSS.

Slwave-CPA RLGC Extraction 3-4
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B Create/Manage Pin Groups
Part Mame:
FCHIP v

Reference Designator:

FCHIP

Nets

List common nets orly [ Show Pin Numbers [ Show Pin Mames

[voo ~
[~]voD_1i5

[Avss Select all nets
[JFCHIP_A1
[JFCHIP_A2 Unselect all nets
[JFCHIP_A3
[JFCHIP_As
E::g:is:ijz () Met visibility
[ JFCHIP_A13 Show All Nets
[JFcHIP_AlS
[JFcHIP_Ad17 Hide All Nets
[JFcHIP_A13

[JFcHIP B3

[JFCHIP_B4 v

(®) Met Selection

Options

Create pin groups for each part
Create pin groups for each net
[Jcreate pin groups per grid cell

Row # Col #

Synchronize grid lines' movement
|:| Delete existing pin groups
Pin Group List
FCHIP_VDD_15_Group

FCHIP_VDD_Group
FCHIP WSS Grou

Create Pin Group(s) Maming Convention...
Delete Pin Group(s) Create Paort...

Edit Fin Group... Create Terminal

Close

8. Click Close.

With pin groups created, the design is ready for RLGC Extraction.

Performing RLGC Extraction

Follow the steps below to perform the simulation.

Slwave-CPA RLGC Extraction 3-5
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1. Navigate to the Simulation tab.
2. Fromthe CPA area, click Compute RLCG to open the Launch CPA window.

Launch CPA X

Simulation name: | CPA Sim 1 w~

(®) CPA Channel Setup

() Individual Source Sink Setup Source sink Assignment

Extraction Type
{_JESD R Model for Ansys RedHawk/PathFinder
(®) RLGC Model
[ 193D Sobver

ID Hotspot Die Pin Group Generation

o

100

Other Solver Settings... Save Settings Cancel

3. Accept the default settings, which should include the following:
e CPA Channel Setup is selected.
 RLCG Model is selected from the Extraction Type area.

Slwave-CPA RLGC Extraction 3-6
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Click Other Solver Settings to open the CPA Options window.

CPA Options

General Advanced Q30  Multiprocessing MetProcessing  External Environment

Optimal - PI Extraction Optimal - 51 Extraction

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

G + ACRL frequency: | 100 MHz

Select Parameters to Compute
Capadtance/Conductance

[oc () Resistance/Inductance
{®) Resistance Only
[ ] capacitance/Conductance

AC Resistance Tnductance
[ ]Ground P/ nets for 5I Extraction

(The following setting only applies to Individual Source/Sink Setup simulations)
Return path net for loop parameters: |NET 2 e

Ignore Small Holes
(®) Auto Detect
() Diameter smaller than

Model Type
(JRDLJIC (®) Package (JPCB

® Local analysis {using settings defined in the
Multiprocessing tab)

O Dlstr_ll:-uted analysis (HPC on Configure. ..
multiple servers)

[]Perform ERC during simulation setup {(abort when an electrical short is detected)

Exdude non-functional pads

Export Settings Import Settings Cancel

Slwave-CPA RLGC Extraction 3-7
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Note:

This window is also accessible directly from the Simulation tab. From the
CPA area, click Options.

e ﬁm
__02._ ==
2% =R
Options... Compute
RLGC..,
CPA

5. Ensure that the Model Type is set to Package.

Note:

» The CPA Channel Setup model, without Q3D Solver selected, automatically
solves for all parameters (e.g., DC R, AC RL, CG, etcetera.) even if the boxes
are not selected. These parameters are needed as the model must be RedHawk
compatible.

o Select Parameters to Compute options only apply when Individual
Source/Sink Setup or Q3D Solver was selected on the previous window.

» Adaptive Refinement settings are only respected when the Q3D Solver option
was selected on the previous window.

6. Click the Multiprocessing tab.

Slwave-CPA RLGC Extraction 3-8
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CPA Options *

General Advanced 030  Multiprocessing et Processing  External Environment

Multiprocessing

-

Mumber of cores to use; — 20

HPC License Type
() workgroup

O rack

Simulation server name:  localhost

Port: 31000

Export Settings Import Settings Cancel

Slwave-CPA RLGC Extraction 3-9
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7. Use the up (7) and down (V) buttons to change the number of cores to use. To use all cores,
press the up button until you cannot go any higher.

Important:

At least 8, and optimally 12-16 cores are recommended for best performance.

8. Click OK to close the CPA Options window and return to the Launch CPA window.
9. Inthe Launch CPA window, click Next.

Launch CPA >

Simulation name: CPASim 1 w

(®) CPA Channel Setup

() Individual Source,Sink Setup Source/Sink Assignment

Extraction Type
(_JESD R Model for Ansys RedHawk/PathFinder
(®) RLEC Model

[ 193D solver

D Hotspot Die Pin Group Generation

o

100

Other Solver Settings... Save Settings Cancel

The Slwave-CPA Simulation window appears, on the Die Configuration tab.

Slwave-CPA RLGC Extraction 3-10
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Slwave-CPA Simulation
Die Configuration  Channel Components  WRM Setup  Unconnected Die Pins

Dies

Part Ref, Des Induded In Solution? Yes

C5P_BGA BGA Ma
FCHIP FCHIP Yes Mo

Die Info

Part Mame: |FCHIP = Ref, Des.; |FCHIP e

Pin Grouping

(") MNone (compute per-pin model)
{®) Use die groups defined in layout
{JlUse PLOC

Pin Group Summary

Group Mame Met # Pins

FCHIP_VDD_15_... 15
FCHIP_VDD_Group 56
FCHIP_VS5_Group 50

Impart... Export... Save Settings Launch Cancel

10. From the list of Dies, select FCHIP. Using the Yes button, ensure that Included in
Solution? is set to Yes.
11. Under Pin Grouping, ensure that Use die groups defined in layout is selected.

12. Click Launch.

The simulation begins and is tracked by a progress bar in the Messages workspace.

Slwave-CPA RLGC Extraction 3-11
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4 - Viewing CPA RLGC Results

This section explains how to perform the following tasks:

» Viewing tabular and SPICE results

» Viewing graphical results

Viewing Tabular and SPICE Results

To view tabular results:

1. Click Results.

2. Inthe CPA section, select RLGC > CPA Sim1 > RLGC Table.

The RLGC Table window appears, with tabs for RL and CG.

Show | Terminal Name

Data Type Partial

CG

Met i
FCHIP_VDD_15_Group
FCHIP_VDD_15_Group
FCHIP_VDD_15_Group
FCHIP_VDD_Group
FCHIP_VDD_Group
FCHIP_VDD_Group
FCHIP_VS5_Group
FCHIP_VS5_Group
FCHIP_VSS_Group

Export Matrix. ..

Spice CG matrices

B " RLGC Table (CPA Sim 1) - 100.000000MHz

- R chm

- Freguency| 100MHz Refresh

Net j
FCHIP_VDD_15_Group
FCHIP_VDD_Group
FCHIP_V55_Group
FCHIP_VDD_15_Group
FCHIP_VDD_Group
FCHIP_V55_Group
FCHIP_VDD_15_Group
FCHIP_VDD_Group
FCHIP_V5S_Group

Display Selfterms only

1.92%-02
2.752e-04
267504
2.752e-04
1.703e-03
5.144e-04
267504
5.144e-04
6£.985e-04

Ly
2.133e-01
4.791e-02
4.734e-02
4.751e-02
1.1594e-01
8.636e-02
4.734e-02
8.636e-02
9.434e-02

C |pF

G mSie

Precision 2

Close
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B | RLGC Table (CPA Sim 1) - 100.000000MHz 4
R ohm - L nH - C |pF G mSie -

Data Tvpe partial - Frequenc;- Refresh Precision 2 -
RL

Met i Net j Cij Gij

VDD VDD 3 246e+01 6.728e-01

VDD VDD_15 -1.941e+00 -3.972e-02

VDD VsSs -3.045e+01 -6.278e-01

VDD_15 VDD -1.541e+00 -31.972e-02

VDD_15 VDD_15 3.694e+00 6.832e-02

VDD_15 VSS -1.725e+00 -2.85%-02

V5§ VDD -3.045e+01 -6.278e-01

WSS VDD_15 -1.725e+00 -2.85%-02

V5§ V55 3.246e+01 6.603e-01

Export Matrix. .. Spice CG matrices Display Seff+ems only Close

3. Click Close.

To view SPICE results:

1. View the result files in your Documents folder (or wherever you have set Slwave to save

results) in the subfolder path:

analysis.siwaveresults/0000_CPA_Sim_1/adsCPA/Extraction

File Description
cpa_rh_pkg_wrapper_ASCIl.sp Top-level SPICE netlist
Encrypted wrapper
cpa_rh_pkg_wrapper.sp for RedHawk
mult_whole.lvl AC RLCG data
mult_whole_dcres.Ivl DC RLCG data

RLCG_Consolidate.txt

Consolidated RLCG data

cpa_annotated*.ploc

ASCII and encrypted
PLOC files for system level
connectivity

0000_CPA_Sim_1.sp

Package RLCG netlist
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File Description

Loop inductance for all

Loop_L.txt extracted components
0000_CPA_Sim_1.pkg Package IBIS model
Cmatrix.txt, Gmatrix.txt Maxwell CG matrices

Viewing Graphical Results

To view graphical results:

1. Click Results.

2. Inthe CPA section, click Results > RLGC > CPA Sim1 > Plot pin RL > Plot pin partial
inductance map.

A color map display of each pin group’s partial inductance is shown, superimposed over the
FCHIP component.
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3. Inthe CPA section, click Results > RLGC > CPA Sim1 > Plot pin RL > Plot pin loop
inductance map.

A color map display of each pin group’s loop inductance is shown, superimposed over the
FCHIP component.
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4. Save the project to retain the RLCG extraction result.
5. Close the project and exit Slwave.
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