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Chapter

Introduction

Welcome to the XtractIM Tutorial. This manual is designed to give you a brief introduction to the
XtractIM tool by providing real life examples and demonstrations so you can understand some of the
basic concepts. The XtractIM tool is part of a complete suite of tools for package design.

SYSTEM REQUIREMENTS

Please refer to Installation Guide to check the system requirements.

How 10 USE THIS GUIDE

The XtractIM Tutorial provides demonstration examples and step-by-step instructions on how to get
the desired results.

Go through the sections in each chapter in order. Perform all steps and study the examples.

ADDITIONAL DOCUMENTATION
In addition to this document, refer to the following documentation for additional information.
*  XtractIM User’s Guide describes in detail the features and functionality of XtractIM.

*  Translators User’s Guide describes translations from various types of board and package file
formats to Sigrity’s SPD format.

CONVENTIONS USED IN THIS GUIDE

CONVENTION USE

Bold GUI text, special names, terms (window names, buttons, menus,
etc.)

Arial Examples
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CONVENTION USE

> Menu hierarchy

How To CONTACT TECHNICAL SUPPORT

We are committed to helping you in using XtractIM. If you have any questions, contact the Cadence
Online Support.

INTRODUCTION 2
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Chapter

Overview

This chapter introduces the functionality of XtractIM.

ABouUT XTRACTIM

XtractIM extracts the most common electrical models of IC packages according to IBIS (I/O Buffer
Information Specification) as well as SPICE netlist of electrical models. XtractIM also supports elec-
trical performance assessment on signal and power/ground distribution systems for packages. This
feature helps you analyze the quality of the design.

These models can be used for system-level analysis including:
»  Assessing the electrical performance of IC packages
e Drivers
e Interconnects
e Receivers

XtractIM can handle lead-frame, flip-chip packages and wirebond packages with 3D bonding wire
profiles. The package can be single- or multi-die, and single- or stacked-BGA packages.

It can extract models of full packages or selected nets of a package.

Its interface is compatible with data files in various formats, including UPD, MCM, .BRD, .SIP, NA2,
DSN, and SPD formats.

XtractIM has two modules in extraction: IBIS/RLGC and Optimized Broadband. XtractIM supports
both net-based and pin-based RLC extraction for single or multi-die and single or stacked BGA pack-
ages.




Model Extraction XtractIM Tutorial 16.6

IMODEL EXTRACTION
Model Extraction Mode includes
+ RLC/IBIS Module
*  Optimized Broadband Module

RLGC / IBIS Module
The RLGC / IBIS Module for single-die, single-BGA package provides with the capability to:
*  Generate IBIS package pin RLC model

*  Generate IBIS package RLC (Resistance, Inductance and Capacitance) matrix model with cou-
pling between signal, power and ground nets

*  Generate net length, DC_R, delay of each signal net

*  Generate SPICE equivalent circuits of package RLGC models of different topologies (Pi or T),
including coupling among signal, power and ground nets

* 2D and 3D display of RLC curves and distributions, including coupling between nets
The RLGC Module for Multi-Die, Stacked-BGA package provides the capability to:
*  Generate DC_R of signal, power, and ground nets along each of circuit-to-circuit paths
*  Generate self R, self-L, C of signal and power nets along each of circuit-to-circuit paths
*  Generate mutual L and C of signal and power nets along each of the circuit-to-circuit paths
*  Generate branch RL and total C of signal and power nets

*  Generate SPICE equivalent circuits of package RLGC model including coupling among signal,
power and ground nets

Optimized Broadband Module

The Optimized Broadband Module works for both single-die, single-BGA and multi-die stacked-BGA
packages. It provides users with the following capabilities:

» Display of the original S-parameter and compact circuit model S-parameter
»  Export the S-parameter model in Sigrity compact formats (BNP)
»  Extract and display of S network parameters

*  Optimized Broadband RLC circuit model extraction with options of selecting circuit models

ELECTRICAL PERFORMANCE ASSESSMENT

Electrical Performance Assessment includes two systems.

*  Power / Ground Distribution System
*  Signal Distribution System
Power / Ground Distribution System

*  Net loop inductance of Power Nets referring to each of the Ground Nets

*  Broadband Impedance of each Power Net referring to its best Ground Net

OVERVIEW 4
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*  Plane IR drop, Plane current density and Via-current checking

*  Per Pin resistance and inductance of power / ground net viewing from die-side

Signal Distribution System

»  Trace layput checking: Impedance and strongest coupling of single-ended Net vs. section-by-
section Net-length

*  Net couplings: mutual inductance and capacitance, total near-ended crosstalk for each Net as a
victim

*  Broadband Insertion and Return Loss

THE XTRACTIM WINDOW

The new workspace is made up of two main areas.
* Layout Area — Large area with a black background
*  Workflow Pane — Left side of the screen

Within these two main areas you’ll find toolbars, menus, and smaller, specialized panes. You’ll use all
the tools on the workspace to create a package simulation.

+ Editor Pane — A spreadsheet. Users can easily input information into the pane for simulation
setup or check simulation results in the pane

* Layout Selection Window — Controls the active layer, displayed layers and the object dis-
play on or off

* Layout Window — Where you edit your layout

¢ Menu Bar — The pull-down menus provide the commands you need to modify a design, set
up a simulation, run a simulation, check results and report results

e Status Bar — Shows the version information, the current X-Y coordinates of the cursor and
the simulation progress

*  Tool bar — Gives you quick access to common XtractIM commands

*  Workflow Pane — Lists all the workflow tasks. Tasks of the same type are sorted and listed
together. When a task is clicked, details associated with that task appear in an Editor pane

OVERVIEW 5
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r‘,L_.::'I-_rar_tI'-.-l - FlipChipsam - [flipchip.spd Layer View] s
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IBIS / RLGC Module: Net-Based Simulation Single-Die
Single-BGA Packages

This chapter takes you through the steps to use the XtractIM tool IBIS / RLGC Module in the simula-
tion of a single-die, single-BGA package.

PREPARE FOR THE SIMULATION
Collect this information before you begin the simulation.
*  Have the Bump diameters, length, heights and conductivity ready
*  Have the Stackup information ready

*  Make sure your files have been translated into SPD format
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LESSON ONE: SIMULATION SETUP

Overview

Follow these steps to perform a typical workflow in Interaction Mode.

Model Extraction A ‘

1. Load an existing workspace file (.xml file).

Manage Workspace  (A)

Load Workspace
Load a Mew Different Layout

Package Setup ()

LAELLS

Fackage Type: Flip-Chip
Components

Stackup

Bumps

Solder Ball

Mets

Simulation Setup (=)

Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results (2

Surmmary

SPICE/IBIS Model

RLC Per Net

RLC Distributions

Segment RLC

RLC vz, MetLength

CrossTalk (Single-Ended)
3D View
Histogram

CrossTalk (Diffpair ve Single-End
3D View
Histograrm

Save Results

Load Results

Report

2. Load a layout file (.spd file).

3. Select a package type. Choose from:

Flip-chip

Single BGA (Board Grid Array)
Stacked BGA

Wirebond

4. Setup the components. You can select or deselect Die component and Board component.

5. Setup the Stackup.

6. Set parameters for the Bump or Solderball medium layer.

Set the Bump data if it is a flip-chip package.

Set the Solder Ball data.

7. Select the nets for extraction.

IBIS /| RLGC MODULE:

PACKAGES
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8. Setup extraction frequency and capacitance or inductance output control.

Load Workspace and Layout File
1. Launch XtractIM.

The XtractIM main window opens. Two icons are available:

A =

New and Open

2. Click the New icon to create a new workspace or select:
Workspace > New
3. Click Load Workspace in the Workflow pane and browse to load an existing workspace file.

4. To load the Package Structure, click Load a New/Different Layout in the Workflow pane.
The Attach Layout File window opens.

Attach Layout File X

Apply current workspace setup
Please choose the type of layout to load

@Load an existing SPD file

OLoad an existing DXF file

| OK | | Cancel

Select Package Type

1. Click Package Type: Flip-Chip in the Workflow pane to select package type.
The Package Setup -> Package Type pane appears at the bottom of the window.

Package Setup -> Package Type

®) single Die {)stackedpie () Side-by-side Die
@Single BGA OStacked BGA OLeadframe

(") wirebond {®) Flip-Chip () Both

OK Cancel

2. Click OK to save your selection.

The following example shows the workspace with the package type: Single Die, Single BGA,
Flip-Chip.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
PACKAGES 9
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‘l-"tre-:tll"-:l - FlipChip.ximx - [flipchip.spd Layer View]

<& Workspace Edit View Mode Setup Tools Window Help

cadence -5/

RR=2" R >

B e omm il o e

=

[3 [ ;| Extractor Result

NEEEEEEIE

Module: IBIS/RLGC

View/Export Results |

Summary
SPICE/IBIS Model
RLC Per Met
RLC Distributions
Segment RLC
RLC vs. MetLength
CrossTalk (Single-Ended)
3D View
Histogram
CrossTalk (Diffpair vs Single-Endj
3D View
Histogram

Results

53

Load Results
Report
[ Iil J
Ver: 14.0.2.06252 (XtractlM)

Mouse(mm): X: 10.884, ¥: 9.909

b
All Enabled Net(s) MrENESI N I S R I R - 1 + 8 ECcOE| H [ [E] & v| O
#He @ @R 0eedEm: 4 2
Workflow: XtractlM x | |-1U ; ‘—B . l-ﬁ : |—4 : |-2 ; IU : |2 i |4 . l& : IS : |1U Layer Selection )
Model Extraction ¢3 il W Signald2 ()
Manage Workspace |o‘__\/| [ =
W SignalsvoD -
Load Workspace % Signalevss o
ignal
Load a Mew,Different Layout g
. W SignalsM4 =
Package Setup (») | Signalo1 m
Package Type: Flip-Chip | Signaln3 I}
v Components
+ Stadwp
v Bumps
v Solder Ball
" MNets
Simulation Setup @)

+| View Only Active Layer

Display Geometry Objects By
®) Net Color {_) Layer Color

EaEE- e

Layer Selection | Met I Wana:JEr|

@ Ready

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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Setup Components

1.

o > 0N

Setup Stackup

1.

Click Components in the Workflow pane to set up the Components data for a Flip-Chip pack-
age.

The Wizard pane opens.

| Wizard x |
-

Select the Die/Board/Cap/other component from the list and dick

Ckt Name Model Name Die/Board/Cap/Cthe
components Type

C1 Cap0402

c2 Cap0402

c3 Cap0402

c4 Cap0402

c5 Cap0402

cs Cap0402

c7 Cap0402

cs Cap0402

Ul [FC | ey

BGA1 untiled_pac. .. Ialzai (i
Deselect as Die
Select as Capacitor

Deselect as Capacitor

b v
' ™
Right-dlick on & drcuit name to select/deselect as Die

S g

< Back Mext =
Right-click the desired component and select Select as Die from the pop-up menu list.

Click Next.

Right-click the desired component and select it as a Board component.

Click Finish to complete the components setup.

Click Stackup in the Workflow pane.

The Layer Manager -> Stack Up window opens.
Right-click Signal$Bottom layer.

Insert a Solder Ball Medium Layer.

Insert an empty Signal layer.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA

PACKAGES
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5.

Insert a medium layer standing for a PCB medium layer. All layers are inserted under Sig-
nal$Bottom.

The added Signal layer is located at the end of the solder ball.

Setup Bump Medium Layer

1.
2,
3.

Setup Bumps

1.

Right-click on the Signal$Top layer.

Insert a Bump Medium Layer above Signal$Top.

Insert a signal layer above Signal$Top. The added signal layer is the ending of the Bump.
Both the Bump and Solder Ball Medium Layers are created.

Click Bumps in the Workflow pane to set up the Bump data for a Flip-Chip package.

The Package Setup -> Bumps pane appears at the bottom of the window.

Package Setup -> Bumps

Layer Mame

pl

RefDes 'Dmax {mm} 'Dl {mm}) 'DZ {mm} 'HT {mm} 'Maherial 'Conducﬁvity (S/m)

i oo lon Jou  lod W e |

aluminum
copper
gold
silver
Soldersd
Solders3

]

Cancel |

2,

Input the settings for the Bumps.
Maximum Diameter: Dmax (mm)
D1 (mm)

D2 (mm)

Height: HT (mm)

Conductivity (S/m) (or click Material and choose material from the drop-down list, the
conductivity will be automatically input.)

XtractIM includes a material file in library (in the default intallation path:

|
NOTE: <INSTALL_DIR>\SpeedXP\Library\material\). It can be edited.

Click OK to save your entries.

(Optional) Click Cancel if you do not want to save your changes, or if you want to start over and
re-enter your settings.

NOTE!

Perform the same steps to set up a wirebond package.

IBIS /
PACKAGES

RLGC MODULE:

NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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Setup Solder Ball
1. Click Solder Ball in the Workflow pane to setup the Solder Ball data for a Flip-Chip package.

The Package Setup -> Solder Ball pane appears at the bottom of the window.

Package Setup -> Solder Ball

Layer Name RefDes 'Dmax {mm} 'Dl {mm} 'DZ {mm}) 'HT {mm} 'Maherial 'Conducﬁvity (S/m) I
copper

gold
silver
Solders0
Solders3

Medium Thickness

| oK ” Cancel |

2. Input the settings for Solder Ball.
Maximum Diameter: Dmax (mm)
D1 (mm)
D2 (mm)
Height: HT (mm)

Conductivity (S/m) (or click Material and choose material from the drop-down list, the
conductivity will be automatically input.)

3. Click OK to save your entries.

4. (Optional) Click Cancel if you do not want to save your changes, or if you want to start over and
re-enter your settings.

Viewing 3D Layout

Full 3D View
Select
View > 3D View > Full 3D View

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
PACKAGES 13
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I ‘}}(tractTM - FlipChip.xirmx - [flipchip.spd Layer Wiew]

& Workspace Edit | Wiew kode Setup Tools  Window Help

Jﬁﬂ" 1] Zoom 3 '_'J"ﬁ .
2 Show 3
:[Ex‘tractnr Result |v
| Al Enabled Met(s) v Layer Selection.. Bl o by X
Py @ /oo = H 3D Wiew Full 30 Wiew
. = Partial 30 View
Pl | 3] [E] &S Toolbars 3
s orkf] o HbractihA Pane 3
Model Extraction M| Status Bar
v Show Ruler
Manage Workspace
Load ‘Warkspace Auto-tip
Load a New/Differen Open Mew MNetwork Pararneter Display
Package Setup

Showr Log Files
Parkans Twne: Flin-l

The 3D view of the package is displayed showing the bumps and solder balls.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
PACKAGES 14
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Partial 3D View
1. Select
View > 3D View > Partial 3D View

2. Use the mouse to select a region (shown as a box outline in the following image).

The 3D view of the selected region is shown in the display.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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Setup Nets
1. Click Nets in the Workflow pane to open Net Manager.
2. Choose any desired nets for RLC (Resistance, Inductance and Capacitance)extraction.
You can move the Signal Net into and out of Power Nets and Ground Nets if you wish.
3. Choose only the desired Ground Net as the reference net.
At least one Ground Net must be selected to act as a Reference ground Net.

4. Set the Trace coupling threshold to a proper level to generate RLC models with accurate mutual
terms.

5. Switch to Show Coupled Line. The Coupled Lines Edit pane opens.
6. Set the Trace Coupling Threshold to a proper level.

Met Manager
Met: ‘ | - | Default Mode | =
Net List (Sort enabled first) * | In "i..:.j g
£ unnamed Net(s) Show Voltage |
=l #4 Powerlets 1
B§ VDDcore 3
Fvoo_1
oD 2 N
LvoD_3
EivoD_4
= £4 Groundhets
B vss
L-’| DEFALLT
Eiinet 1
Palet 2 |
Elnet_3
Elnet_4
Flnet_ 5
Elnet 5
Elnet_7
Elnet 8
Elnet o
Enet_10
LANet_11
Einet_12
A PRt 12
eneral
Keep shape enabled when the net is disabled
Gray Disabled [[] Hide Disabled
e Dol cxio . DRI

The Coupled Lines tab controls only the coupling threshold between
NOTE! Traces.

Via coupling and wirebond coupling are always considered.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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Rise Time and %Coupling

When Traces are identified as coupled lines, the crosstalk between these lines is calculated during the
simulation. Based on electrical threshold parameters, Traces belonging to several nets are automati-
cally identified and analyzed as coupled transmission line sections.

»  Two Traces are said to be coupled if their reverse crosstalk exceeds the % Coupling

*  Coupled lines can be selected after the relevant Traces have been placed. Coupled lines are
treated as multi-conductor transmission lines

* Anisolated Trace is modeled by the single transmission line algorithm

For a given Rise Time, the accumulated coupled section lengths between Trace nets should be long
enough for forward crosstalk to exceed the %Coupling.

* Rise Time Value — Must be greater than 0. Default value is 200 ps
*  %Coupling Value — Must be 0 < value < 100. Default value is 5%

NOTE! If the coupling parameters - %Coupling and Rise Time - are left blank,
the trace-to-trace coupling is not calculated during simulation.

Setup Rise Time and %Coupling

1. Click on Coupled Line tab to set up Setup Extraction Frequency to identify a coupled trace.

2. Select the nets you wish to edit.
3. Right-click to open the pop-menu.
4. Select:
Set With Default Parameters
et Manager g =
Net: | |[ /]| show Coupled =
Net List (Sort enabled first) /" Rise Time (ps) | %Coupin - |
E Ewo2 100 5
Bl Avoo 3 100 5 F
BHM Evwoo4 100 5 i
2 F BEooundiets 100 5
Bl Evss 100 5
5

Bl . JoeranT 100

Enable Selected Mats
Cesable Selected Nets
Enable All Nets
Cesable Al Hets

Bl Enet||  Ede Couping Parameters
g g::' Dedete Coupling Parameters
E EM:t_ Set With Defaull Parameters:
|_EI W [T Classf b
General | Detect Associabed Mets
[] Keep shape end

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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5. Select Show Coupled Lines in the Net Manager.

The Trace identified as coupled lines is displayed in the Layout View pane, as shown in the fol-
lowing screen.

Met hanager x
MNet: |

Shova Coupled Line -

Met List {Sork enabled first) ’%Coup

¥voD_L 5 |;|
EvoD 2 5 | 8
AvoD_3 5
Hivoo_4 5
=] #A Groundniets 5
Ess 5
7| DEFALLT 5

IHEEEEREE
VIS S S S S 1S

Met_7 5

I |

General

v | Keep shape enabled when the net is disat
Hide Disabled

v | Gray Drisabled

Coupled Lines
Disable Coupled Line Simulation

Coupled Lines Report

Layer Selection | Met Manager

Setup Extraction Frequency

1. To change the Extraction Frequency, select

Setup > Extraction Frequency

The Extraction Frequency window opens.

Extraction Frequency

Extraction Frequency: 30 MHz oK

Cancel

2. Input the value of extraction frequency in the field.
The default value is 30MHz.
3. Click OK.

Setup Threshold for Exporting Mutual Terms

XtractIM provides an option to reduce the size of the output circuit during the export stage. Besides,
XtractIM captures all the coupling during the extraction stage.

1. Select

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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Setup > Threshold for Exporting Coupling Terms

The Threshold for Exporting Coupling Terms window opens.

Threshold for Exporting Coupling Terms

Number of strongest neighbors to export
In addition,

Ignore mutual C if the ratio of mutual over self terms is less than|0.005
Ignore mutual L if the ratio of mutual over self terms is less than|0.005

o

2. Input the number of strongest coupling neighbors to be kept in the circuit model.

The default number of strongest coupling neighbors is 10; which means outputting the 10 stron-
gest neighbors (including self).

3. Ignore mutual capacitance or inductance if the ratio of mutual terms over self term is less than a
percentage.

The default percentage threshold for ignoring mutual capacitance and inductance is 0.005.

Exporting Mutual Terms Example

If the mutual capacitance or inductance is less than the 0.5% of the minimum of the two
self-capacitances and inductances,

then

XtractIM does not output the mutual capacitance or inductance

Threshold for Exporting Coupling Terms is used to:
NOTE! - Control the size of the SPICE circuit file.

- Ignore mutual capacitance or inductance less than a specified net-to-
net coupling threshold.

Output RLC Matrix in .csv Format
1. To output RLC matrix in .csv format, select

Tools > Options > Edit Options...

The Options window opens.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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(& 2
Options X
File =) .
General " &)  Change the 'Output SPICE Circuit' options in XtractIM
File Manager
Save Options
Hatke 5
- i OQutput SPICE Circuit
Layout D)
Grid and Unit
View D Power-Ground net has partial inductance (Single-Die Single-BGA Net-based no Decap)
Processing [ et Name Induded in Circuit Node Name
Trace
Error Checking D Keep All Coupling Terms to Power Mets
Translator
2 Export RLC Matrices
3D Layout View '\“3
Display D Output IBIS .pkag file for Multi-die Stacked-BGA Package
Quality ( Each .pkg model represents one-die to one-board path
Simulation (Basic) (a assuming other dies and board to be open/floating )
General ¥ Do not Output T- and Fi-topology SPICE Model
Met and Coupling
edal Void D Indude Decaps in SPICE drcuit

FOUTPUT SRS et ( If a drcuit is selected as decap during workspace->drouit setup,

Report
Simulation (Advanced)

(a it can be induded in the extracted SPICE drcuit by selecting this option )

Hectric Models D Pin-based: Reference Pin(s) Has Partial Inductance

Mesh
Mets and Shapes
Field Solver Engine

| Default | | Apply | | oK | | Cancel

2. Click Output SPICE Circuit under Simulation (Basic).
3. Select the Export LC Matrices option.

4. (Optional) Select the Do not Output T- and Pi-topology SPICE Model option if you do not
want these two SPICE models.

5. Click OK.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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LESSON Two: SAVE WORK AREAS

Tool Bar

There are four icons related with work areas saving.

NEERENRE e v @]9 v o ~
ICoN DESCRIPTION
B Open Workspace File

=] Save all

Save Workspace File
Save Layout File

%

Attach a layout file

Saving the workspace automatically saves the .spd file.
NOTE!

Saving the layout file does not automatically save the workspace.

Workspace File

To save the workspace under a different name, select

Workspace > Save As...

& Workspace | Edit View Mode
P03 New Ctrl+N
i 1%l &5 Open.. Ctrl+0
i ot Save Ctrl+S
@ Save As..

Mo Close

M print.. Ctrl+P

Print Preview
Print Setup...

|2

JJ Pause Simulation

Layout File

To save the layout file under a different name, select

Workspace > Layout File > Save As...

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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& Workspace | Edit View Mode
0 New Ctri+N
el __,.7 Open... Ctrl+0
+ Save Ctrl+S
Wol Save As...
Mo Close
M| print.. Ctrl+P
Print Preview
Print Setup...
Pz ) - .
] Pause Simulation
Start Simulation
Stop Simulation
Report
Temp Folder...
Sil
] Layout File
Export To Image File
Ei

1 C\Cadence\..\FlipChip.ximx
2 CA\Cadence\..\Wirebond.ximx

Exit

Setup Tools

(A — & | &

_'_F Attach...
Reuse...

Merge »
Save

Save As...
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Lesson Three: Run the Simulation XtractlM Tutorial 16.6

LESSON THREE: RUN THE SIMULATION

Start Simulation

1. Click the Start Simulation icon ® on toolbar to start the extraction (simulation).

XtractIM only extracts RLCG for a net which has at least one pin at the Die side and at least one

pin at the board side.
At the beginning of the simulation, if some nets have Die-Board mis-match, a pop-up window
appears.

Die and Board pins do not match p4

The pins of the die drouit do not correspond to the board drouit pins.
Click More Information to see the list of mismatched pins.

I Yy Enabled nets 1 19

Mets in ground group - |
Mets with pin-mismatch ;1

Mets to be extracted 1 18

You may Continue or Stop the simulation.

Stop More Information. ..

2. Select the next action.

e Continue — Continue the simulation
*  More Information — Examine what nets are mis-matched
+ Stop — Cancel the simulation

Investigate Mis-matched Nets

1. The More Information window lists all the mis-matched nets.

2. Investigate the mis-matched nets to see whether there is a special design or a defective design.
3. Decide whether or not to proceed with the simulation.
4

Choose Continue, Stop or More Information.

If 30 seconds pass and the user has not made a choice; then, by default, the simulation continues.

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
PACKAGES 23



Lesson Three: Run the Simulation XtractIM Tutorial 16.6

Die and Board pins do not match X

The pins of the die drcuit do not correspond to the board dreuit pins.
Click More Information to see the list of mismatched pins.

! Y} Enabled nets : 19

Mets in ground group |
Mets with pin-mismatch @ 1

Mets to be extracted : 18

You may Continue or Stop the simulation.

Stop Mare Information. ..

Enabled nets 119 ~
Mets in ground group i1

Mets with pin-mismatch i1

Mets to be extracted 1 18

Unmatched pins are listed below.

The format of the list is [ckiMame, pinMame, net_name]:
(1) Die circuit (D1), D1-A4, vdd

(2) Die circuit (D1), D1-D3, vdd

(3) Die circuit (D2), D2-A2, vdd

{4) Die circuit (D2), 0201, vdd

(1) Board drcuit (BGA1), BGA1-10, wdd

(2) Board drcuit (BGA1), BGA1-15, wdd

(3) Board drcuit (BGA1), BGA1-20, wdd

(4) Board drcuit (BGA1), BGA1-5, vdd

A file named Xtracted_PinNode_Info.log is saved on hard disk. This
NOTE' file records the total extracted node number of each circuit and, if avail-
able, the mis-matched information.
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LESSON FOUR: OBSERVE AND SAVE SIMULATION RESULTS

XtractIM performs calculations for each net. The calculations include:

*  Conductance

*  Mutual capacitance with other net
*  Mutual loop inductance

* Resistance

*  Self capacitance

*  Self loop inductance

The inductance and capacitance are matrices. In the Inductance Matrix, the Diagonal Element is the
Self Inductance of each net. The off-diagonal elements are mutual Inductance.

There are two concepts of capacitance matrix:

*  Maxwell capacitance matrix
*  SPICE capacitance matrix

*  Maxwell Capacitance Matrix — Each diagonal element is the loading capacitance; for
example, capacitance-to-ground when other nets are grounded. This represents the worst-case
capacitive loading. Off-diagonal elements are mutual capacitance with negative values

*  SPICE Capacitance Matrix — Each diagonal element is capacitance-to-ground. Off-diago-
nal elements are mutual capacitance with positive values

In the examples, review the relationship between Maxwell capacitance and SPICE capacitance matrix.

Inductance and Capacitance Matrix Example

A simple group of four nets has the following inductance and capacitance matrix.

_Lu L, L, L, | _Cu Chn G5 Gy |
Ly L,, Ly; Ly C, G, Gy Gy
Ly L3y Ly Ly G Gy G Gy
_L41 L42 L43 L44_ _CH Cp Cy CJ-L_

Capacitance Example

C;(SPICE ) =-C (Maxwell )
C, (Maxwell ) =Y C, (SPICE )

C,(SPICE) =3 C,(Maxwell )
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Summary of the Extracted Results

1. Click Summary in the Workflow pane.
2. View the data for R, L and C.

*  Extraction Frequency

*  Full RLC Matrix

e Maximum / minimum R, L, C
*  Nets Extracted

* Package Name

3. Reorder the list, if desired.

lj r v 4w
| Extractor Result |

[Version] 12.1.b1.02041

[Date] 06/05/2013

[Package Name] C:\Cadence\SPB_16.6\ASI\Updatel\SpeedxXP\Samples\Xtraci
[Description] C:\Cadence\SPB_16.6\ASI\Updatel\SpeedXP\Samples\Xtraci|=
[Nets Extracted] 105
[
[
[
[

O [ i| Extractor Result |~[B 'R M if5 a0 »

4

Frequency of Extraction] 30MHz

Max R (mChm) ] 312.934
Min R (mOhm) ] 4.54504
Max self-inductance L (nH)] 5.76833

4 Il 4

Net A || Met R{mOhm}) L(nH) C(pF)

VDD 1 x vDD_1 12.9943 1.02645

VDD_2 vDD_2 0
VDD_3

VDD_3 | VDD_4

vDD_4 i VDDcore

VDDcore Net_1

Met 1 Net_2
Net 2 Net_3 0.184293 0.406076

o || Met_4 0.393493 0.438503 -
Qutput

* Processing patch02 - Patch$vDD rs
* Processing patch02 - Patch$Vss
* Processing Patch$VDD -- Patch$VSS
* Processing Patch$VSS - Patch0l
Connecting Circuits To Patches
Handling Floating Circuits
Modeling Pads
Solving Package and Circuits ...
Simulation is in progress.

Miscellaneous | Mesh - Errors | VariablesCheck |

®
g
8
(] »

o o o o

0 0

X

]
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Save SPICE/IBIS Model Files

Upon completing the simulation, both model files are saved in the same directory as the .spd file.

Save SPICE Model Files

The total number of elements in the circuit is displayed at the bottom of the window.

R, L, M, C and G where M is the mutual inductance

The SPICE Model is saved as a SPICE sub-circuit with the extension .ckt.

The SPICE model is a T-circuit.

E - v (4 w i
Extractor Result |

{1 ) O [ | Extractor Result |[v|B ‘B BB @ e »

—View Model Selection
(®) SPICE T-model

() SPICE Pirmodel
() 1BIS pkg model
) Pin model: IBIS format

OPin model: Excel format

O DC Resistance
|- SUBCKT FlipChip flipchip SPICE t -~
+ Ul _U1-E3 BGAL_C1 =
+ Ul_U1-27 BGA1_A3
+ Ul _Ul-E10 BGR1_C12
+ Ul Ul-K& BGA1 K&
+ Ul_U1-D4 BGR1 _C3
+ Ul_U1-L1 BGR1 L2 v
Total number of circuit components: R: 210 L2100 M: 1206 C:220 G:4%
Output X
* Processing patch02 -- Patch$VDD 4
* Processing patch02 -- Patch$vss
* Processing Patch$VDD -- Patch$vss
* Processing Patch$VSsS -- Patch01
Connecting Circuits To Patches
Handling Floating Circuits
Modeling Pads
Solving Package and Circuits ... E
Simulation is in progress. ~

Miscellaneous | Mesh - Errors | VariablesCheck |

Save IBIS Model Files

The IBIS Model is saved as an IBIS package model. The saved model has the extension .pkg.
An .ibs format file is saved. The saved file includes each single net’s R, L, C.

All power nets and ground nets are lumped together.
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E L] ow (4w

) O © | ExractorResult. v 'B®BE @ o »

Extractor Resullh|“

—View Model Selection
() SPICE T-model

() SPICE Pirmodel

® |BIS pkg model

) Pin model: IBIS format
OPin model: Excel format
ODC Resistance

|
[IEI5 Ver]

[File Hame]
[File Rev]

[Comment Char]

e e e e e e e e e e e e e e e e e e e e

5.0

|_char
ibis_flipchip.pkg
1.0

Total number of circuit components:

R:105 L:105 M:609 C:215

Output

* Processing patch02 - Patch$VDD
* Processing patch02 - Patch$Vss
* Processing Patch$VDD -- Patch$Vvss
* Processing Patch$VSS - Patch0l
Connecting Circuits To Patches
Handling Floating Circuits
Modeling Pads
Solving Package and Circuits ...
Simulation is in progress.

Miscellaneous | Mesh - Errors | VariablesCheck |

Load Pin Model in Excel Format

1. Click Pin Model: Excel format in the SPICE / IBIS Model window.

2. A .csv file is loaded. The .csv file includes information for each signal net.

*  Net Length

*  Net Name
e Pin Name
*  Self-R
*  Self-L
+  Self-C

*  Time Delay

Self-C is the Maxwell Capacitance. The information for power nets does not include net length.
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Extractor Result

‘iew Modsl Seleciion
() SPICE T-model

1 SPICE Fimodel
) IBIS pkg modsl
2 Pin model: [BIS format

€% Pin model: Excel fomiat

) DC Resistance
FinlName et Name Netlengthfmm] | S=FRiOhm) SeflinHy SefCipF) Deday{pS) -~
BGAIGT: BGAL-.. VDD_1 D.0156075 116316 13.0766 145.96
BGAI-ATD BGA.. VDD_2 0.0148735 104337 20,1058 144 337
BGAI-G1Z BGA.. VDD 3 0.0143638 109652 12.914 147.771
BGAI-MT. BGAT-.. VDD 4 0.0152309 105723 20.4667 147.05% =
BGATHI BGAT-. VYDDcore 0.00717351 0370523 42,6392 125.782
BGAT-L2 Net_1 3.63584 0.239083 554554 1.13387 B8.7319
BGAT-MZ Net_10 114717 0.264798 8339332 1.28413 103.483
BGAT-ET Net_ 100 11.1365 0.273255 734035 1.24412 33.3318
BGAT-L1 Net_11 121041 0.300393 B3HTE 1.39613 107918
BGAT-H4 Net_12 5.54865 012016 350787 0.838864 54 245
BGAT-GE Net_13 267455 0.0436108 168291 0.591901 31.5613
BGAT-F1 Net_14 10.2331 0.247378 550265 1.1993 50.5857
BGAI-F5 Net_15 3.73566 D.0699779 21132 D.646634 35.5657
BGAI-D1 Net_16 11.0788 0.269966 757057 1.25417 57.4414
BGAT-D3 MNet_17 B22157 019279 508506 1.10179 74.8585
BGAT-BZ MNet_18 10.1306 0.244018 737262 1.14468 51.8558
BGAT-J5 Net_19 45028 0.103388 326565 0.754613 45,6457
BGAT-2 Net_2 7.13797 0163051 463538 D.986172 B7B113
BGATL3 Net_20 387792 0235877 620066 116056 B4 8308
BGAT-HS Net_21 563593 01273714 331686 0.845386 52.3531
BGATRZ Net_22 107874 0.262896 727388 1.23451 947336
BGATHI Net_23 77917 0182037 5.1610% 0.964408 77.0831
BGAT-E4 Net_24 6.00738 0.132358 37231 0.870797 56.9331
BGAT-E1 Net_25 124208 0.308313 546425 1.42333 110.M5
BGAT-AZ Net_26 12.2451 0.30604 1 3.7622 1.36485 109.358
BGATC4 Net 27 7.1559 0. 163687 468482 0.937353 652673
BGATHS Net_ 28 5.69234 0.15239 486343 0.897385 655.0855 L
BGAT-LS Net_29 341336 0.225042 5.13813 1.1337 B3.825 ﬁ
NOTE' Net-length is reported only for single nets. If a single net has multi-pins
in either die side or BGA side, its’ net -length will NOT be reported.

View DC Resistance
1. Click DC Resistance in the SPICE / IBIS Model window.

2. View the .csv file. DC Resistance is given for each of the power, ground and signal nets. A .csv
file is saved on the hard disk.
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m G

 Extractor Result |

i HExtractor Result

() SPICE T-model
() SPICE Pimodel
() IBIS pkg mode!

Wiew Model Selection

() Pin model: IBIS format
() Pin model; Bxcel format

(*) DC Resistance
MNetName DC R{Ohm) ~
VDD_1 0.00766212
VDD_2 0.00728748
VDD_3 0.00734888
VDD_4 0.00731403 =
WD Dcore 0.00389387
Met_1 0.196745
Met_10 0.233246
Net_100 0.22528
Met_11 0.247784
Net_12 0.0970853
Net_13 0.0322723
Met_14 0.204774
Met_15 0.0549716
Met_16 0.224214
Met_17 0.158531
Met_18 0.200191
Met_19 0.0822371
Net_2 0.13362
Net_20 0.196608
Net_21 0.103159
Met_22 0.217516
Met_23 0.148752
Met_24 0.107665
Met_25 0.255066
Net_26 0.251026
Net_27 0.134056
Net_28 0.123376
Net_29 0.185928
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View RLC Per Net

1. View Resistance for each net.

View Self-inductance for each net.
View Self-capacitance for each net.
View Mutual Terms.

View Mutual Inductance.

LU

View SPICE Mutual Capacitance.

Usually conductance is very low, so there is no view for conductance.

— =
‘e e § T M OE T E O §|Mutual Terms v
Presant Curvas @

Self Terms Inductance (nH)

w

Exdractar Result

Mutuzl Terms
[ (Meti_vDD_1) T3 P
[l (metz_vDo_2)
[l (vets_voo_3)
[l (vers_voo_4)

[l (Mets_vDDcore) | P s S RS S PUPRN SR

[ (Nets_Net_1) :
[l (net7_nst_10) :
CHll (Mets_net_100)

CHl (nets_net_11) T R SR Rr ot [EERRPRE SRRPRRE

[l (netio_nst_12)

[l (Netti_Wet 17)

CHl (retiz_net19) |y |

Pl rei ion 00 0 aea

06

Loaded Curves

ne

—s—(MNet1_vDO_1)

Save R/ L/ C Full Matrix

1. Click on R/L/C full matrix.

2. The matrix is saved on hard disk in .csv format.

o
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Microsoft Excel - pkg_flipchip_6_TableCont... [= |[T]X
i3] File Edit View Insert Format Tools Data

A=A RETE T AR - SRR R TR AT T P [N - FRERS -

Window Help

E Tt P I R0 RSN BTN E

¥+ Reply with Changes... End Review... !

_ED[aw' l; | AutoShapes> ~ N (0 O [ Al &5 (8] k& | &~ & - A ~

Al - A Neti
A B | ¢ | b | E | | © T ]

1 [Mat | Net j Rij (mOhmLij (nH) | Cij (pF) =

| 2 [VvDD_1 VDD_1 16.6984| 1.14717  17.8014

| 3 [VDD_1  Net s 0.582293 0.398692

| 4 [VDD_1  Net 14 0.845834 0.51895

| 5 [VDD_1  Met 32 0.830443 0.397358

| 6 |[VDD_1 |Net® 0.706866 0.410717

| 7 |[VDD_1  [Net_41 0.660616 0.204631

| 8 |[VDD_1  Net 16 0.501037 0.509205

| 9 [VDD_1  Net 31 0.447115  0.060698

(10 [VDD_1  Met 4 0.41579  0.32842

| 11|VDD_1  Net_23 0.28861 0.126366

(12 |VDD_1  Net 15 0.280537  0.0241

| 13|vDD_2 wDD_2 15.9463) 1.02801  13.649

|14 |VDD_2  Net 35 0.754558 0.606863

[ 15[VDD_2  Met 50 0.728148 0.398461

|16 |VDD_2  Net_55 0.721226  0.494188

|17 |VDD_2  Net 54 0.702859 04037

|18 |VDD_2  Met 45 0.698387 0457406

(19 |VDD_2  Net 62 0.692691 0.533048

(20 [VDD_2  Met 49 0566389  0.1738

| 21|VDD_2  Net_B5 0.563293 0.178132

|22 |[VDD_2  Net 43 0.459691 0.290527

|23 |VDD_2  MNet B3 0.402433  0.374004

|24 |VDD_2  Net 72 0.274383 0.329165

25|VvDD 3 VDD 3 15.9821) 1.07951 18.4838 z

W < v wh pkg_flipchip_6_TableContent/ | < | 5

Ready

NUM

.
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View RLC Distributions

1. Click RLC Distributions in the Workflow pane.
2. View the full matrix value of R, L and C.

RLC Distributions offers eight kinds of views.

With light

Histogram mode | Zscale down

| |
Top View — @ || m , z =

With wireframe

Efn = — Autotip info

SetZ range

Z scale up

3. View the RLC distributions.

Inductance ~ |All Terms ~| L e 4 e
RLC Distributions

View Segment RLC

1. Click Segment RLC in the Workflow pane.
For each Signal Net, XtractIM outputs the RLC segment of each Metal layer.
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& T & - ExtractorResult |v|'B ‘B % i85 % e »
Extractor Result
PinName SignalNetNa... | SignalsM1(0... | Signal$VDD(... Signal$VSS(.. = SignalsM4(0...
L2 Net_1 0.180109 0.0111254 0.00946193 0.0119557
J3 Net 2 0.11236 0.010766 0.00949058 0.0119557
J Net 3 0.255368 0.010766 0.00949058 0.0119557
H2 Net 4 0.148074 0.010766 0.00949058 0.0119557
G2 Net 5 0.133487 0.0107647 0.00948935 0.0119541
E2 Net 6 0.144806 0.010766 0.00949058 0.0119557
E3 Net 7 0.100455 0.0106971 0.0094918 0.0119574
D2 Net 8 0.151882 0.0107647 0.00948935 0.0119541
c2 Net 9 0.163308 0.0107647 0.00946071 0.0119541
M2 Net_10 0.220419 0.0107647 0.00948935 0.0119541
L1 Net_11 0.236482 0.0107673 0.0094918 0.0119574
H4 Net_12 0.073506 0.010766 0.00949058 0.0119557
G5 Net_13 0.00569206 0.00895375  0.00759313 0.0124565
F1 Net_14 0.18993 0.010766 0.00949058 0.0119557
F5 Net_15 0.0247396 0.0134646 0.00851012 0.0119541
D1 Net_16 02101 0.010766 0.00949058 0.0119557
D3 Net_17 0.140426 0.010766 0.00949058 0.0119557
B2 Net_18 0.176829 0.0178275 0.00946193 0.0119557
J5 Net_19 0.0565564 0.0107647 0.00948935 0.0119541
L3 Net_20 0.180453 0.0107673 0.00946315 0.0119574
H5 Net_21 0.0728056 0.00613949  0.0050913 0.0269901
K2 Net_22 0.204092 0.0107647 0.00946071 0.0119541
H3 Net_23 0.128777 0.0107673 0.00946315 0.0119574
E4 Net_24 0.0855075 0.0106953 0.00949058 0.0119557
B1 Net_25 0.244964 0.0107673 0.0094918 0.0119574
A2 Net_26 0.240459 0.0107647 0.00948935 0.0119541
c4 Net_27 0.113034 0.0107647 0.00948335 0.0119541
K5 Net 28 0.1011 0.0107647 0.00948935 0.0119541

' Resistance(Ohm) | Inductance(nH) |Ciapcitance[pF] |
2. View the Segment RLC values.

Note the three tabs across the bottom of the screen. These bars are for Resistance, Inductance and
Capacitance

*  Click on the Resistance tab. The Resistance values are displayed.

*  Click on the Inductance tab.The Inductance values are displayed.

*  Click on the Capacitance tab. The Capacitance values are displayed.
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Segment RLC Report

Segment RLC are reported for Signal Nets with single-pin at each of the Die- and Board circuit.

Via resistance and inductance are reported at the Via starting layer (the upper layer).

Components Segment R Segment L Segment C
Wirebond Yes Yes Yes
Trace Yes Yes Yes
Via Yes Yes Yes
Pad - - Yes
Leadframe Yes Yes Yes
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View RLC vs. Net Length
1. Click RLC vs. Net Length in the Workflow pane.

The Inductance plot is displayed in the result window.

= r O - B O ﬂE)(‘tra_ctorResult |*ma®iE uE e »
imea § T M B T E O C|Lvs. NetLength ¥

R vs. Net Length
Extractor Result B8 | vs. Net Length L vs. Net Length
Cvs. Net Length ; ; ; ; ;
Delay vs. Net Length i i i i i
e 5 N U S —
L]
| | | | | e
. "
R R R O T e
| | | | | ™ .h |
1 1 1 1 1 n 1
1 1 1 1 I m omly 1
et LR SEESEEE o oo omoe =
i i i i gt i i
I S S N Y.T 5. Lo L
[ [ I I n I I I
| | | i all | | |
i i i B i i i
I I Lo ____ Lo o [ [ L
,,,,,,,, i i T i i i
: : Cde : : :
T bommooes e Fommeee Fommoee -
| | | | | | |
I I L1} I I I I
I I ] I I I I I
O L WL Lo [ [ [
| | | | | | |
I I = I I I I I
I I I I I I I
| | | | | | |
il SR b e e e =
I I I I I I I
[ 1 1 1 1 1 1
| | | | | | |
‘]___J_ ________ 1l L L L L L_
I I I I I I I
| | | | | | |
| | | | | | |
2 4 B il 10 12 14
MNet Length (mim)
— Extractor Result

*  To view the Inductance plot, select L vs. Net Length from the drop-down list
»  To view the Capacitance plot, select C vs. Net Length from the drop-down list
*  To view the Delay plot, select, select Delay vs. Net Length from the drop-down list

View Signal Nets Crosstalk

NEXT and FEXT

The mathematical definitions for NEXT and FEXT are shown in the following examples.
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- . v - o
T .
=

 mlew
= 1 = Con
T T

Aggressor: Zio, L11, Cn

| Victim: Zw, L22, C22

V_P
K = T C].QZQO + —
10
Where, St + 5.
¥ Fn P
o A B o b
PGy Y LGy
I Zn
= 2L oz o=
Z'.lﬂ Cll a0 ng
Definitions
K The near-end coupling coefficient from aggressor net on victim net.
C44/Coyo The self capacitance per unit length of signal net to its reference plane.
L4q/Loo The self-inductance per unit length of signal net.
Ci2 The mutual capacitance per unit length between aggressor and victim net.
L2 The mutual inductance per unit length between aggressor and victim net.
Vp1/ Vp2 The signal velocity propagate on signal net.
Z4o! Zxg The characteristic impedance of signal Traces.

JEC e, &
FEXT =XNZozu| —§ _ 4

B .

144 77

RLC of differential Pair and crosstalk with others

Assume two nets are different pair which has L1/ L2 and L12 as self-inductance and mutual induc-
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tance, and C11/C22 and C12 as loading capacitance and mutual capacitance

L1, C11, Ry

lef_R = Rl + R2
DIff_L - Ll + Lz -

2L45

Diff € = (Cio " C20)/(Cro + C20) + (12

L2, C22, R2

Mutual Inductance and Capacitance

» Differential Pair vs. Single-ended

diff {: r: : Ligit Ly =l Loy — Ly |
Single — | k | Cdtﬁ’—k : Cmn—k = k + an
» Differential Pair vs. Differential Pair
diff | m | .
{ | n | Ldi_,{;’"—dijf . Lmn—kf =| (Lmk - Lnk) - (Lm.f -
diff { : k : Cdyj’—a’{f}’ : m,r: K~ (ka + Cni) + (Cm.’
|
Crosstalk: NEXT and FEXT
» Differential Pair vs Single-ended
@ { m NEXT: Kl KK
n
. far Jfar Sfar
Single — | k | FEXT : Kmn k= (K K ic)
»  Differential Pair vs. Differential Pair
diff ‘[ | m | NEXI" K’??ﬁr K”ew“ K”Qw" Kﬂ?d’r Knear
| n | mn—ki ] ( -k ) ( ) |
an | X FEXT: KL, = (KL, — K[5)~ (KL, — KL
I I |

View Crosstalk Results

Two kinds of Crossstalk results are provided:

*  Single-Ended
» Diffpair vs Single-Ended

where, C]_g = C]_]_

- C12, Czo = sz -
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View/Export Results (~)

Summary
SPICE/IBIS Model

RLC Per Met

RLC Distributions

Segment RLC

RLC vs. Met Length

CrossTalk (Single-Ended)
3D View

Histogram
CrossTalk (Diffpair vs Single-Ended)

3D View

Histogram

Save Results
Load Results

Report

To view single-ended near-end and far-end crosstalk (NEXT and FEXT) click CrossTalk
(Single-Ended) in the Workflow pane

To view difffpair near-end and far-end crosstalk (NEXT and FEXT) click CrossTalk (Dif-
fpair vs Single-Ended) in the Workflow pane

A file is created in the project folder. The file name is:

By default, the far-end crosstalk is defined with rise time = 100ps.

*signal_Xtalk.csv

cadence [_[¢
g v v 71 [ i|Extractor Resut |~ B ‘2B iA5 5 B e b
i Net i Net j Rij (mOhm)  Lij (nH) Cij (pF) NEXT (%) Total NEXT (... FEXT (%) Tr (pS)

Net_1 Net_1 220.586 6.5703 1.011 26.91

Net_1 Net_11 0 1.0701 0.072 5.33 -3.94 100
Net_1 Net_10 0 0.9105 0.000 3.14 -5.57 100
Net_1 Net_2 0 0.6407 0.010 3.43 -4.14 100
Net_1 Net. 20 0 0.6277 0.000 2.48 -4.05 100
Net_1 Net 22 0 0.5013 0.000 1.85 -3.13 100
Net_1 Net 20 0 0.4415 0.000 1.80 -2.87 100
Net_1 Net 40 0 0.4049 0.000 1.58 -2.48 100
Net_1 Net 30 0 0.3650 0.000 1.73 -2.60 100
Net_1 Net_3 0 0.3007 0.000 1.05 -1.93 100
Net_1 Net 12 0 0.2742 0.000 1.56 -2.03 100
Net_1 Net 19 0 0.2512 0.000 1.45 -1.82 100
Net_1 Net_21 0 0.2459 0.000 1.52 -2.01 100
Net_2 Net_2 143.402 4.3835 0.864 29.23

Net_2 Net_11 0 0.9447 0.119 6.30 -1.31 100
Net_2 Net_1 0 0.6407 0.010 3.03 -3.57 100
Net_2 Net 40 0 0.5993 0.002 274 -3.50 100
Net_2 Net 22 0 0.4411 0.000 1.84 -2.76 100
Net_2 Net 12 0 0.4346 0.007 3.14 -3.00 100
Net_2 Net_3 0 0.3957 0.000 1.55 -2.54 100
Net_2 Net.20 0 0.3120 0.000 1.40 -2.01 100
Net_2 Net 30 0 0.3112 0.000 1.70 -2.22 100
Net_2 Net_10 0 0.3019 0.000 1.17 -1.85 100
Net_2 Net 29 0 0.2934 0.000 1.37 -1.91 100
Net_2 Net 23 0 0.2850 0.000 1.32 -1.72 100
Net_2 Net_21 0 0.2638 0.000 1.92 -2.15 100
Net_2 Net 19 0 0.2553 0.000 1.76 -1.85 100
Net_3 Net_3 296.611 8.0109 1.325 12.47

Net_3 Net 40 0 0.8060 0.000 277 -4.94 100
Net_3 Net_2 0 0.3957 0.000 1.69 -2.78 100
Net_3 Net.22 0 0.3864 0.000 1.26 -2.41 100

IBIS /| RLGC MODULE:

PACKAGES

39

NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA



Lesson Four: Observe and Save Simulation Results XtractlM Tutorial 16.6

Change Rise Time
1. Use the SHIFT key and mouse to select multiple rows.
2. Use the CTRL key and mouse click to select the top cell, Tr (ps).
3. Inthe highlighted cell change the Rise Time to the desired value.
4. Click Enter. The values are changed.

) "1t (0S) "1t (0S) Tt (pS)
100 100 100 100
(100 GV | [20d] | (200 ]
100 | 100 100 200
(100 | 100 100 200
100 | 100 100 200
100 | 100 100 200
100 | 100 100 200
100 | 100 100 200
100 | 100 100 200
(100  [EEEESTH 100 200
(100 | 100 100 200
Im 100 100 200
IR
(100 | 100 100 200
|00 | 100 100 200
100 | 100 100 200
[100 | 100 100 200
100 | 100 100 200
[100 100 100 200
100 100 100 100
100 100 100 100
100 100 100 100
100 100 100 100
100 100 100 100
100 100 100 100

Upon exiting the window, a pop-up window appears. You are asked if you want to save your changes.

-
XtractlM

\ The data has modified,
Do you want save it now?

Yes No

Save Simulation Results

1. Click Save Results in the Workflow pane.

The Save Extractor Result As window appears.
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"}.Save Extractor Result As

X

= Hide Folders

OO | | % Updatel » SpeedXP » Samples » XtractIM » Single-Die_Sample_files v‘ +y || Search Single-Die_Sam... R
Organize ~ New folder = v (2]
4 Downloads = Name . Date modified Type Size =
=+ Recent Places 1bis_thpchip_thpchip_pinabs 6/5/2013 2:46 PM IB5 Hle 10 KB
£ Options.xml 6/5/2013 2:46 PM XML Document 9 kB
] Libraries ResourceProfile_XtractiIM.log 6/5/2013 2:46 PM wrifile 12 KB
‘. Documents =il Result_FlipChip_flipchip_060513_144602 6/5/2013 2:46 PM File 197 KB
4. Music Result_FlipChip_flipchip_060513_144602_...  6/5/2013 2:46 PM XIM File 535 KB
= Pictures L 4 wirebond spd 1/22/2013 919 PM  SPEED2000 Docu... 849 KB‘
g Videos ¥ Wirebond.ximx 1/22/2013 9:18 PM  Sigrity XtractIM W... 26 KB|=
Xtracted_PinNode_Info.log /5/2013 2:46 PM wrifile 1KB
& Computer XtractIMRunTimeError.log 6/5/2013 2:46 PM wrifile 1k Ka‘v
e lacalDiskicy T 4| il ki
File name: |-‘
Save as type: ’AII File (*¥) |V‘
Save | ‘ Cancel ‘

2. Input a file name.

3. Click Save.

The results are saved in a binary file. The file is named:

result_spd_file_name.xim

4. (Optional) Click Cancel if you do not want to save the results in the file name you input in ear-

lier steps.

Simulation Output Files

The result and result*.xim files save all the output data including Summary, SPICE circuit and the
two package model files. The SPICE file and two IBIS files are automatically saved by the tool.

The result file is created automatically when the simulation is finished. The output files can be viewed

on the on hard disk.

*  One Crosstalk file in Excel Format — Signal Xtalk.csv for signal net crosstalk

*  One IBIS Package Model File — *.pkg file. Both L and C include coupling elements

*  One Pin Model in Excel Format — *.csv file includes each signal net length, self-R, self-L,
self-C, and time delay. No coupling elements are included

*  One Pin Model in IBIS Format — *.ibs file including each signal net self-R, self-L, and self-
C. No coupling element is included

*  One Summary Content in Excel Format — *.csv file includes RLC Full Matrix

*  Three Segment RLC in Excel Format — Segment RLC of each metal layer with *.csv files

*  Two SPICE Circuit Files — Pi-model is named *.ckt and the T-model is named *_t.ckt
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Lesson Four: Observe and Save Simulation Results XtractlM Tutorial 16.6

In model (*.ckt, *.pkg, and *PinModel.csv) extraction, XtractIM uses all
ground nets as reference for both power and signal nets.

NoOTE!
The *.ibs model is for signal nets only. In *.ibs model extraction, by IBIS

definition, XtractlM uses all ground and power nets as ideal reference
to get R, L, and C for each signal net.

Output Result Displays with Images (PNG or BMP Format)

1. Select
Workspace > Export to Image File

The Save As window opens.

FQ}Save As %
OO || « Updatel » SpeedXP » Samples » XtractIM » Single-Die_Sample_files v"‘,” Search Single-Die_Sam... £
Organize ~ New folder = v 2]
S
Name Date modified Type
| Libraries

., Documents Mo items match your search.

- Music
2= Pictures
! Videos

11

& Computer
& Local Disk (C:)
= Local Disk (D:)

= L nral Nick (FY

] 1 | 3

File name: | |"

Save as type: |PNG Files(*.png) I+l
PNG Files(*.png)

BMP Files (*bmp)
= Hide Folders All Files (*%)

2. In the new window select the file type (.png or .bmp).

3. Click Save. The image file is saved.

NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA
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Load in Saved Results

1.

To load the saved results, click Load Results in the Workflow pane.

The Load Extractor Result(s) From window opens.

Q}Load Extractor Result(s) From

X

GO [J. « Updatel » SpeedXP » Samples » XtractM b Single-Die_Sample_files | %2 || Search Single-Die Sam.. P
Organize ~ New folder =SSN | 9
i Favorites * Name Date modified Type I
Bl Desitop CPU_Infolog 6/5/2013 2:46 PM  wrifile

4 Downloads

= Recent Places

] Libraries
*. Documents
4. Music
= Pictures
G, Videos

& Computer

File name: |

-

4 flipchip.spd
% FlipChipaimx

"“a] FlipChip_flipchip_DCResistance.csv
&a) FlipChip_flipchip_PinModel.csv

Sa) FlipChip_flipchip_SegmentC.csv
=a) HipChip_flipchip_SegmentL.csv
"‘ﬂ FlipChip_flipchip_SegmentR.csv
Ea) FlipChip_flipchip_signal_Xtalk.csv

*a] FlipChip_flipchip_signal_Xtalk_diffpair.csv

10/22/2012 1:52 PM
10/22/2012 1:52 PM
6/5/2013 2:46 PM
6/5/2013 2:46 PM

6/5/2013 2:46 PM

6/5/2013 2:46 PM

6/5/2013 2:46 PM

6/5/2013 2:46 PM
6/5/2013 2:46 PM

1

m

SPEED2000 Docu,
Sigrity XtractiIM W
Microsoft Office E—
Microsoft Office E
Microsoft Office E
Microsoft Office E
Microsoft Office £
Microsoft Office E

Microsoft Office E _

~| [AlFile (%)

3
M

‘ Open ‘ ‘ Cancel ‘

Browse to select the desired result file.

Click Open.

The result file is loaded.

View present results or the loaded results.

« Loaded Curves —
*  Present Curves —

To unload a loaded result:

Unload Extractor Result

Shows the loaded results
Present extracted results
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Resistance Results

m 3 [0 c:\Documentsand 5 v | 'B) B
iewwe g T M T Mgl B O ANTerms + |Resistance v

Present Curves .
Self Terms E Resistance (0hm) & 1D0CUMents and SefingsigkangiDesktopiDemo_release\Resuliaa

[l (self)
Mutual Terms 0.35
Cml
Cml
Cml
| 0.3
Cml
Cn |
Cml
Cml
Cml
] (IR e e
=
Loaded Curves 018 fromopoeey
Self Terms
P2 ::Resultaa(Self)
Mutual Terms 0.1
Cml
|
Cwl
(| 0.05
Cml
Cm ;
E.EI 20 an B0 80 100
CH Met
CH —=<— ::Resultaa(Self)
|
Cml
Cu
<l w ]
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Simulation Report with .htm / .html Format
1. Click Report in the Workflow pane.

The Options window appears.

"Options X

File ® Y
General i“;& Change the 'Report' options in XtractIM
File Manager
Save Options
Hotkeys

Layout O] —General Information
Grid and Unit Report template rary\template\XtractIM\XtractIM_Report_Template_EPA_Default.htm

View
Processing
Trace
Error Checking

3D Layout View )]
Display
Quality

Simulation (Basic) = —Optional Plots
General
Net and Coupling
Special Void

PICE Circuit

Notes: I like XtractIM report]

Simulation (Advanced) (#)
Electric Models
Mesh
Mets and Shapes

| Default | | Apply | | 0K | | Cancel

2. Browse to select the Report Template from

<INSTALL_DIR>\SpeedXP\Library\template\XtractIM\

3. Input notes, if desired.

4. Click OK.
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The report file is created.

XiractiM_Report_Template_Default htm™ |

cadence’ j

XtractiM Simulation Report

Date: December 18, 2012

1 General information

XtractlM version: 12.0.7.11271

File names and locations:

o XtractIM workspace file: FlipChip.ximx

o XtractIM layout file: flipchip.spd

o File location: C:/SigritySamples/SpeedPKG 12.0/XtractIM/Samples/Single-Die_Sample_files/

2 Simulation Setup

2.1 Package and Components

Package type

Die

Board

Single-Die Single-BGA Flip-Chip Package

Ul

BGAl
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Lesson Five: Batch Mode Simulation XtractlM Tutorial 16.6

LESSON FIVE: BATCH MODE SIMULATION
1. To run a simulation in Batch Mode, select:
Start > Run

2. Change to the directory where the XtractIM.exe file is located.

3. Upon completing the simulation, all output files are automatically saved in the same directory as
the *.spd file.

o *ckt files
e *ibsfiles
*  *.pkg files
e .csvfiles

Batch Mode Example
If you want to use the project (.spd file) defaulted in the workspace file (.xml file), enter
XtractIM -b “Full_path_toMy_xml_File xml filename”
If you want to use a different project file other than the one in the .xml file, enter

XtractiM -b “Full_path_toMy_xml_File\xml| filename” “Full_path_toMy_xml_File new_spd-file-
name”

LESSON SiX: PARTIAL INDUCTANCE REPORT FOR POWER/GROUND NETS

Introduction

Net-based partial inductance of power and ground nets is an optional output result for single-die sin-
gle-BGA packages. It is used to evaluate the relative power and ground network design quality, while
loop inductance of power and ground net pair provides meaningful electrical performance.

In the SPICE/IBIS Model section of View/Export Results, three partial inductance reports are
available.

*  Partial RLC for Power and ground nets reported with .csv format
*  T-topology SPICE model with Power-ground nets having partial inductance
*  Pi-topology SPICE model with Power-ground nets having partial inductance

1. Choose Tools > Options > Edit Options....

" ghKiractiM - 3D 001 Sample_FC_Lxims - [30_001_Sample FC.spd Layer View]
& Workspace  Edit View Mode Setup | Tools | Window  Help
HAN=N" RARIN A B AE=N R A epeck g 2=

ou oot [ B | R | T eeenu
: x| i

DR Analysis Model Manager...
Model Assignment... T [
ey TP PTIPS SPTIY eToee AR
S Model Checking...

| Workflow: XtractiM
‘ Model Extraction

£

Manage Workspace (%)
Load Workspace
Load a New/Different Layaut

Package Setup ®

Options Edit Options...
Import Options...
Export Options...

S

g

2. Click Output SPICE Circuit in the Options window.
3. Check Power-Ground net has partial inductance (single-Die Single-BGA Net-based only).

NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA

IBIS /| RLGC MODULE:
47

PACKAGES



Lesson Seven: 3D-EM Optional Field Solver in XtractiM

XtractIM Tutorial 16.6

Options

File O]
General
File Manager
Save Options
Hotkeys
Layout ®
Grid and Unit
View
Processing
Trace
Error Checking
3D Layout View ()
Display
Quality
Simulation (Basic) ®

General

Simulation (Advanced) (<)
Electric Models
Mesh
Nets and Shapes
Field Solver Engine

—Q Change the 'Output SPICE Circuit' options in XtractIM

Power-Ground net has partial inductance (Single-Die Single-BGA Net-based only)

[“Inet Name Induded in Circuit Node Name
["IKkeep All Coupling Terms to Power Nets
[C] Export RLC Matrices

I:] Output BIS .pkg file for Multi-die Stacked-BGA Package

( Each .pkg model represents one-die to one-board path
assuming other dies and board to be open/floating )

["1Do not Output T- and Pi-topology SPICE Model

[ 1nclude Decaps in SPICE circuit

( If a circuit is selected as decap during workspace->circuit setup,
it can be included in the extracted SPICE circuit by selecting this option

DPin—hnsed: Reference Pin(s) Has Partial Inductance

In the Model Selection section, partial inductance reports for power and ground nets are also

available.

—View Model Selection
{®) SPICE T-model

{") SPICE Pi-model
() IBIS .pkg model
() Pin model: IBIS format

() Pin model: Excel format
O DC Resistance

O Pin Model: Partial L for Pwrfgnd

(O SPICE T-Model: with Partial L

(O SPICE Pi-Model: with Partial L

LESSON SEVEN: 3D-EM OPTIONAL FIELD SOLVER IN XTRACTIM

Introduction

Cadence 3D-EM is an optional field solver for XtractIM. It’s targeted to solve simpler packages such
as lead frame package and two-layer BGA package with higher accuracy. The workflow is totally con-
sistent with the existing hybrid solver bases.

The integration of 3D-EM and XtractIM is only applied for single-die single-BGA and single-die lead-

IBIS /| RLGC MODULE: NET-BASED SIMULATION SINGLE-DIE SINGLE-BGA

PACKAGES

48



Lesson Seven: 3D-EM Optional Field Solver in XtractiM

XtractlM Tutorial 16.6

frame for Net-based RLGC/IBIS model at single-frequency.

For better performance, it is recommended that you select no more than 20 nets with at most four

layers.

Enabling 3D-EM Field Solver
1.

Make sure all the workflow setup is completed with green check-mark.

KtractiM - 30_001_Sample FC_1ximx - [3D_001_Sample FC.spd Layer View]

&' Workspace  Edit  View Mode Setup  Tools  Window  Help

cadence [-18]x

NDEH-~ >
All Enabled Net(s)

(] @l (¢ = > ] O [ ;| btractor Result
cmom oI N eeeEuE:+® mo= f &[4

3l g

MRk
(PN

2

Wltoriiow: xtracti

F & 1 g2 a1 0 8

O 0t A A e A A A A

o |

Model Extraction

Manage Workspace (%)
Load Workspace
Load a New/Different Layout
Package Setup ®
Package Type: Fip-Chip
v craits
' Stadap
v Bumps
' solder Bal
o Nets
Simulation Setup @
Modue: IBIS/RLGC

\ Simuation Type: Net-Based
TEW/Export Results ()

Summary
SPICE/IBIS Mode!
RLC Per Net
RLC Distributions
SegmentRLC
RLCvs. Net Length
CrossTalk (Single-Ended)
3D View
Histogram
CrossTalk (Diffpair vs Single-Endec)
3D View

Histogram

Load Results
Report
Customize Workflow ¥

FE R @E

Layer Selection

|®| Signalo2

>
[®| SignalsvDD

|®| Signal$vss

1) signalsi4

[®| Signal 1

[®| Signal03

0 [ ) [ ) [

] view Only Active Layer

Display Geometry Objects By
® Net Color () Layer Color

EEEE - e

Layer Selection [Net Manager|

Ver: 1310.2.12022 (XtractiM) — : -3.525, V‘ll& ~ - - = - - - ;)‘ Readh |
2. Choose Tools > Options > Edit Options....
r
‘l-‘ltre:lllﬂ -3D_001_Sample_FC_1.ximx - [3D_001_Sample_FC.spd Layer View]
@ Workspace  Edit  View Mode Setup | Tools | Window  Help
DE H - > B o= omid gzt bl =} AR AW
I Background 4
AllEnabled Netts) || @ =& § (& | Qeer
% W Analysis Model Manager..
Workflow: XtractiM x Model Assignment...
Model Extraction £ D etor
— S Model Checking...
Manage Workspace ()

Options Edit Options...

Load Workspace
Load a Mew/Different Layout

®

Import Options...

Export Options...

Package Setup

3. Click Field Solver Engine under Simulation (Advacned) in the Options window.

4. Check 3D-EM Solver in Field Solver Engine Option.
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Lesson Seven: 3D-EM Optional Field Solver in XtractiM XtractlM Tutorial 16.6

-
Options ®

File O] -
General "8} Change the 'Field Solver Engine' options in XtractIM
File Manager
Save Options
Hotkeys

Layout ®
Grid and Unit ield Solver Engine Option

View
Processing D Hybrid Sohver

Trace
Error Checking v 3D-EM Solver

3D Layout View VD (Currently supports only single-die single-BGA lead package. IBIS/RLGC module)
Display
Quality
Simulation (Basic) ®
General
Met and Coupling
Spedal Void
Qutput SPICE Circuit
Report
Simulation (Advanced) k'D
Electric Models
Mesh
Nets and Shapes
ield Solver Engine:

Default | | Apply | I oK | | Cancel

5. Click OK.

6. Click the Start Simulation button to run simulation.

=
‘>XtractIM - 20_001_Sample_FC_1.ximx - [30_001_Sample_FC.spd Layer View]

& Workspace  Edit  View  Mode  Setup  Tools  Window
R N=N" R JIPIJ_ mam [ ® O 35

E[A”E”Eblk‘-d Metis) StartSimuIatiu:uni d= T o+ = om | O R

Pl e

3D-EM is automatically launched as solver, and RLC result is obtained.
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Results Display

4b¥iractiM - 30_001_Sample. FC_Lims - [Resistance]
& Workspace  View  Window  Help.

-
cadence -I=lx

_d- - ==

i [ Extractor Resutt

IFa'a®li hE e »

=i E[S‘e\f-Tevms

Woowmatd ——— x]imse g 3N EW [~ [Ressonce e
Model Extraction A
@ O seffTerms Extractor Result
Manage Workspace  (A) I e

Load Workspace.
Load a NewDifferent Layout

O Mutual Terms
I (Nett_vDD_1)

PackageSetup  ® M etz v00_2)
Package Type: Fip-Chip [EIM (Ne3vDD3)

v arais I (Neta vDD_4)
V' Stackup I (Nets Net 1)
v Bumps [ (Nett Net 2)
 Solder Ball L (e Net3)

o Nets
Simulation Setup ®
Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results (3

Summary

SPICEfIIS Model

RLC Per Net

RLC Distributions

CrossTak (Srgle Endec)
Dvien
Histogram

Save Resuits

Load Results

Report

Customize Workflow

«

I (et Net 4)
DI (e et s)
M (Netlo_Net 6)
I (et N

TCL Command

X
The node {Nodk0539211BGA1-D4:VSScore} is one of positive poles n the port {Port_Group2::VSScare}.
TCL Result(Li
The not 10::55core} i one of | the port {Port
TOL ResultLine -1):
The node {Node0537811BGA1-C3::VSScore}-is one of positive polesin the port Port,_ Group2::VSScore},
TCL ResutLine 1)
No )
‘ «‘ > Generating 3D Mesh - [Part Curves] } é
Ver: 13.0.2:12022 (XtractM) Mouse(mm): X: -14.509, V: 11,558 b .,

A temp3DFEM.spd file is generated for 3D-EM simulation. This SPD file has all settings
required for 3D-EM, including:

*  Port defined
*  Frequency settings

»  Solver options

*  Geometry settings

You can use this SPD file for advanced 3D-EM simulation.

With 3D-EM field solver enabled, the following result is available.
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View/Export Results (~)

Summary
SPICE/IBIS Model
RLC Per Net
RLC Distributions
Segment RLC
RLC vs. Net Length
CrossTalk (Single-Ended)
3D View
Histogram
CrossTalk (Diffpair vs Single-Ended)
3D View
Histogram

Save Results
Load Results
Report

» In the SPICE/IBIS Model, partial inductance reports for power and ground nets are also avail-
able.

—View Model Selection
{®) SPICE T-model

{") SPICE Pi-model
() IBIS .pkg model
() Pin model: IBIS format

() Pin model: Excel format
C} DC Resistance

O Pin Model: Partial L for Pwrfgnd

(O SPICE T-Model: with Partial L

() SPICE Pi-Model: with Partial L
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RLGC Module: Net-based Simulation of Multi-die
Stacked-BGA Packages

This chapter takes you through the steps to use the XtractIM tool in the simulation of the multi-die
stacked BGA Package.

PREPARE FOR SIMULATION
Collect this information before you begin the simulation.
*  Make sure your files have been translated into SPD format.
*  Have the Stackup information ready.

*  Have the Bump and Solderball diameters, length, heights and conductivity ready.
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Lesson One: Simulation Setup XtractlM Tutorial 16.6

LESSON ONE: SIMULATION SETUP

Simulation Overview

—

Load an existing file (.xml file) or open a layout file (.spd file).

Select a package type: Wirebond or Flip-Chip, single BGA or stacked BGA.
Setup the circuits: Die-circuit or Board circuit.

Setup the Stackup. Set parameters for the Bump / Solderball medium layer.
Set the Bump data if you choose a Flip-Chip package.

Set the Solder Ball data. Select the nets for extraction.

Setup extraction frequency and capacitance / inductance output control.

Save the workspace.

© © N o o M 0N

Save Layout files.

10. Run the simulation.

Setup Package Simulation
Simulation setup is similar to the setup procedures described in IBIS/RLGC Module: Net-based Sim-
ulation of Single-die Single-BGA Packages. The only difference is in three steps.

*  Select a Package Type
»  Setup Circuits
*  Setup Stackup
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Lesson One: Simulation Setup XtractlM Tutorial 16.6

Setup Package Type
1. Click on the appropriate radio button from these options:

*  Flip-Chip

*  Side-by-side Die
* Single BGA

» Single Die

+ Stacked BGA

»  Stacked Die

*  Wirebond

or select both Wirebond and Flip-Chip for various packages.
The default package type is Single Die, Single BGA, Wirebond.
2. Click OK to save your selection.

3. Click Cancel if you wish to start over and re-enter your settings.

<MxtractiM - PoP_fipchip.ximx - [pop_fipchip.spd Layer View]

“* Workspace Edit View Mode Setup Took Window Help cadence [-[3[x
LDE Em o ol —— |9~ (EF |9 v~ » |7 O @ ExtractorResult |[v (BB BIE LE e »
AlEnabled Net(s) |v | — @ § & F + = @ O 5 Fh XDl w Do S [4 [¥ 3 TPl el & BE
Qe dms: Gl (2
Workflow: XtractiM X Layer Selection X
Model Extraction 2 Sl sgralsizecaozons
Manage Workspace W S!gna|$136C4DFDVSS -
= * Signal$136C4E70VDD O
Load Workspace = W Signal$136C4EFOM4 L]
Load a Mew/Different Layout °°§
Package Setup E
" Circuits _E
# Stackup ==
* Bumps -
* Solder Ball |
+ HNets

Simulation Setup
Module: IBIS/RLGC
Simulation Type: Net-Based
View/Export Results
Summary
SPICE Model
Branch RL

Save Resulls | View Only Active Layer
Load Results

Report
Customize Workflow

Display Geometry Objects By
®) Net Color L) Layer Color

= irfrer @y 2

83

Layer Selection | Net M

Package Setup -> Package Type X
#) Single Die Stacked Die Side-by-side Die
Single BGA ®) Stacked BGA Leadframe
Wirebond ®J Flip-Chip Both
0K Cancel
Ver: 12.0.7.11271 (XtractIM) Mouse(mm): X: -13.388, Y: -2.767 @ Ready
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Lesson One: Simulation Setup XtractlM Tutorial 16.6

Setup Circuits

1. Click on Circuits in the Workflow pane to setup the Circuits data for a Flip-Chip package. A
new pane opens.

Right-click on the desired circuit.

Select it as Die circuit (you can also select it as Capacitor circuit).
Click Next.

Right-click on another desired circuit.

Select it as a Board circuit.

N o g & w N

To set up the second as a Board circuit, choose:

Select as Board circuit

8. Click Finish to finish the setup.

9. Select the multi-die circuit if the package has multi-dies.

Wizard X Wizard X
4 ™ 4 ™
Select the Die/Component circuit from the list and click Next Select the Board circuit from the list and click Finish
Ckt Name Ckt Model Die/Board/Compc Ckt Name Ckt Model Die/Board/Compc
v v
Ckt Type Ckt Type

POPtop POP_top POPtop POP_top Board

POFbottom POP_bot POFbottom POP_bot —

UL FC Die UL FC Select as Board circuit

c1 Cap0402 c1 Cap0402

c2 Cap0402 c2 Cap0402

c3 Cap0402 c3 Cap0402

Capu402 — c Cape402

p Cap0402 Select as Die dircuit cs Cap0402

(o] Cap0402 o] Cap0402

c7 Cap0402 Select as Capacitor circuit c7 Cap0402

ca Cap0402 ca Cap0402
. A b A
s N N

Right-click on a dircuit name to select/deselect as Die circuit Right-click on a dircuit name to select/deselect as Board circuit
S A L. A
< Back Next = | ‘ Cancel < Back Finish | ‘ Cancel
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Lesson One: Simulation Setup XtractIlM Tutorial 16.6

Setup Stackup

1. Click on Stackup. The Stackup window opens.
2. In the Layer Name column click on:

Signal$Bottom layer (Signal$136C4EFOM4)

A pop-up window opens.
3. Select

Insert Under

A second pop-up window opens and displays layer options.
4. Click:

Solderball Medium Layer, Signal01 Layer, and MediumO1 Layer

A menu opens.

5. To insert all layers under the Signal$Bottom layer (Signal$136C4EFOM4)

POPbottom
" o
@ Stackup =1
Layer Icon  Layer Name Thickness(,.. Conductivity(S... | C...  Trace Width(... Shape Mame = Permitt... Loss Tangent  From File
EI ] -5ionsl$13sC4070M1  1.5000e-002  5.8000+007 B 10000e-001
[[C77] Medium$135C4B70D2  1.2500e-001 i4.2000 0.0000 ]
EIEE] s5ion=l$13sC4DF0VSS  1.5000e-002  5.8000+007 B 1.0000e-001 Shapes136...
[[C7] Medium$135C4AFOD3  1.2500e-001 i4.2000 0.0000 ]
EIIEE] s5ion=l$13sC4E70VDD  2.0000e-002  5.8000+007 [J 1.0000e-001 Shapes136...
[ | Medium§12F371E8D4  1.2500e-001 i4.2000 0.0000 ]
| = [Signal$136C4EFOM4 115000002 [5.8000e+007 |  [LooogedOt | ] |
Insert Above ¥
Insert Under Signal Layer
Delete Medium Layer
Flane Layer
C4Bump Medium Layer, Signal0l Layer 4
Solderball Medium Layer, Signal01 Layer, and Medium01 Layer POPtop
< | FOFbottom |5

Total Thickness:  4.4000e-001 mm Unit:

Right-dick on a dielectric layer to spedfy it as a bump or solder ball
I:‘ Solder Ball Layer I:‘ C4 Bump Layer layer.

Import ][ OK ][ Cancel
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Lesson One: Simulation Setup

XtractIM Tutorial 16.6

Setup Bump and Solder Ball Medium Layers

The newly-added signal layer is found at the end of the solderball.

1. Right-click on the Signal$Top layer.

2. Insert a Bump Medium Layer and a signal layer above Signal$Top. The added signal layer is

the end of the Bump.

N o o M~ e

Rl el

Return to the Stackup.

i
(3]
e
ot
1

View the Bump and Solder Ball Medium Layers as they are created.
Edit the medium parameters for Bumps, if desired.

Edit the solderball, if desired.

Edit the PCB medium layers, if desired.

----- ittt S |

@M E @ FE®e®mA ad®:

[ wizard x|

Select the Die circuit from the list and dick Next

Ckt Mame Ckt Model Die/Board Ckt Typ
BGA1 untitted_pac... Board

D1 Diel Die

D2 Diel Die

L

[ Right-click on a circuit name to select/deselect as Die drcuit

< L

Ver: 1.2.b0 (SIG4) Mouse(mm): X: -4.902, ¥: 3.463 Computing completed
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Lesson One: Simulation Setup XtractIlM Tutorial 16.6

Setup Bumps to a Side-by-Side Die Package

If the side-by-side Die Flip-Chip package has the same Bump height in all die circuits, it is treated as
a distributed die package.

If the heights are different, it is treated as a stacked die package.
1. Add one Bump layer.
2. Open the Stackup for the distributed Bump die package.

You can bind them together to add the same Bump medium layer for each die circuit.

]
e
&

i
[ wizard x |

Select the Die drcuit from the list and dick Next

Ckt Mame Ckt Model Die/Board Ckt Typ
BGA1 untiled_pac... Board

D1 Diel Die

D2 Diel Die

.

[ Right-click on a circuit name to select/deselect as Die drcuit

Ver: 1.2.b0 (SI1G4) Mouse(mm): X: -4.902, Y: 3.463 Computing completed
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Lesson One: Simulation Setup XtractlM Tutorial 16.6

3. After adding the Bump for D1, select:
Bind to Die Circuit: D2

Both D2 and D1 have the same layer thickness.

T )
Stackup ¢
Layer Icon  Layer Name Thickness(... Conductivity(5... © C... Trace Width(... Shape Mame = Permitti... Loss Tangent  From File
El ] Sanal02 5.0000e-003  5.0000e4007 ] 1.0000e-001
(PPl  [C4bumpol 11.0000  [0.0000 | H |
B ] sionalso2r45508M1 Insert Above P 7 Bl 1.0000e-001 Shapesn2F...
[ ] Medium$02F45308... Insert Under » 14,2000 0.0000 F
EI e sionals02r45582E... Delete 7 B 1.0000e-001 ShapesizF. .,
[ ] Medium$MED SOL... 2ind to Die Cardit: [ Di 14,0000 0.0000 F
EL ] SionalsexT_SOLDE. . IHEIOT g SULCH h 1.00002-001
[ ] Medum$MED_REF...  5.0000e-002 14,0000 0,0000 il
[@e®]| solderbalol 5.0000e-001 11,0000 0.0000 "]
= 0 = EEE 1.0000e-003  5,8000e+007 ] 1.0000e-001
[ ] Mediumdi 5.0000e-002 14,0000 0.0000 I
b | B
Total Thickness:  1.3756e 4000 mm Unit: |mm |
Solder Ball Layer C4Bump Layer Import ] [ [0]4 l [ Cancel
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Lesson One: Simulation Setup XtractIlM Tutorial 16.6

Output IBIS .pkg Model for Each Die-to-Board Path

1. To output IBIS .pkg model for each die-to-board path, select

Tools > Options > Edit options...

The Options window open.

"Options %

File ® ™
General 3—3 Change the 'Output SPICE Circuit' options in XtractIM

File Manager
Save Options

Hotkeys __Output SPICE Circuit
Layout O]
Grid and Unit
View
Processing [ "] et Name Included in Circuit Node Name
Trace
Error Checking D Keep All Coupling Terms to Power Nets
3D Layout View VD Export LC Matrices
Display
Quality Output IBIS .pkg file for Multi-die Stacked-BGA Package
Simulation (Basic) ® ( Each .pkg model represents one-die to one-board path
General assuming other dies and board to be open/floating )
Met and Coupling
‘Special Void
{Output SPICE Circl
Report

Simulation (Advanced) (=)
Electric Models
Mesh
Mets and Shapes

| Default | | Apply | | oK | | Cancel

2. Click Output SPICE Circuit under Simulation (Basic).
3. Select the Output IBIS .pkg file for Multi-die Stacked-BGA Package checkbox.
4. Click OK.
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Lesson Two: Save Work Areas XtractIM Tutorial 16.6

LESSON Two: SAVE WORK AREAS

Layout File

1. Click on the workspace.
Click on the Open Layout File icon (green) to open the project file.

Click on the Save Layout File icon (green) to save the project file.

> @ DN

Use Save as to save the layout file under a different name.

Saving the workspace does not automatically save the .spd file.

NOTE!

Saving the.spd file does not automatically save the workspace.

Workspace

1. Click on the workspace. The workspace opens. Note the workspace toolbar.
2. Click on the Save Workspace icon (yellow) in the toolbar.
3. To save the workspace under a different name, select:

Save as
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Lesson Three: Run the Simulation XtractlM Tutorial 16.6

LESSON THREE: RUN THE SIMULATION

Click on the Play button at the top of the window to start the extraction (simulation).

XtractIM only extracts RLCG for the net which has at least one pin at the Die side and at least one pin
at the board side.

At the beginning of the simulation, if some nets have Die-Board mis-match, a pop-up window opens.
You are asked to select the next action.

*  Continue — Continue the simulation
*  More Information — Examine what nets are mis-matched
* Stop — Cancel the simulation

Investigate Mis-matched Nets

1.

2
3.
4

The More Information window lists all the mis-matched nets.

Investigate the mis-matched nets to see whether it is a special design or a defective design.
Decide whether or not to proceed with the simulation.

Choose Continue, Stop or More Information.

If 30 seconds pass and the user has not made a choice; by default, the simulation continues.
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Lesson Four : Observe and Save Simulation Results XtractlM Tutorial 16.6

LESSON FOUR : OBSERVE AND SAVE SIMULATION RESULTS

XtractIM performs calculations for each net. The calculations include:

*  Conductance

*  Mutual capacitance with other nets
*  Mutual loop inductance

* Resistance

*  Self capacitance

»  Self loop inductance

Display SPICE Model Results

The illustration in the right corner shows the detail of the Circuit topology for a 2-die BGA package.

[ Workflow: XtractiM x| Extractor Result |
Manage Workspace )] —View Model Selection
Load Workspace (®) SPICE T-model
Load a Mew/Different Layout O DC_R of Each Path
Package Setup )]
Package Type: Wirebond O REEE B
' Circuits (") Coupling of Each Path
+ Stackup
+ Solder Ball
+ Mets
Simulation Setup )]
Module: TBIS/RLGC . SUBCKET XIM MultiDie Sample3 WB2distributed 2diesidebyside wbwb newnl NetBaseSPICE
+ D1 10 BGA1l 10 =
Simulation Type: Net-Based ¥ D2 10 =
View/Export Results  (~) + D2_4 BGR1 4
+ D2_3 BGA1_3
Summary + D1_13 BGA1 13
SPICE Model + D1_14 BGA1_14
Branch RL + D1 4 D2 12
Save Results t 1.3 0.1
+ D1 2 D2 14
Load Results + Dz 2 BGA1 2
Customize Workflow ¥ b DL 3. BGAT 7
+ D2_7
+ D1_19 BGA1_19
+ D2_19
+ D1_8 BGA1_8
+ D2_8
+ D1_18 BGA1_18
+ D2_18
+ D1_9 BGA1_9
< i |
] i |
Ver: 4.0.1.04171 (SIG4)  Mouse{um): X: -B692.371, ¥: 5569.138 Ready Computing completed
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Lesson Four : Observe and Save Simulation Results XtractiM Tutorial 16.6

View DC Resistance

1. To view the DC Resistance of Power, Ground and Signal Nets of each circuit-to-circuit path,
click:

DC_R of Each path

2. Inthe drop-down pane make a selection for a circuit-to-circuit path. In the following example the
selection is:

D1>D2
Extractor Result |
—View Model Selection
() SPICE T-model
{(#) DC_R of Each Path
() RLC of Each Path
OCoupIin of Each Path
L —|
D1 -
N —
MNetName DC_R{Ohm}
vdd 0.0128746
Net_12 0.0286816
MNet_13 0.0286816
MNet_14 0.0286816
Net_3 00821354
Net_4 0.0835846
MNet_5 0.0781685
Net_& 0.0781685
MNet_7 0.082948
MNet_& 0.0824216
gnd 0.00852792
m): X: -8692.371, Y: 5569.138 i Ready Computing completed

RLGC MODULE: NET-BASED SIMULATION OF MULTI-DIE STACKED-BGA PACK-
AGES 65



Lesson Four : Observe and Save Simulation Results XtractlM Tutorial 16.6

Display RLC of Each Path

1. To view the Net Length, Self R, Self L, Self C, or Delay of a Signal Net., click on
RLC of Each Path

2. Use the drop-down pane to select a circuit-to-circuit path.

_Exlra::tnr Result |
—View Model Selection

(") SPICE T-model
() DC_R of Each Path
® RLC of Each Path
O Coupling of Each Path

L=
C1-=D2 -

| [~ID
SignalNetMa.. MetLengthim... SelfR{Ohm) SelfL(nH) SelfC(pF) Delay(pS)
vdd 0.0259455 0.557809 3.70371 45 4529
Met_12 0.865615 0.0359037 0.782729 0.0965593 8.70853
Met 13 0.865615 0.0388801 0.774898 0.097435 8.68934
Met_14 0.865615 0.035043 0.750168 0.0369146 852656
Met 3 732683 0.136337 5.14279 1.0151 722526
Met 4 762281 0.139003 5 43555 1.02052 74 4787
Met & 672973 0135472 503568 1.09907 743948
Met 6 6.72973 0.136465 5 21655 110419 75.8949
Met 7 74928 0135143 537479 1.04397 749076
Met & 7.38528 0.13889 551948 1.0466 76.0047

m): X: -8692.371, Y: 5569.138 @ Ready Computing completed
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Lesson Four : Observe and Save Simulation Results XtractiM Tutorial 16.6

Display Coupling of Each Path

1. To view Mutual Land Mutual C among nets along the path, click:
Coupling of Each Path

2. Use the drop-down pane to select the circuit-to-circuit path.

—View Model Selection————————
(") SPICE T-model
() DC_R of Each Path
(JRLC of Each Path
/'Qgplmg._af_Eash_Eam\
MNet Mame Met Mame L {nH) C{pF)
vdd vdd 0.557809 3.70371
vdd Net_12 0.227095 0.0076232
vdd Net_13 0.202168 0.00117679
vdd Net_14 0182724 0
vdd Net 3 0.192819 0.0258082
vdd Net 4 0217633 0.0418562
vdd Net 5 0204265 0.0141689
vdd Net_ &6 0205049 0.0140316
vdd Net 7 0219187 0.0415258
vdd Net 8 0.193655 0.0258926
Met_12 vdd 0.227095 0.0076232
Met_12 Net_12 0.782729 0.0968899
Met_12 Net_13 0241958 0.00750305
Met_12 Net_14 0.197602 0.00113753
Met_12 Net_3 0.18696 0
MNet_12 Net_4 0196722 0
Met_12 Net 5 0.194446 0
Net_12 Net 6 0.194532 1]
Met_12 Net 7 0197753 0 E
m): X: -8692.371, ¥: 5569.138 @ Ready Computing completed
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Summary of the Extracted Results

1. Click on Summary to open a brief summary of the extracted R, L, and C in the SPICE circuit.

2. View the maximum and minimum values, and other information in the Brief Summary window.

[ extractor rResult |

[Version] 4.0.1. 064171

[Date] 04/16/2010

[Package Name] C:\Users\gkang\Desktop\Samples\Multi-die Sample_
[Descriptionl] C:\Users\gkang\Desktop\Samples\Multi-die Sample
[Nets Extracted] 16

[Frequency of Extraction] I0MHzZ

[Max R (mChm) ] 62.2883

[Min R (mOChm) ] TI26 I8

[Max self-inductance L (nH)] 2.40819

[Min self-inductance L (nH)] 0.356281

[Max self-capacitance C(pF)] 3.70371

[Min self-capacitance C(pF)] 0.09688059

Branch RL and Total C
Click Branch RL to view the display the Branch R, L, and total C of each net.

If a branch is missing from a net, the cell is left empty.

Extractor Result |
NetName C-total (pF) R D1(Ohm) R D2(0hm) REBEGAT1{Ohm) L D1{nH) L D2(nH) L BGAT{nH)
vdd 3.70371 0.0189957 0.0190755 0.00726778 0.502131 0.494327 0.360268
Net 0 0586283 0.0499985 0.0144941 1.34022 0.898667
Met 1 0519641 0.0467442 0.0123515 1.23658 0.78594
Net_10 0507267 0.046325 0.012005 1.33644 0.779702
Net_11 0573214 0.0502395 0.0140962 1.4453 0.889757
Net_12 0.0968899 0.0183871 0.0502395 0.3721 14453
MNet 13 0.097438 0.0183502 0.0183871 0.368179 0.3721
Net_14 0.0969146 0.0184685 0.0183802 0.356281 0.368179
Net 2 0.585876 0.0499099 0.0142509 1.32604 0.843666
Net_3 1.0151 0.0611592 0.0589 0.012166 22961 1.89191 0.955124
Net 4 1.02052 0.0622583 0.0594929 0.0125821 240819 1.96941 1.00588
Net 5 1.09907 0.0607214 0.0603477 0.0129294 2.1364 203507 1.023
MNet 6 1.10419 0.0607857 0.0610096 0.0129482 212252 217874 1.0308
Net_7 1.04397 0.0602726 0.0612385 0.012329 2.08603 226651 0.99801
MNet 8 1.0466 0.0602456 0.0619516 0.0123209 207494 239202 0.998978
Net 9 05723 0.050101 0.0138617 142172 0.833771
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The figure below illustrates the Branch RL and Total-C for one net of a 2-die 1-BGA package.
It is straightforward for multi-die stacked-BGA packages.

R D1 L D1

R BGA L BGA

Die 1

Die 2 BGA

C-total
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Lesson Four : Observe and Save Simulation Results

XtractIM Tutorial 16.6

Save Results and Output Files

1.

Click:

Save Results

The Save Extractor Result window appears.
Enter a name in the File name window.
Click on Save. The results are saved in a binary file named as result and as:

result_spd_file_name.xim

Click on Cancel if you do not want to save the results in the file name you entered.

Save all the output data including Summary and one SPICE model in the result and result*.xim
files.

The result file is created only when the user chooses to save the output data.

You’ll see these output files on hard disk.

Branch RL File — An .csv file including the branch R, L, and total C of each net

Coupling of Each Patch — A .csv file including Mutual L and Mutual C among nets along
every circuit-to-circuit path

DC R of Each Path File — A .csv file including each net’s DC Resistance
One SPICE Circuit File — Named *.ckt

RLC of Each Path File — A .csv file including each Signal net name, Length, Self R, Self L,
Self C and Delay

Save Extractor Result As ? X
Save in: |lf) Stacked-BGA_Sample_Files vl (] * [
By [Z] ExtractorRunTimeError.log
L\ﬁ <@ pop_flipchip.spd
My Recent PoP_ﬂipchip.me
Documents EL] pop_flipchip_DCResistance.csv
= [=) pop_flipchip_Extractor.err
U_a B pop_flipchip_RLCofEachPath.Csv
Desktop L] pop_flipchip_TableBranchRL.csv
<@ pop_flipchip_Test_for_Extractor.spd
pop_flipchipMetBaseSPICE. ckt
_)_j <@ pop_wirebond.spd
POP_wirebond.xml
My Documents E ResourceProfile_Extractor.log
N [£] un_xtracted_HMetname.log
jﬁg [T Mew Folder
My Computer
‘;9 File name: |Hesult‘.".|'anted A | I Save ]
.
MWy Network Save as type: |Al| File {*.%) w | l Cancel ]
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Lesson Four : Observe and Save Simulation Results

XtractlM Tutorial 16.6

Load in Saved Results and Files

1. To load saved results, select:

Load Results

2. View the present results or the loaded results.

3. Unload a loaded result by clicking on the Unload Extractor Result icon in the toolbar.
4. Use the Load and Unload Result buttons.

All output files, including .csv files, are saved in the same directory as the *.spd file.

| Worldlow: XtractiM X

Result XIM_SavedFileNames |

4

4

FWKE' o=

Manage Workspace (4

Load Workspace
Load a New/Different Layout
Package Setup @)
Package Type: Wirebond
# Circuits
# Stackup
# Solder Ball
" Nets
Simulation Setup )
Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results  (»)

Summary
SPICE Model
Branch RL
Save Results
Load Results

—View Model Selection
(") SPICE T-model

() DC_R of Each Path

® RLC of Each Path

OCoupHng of Each Path

Customize Workflow ¥

Ver: 4.0.1.04171 (SIG4)

<] i I>]

D1>D2 R

SignalNetNa...  NetLength{m... SelfR{QOhm) SelfLinH) SelfC(pF) Delay(pS)
vdd 0.0259458 0.557809 370371 454529
MNet_12 0.865615 0.0389037 0.782729 0.0965899 8.70853
MNet_13 0.865615 0.0388801 0.774898 0.097438 8.68934
Met_14 0.865615 0.0390491 0.750168 0.0969146 8.52656
MNet_3 7.32683 0.136337 5.14279 1.0151 722526
Met_4 762281 0.135003 5435565 1.02052 744787
Met & 6.72973 0.135472 5.03568 1.09307 743948
MNet 6 6.72973 0.136465 521655 1.10419 758949
MNet_7 74928 0.138143 537479 1.04397 749076
Met_8 7.38528 0.13889 551948 1.0466 76.0047

Mouse(um): X: -56655.052, ¥: 40557.491 & Ready
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LESSON FiVE: BATCH MODE SIMULATION
1. To run a simulation in Batch Mode select:
Start -> Run
2. Change to the directory where the XtractIM.exe file is located.

Batch Mode Example
If you want to use the project (.spd file) defaulted in the workspace file (.xml file), enter:
xtractIM -b “Full_path_toMy_xml_File\xm/ filename”
If you want to use a different project file other than the one in the .xml file, enter:

xtractIM -b “Full_path_toMy_xml_File\xml
filename” “Full_path_toMy_xml_File\new_spd-filename”

RLGC MODULE: NET-BASED SIMULATION OF MULTI-DIE STACKED-BGA PACK-
AGES 72



Optimized Broadband Module: Net-based Simulation for
Single-die Single-BGA Packages or Multi-die,
Stacked-BGA Packages

This chapter takes you through the steps to use the XtractIM tool Optimized Broadband Module in
the net-based simulation of a single-die BGA package. Simulation of multi-die, stacked-BGA packag-
es is the same as single-die, single-BGA packages.

LESSON ONE: SETUP FOR THE SIMULATION

Package and Simulation Setup
1. Load an existing workspace file (.xml file).
Open a layout file (.spd file).
Select a package type: wirebond or flip-chip.
Setup the circuits: select or deselect Die-circuit and Board circuit.
Set the Stackup: set parameters for the Bump / Solderball medium layer.
Set the Bump data if it is a flip-chip package.
Set the Solder Ball data.

Select the nets for extraction.

© © N o o & 0N

Select Simulation Module: Optimized Broadband Module.

-
o

. Select output SPICE circuit.
11. Setup the Extraction Frequency band.
12. Save the Workspace and Project file.

Steps 1-8 and Step 11 are exactly the same as Preparing for the Simulation in IBIS/RLGC Module: Net-
based Simulation of Single-die Single-BGA Packages. This chapter describes steps 9-10 in detail.
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Simulation Setup
1. Select:
Simulation Setup -> Module
2. Select the IBIS/RLGC Module;

or select Module: 6.

XtractIM - Broadband_Sample.ximx - [Broadband_Sample.spd Layer View]

@ Workspace Edit View Mode Setup Tooks Window Help cadence [- =[x
0E -~ [ w ol = &~ & v o v |77 ) O @ :|Extractor Result |~ |B i e »
AlEnabled Net(s) |v|@ — & | e » = W O 5| 0 My b = H & I8 [£] | 23 | F e RN
FAd I BDE @@ E: O &
Workflow: XtractiM X Layer Selection X
Model Extraction Al Slsigoz [
4 Signal$TOP |
Manage Worksgace 4 Signal$Lo1l |
Load Workspace W Signal$L02 -
Load a New/Different Layout | Signal$Lo3 m
Package Setup | Signal$Lo4 =
Package Type: Flip-Chip » Sf9”3:$LU5 ]
v Circuits : zlgnalﬁo‘l‘ml\ﬂ EI
+" Stackup - fgna
@ Signal03 Ll
v Bumps
+ Solder Ball
v Nets

Simulation Setup

‘Module: Optimized Broadband:
Simulation Type: Net-Based
+ Circuit Topology
+ Frequency Range of Extraction

View/Export Results
Summary
SPICE Model
S-parameter and Error

¥ | View Only Active Layer

Display Geometry Objects By
*J Net Color \_? Layer Color

o - oo

Layer Selection

Load Results

Simulation Setup -> Module Type X
IBIS/RLGC %) Optimized Broadband

Cancel

Ver: 12.0.7.11271 (XtractiM)  Mouse(mm): X: 4.012, Y: -0.878 @ Ready

3. In the workflow window click:

Circuit Topology
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4. Select the circuits to be extracted under the Circuit Section.

* Ifyou do not select a circuit, no RLGC SPICE model is extracted
» Ifyou select all of the circuits, all three models will be given
+ Ifyou select a single circuit, choose T-model or Pi-model

Simulation Setup -> Circuit topology

1-section 2-section 3-section

Model
(%) T-model
OPi—modeI

0K | Cancel ” Default |

5. In the Workflow pane click:

Frequency Range of Extraction

6. Set the Frequency Range.

7. Input the lower frequency and the upper frequency.

| Simulation Setup -> Frequency Range of Extraction x |

Star Frequency: 100KHz
e

Cancel
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Output Frequency Range Options
1. To open the Output Frequency Range window, select:
Tools ->Options -> Edit Options -> Output Frequencies
The default setting is disabled.

2. Change the sweeping mode and frequency point number in the set Frequency Range window.
The default setting for Enhanced Circuit Topology is disabled.

If Enhanced Circuit Topology is enabled, the circuit includes more R and L elements to better
fit the original S-parameter.

This option requires 3x - 9x simulation time.
The default setting is disabled.

3. Ifthe Original S-parameter is enabled. It is saved in Sigrity BNP format and on hard disk in
Touchstone format.

;
Options

File =)
et '—Q Change the 'Output Frequencies' options in XtractIM
File Manager
Save Options
Hotkeys Starting Freq. | Ending Freq. Sweeping Mo... Freq. Increm... Points/Decade

Layout =) 1KHz 10MHz Log 10
Grid and Unit 10MHz 100MHz Log 20
Views 100MHz 10GHz Log 40
Processing
Trace
Error Checking

3D Layout View (&)
Display
Quality

Simulation (Basic) =)

General
Met and Coupling
Metwork Parameters

Enhanced Circuit Topology
Original S-parameter: More Form
Report

Simulation (Advanced) (=)
Electric Models
Mesh
Mets and Shapes
Special Handling

<] i |

Default | | Apply | | 0K | | Cancel
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Output Original S-parameter with More Format
By default the original S-parameter is saved as a BNP file.
1. Select:
Tools > Options > Edit Options > Original S-parameter: More Format
2. Select:
Original S-parameter in Touchstone
A file with Touchstone format is also saved.
3. Select:
Original S-parameter in BNP AFS format

A file with BNP AFS format is also saved.

OPTIMIZED BROADBAND MODULE: NET-BASED SIMULATION FOR SINGLE-DIE
SINGLE-BGA PACKAGES OR MULTI-DIE, STACKED-BGA PACKAGES 77



Lesson Two: Save Work Areas XtractIM Tutorial 16.6

LESSON Two: SAVE WORK AREAS

Layout File

1. Click on the workspace.
2. Click on the Open Layout File icon (green) to open the project file.
3. To save the layout file under a different name, select:

Save as

Saving the workspace automatically saves the .spd file.
NOTE!

Saving the.spd file does not automatically save the workspace.

Workspace
1. Click on the workspace. The workspace opens.
View the Workspace toolbar.

Click on the Save Workspace icon ( ) in the toolbar.

» @ N

To save the workspace under a different name, select:

Save as
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Lesson Three: Run the Simulation

XtractlM Tutorial 16.6

LESSON THREE: RUN THE SIMULATION

Click on the Play button at the top of the window to start the extraction (simulation).

The Optimized Broadband Module only extracts RLCG for the net which has at least one pin at
the Die-side and at least one pin at the board side.

At the beginning of the simulation, if some nets have Die-Board mis-match, a pop-up window
opens.

Select the next action.

* Continue — Continue the simulation
e More Information — Examine what nets are mis-matched
+ Stop — Cancel the simulation

Investigate Mis-matched Nets

1.

2
3.
4

The More Information window lists all the mis-matched nets.

Investigate the mis-matched nets to see whether it is a special design or a defective design.
Decide whether or not to proceed with the simulation.

Choose Continue, Stop or More Information.

If 30 seconds pass and the user has not made a choice; then, by default, the simulation continues.

'Die and Board pins do not match po4

The pins of the die drouit do not correspond to the board drouit pins.
Click Mare Information to see the list of mismatched pins.

I Yy  Enabled nets 119

Mets in ground group |
MNets with pin-mismatch ;1

Mets to be extracted 1 18

You may Continue or Stop the simulation.

Stop More Information. ..
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LESSON FOUR : OBSERVE AND SAVE SIMULATION RESULTS

XtractIM performs calculations for each net. The calculations include:

Conductance

Mutual Capacitance with other Nets
Mutual Loop Inductance
Resistance

Self Capacitance

Self Loop Inductance

About the S - Parameter and Errors

After the simulation completes, view the S-parameter and errors in the Layer View window

Bottom figure (S Imaginary) — Imaginary / phase of the S-parameter element
Middle figure (S Real) — Real / amplitude of the S-parameter element
Top figure (Average error in S) — Average S-parameter error for each net

View S - Parameter and Errors

1. Drag the black vertical marker to Net i. The S;; is shown.

2. Click on net names in the middle column to view the:

Frequency-averaged S-parameter error of the circuit S-parameter
vs. the Original S-Parameter

© N o o & o

View the port names listed with net names plus port at Die- or Board- side.
View the average error for 1-, 2- and 3-section circuit topology.

Return to Net i.

View all sections, single section, or two sections results.

View averaged S-parameter errors of a non-optimized or optimized circuit.

View the port name in the error column to view any mutual S-parameters.
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S-parameter Examples

The error definition of circuit S-parameter vs. original or simulated S-parameter is
shown in these examples.

Define an error for each net

_ 1
Error(netfreq) = Z.{IS11_ckt -S11_siml*IS22_ckt -S22_sim|*S12_ckt -S12_sim*1S21 ekt -
S21_siml}

Net-averaged performance vs. frequency
1
Errori(freq)= Netr No Z Error(net,freq)

Ner

Freq-averaged performance vs. net
LY
Error2(net)= Freq B No ool Error(net,freq)

[ Woekflow % | Extractor Result |

Manage W pace (A ‘e we § 3 @ F T 700 O s-parameter and Err * |All Sections ~ | |All Curves vl

Load Workspace == Improvement: 1-section 41.8%
Net: . 2-section 47.7%
- * Average errorin S 3-section 48.8%

Package Setup (=) Elee - 003 frere e frererininanans P e Fememeeeea {1-section_NoDp
Package Type: Fip-Chip ok bame Mok e, : H : (2-section_NoQp
Circits — — ooz -t NB!END[ElO] (3-section_NoOp
5 Metame, ... | Nethame, ... i : {1-section_Opt)
s i D6, DIE D6, DIE } ; ' H ———(2-section_Opt)

Sures DY, DIE D1, DIE 01 |-t el (3-section_Opt)
Sckder Bal D6, Board D6, Board W A\ : H
Nets 0L,60xd DI, Board : . W N S : v
Simulation Setup @ [|woE Do, e -
= D5, DIE D5, DIE 2 4 & i 10
Module: Optmized Broadband | DO, Board DO, Board Mat
Cirauit Topology D2, DIE D2, DIE
07, DIEE D7, DIE
Freguency Range of E:heihw D5, Board D.il. " o

View/Export Results (+) D3, DIE D3, DIE
. , D7, Board D7, Board 0 riginal
I . D2,Board D2, Board ] ! : ] ] 1-section

1CEMaded D4, DIE D4, DIE B T L RIS RTTPTR. o 2-section
S-parameter and Erree D4,Boad D4, Board : ———3-section
Save Resuits D3,8xd D3, Board 2 R Gttt S RLREL IS
Load Results V0O, DIE ¥DO, DIE
VDD,Boxrd VDD, Board D3 s
VOOIO, Board  VDDIO, B...
VODIO,DE VDO, DIE R
1e-5 Te4 le-3 om L4 1
Frequency (GHz)
S Imaginary
04 Original
1-section
03 fp--mmemeeee 2-section
— 3-section
02
01
0
le-s Te4 Te-d om 01 1
A —— Freuency (61
Net 2 (VDDIO) Mouse{mm): X: -10.501, Y: 5.882 Computing completed
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View Net Frequencies

1.
2

5.

Click the S-parameter button in the toolbar.

In the drop-down menu, select:

Net Performance vs. Frequency

The frequency is displayed in the Layer View window.

Click on a net name in Net Name list.

View the Single net average error in S chart.

[ show error

Met Name, ...

D&, DIE
D1, DIE
D&, Board
D1, Board
Do, DIE
DS, DIE
D0, Board
D2, DIE
D7, DIE
D5, Board
D3, DIE
D7, Board
D2, Board

0.03 e H

Met Mame, ...

D&, DIE

D1, DIE ooz
D&, Board

D1, Board

DO, DIE

D5, DIE o.m
DO, Board

D2, DIE

D7, DIE

D5, Board

D3, DIE )
D7, Board

D2, Board het

Y [P

s
[=x]

Click on each net name in the list.

6. View the Single net average error in S chart for every net.

ingle net
EvErage errorin o
0007 =" T EEEEEEEEEEEEEE T EEEEEEEEEEEEEE —_
0.006 f---mmmmmmemeee drm o oo S it booono o
0.005 |--rormmomooeee drormnnee boooooooooas drerenn e oo :
0004 f--nmmmmmemens R ERROEEEEE oo ERREREEEES A
0003 f--------mm-m- - S TR £ SO —
0.002 f--mmmmemmmneed R P PORRTS AL
0001 f----mmmmm e R et R R EEEEEEEEEEEEEE 1----
: . . | :
1e-k 1e-4 1e-3 n.om 01 1
Freqguency (GHz)
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7. Click on a figure. A pop-up menu appears.
8. Click:
Show Legend Border

Measure
Marker...
Expression Calculator...

B Save Result...

Black Background
Hide LegendBar
Show Legend Border
LegendBar Position 4
BarChart

¥ Auto Tip

v Show X-axis in log scale
Show Y-axis in log scale

Add Annotation
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XtractIM Tutorial 16.6

View Summaries and Models

1. Click on Summary to bring up the summary and tabulated data for R, L, and C.

2. View the overall results in the top right window.

3. Examine the results for:

Frequency Minimum
Frequency Maximum
Max R

Max self-capacitance C
Max self-inductance L
Min R

Min self-capacitance C
Min self-inductance L
Package Name

4. Click on SPICE Model to bring up the display of the SPICE Circuit model.

ECY

g=3" g

i

| Workflow

Load Workspace
Load & Mew Different Layout
Package Setup (=)
Package Type: Flip-Chip
Circuits
Stackup
C4 Bumps
Solder Ball
o Mets
Simulation Setup  (®)
Module: Optimized Broadband
+ Ciravit Topolog) :

o

4 F|equenu:~,Range of Extractior
View/Export Results ()

Summary
SPICE Model

S-parameter and Error

Czwa Dacilte

i

% | Extractor Result

[Version]

[Date]

[Package Name]
[Description]
[Humber of Sections)
[Hets Extracted]
[Frequency Minimum]
[Frequency Maximum]
[Max
[Min
[Max
[Hin
[Max
[Min

E {mChm) ]
B {mChm) ]
self-inductance L(nH)]
gelf-inductance L(nH)]

gelf-capacitance C(pF)]
gelf-capacitance C(pF)]

v28

ﬂExtractor Result

.2.60

8/07/2007
:\Documents and Settings\gkang'Desktop'\BroadBan
:\Documentz and Settings’\gkanghDesktop\BroadBan

[ I T T T S

10
0.01MH=z
2000MHz
52,7014
0.351416
0.696014
0.0453317
74.2385
0.0708281

Mouse(mm): X: -11.996, ¥: 3.035

Computing completed
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5. To see the SPICE Model circuit topology click:

e 1-section
. 2-section
. 3-section

ARR=2" I EEE%H 9 oo O G edractor Result v ‘B BB

Workflow x| Bxractor Result |
Manage Workspace ()
Load Workspace
Load a MewDifferent Layout
Package Setup (A SPICE Model: Circuit Topology
Package Type: Flip-Chip
Circuits
Stackup
4 Bumps
Solder Ball
Mets
. . P .SUBCKT Breoadband Sample T 2.ckt FS
A = — = Lo
Simulation Setup (&) . 153 76 6 2
Module: Optimized Broadband + 111 D4 D4
+ 76_Fl2 Fiz
+ 75 El12 El2
+ 74_D12 012
+ 73 _Cl2 clz
Summary + 72 €11 cl1
SPICE Model + 71 €10 Cl10
oce + 70 C3 ca
S-parameter and Error + 69:CS cs
Save Resllts + Node GND
Load Results *
*Netlist Die-Pin Board Pin Het
#
1 153 JE VoD
* 2 111 D4 VDDIO
® 3 T8 Fl2 Do
* 4 75 Ei2 Dl 2
‘ Total number of circuit components:  R:40 L:40 M:180 C:19% G:30
4 | Il | lseclion 2-section | Fsechion |

Mouse(mm): X: -10.501, ¥: 5.882 Computing completed

Save and Load Results

1. Click Save Result in the workflow.The Save Extractor Result as window opens.
2. Enter a name.
3. Save the result.

The result file:

» Issaved in a binary file named result and result_spd_file name.xim
*  Contains all the files (all the .csv file names)
*  Can be loaded into XtractIM

4. In the Workflow pane click:
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Load result
The pre-saved result is loaded.
5. Open the S-parameter view file and check the information.

6. Open the Summary view file and check the information.
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LESSON FIVE: BROADBAND EXTRACTION OF EXISTING S-PARAMETER

A typical workflow in interaction mode includes the steps described in Load BNP Files and Setup for
Simulation.

Only supported BNP files are created by XtractIM.

Load BNP Files and Setup for Simulation
1. Launch XtractIM.
2. Open the Workspace file.

3. Select the desired file from the pull-down menu in the Files of type field.

Open Workspace File ?EIE
Look in: | I3 Benchmark V| o | L‘? £
T 12 Benchmark1.xml
L-'\% =1 Benchmarkl_ml
My Recent
Documents
=
L
Desktop

=,

Iy Documents

.

-

Iy Computer

File name: b g | L Open _J

My Metwiork Files of type: Cancel

Extractor Workspace XML Files (" xml)

Extractor Workspace XML Fles {"xml)
S-parameter BMP Files {".b&}

4. Select:

Extractor Workspace XML files
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After the S-parameter is loaded the XtractIM window is refreshed.

v meoE R A@EA 0 [ EiQoeeDEE @ EEGJ
X -50 -0 -40 -20 0 20 40 &0 80 ~ | [Layer Selection X
: Thanmi e b B s mased Lo AR bnnd Finmnd terr s e s e L i SR b :
] [ Signalo2
= 3‘! Plane02
& - -
Simulatio up (=) =3 * P!anem
Circuit topology = o
o8]
View/Export results (%) ||~
Summary 3
SPICE Model 5
S-parameter and MNet Error =
Save Results o |
Load Results D_E View Only Active Layer
= Display Geometry Objects By
5: (*) Net Color () Layer Color
: v
Ver: 1.3.a0 (S1G4) Mouse(mm): X: -88.687, ¥: -24.040 Computing completed
Select Extraction Nets
1. In the Workflow pane, under the Package Setup heading, click Nets.
The Nets window opens.
2. De-select any net that is not extracted.
3. If VDD is deselected, the cell in the Type column is set on the default Open.
The net is considered open for both ports of this net.
Package Setup -> Mets ; X
MetMame Type Value
YDD
[+] vDDI1O
[+] Do
Di
D2
D3
¥ p4
[ ps
D6
] b7
Default ] [ K. ][ Cancel
4. Click on Type to open the pull-down menu.
5. Select Load.
6. In the Value column, enter an actual resistance number (units: Ohm) for a net.
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MNethame

[] vop
[+ vDpIO
[*] Do

¥ b1
D2
D3

¥ D4

¥ ps

D6

D7

x|

Met: |

Il

Find

Type

Coen

Short
Match
Load

Value

Default ” CK ” Cancel
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Select Circuit Topology
1. In the Workflow pane click:
Circuit Topology
2. To open the pull-down menu click:
Circuit Section
3. Select the circuits to be extracted: T-model or Pi-model.

If you do not select a circuit, no RLGC SPICE model is extracted.

If you select all of the circuits, all three models are given.

Example
*  Pi-model has already been selected for 1-section

e 1- Section and 2- Section models are selected.

Simulation Setup -> Circuit topology

1-section 2-section D 3-section

Model
() T-model
* Pi-model

0K || Cancel ” Default
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LESSON SiX: RUN A BATCH MODE SIMULATION

1. To run a simulation in Batch Mode, select:
Start > Run
2. Change to the directory where the XtractIM.exe file is located.
Upon completing the simulation, all output files (including .ckt, .bnp, and .csv files) are saved auto-

matically in the same directory as the *.spd file.

Batch Mode Example
If you want to use the project (.spd file) defaulted in the workspace file (.xml file), enter:

XtractIM -b broadband “Full_path_to_My_ xml_File\xml filename”

If you want to use a different project file other than the one in the .xml file, enter:

i

XtractiM -b -broadband “Full_path_to_My_ xml_File\xm filename’
“Full_Full_path_to_My_xml_File\new_spd filename”
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RLGC and Optimal Broadband Module: Pin-Based
Simulation

This chapter takes you through the steps to use the XtractIM tool in a pin-based simulation of single-
die single-BGA or multi-die stacked-BGA packages. The steps for single-die single-BGA RLGC
module are strengthened. Those for multi-die stacked-BGA or for Optimized Broadband module are
straightforward.

PREPARE FOR THE SIMULATION
Collect this information before you begin the simulation.
*  Make sure your files have been translated into SPD format.
*  Have the Stackup information ready.

*  Have Bump and Solderball diameters, length, heights and conductivity ready.
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LESSON ONE: SIMULATION SETUP

Simulation Overview
A typical workflow in interaction mode is the same as net-base extraction.
A qualified net is the one which has at least one pin in each of the die- and BGA- circuits.

No open circuit exits for these pairs of pins.

Simulation Options

Pin-based extraction has four options in RLGC circuit extraction. The Simulation Setup options are
located on the right side of the Editor bar.

« Option1 — In DIE or BGA circuit, choose one net as reference. This would lump all pins of
the chosen net together as reference in both DIE and BGA side

* Options 2 &3 — In DIE or BGA circuit, choose one pin node as reference

Choose auto. XIM automatically selects a node of the net as reference. This node is generally
in the center of the circuit

Choose manual. Specify a node as reference.

*+ Option 4 — Mesh DIE or BGA circuit. Use one cell element as reference. Any net pins in a
same cell are lumped together
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Setup Simulation Type

1.

9.

Click:

Simulation Type

Select:
Pin-Based

Click:

Reference Net

A drop-down menu opens. Qualified nets are displayed.
Select one net as the reference net for simulation.
Select a circuit from the Circuit Name Element.
Select one simulation type from the list of four.

»  Use Reference Element

*  Use Reference Net

»  Use Reference Node (auto)

»  Use Reference Node (manual)

If you select Use Reference Net or Use Reference Node (auto), no further action is needed.

If you select Use Reference Node (manual) or Use Reference Element, perform the steps
described in the following sections.

Repeat steps 5 & 6 for each circuit (DIE and BGA or DIEs and BGAs for multi-die stacked BGA
packages).

Click OK to save all the settings.

10. Click Cancel if you want to start over and enter new settings.
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Select Reference Node (Manual)
1. Click:

Simulation Type

2. Select:
Pin-Based
3. Click:

Use Reference Node (manual)

Simulation Setup -= Simulation Type X
Model Extraction
—Port Referenci
(O Met-Based  (8) Pin-Based Layer Circuit Name Circuit Model I— () Use Reference Net
[sgnatgvs o ________Jrc | © Use Reference Node(auto)
Signal§M4 BGA1 untitled_package n

(®) Use Reference Node(manual,
O Use Reference Element| Element 10 (0, Oy
Pirn Gmupa:x ~ET)

Ouse Grouped pins in MCP Header
Load MCP header file:

OK ” Cancel ‘

4. Click on the mouse icon.

5. Inthe Layout View window, sclect a Reference Net Node. The Node Name is displayed.

—Port Reference

O Use Reference Net
| | () Use Reference Node(auto)
-

Reference Met:

V55

® Use Reference Node(manual]

|N0del364!!U1-Gﬁ::\.l’SS T
O Use Reference Element| Elerment ID: (0, 0}
Pir Groups:}{ )

O Use Grouped pins in MCP Header
Load MCF header file:

Choose Group as Reference Element:

-
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Select Reference Element

1.

Select:

Use Reference Element

Choose:

Pin Groups

For example, 1*1, 2*4 or 5*5.

Click the mouse icon at the right side of Pin Groups.

In the Layer View window right-click to select a cell as the reference element. The selected cell
becomes blue.

A message window appears

Use As Reference Element

Repeat these steps for other circuits (DIE or BGA)

Select User Grouped Pins in MCP Header

1.

To load the file with MCP Header, click ——— next to the Load MCP header file field.
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MName « Date modified Type Sge &
CPU_Info.log 5/21/2012 3:45 PM Text Document
| First.ckt 5/21/2012 10:49 AM  CKT File
| First_PsLspd 5/21/2012 10:48 AM  SPD File
MCP_Header.ckt 5/21/2012 10:49 AM
| news.ximx 5/23/2012 4:29 PM KIMX File
| pkg_flipchip_6.spd 5/10/2012 3:48 PM SPD File | |
| pkg_flipchip_debug.spd 5/21/2012 10:16 AM  SPD File
| Second.ckt 5/21/2012 10:56 AM  CKT File
| W Ximx 5/21/2012 3:32 PM HIMX File
| 1.ximx 5/23/2012 4:20 PM HIMX File -
| | o
File name: | MCP_Header.ckt |~ |Ail Files( |
‘ Open ‘ | Cancel |

2. Select the MCP Header file (which has the grouped pin information).
3. Click Open.

4. In the right side of the Simulation Setup -> Simulation Type pane, select a group as Reference
Element from the drop-down list.

() use Grouped pins in MCP Header
Load MCP header file:

| kup'\xIM-12.0\Example_1\MCPF_Header.ckt HI|

Choose Group as Reference Element:

-

U1_u1-A12
U1_U1-E5
U1i_ui-L11
U1l _ui-L2

5. Click OK.

Reference Options

*  Use Reference Net — Lumps all pin nodes of the Reference Net as port references

*  Use Reference Node (auto) — Automatically selects a Pin Node of the Reference Net as
the port reference; this Node is generally in the center of the circuit

* Use Reference Node (manual) — Uses a defined Pin Node for the Reference Net as the
Port Reference; we recommend the user choose a Node in the center of the circuit

*  Use Reference Element — Uses the lump of all the Reference Net Pins in the designed
cell as the Port Reference

*  Use Grouped Pins in MCP Header — Uses the lump of all the reference net pins in the
designed group by MCP header as the Port Reference
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1) As always, extraction goes to those nets enabled in Net Manager only. If a net is included in
the MCP Header but is disabled in Net Manager, it will not be extracted.

2) If an enabled net is not included in the MCP Header, during extraction, it will be considered as
1-cell by 1-cell lump model extraction.

If the user just wants to extract a model with bumps defined the in the MCP header (i.e. ignore
those bumps not in the MCP Header), just select Tools > Options > Edit Options..., and in the
Options window, click Net and Couplings, select the Use grouped pins in MCP Header:
extraction only for grouped bumps in the input file check box, then click OK.

Options

File (=) .
General “ &) Chonge the 'Net ond Coupling' options in XtractIM
File Manager
Save Opkions
Hatkeys

Layout =)
arid and Unit Keep the shapes in disabled nets (the option is also available in the MNet Manager)

xX

Disabled Nets

Miew ’ Disabling nets that are not of interest will resulk in Faster simulation, but might sometimes lead to less accurate
Processing result, Keeping the shapes in disabled nets is a balance of the speed {and memaory} and result accuracy,
Trace

Errar Checking
3D Layout View 'E)

Display v Use grouped pins in MCP Header: extraction only For grouped bumps in the input file
Cualicy

Simulation (Basic) "9

Coupled traces

Disable Coupled Line Simulation (the option is also available in the MNet Manager)

‘Special void
Cutput SPICE Circuit IF there are lots of parallel traces very close to each other, the coupling between them might be strong, Considering
Report the trace coupling usually improves the result accuracy.,

Simulation (Advanced) ':‘:‘)
Electric Models
Mash Mote: in addition to the switch here, you also need to adjust the coupling parameters for the nets of interest in the
Mets and Shapes Mek Manager,

Default | | Apply | | [a]'d | | Cancel
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Generate MCP Header File
1. Choose Tools > Pin Group Editor...

e KtractlM - epa_1664.ximx - [epal66d.spd Layer View]

@ Workspace  Edit  View  Mode  Setup | Tools | Window  Help

PNl > s e [F]]  Check 'E@
: Background P
JAlEnabled Nets) |+ @ — & § ook - Bckimun 27
Worlkflow: XtractlM x| — |-35 Analysis Model Manager... I
Model Extraction 2 |- Model Assignment...
2= D Editer
Manage Workspace s

Pin Group Editor...

Load Workspace
Load & Mew/Different Layout

3 Model Checking...

Options 4 |§

2. Choose an available circuit name from the Circuit pull-down list. For example, FCHIP in this
tutorial.

Package Setup

00se
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All of the enabled nets related with this circuit are listed in the Net Selection field.

rF'in Group Editor | =

[] zoom window to fit the drcuit

gk i
crait:  [EEICHN -]  Tpe:  [De B
—Met Selection
. -4 vDD_15
- 570 VDD
=+ #] Ground Nets
fee 2 WSS

Pt Grou
Assign Pin Groups Graphically
| Group | | UnGroup |

Save | | Close

3. Choose a power or ground net to perform pin grouping. For example, VDD _15 in this tutorial.
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The corresponding pins for the selected net are listed in the Pin Grouping field.

rF'in Group Editor

D Zoom window to fit the drouit

Circuit: | FCHIP

- = =

B ST

—Met Selection

i ..... __{ﬂ YOD_15

—Pin Grouping

A9
Al0
B7
B3
B9
B10
B11
B12
iy
L3
3

Lidm

IEEEEEEEEEEE

e,

Asszign Pin Groups Graphically

[y Grid 5

| Group | | UnGroup

Save Cloze
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4. Choose pins that you want to add in a group.

rI3'ir1 Group Editor ) ®

[7] 2Zoom window to fit the drcuit

Circuit: |FCHIP |*| Twe: D -

—Met Selection

i 2’3

..... Eg F Y

T
2
I

Assign Pin Groups Graphically
[ 1By Grid D ¥ [s ~e0 |

| Group | | UnGroup |

Save | | Close

5. Click the Group button.
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A group is generated as Groupl.

rI3'ir1 Group Editor

[7] 2Zoom window to fit the drcuit

Circuit: |FCHIP |*| Twe: D

—Met Selection

i ..... 7DD _15

----- B U1l
..... E Ulz
..... E I'ilg
----- B V1D

Assign Pin Groups Graphically

ey Grid |5 | % |5 | 'Ei

| Group | | UnGroup |

Save

Close
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XtractlM Tutorial 16.6

6. Repeat Step 4 and S to generate multiple groups for a net.

rI3'ir1 Group Editor

[7] 2Zoom window to fit the drcuit

Circuit: |FCHIP

|v|

—Met Selection

i ..... 7DD _15

—Fin Grouping

---EEI Groupl
- B Group2
(- B Group3

Assign Pin Groups Graphically

[Ty Grid

| Group | | UnGroup |

Save

Close
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7. Once the pin groupings have been done for all circuits and nets, click the Save button to generate
a MCP header file, for example mep_header_by_gui.ckt.

.—‘> Save As

*

Organize «

L My Site
Ml Desktop

= Libraries
3 Documents
J“- Music
=/ Pictures

B Videos

1% Computer
£, Local Disk (C:)
ca Local Disk (D)

File name:

<« Base » SpeedXP » Samples » XtractiM » Single-Die_Sample_files v [y

Mew folder

-~

Mame

.

Date modified Type Size

Mo iterns match your search.

Save as type:

MCP circuit File (*.ckt)

= Hide Folders

| Save | | Cancel |

The .ckt file generated in the above steps can be used in the Select User Grouped Pins in MCP
Header secion.
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Setup Extraction Frequency
1. Select:
Setup > Extraction Frequency
A pop-up window opens.
2. Update the data in the window.
3. Change the default value. The default value is 30MHz.

-

Extraction Frequency X

Extraction Frequency: | 30 | MHz | 0K I

4. To ignore mutual resistance in RLGC circuits, select:

Setup > Export Without Mutual Resistance

The output circuit does not include the H-elements.

Setup | Tools  Window Help
Extraction Frequency
Export Without Mutual Resistance

Model Connection Protocol

Macro...
Cutting Boundary L4

Component Manager...

Met Manager...
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LESSON Two: SAVE WORK AREAS

Layout File

1. Click on the Workspace.
2. Click on the Open Layout File icon (green) to open the project file.

3. Use Save As to save the layout file under a different name.

Saving the workspace automatically saves the .spd file.

NOTE!

Saving the.spd file does not automatically save the workspace.

Workspace
1. Click on the Workspace. The Workspace pane opens.
2. View the Workspace toolbar.
3. In the toolbar click

Save Workspace

4. To save the Workspace under a different name, use:

Save As
Open Workspace
Save Workspace OpenLayout File
NE A~ > il =l W o ~ | F 0K

LESSON THREE: RUN THE SIMULATION

1. Click on the Play button at the top of the window to start the extraction (simulation).

2. XtractIM only extracts RLCG for a net which has at least one pin at the Die side and at least one
pin at the board side.

3. At the beginning of the simulation, if some nets have Die-Board mis-match, a pop-up window
opens. Select the next action.

« Continue — Continue the simulation
e  More Information — Examine what nets are mis-matched
* Stop — Cancel the simulation
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Investigate Mis-matched Nets

The More Information window lists all the mis-matched nets.

Investigate the mis-matched nets to see whether it is a special design or a defective design. Decide
whether or not to proceed with the simulation.

Choose Continue, Stop or More Information. If 30 seconds pass and the user has not made a choice;
then, by default, the simulation continues.

LESSON FOUR: FLY-WIREBOND PACKAGE MODEL EXTRACTION

Introduction

Workflow

For some wirebond package designs, there are wire connections only among die pads for power and
ground nets. These die pads don’t have connection to bond fingers or to package pins. Such kind of
package is usually named as package with fly-wirebond or jump-wirebond inside. The fly-wirebond
is typically used to reduce power IR drop noise.

In this lesson, it is introduced how to get a package model with fly-wirebonds in XtractIM.

In general, the fly-wirebonds only happen on the same die in a package. It is only supported in single-
die/single-package designs flow. The package type can be either BGA or lead-frame.

1. Package Setup:
a. Seclect Single Die.
b. Select Single BGA or Leadframe.

c. Select Wirebond.

2. Simulation Setup:

The fly-wirebond is only supported in the pin-based mode.

a. Select simulation type: Pin-Based.
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No specific setting is needed.

~4000
il

Workflow: XtractiM x l]‘ |

‘—BED[I‘ I—3EII][II I—ZEEII]‘ ‘—ZI][I[I‘ ‘—15[I[I‘ I—1EII][II I—SI]EI

Model Extraction A

Manage Workspace ()
Load Workspace
Load a New/Different Layout

Package Setup )
{Package Type: Leadframe;
Inner Lead Converter

v Components

v Stackup

' Lead

v Nets

Simulation Setup (~)

Module; IPﬂE’RI GO
v Simulation Type: Pin-based

View/Export Results  (~)
Summary
SPICE Model
Load Results

Report

Customize Workflow ¥

Package Setup -> Package Type
Single Die Stacked Die Side-by-side Die ®) With Outer Lead

No Outer Lead

Single BGA Stacked BGA ®) | eadframe
Partial Outer Lead
®) Wirehond Flip-Chip Bath
(WL-CSP)
oK Caneel
Ver: 14.0.a0.05201 (XtractlM) Mouse(um): X: 1011611, ¥: 1330.657

Result

The fly-wirebonds are modeled separately by the tool.

The fly-wirebond model is wrapped into SPICE subcircuit model named
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jobname_PinBaseSPICE.ckt as shown below.
e AtractlM - Flybond_3_| eadframe.ximzx - [Circuit Topelogy Result]

< File  Window Help
_]_H' > B e

Workflow: XtractlbA ¥ | Bdractor Result
. ol T8 D2 UaN_83LaN_D2 | IUea3eU 14
Model Extraction 21 RG4S 52 CGN_49CGN_52 1.28543+008
g C49 53 CGN_45 CGN_53 1.45915e-014
Manage Workspace  (4) RG49 53 CGN_49 CGN_53 4.02207=+006

C49_54 CGN_45 CGN_54 768321014

ook it C50 51 CGN_50 CGN 51 3.56452¢-013

Load a New/Different Layout RG50_51 CGN_50 CGN_51 2.37823+006
y C50_52 CGN_50 CGN_52 7.09426e-014
Package Setup @ RGS0_52 CGN_50 CGN_52 3.45591e+007

CH0_53 CGN_50CGN_53 2.22214=-014

Package Type: Leadframe! RG50_53 CGN_50 CGN_53 6.747142+007

Inner Lead Converter CRD RACGN SDCGN 54 502067014
+" Components C51_562CGN_51 CGN_52 3.44473=013
« Stadap RG51_52 CGN_51 CGM_h2 2 3082e+006

CH1_H3ICGN_B1 CGMN_53 756783014

«" Lead RG51_53 CGMN_51 CGN_53 4. 01502e+006
o Mets CH1_B4 CGMN_51 CGN_b4 6 62728014
ChZ2_hICGN_BZ CGM_53 423178013

Simulation Setu P IE-:I RGEZ_53 CGN_5Z CGM_53 1.19122e+006
Ch2_h4 CGN_52 CGN_hd 4 48427014
Module: IBIS/RLGC Ch3 54 CGN_H3 CGM_54 5149159014

" Simulation Type: Pin-based
- Rfb1_1 U1_48 NFE_RL1_1 0.0858552
{ﬂiewaxpﬂrt Results (A Lfb1_1 NFB_RL1_1 NFB_Mid_1 7. 4464=-010

RfbZ2_1 NFB_Mid_1 NFE_RLZ2_10.0358352

Summary Lfb2 1 NFE_RLZ_1L1_24 7.4464e-010
Rfb1_2 U1_460 NFB_RL1_2 0.0827256
—— Lfb1 2 NFE_RL1_2 NFB_Mid_2 7.14764e-010

Rfb2_2 NFB_Mid_2 NFE_RL2_2 0.0827256
Lfb2_2 NFE_RLZ_2 U1_47 714764010
KFB11_2 Lfb1_1 Lfb1_2 000484752

KFB21_2 Lfb2_1 Lfb2_2 -0 00484752

Cib0_1 NFBE_Mid_1 Node_ GND 1.56773e-013
Cib0_2 NFB_Mid_2 Node_ GND 1.51047=-013
JCFB11_2 NFB_Mid_1 NFB_Mid_2 336755015

Load Results

o

Customize Workflow

| Ends
: fly-bondwire modelj

TR A A AR A R R AR R R R A R R R R R R R R R R R R R R R R A

VIEW EXPORT RESULTS
The View / Exports Results options are displayed on the left side of the window.
1. Click on Summary.
2. View the maximum and minimum R, L, C, and other information in the Summary.
3. Click on SPICE Model. The SPICE Model name *.ckt is loaded.
4. View the SPICE Model file.
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[Workflow % | Extractor Result

Manage Workspace (~ 3 BGA1-U26 WSS
g pa 2 3 BGA1-U27 VWSS
3 BGA1-U3 V5SS =
3 BGATV1 VS5

3 BGA1V2 VS5

3 BGA1V27 VSS

3 BGA1V2E V5SS

3 BGA1W2 V5SS

3 BGA1-W26 V5SS
3

3

3

3

3

3

3

3

>

Load Workspace
Load a Mew Different Layout
Package Setup )
Package Type: Wirebond
Circuits
Stackup
Solder Ball
MNets
Simulation Setup )
Module: IBIS/RLGC
Simulation Type: PinBased

BGATW27 VSS
BGATW3 VSS
BGA1-Y1 V5SS
BGA1-Y2 V5SS
BGA1-Y26 WSS
BGA1-Y27 VSS
BGA1-Y28 VSS
BGAT-Y3 VSS
Ref 11-154

A

FOb bk kb b ek

BGAT-F14

RD1 U1-112 DrN1 0.119433

\ﬁew,-‘Exp(}rt Resulis (9 VD1 DrN1 DVl 0

Hd1_2 DVn1 CCV5r1_2 CCVS VD2 0.0350458
Summary Hd1_3 CCV5r1_2 CCV5r1_3 CCVS VD3 0.037151

SPICE Model Hd1_4 CCV5r1_3 CCV5r1_4 CCVS VD4 0.0364626
Hd1_5 CCV5r1_4 CCV5r1_5 CCVS VD5 0.0360832
Hd1_6 CCV5r1_5 CCV5r1_6 CCV5 VD6 0.0359545
Hd1_7 CCV5r1_6 CCV5r1_7 CCV5 VD7 0.0359485
Hd1_8 CCV5r1_7 CCV5r1_8 CCV5 VDS 0.0358705
Hd1_8CCV5r1_8 CCV5r1_5 CCVS VD3 0.0357965
Hd1_10 CCVSr1_% CCVSr1_10 CCVS VD10 0.0356331
Hd1_11 CCV5r1_10 CCVSr1_11 CCVS VD11 0.0362686
Hd1_12 CCV5r1_11 CCVSr1_12 CCVS VD12 0.0356264
Hd1_13 CCV5r1_12 CCV5r_13 CCVS VD13 0.0357708
Hd1_14 CCV5r1_13 CCVSr1_14 CCVS VD14 0.0358375
Hd1_15CCV5r1_14 CCVSr1_15 CCV5 VD15 0.0358785
Hd1_16 CCV5r1_15 CCV5r1_16 CCVS VD16 0.0358522
Hd1_17 CCV5r1_16 CCV5r1_17 CCVS VD17 0.0363335
Hd1_18 CCV5r1_17 CCV5r1_18 CCVS VD18 0.035352
Hd1_19 CCV5r1_18 CCVSr1_19 CCVS VD19 0.0373053
Hd1_20 CCV5r1_15 CCVSr1_20 CCVS VD20 0.0408726
Hd1_21 CCVSr1_20 CCVSr1_21 CCVS VD21 0.0362841

| £

Mouse(mm): X: -23.750, Y: 10.885 Computing completed
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Optimized Broadband Module

A typical workflow in Iteration Mode is the same as RLGC Module Pin-based Extraction. Additional

steps in the Simulation Setup include:

1. Click:
Module > Optimized Broadband
2. Click:
Workspace > Frequency Range of Extraction
A new Edit pane opens at the bottom of the window.
3. Input the highest frequency for simulation.
v moo= B8 E A [~]p m
Workfiow: XtractiM ol oo e oo 0 B e e~ iaversdecion  x
Default #||81 T SignalwB1 O
L L= A
Manage Workspace (=) ] & SignalToP -
= L iy e W PlaneGND O
Load Workspace @ 4| PlaneVDD =
Load a Mew/Different Layout 52 | SignalBOT O
Package Setup @ s W Signalol Ol
Package Type: Wirebond %_ W Signal02 L]
v Circuits B
/ Stackup °E
v Solder Ball ==
v Nets
Simulation Setup =)

Module: Optimized Broadband
+" Simulation Type: Pin-based

0
|

]

Simulation Sefup -> Frequency Range of Extraction

Cancel

Ver: 4.0.1.04171 ... Mouse(um): X: -18887.624, Y: -16559.58

v | view Only Active Layer

v EFrequenq‘ Range of Extraction§ § E
4 = . .
View/Export Results  (») E Display Geometry Object
Summary __: *®) Net Color
SPICE Model 8: T o
: L=
Load Results e E
N == =)
Vork 2 EE o ] l!-\_-

Layer Se...

@ Ready
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Circuit Topology

The circuit topology is a generalized T-model with series terms. No multi-sections circuit model is
used as those in a net-based Broadband module.

Extraction frequency points for S-parameters are limited to a few points. Frequency band goes up to a
few hundred MHz.
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IBIS/RLGC Module: Simulation of Leadframe Package

This chapter takes you through the steps to use the XtractIM tool in the simulation of Leadframe pack-
age.

PREPARE FOR SIMULATION
Collect this information before you begin the simulation.
*  Make sure the Leadframe file is in DXF or SPD format
*  Have the Stackup information ready
*  Have the outer lead width, length, height and conductivity ready
If the leadframe file is in DXF format, make note of:

» Ball pad parameters

* Die pads

» Layers you wish to import

*  Leadframe conductor Wirebonds
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LESSON ONE : SIMULATION SETUP
1. Launch XtractIM.
2. Click Open to open an existing workspace.
3. Click:
Load an existing layout
4. Click OK.
The Attach DXF File window opens.
5. Select the desired file. The example shows only one file selected: Lead1.dxf.
6. Click Open.

Attach DXF file ? X
Look in: |bLeadmee |v| £ ] [} E? G
My Recent
Documents
€
Desktop

A

My Documents
r.}-
My Computer

q File name: |Lead‘|.d:-cf | - | | Cpen |
My Network | Files of type: | DXF File (" ) R Cancel

7. Launch XtractIM.

8. Click New to create a new workspace;
or select:

Workspace -> New

9. To load the Package Structure, select:
Load a New / Different Layout
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10. Click OK to load a DXF file. The Sigrity Speed Editor is launched.

]

! File  Edit View Setup Select Wirebond Route  Window  Help -8 %
DEEH wvwn (28 S Q00 X-fi-0-- 0D 3t 1

O[T = A iouingv|aed v OO/ w2 X —~FF

Layer Selection b4
Dfwsoo |
| M1
W BOTTOM
Units micran
Cancel
Information x View only active layer
Please input the command: v| Static Areafil
Parameters Setup
MNOTE: Deriving connected subnets. ..  M|side [Top =
MOTE: Building schedule of connections. ..
NOTE: Reading c:\Jsers\gkang\backup\5peedPKG7. 2Y_Bin\SpeedEdit\configwb_models.cfg... Conflict| Push_shove -
NOTE: Building geometrical index of objects. .. o
Partition Colors
MOTE: Created blank design : untitled_designi
o et T O T O A P || ] vight vision
¢ > | Gin oA
Ready Current Mode: Select Component ¥:7033.39  y:13970.0... Units:micron
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X
X
X

1.

Load Workspace
Load a Mew/Different Layout

Package Setup )]
Package Type: Wirebond

Circuits
Stackup
Solder Ball
Mets

Simulation Setup =)

Module: IBIS/RLGC
Simulation Type: NetBased

View/Export Results (2)

Summary
SPICE/IBIS Model
RLC Per Net

RLC Distributions
Segment RLC
Save Results
Load Results

<1

il 5]

Translate a package file from DXF to SPD format; it is automatically loaded into XtractIM

D soralsws_____________]

W Signalsl

¥ | View Only Active Layer

Display Geometry Objects By
®) Net Color (_) Layer Color

AEEE- o

Mouse(mmy): X: -13.673, ¥: 18.969

Package Type

XtractIM classifies the leadframe family package into three kinds of packages:

* No Outer Lead — No board pin has outer lead. Typical package is QFN
*  Partial Outer Lead — Some of the board pins have outer lead
e With Outer Lead — Every board pin has outer lead. Typical package is QFP

Select Package Type.

The default is Single-Die, Single-BGA, Wirebond Package.
Click Leadframe.

Select one of:

e No Outer Lead
e Partial Outer Lead
e With Outer Lead

Click OK to save your selection.
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5. Click Cancel if you want to change your selection, start over, or cancel your session.

Package Setup -= Package Type »
(®) Single Die (O Stacked Die () side-by-side Die | (W) With Outer Lead
(") Single BGA (_) Stacked BGA (®) L eadframe (") Mo Quter Lead
@ Wirebond O Flip-Chip O Both O Partial Quter Lead
I 0K ” Cancel |

6. Click on the Single$1 layer. The Inner Lead Converter locates Single$1.

-

rl_ayer Selection - O X

Signal §WE

Wiew Only Active Layer

isplay Geometry Objects By

@ MNet Color O Layer Color —‘

A=) e
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Shape to Trace Conversion

1. Click on Inner Lead Converter to convert narrow shapes into traces. The Inner Lead Con-
verter window opens.

2. Choose:

Manually convert selected shapes to traces

Inner Lead Converter

O Automatically convert narrow shapes to traces
for signal nets,

@ Manually convert selected shapes to traces,
(Select shapes in layer view and dick on Convert,)

O Leave inner leads as shapes

| Ok | | Cancel

3. Use the toolbar icon to select shapes in the Layer View.

Select
|All Enabled Netrs) | w (@ — 7% X 5 « =5 ks

4. Click Convert. All narrow shapes are converted into Traces.

NOTE' A No Outer Lead Package generally does not need this converter.
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Setup Circuits and Stackup

1.

© © N o o &~ 0N

pane opens in the left side of the workspace.

Click Next.

Select:

Insert Under

A second pop-up menu

Outer Lead Setup

The following steps are performed for Outer Lead only.

Right-click on the desired circuits.

Select it as a Die circuit.

opens.

Click Finish to finish the circuits setup.

Click on Stackup.The Stackup window opens.

Right-click on another desired circuit.Select it as a Board circuit.

Right-click on the Signal$ layer. A pop-up window opens.

Click on Circuits in the Workflow pane to setup circuit data for the leadframe package. A new

1. To insert a Leadframe layer, select
Leadframe Medium Layer, Signal01 Layer, and MediumO1 Layer
2. To insert an empty signal layer, select Package.
@Stackup
Layer [con | Layer Name Thickness{mm) | Conductivity(5/m) Color| Trace Width{mm) Shape Name

EHE sigalss 1,0000e-003

Medium sDiglectricd 8.8000e-002

Insert Above ¥

5.9361e+007

Il 10000e-001

595614007 |  [LO0ODe-00I |

13,3000

Permittivity Loss Tangent | From File

0.0000

[]

Insert Under
Delete

Signal Layer
Medium Layer
Plane Layer

Leadframe Medium Layer, Signal01 Layer, and Medium01 Layer {

Package

Total Thickness:  1,2200e-001mm

Unit:

D Leadframe Layer

Right-click on a dielectric(or signal) layer to insert a leadframe layer.

‘ Impart H

oK

H Cancel ‘
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3. Insert a medium layer standing for a PCB medium layer.
4. All layers are inserted into Signal$1. The added signal layer is located at the end of the lead-
frame.
5. Click OK to close the Stackup window.
.
@Stackup
Layer Icon  Layer Name Thickness(mm) | Conductivity(Sfm) Color Trace Width{mm) = Shape Mame | Permittivityl Loss Tangent | From File
= 0 =R 1.0000e-003  5.9561e+007 [ 10000001 5
MediumsDielectricd ~ 8.8000e-002 13,3000 0.0000 Fl
W= fows  poweon
[t i frame01  5.0000e-001 : : 10000 0.0000 Fl
E Signalo 1.0000e-003  5.5000e+007 [ t.0000e-001
| Mediumi 1 5.0000e-002 14,0000 0.0000 Fl

Total Thickness:  6.7300e-001 mm Unit: n
Right-click on a dielectric{or signal) layer to insert a leadframe layer.
Leadframe Layer Import | | QK | | Cancel |

Leadframe Data for the Leadframe Package

1.

Click on Leadframe in the Workflow pane to setup the data for the Leadframe package. A new
pane opens up in the bottom portion of the windows.

Select:

Package Setup -> Leadframe

Input the settings for Leadframe (Standard Setup).

Conductivity — Conductivity of the outer leads
D — Total horizontal length

H — Heights of the leads

Hs — Heights of the lower part

LI — Length of lower leads

Lu — Length of upper leads
Medium — PCB medium thickness
RI — Radius of lower arc

Ru — Radius of upper arc

T — Thickness of the leads

WI — Width of lower leads

Wu — Width of upper leads
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Standard Setup Example

Package Setup -=> Lead
O Simplified Setup @ Standard Setup
Layer Circuit "D u  "wue "R U wi i i " Pus  "material ¥ Conductivity "Medium Thickness
Name Name (mm) | (mm)  (mm) | (mm)  (mm) (mm)  (mm) | (mm) | (mm) | (mm) (S5/m) (mm})
ed D 4 0 0 0 0.0
aluminum
gold
silver
Solders0
Solderg3

Simplified Setup Example

Package Setup -> Lead
(= Simplified Setup () standard Setup
Layer | Circuit "D (mm) "Lu "W (mm) "LI (mm) "1 (mm) "H (mm) "Material ¥ Conductivity "Medium Thickness
Name Name (mm) (5/m) (mm})
ed 0.24 0.0 0.0
aluminum
copper
silver
Solders0
Solders3

Standard Lead Plot Example

Simplified Lead Plot Example
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4. Click OK to save your entries.

5. Click Cancel if you do not want to save your changes. You can start over.

Setup Nets

1. Click on Nets in the workflow window. The Net Manager window opens.

2. Choose any desired nets for RLC extraction.

3. Move the signal net into and out of PowerNets and Ground Nets, as needed.
At least one Ground Net must be selected to act as a reference ground net.

4. Choose only the desired Ground Net as the reference ground net.

Extraction Frequency

1. To change the extraction frequency, select:
Setup -> Frequency of Extraction
A pop-up window opens.

2. Update the data in the pop-up window.

3. Use the Extraction Frequency window to change the default value. The default value is 30MHz.

Threshold for Exporting Mutual Terms

1. Use the XtractIM options to reduce the size of the output circuit during the export stage. Xtrac-
tIM captures all the coupling during the extraction stage.

2. Open:
Setup > Threshold for Exporting Coupling Terms
A pop-up window opens.
3. Choose the number of strongest coupling neighbors to be kept in the circuit model.

The default on number of strongest coupling neighbors is 10; which means only outputting the
10 strongest neighbors (including self).

4. Ignore mutual capacitance or inductance if the ratio of mutual terms over self term is less than a
percentage.

The default percentage threshold for ignoring mutual capacitance and inductance is 0.005.

If the mutual capacitance or inductance is less than the 0.5% of the minimum of the two self-
capacitances / inductances, then it does not output the mutual capacitance / inductance.
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LESSON Two: SAVE WORK AREAS

Layout File
1. Click on the workspace.
Click on the Open Layout File icon (green) to open the project file.

Click on the Save Layout File icon (green) to save the project file.

> @ DN

To save the layout file under a different name, select:

Save as

Saving the workspace automatically saves the .spd file.

NOTE!

Saving the.spd file does not automatically saves the workspace.

Workspace

1. Click on the Workspace.The workspace opens.
2. Click on the Save Workspace icon (yellow) in the toolbar.

3. Use Save as to save the Workspace under a different name.

LESSON THREE: RUN THE SIMULATION

1. Click on the Play button at the top of the window to start the extraction (simulation).

2. XtractIM only extracts RLCG for a net which has at least one pin at the Die-side and at least one
pin at the board side.

3. At the beginning of the simulation, if some nets have Die-Board mis-match, a pop-up window
opens.

4. Select the next action.

*  Continue — Continue the simulation
e  More Information — Examine what nets are mis-matched
* Stop — Cancel the simulation

Investigate Mis-matched Nets

The More Information window lists all the mis-matched nets.

1. Investigate the mis-matched nets to see whether it is a special design or a defective design.
2. Decide whether or not to proceed with the simulation.

3. Choose Continue, Stop or More Information.

If 30 seconds pass and the user has not made a choice; then, by default, the simulation continues.
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LESSON FOUR : OBSERVE AND SAVE SIMULATION RESULTS

XtractIM performs calculations for each net. The calculations include:

*  Conductance

*  Mutual capacitance with other nets
*  Mutual loop inductance

* Resistance

*  Self capacitance

*  Self loop inductance

The inductance and capacitance are matrices.

In the Inductance Matrix, the Diagonal Element is the Self Inductance of each net.
The off-diagonal elements are mutual Inductance.

There are two concepts for capacitance matrix.

*  Maxwell Capacitance Matrix
*  SPICE Capacitance Matrix

Maxwell Capacitance Matrix — Each diagonal element is the loading capacitance

Example

Capacitance-to-ground when other nets are grounded. This represents the worst-case
capacitive loading. Off-diagonal elements are mutual capacitance with negative values.

SPICE Capacitance Matrix — Each diagonal element is capacitance-to-ground. Off-diagonal ele-
ments are mutual capacitance with positive values.

View the relationship between Maxwell capacitance and SPICE capacitance matrix.

R,Land C
1. View Resistance for each net.
2. View Self-inductance for each net.

3.  View Self-capacitance for each net.

Mutual Terms
1. View Mutual Terms.
2. View Mutual Inductance.
3. View SPICE Mutual Capacitance.

Usually conductance is very low, so there is no view for conductance.
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Summary of the Extracted Results

1. Click on Summary.
2. View the data for R, L and C.

»  Extraction Frequency

*  Full RLC Matrix

e Maximum / Minimum R, L, C
*  Nets Extracted

* Package Name

3. Reorder the list if you wish.

4. Click on R/L/C full matrix. The matrix is saved on hard disk in .csv format.

SPICE Model Files Saved

Upon completing the simulation, both model files are saved in the same directory as the .spd file.

The total number of elements (R, L, M, C and G where M is the mutual inductance) in the circuit is
displayed at the bottom of the window.

The SPICE Model is saved as a SPICE sub-circuit with the extension .ckt.
The SPICE model is a T-circuit.

IBIS Model Saved

The IBIS Model is saved as an IBIS package model.

The saved model has the extension .pkg.

Pin Model: IBIS Format

An .ibs format file is saved.
The saved file includes each single net R, L and C.

All power nets and ground nets are lumped together.

Pin Model: Excel Format

1. Click on Pin Model: Excel format in the SPICE / IBIS Model window.
2. A .csv file is loaded. The .esv file includes information for each Signal Net.

*  Net Length

* Net Name
*  Pin Name
+  Self-C
*  Self-L
*  Self-R

*  Time Delay
Self-C is the Maxwell Capacitance.

The information for Power Nets does not include Net Length.
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DC Resistance
1.

Click:
DC Resistance

View the .csv file. DC Resistance is given for each of the Power, Ground and Signal Nets. A .esv
file is saved on hard disk.

RLC Distributions

1.

Segment RLC

1.

Click:

RLC Distributions

View the full matrix value of R, L and C.

RLC Distributions offers eight kinds of views.
View the RLC distributions.

Click on Segment RLC in the workflow pane under:
View / Export Results
For each signal net, XtractIM outputs the segment RLC of each metal layer.

View the Segment RLC values. Note the three bars for Resistance, Inductance and Capacitance
across the bottom of the screen.

Click on the Resistance bar. The Resistance values are displayed.
Click on the Inductance bar. The Inductance values are displayed.

Click on the Capacitance bar. The Capacitance values are displayed.

Save Simulation Results

1.

In the Workflow pane click:

Save Results

The Save Extractor Result window appears.

Enter a file name.

Click on Save. The results are saved in a binary file. The file is named:

result_spd_file_name.xim

Click on Cancel if you do not want to save the results in the file name you entered.
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Simulation Output Files

The result and result*.xim files save all the output data including:

»  Package Model Files.
»  SPICE Circuit
*  Summary

The SPICE file and two IBIS files are automatically saved by the tool.
The result file is created only when the user chooses to save all the output data.
View the output files on hard disk.
*  One IBIS Package Model File — The *.pkg file includes both L and C coupling elements

*  One Pin Model in Excel Format — The *.csv file includes each signal net length, self-R,
self-L, self-C, and time delay. No coupling elements are included

*  One Pin Model in IBIS Format — The*.ibs file includes each signal net self-R, self-L, and
self-C. No coupling element is included

*  One Summary Content in Excel Format — The *.csv file includes the RLC Full Matrix
*  Two SPICE Circuit Files — The Pi-model is named *.ckt; the T-model is named * t.ckt

*  Three Segment RLC in Excel Format — This segment includes the RLC of each metal layer
with *.csv files

Load in Saved Results

1. Select Load Results in the workflow pane to load the saved results. The main window shows the
selected result.

2. View present results or the loaded results.

* Loaded Curves — Shows the loaded results
*  Present Curves — Present extracted results

3. To unload a loaded result, click on the toolbar icon:

Unload Extractor Result

LESSON FIVE: BATCH MODE SIMULATION
1. To run a simulation in batch mode, select:

Start > Run

2. Change to the directory where the XtractIM.exe file is located.

3. Upon completing the simulation, all output files are automatically saved in the same directory as
the *.spd file.
»  *.ckt files
*  *.ibs files
*  *.pkg files
» .csvfiles
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Chapter

Electrical Performance Assessment

This chapter takes you through the steps to use the XtractIM tool to analyze the electrical performance
of the Power / Ground / Signal distribution system. XtractIM checks the
Power / Ground distribution system by checking:

*  Power-ground Net Pair: Inductance, Capacitance and Broadband Impedance
*  Per pin Resistance and Inductance

*  Current Density: Via Current, Plane Current Density, Voltage Distribution (PowerDC
license required)

XtractIM checks the Signal Distribution System by checking:

*  Wirebond / Trace Layout: Impedance and Coupling
*  Net Couplings: Mutual LC and Near-ended Crosstalk
* Insertion and Return Loss

XtractIM can also create Html report including all features in electrical performance assessment:

*  Html report can be manually created after the simulation is completed
*  Html report can be automatically created upon the simulation’s completion

LESSON ONE: SIMULATION SETUP
1. Launch XtractIM.
2. Select:
Mode > Elec. Perf. Assessment (EPA)

The Electrical Performance Assessment Workflow appears.
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Iﬂ@@@ll

-50 40 -30

-20
AR

._Workﬂow XtractiM T

| Electrical Performance Assessm |

x| e

Manage Workspace

Load Workspace

Load a New/Different Layout

Package Setup

Package Type: Wirebond
Circuits

Stackup

Solder Ball

Nets

0z, 0E, Of, 05,
e e [

£
X
X
v

Simulation Setup

Setup for Power-Ground Analysis
Setup for Signal Analysis

=10 0 10 20 30 40 50
kit v o b b e A b

_Layer Selection

_'g‘ Signal02

‘9 Plane01

| Plane02

| Signalol

[v] view Only Active Layer

—Display Geometry Objects By-

(8} Net Color () Layer Color
Setup for Current Checking | :
View/Export Results ) e
i E@EEE@ @
Load Result [ ] j Layer Selection| Net Manager
Mouse(mm): X: -68.372, ¥: -17.519 @ Ready
Setup Steps

Follow these steps to perform a Type Workflow in Interactive Mode.

1. Load an existing file (.xml file), if any.

Open a layout file (.spd file).

Select a package type.

Setup the circuits.

Select or deselect Die-circuit and Board circuit.

Setup the Stackup.

Set parameters for the Bump or Solderball Medium layer.

Set the Bump data if it is a Flip-chip package.
Set the Solderball data.

© ©o N o o ~ 0N

-
o

. Select the nets for simulation.

—
—

. Simulation Setup.

-
N

. Select automatically generate and save report.

13. Save the Workspace and Layout file.

Except for Step 11 and 12, all steps are exactly the same as the steps described in IBIS /RLGC Mod-

ule: Net-Based Simulation Single-Die Single-BGA Packages.

Setup for Power/Ground Analysis
1. Select:

Simulation Setup > Setup for Power / Ground Analysis
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Simulation Setup -> Simulation Type

Power-Ground Analysis @ Per Pin Properties O Grouped Pin Properties
Per Net-Pair Properties DiePad-to-BGA DC Resistance Self- and Totaloop Inductance
Inductance and Capacitance O From Die-side O From Board-side @ Both

Broadband Impedance (Single Die-Single BGA without Deéps}
Advanced per-pin AL setup: D Use Advanced Setup for Simulation
Frequency up to GHz
Mets to Be Assessed:

Met MNet type Inductance of a pin is obtained from
% the loop of this pin and the pins of all
= =| other enabled power and ground ne
YDD 1 Fowerllets th bled d i
YDD 2 Powerlets as current return path.
7] vyoo_3 Powerllets
: Resistance of a pin is the DC-resistance
[] vDD_4 PowerNets f th

from the pin at die/board-side to the
[7] vpDcore PowerlNets lump of all pins of the same net at

[ i | boarddie-side.

oK ” Cancel |

2. Select any or all of the following:

¢ (Power to Ground) Inductances and Capacitances

*  Broadband Impedance (Single Die-Single BGA without Decaps) — Edit the highest
frequency

*  Bump-to-BGA DC Resistance — Select Nets to be assessed

*  Self- and Total-loop Inductance — Select Nets to be assessed

3. Click OK to accept the selections.

Grouped Pin Property

If Grouped Pin Property is selected, user can choose n* n groups.

O Per Pin Properties @ Grouped Pin Properties
DiePad-to-BGA DC Resistance Self- and Totaldoop Inductance
O From Die-side O From Board-side @ Both

Advanced per-pin RL setup: Advanced Use Advanced Setup for Simulation
Mets to Be Assessed: Pin Groups: |5 X |5 ~E])
MNet Met type Inductance of grouped pins is obtained
) fram the loop of these grouped pins
oyl FRrsiEie =| and the pins of all other enabled power
YDD_2 Powerhets and ground nets as current return
] vpo_3 PowerNets path
] voD_4 PawerNets gEsisiﬁ_n;e of%oup;d |:Iu'ns is ;ﬁe ;
) —resistance from the lumped groupe
[l vobcore Powerhets pins at die/board-side to the lump of all
| 1] | pins of the same net at board fdie-side.
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For example, enter 5 * 5 and it will give 25 cell as the following figure shows.

In each of the cells, instead of per pin assessment, all pins of the under assessment net will be lumped
and assessed as one. The return paths are kept the same as per-pin properties assessment.

Setup for Signal Analysis
1. Select

Simulation Setup > Setup for Signal Analysis

Simulation Setup -> Simulation Type

Signal Analysis
Trace Layout Checking
¥ Impedance, Continuity and Net-Llength
Coupling Coefficient
Net Coupling (Single Die-Single BGA without Decaps)
Mutual L&C, Total NEXT
Insertion and Return Loss (Single Die-Single BGA without Decaps)

Fregquency up to GHz

Ok Cancel

2. Select any or all of the following:
Trace Layout Checking

Impedance, Continuity and Net-Length: Before running coupling and insertion and return
loss analysis, it is helpful to run this check first to generate a length report for filtering out
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the worse nets for insertion and returen loss analysis, which is usually completed in sec-

onds.
Signal Met Name Met Length (mm)
FCHIP_Al 2785.115
FCHIP_A2 3663.313
FCHIP_A3 4550.800
FCHIP_AG 3442.505
FCHIP_AZ 2442132
FCHIP_A12 2484 810
FCHIP_213 3407 .297
FCHIP_Al6 4623.287
FCHIP_a17 3678.313
FCHIP_A18 2785.115
FCHIP_B3 2865.140
FCHIP_B4 3758.338
FCHIP_BS 4659.820
FCHIP_B6 3613.363
FCHIP_B13 3671.353
FCHIP_B14 4651.536
FCHIP_B15 3758.338
Coupling Coefficient

Net Couplings (Single Die-Single BGA without Decaps)
Mutual L&C, Total NEXT
Insertion and Return Loss (Single Die-Single BGA without Decaps)

Frequency up to :I GHz
Insert the highest frequency in the GHz box.
3. Click OK to accept the selections.
4. Select

Simulation Setup > Setup for Current Checking

Simulation Setup -> Simulation Type

Current Density and IR Drop Checking {(PowerDC license required)
Chedk DC Current Density (Single Die-Single BGA without Decaps)

1V VRM voltage is assumed between each power-ground net Met Met type Sink current A
pair. Please set the total current for each pair at dig/sink side: YDD_1 PowerMets 1

YDD_2 PowerMets 1

YDD_3 FowerMets i

[ voD 4 PawerMets 1

|:| YDDcore PowerMets 1

OK || Cancel

*  Check DC Current Density (Single Die-Single BGA without Decaps) — Every VRM
voltage is set as 1V internally
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5. Set the Sink Current. Sink current is set for each power net and its reference ground net. The
simulation will be based on equal voltage at the Sink Side.

— Power Net-1 |
Sink-2 | Sink-1 Power Net-2
VRM=1V VRM=1V

Net-2's Reference Net }—‘

6. Click OK to accept the selections.

|

Select Automatically Generate and Save Report

1. To automatically generate and save report upon simulation’s completion, select

Tools > Options > Edit Options... > Simulation (Basic) > General
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r'D[.:-lions
File () :
General —& Change the 'General’ options in XtractIM
File Manager
Save Options
Hatk
eys _ s
Layout (~)
Grid and Unit Automatically save the result when simulation is complete
View
Processing |:| Automatically output enforced passive results
Trace
Error Checking
3D Layout View (~)
Display i ) .
Quality Automnatically generate and save report at the end of simulation
Simulation (Basic) & || smulation complete notification
{Generall
Net and Coupling Send mail to: ||
Special Void |
Output SPICE Circuit [ outgoing mail server (SMTP;
Report -
Simulation (Aduam:ed) lé) [__ Logon Information
Electric Models User Name: | I
Mesh
Mets and Shapes Password: I |
__Multiple CPU usage
Maximum number of CPU to use in the :.ERecommen-“:_
Simulation Process Priority .Mormal [

i Default . Apply i I oK | . Cancel

2. Select the Automatically generate and save report at the end of simulation option.

3. Click OK.

Save Workspace

1. To save the workspace, click:

Workspace > Save

or

2. Click H to save both workspace and SPD file.
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LESSON TwoO: RUN AND SIMULATION

Click on the Play button b at the top of window to start the extraction.

LESSON THREE: OBSERVE AND SAVE SIMULATION RESULTS

The results are displayed after the simulation is finished.

View/Export Results ()
|Power—Ground Analysis |Lf3
Per Net-Pair Properties (™)

Inductance and Capacitance
Broadband Impedance
Per Pin Properties ()

R.&L Histogram
RA&L by Layer
RAL Distributions
R&L Per Pin
REL 2D View

Signal Analysis ()

Trace Layout Checking )

Met Length Summary

Met Impedance Summary

Met Coupling Summary
Impedance Plot {collapsed)
Impedance Plot (expanded)
Impedance Table
Impedance by Layer
Coupling Coeffident Plot (collapsed)
Coupling Coeffident Plot (expanded)
Coupling Coeffident Table
Coupling Coeffident by Layer

Net Coupling =)

Single-ended Based ®)
Mutual Inductance and Capacitance
Total NEXT Histogram

Diffpair and Single-ended  (~)
Mutual Inductance and Capacitance
Total MEXT Histogram

Insertion and Return Loss (=)
Insertion Loss
Return Loss
Current Checking (™)
Via Counts

Wia Current Histogram

Via Current by Layer

Via Current Table

Voltage Distribution by Layer

Plane Current Density by Layer
Save Result
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Power-Ground Analysis

Per Net-Pair Property

The Workspace lists the options to display all results. Click on the desired option.

Per Net-Pair Properties

Inductance and Capacitance
Broadband Impedance

1. Click:

Inductance and Capacitance

A table is displayed.
| Power Net Ref Ground Net L(nH) C(pF) Ground Net L(nH)
0.454952 V55 0.454952
: vDD_2 VSS 0.458492 43.3065 VS5core 0.590788
E vDD_3 VSS 0.451241 43.4001
vDD_4 VSSs 0.455836 43.2714

* Power Net — Power Net Names
* Ref Ground Net — Reference Ground Net Name of smallest loop Inductance.
* LmH) — Loop Inductance referring to the Ref Ground Net.
* C(pF) — Capacitance referring to the Ref Ground Net.
*  Ground Net — Ground Net Name. Displays when Net Name is clicked.
* L(mH) — Inductance when the Power Net uses each Ground Net as the current return
path. Displays when Net Name is clicked.
2. Click:

Broadband Impedance

Short and Open Impedance (Z-parameter) vs. Frequency (1MHz-Fmax) are shown in the same
plot. The Observation Ports are at Die Side. Each Port is defined as a Power Net refers to its
Reference Ground Net.
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Definition of Short and Open

e Short

Short each Power Net and its Reference Net at the Board Side.

* Open — Keep its Power Net and its reference Net open at the Board Side.

Network Parameters
-1 Z2 - (C:\Users\gka
-7 Port1

Z Amplitude [Ohm)

- Z(1:Po
z(1 Fo

2e3
ledf-—-—-—-------—-

z(z Po)

- Z(2:Po 200

100 fosmmmmdonnsmomhoded bt

SR S-S R R A Y R R

QD e L E L L T
i i
] I
i E
= : l !
L S e o S T o e
1 i
1 1
1 i
! :
| al
02 ! '
T N T 0 . - N N TR
1 i
i |
Z[Z:Po P J
-z(2:Pel| 002 =T !
1 1
001 == e Hommmmmmm oo
1 i
1e-3 2e-3 de-d 0.01 0oz 003 01 02 03 04
Frequency (GHz)

I

[ C:\Users\gkang\Desktop\EPA_1\EPA_Tutorial_Open.bnp - Z3[1,1] - Z(1:Port1_1-VSS-die::VDD_1, 1:Portl_1-VSS-die::VDD_1
:VDD_2, 2:Port2_2-VsSS-die::VDD_2|
VDD_3, 3:Port3_3-VS5-die:VDD_3)

:VDD_4, 4:Port4_4-VS5-die::VDD_4|

- Z(4:Po C:\Users\gkang\Desktop\EPA_1\EPA_Tutorial_Open.bnp - Z3[2,2] - Z(2:Port2_2-VsS5-die:
ZE‘* :Po C:\Users\gkang\Desktop\EPA_1\EPA_Tutorial_Open.bnp - Z3[3,3] - Z(3:Port3_3-V55-die:
- Z(4:Po

| C:\Users\gkang\Desktop\EPA_1\EPA_Tutorial_Open.bnp - Z3[4,4] - Z(4:Port4_4-VSS-die:
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Enable all curves of one port, both the self-impedance and transfer impedance are shown.

Network Parameters

El

i

Z2 - (C:\Users\gkan
T Port1

1 Z2[4,4] - Z(4:
Z3 - (C:\Users\gkarn
T Port1
23[1 11-Z(
z3[1,21 - Z(
730,31 -
23[1 41-2(
23[2 1]- Z{2:Po
Z3[2,2] - Z(2:Po
23[2 3]- Z{2:Fo
1 73[2,4] - Z(2:Fo

} 23[4,1] - Z(4:

1
1 Bl
1:Pol
1

1734.21 - Z(4:Po

2 Amplitucle (Ohrm)

2e-3  3e-3

Frequency (GHz)
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Per Pin Property

The Workspace lists the options to display all results. Click on the desired option.

Per Pin Properties

R&L Histogram
R&L by Layer
R&L Distributions
R&L Per Fin

R&L 2D View

R&L Histogram

All pin RL values are plotted from the smallest (left) to the larget.

Aznce: sl (nH) Inductance: self

n7 -
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R&L by Layer

Inductance or resistance values are super-displayed in the layout.
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R&L Distributions

=[x
=] oy ) - =4 [E - | Extractar Result - | 4 S T R G R o
Resistance -
Mt
YCC
VS5
*  Use the Rotation icon to choose the preferred view.
» To save a file to any preferred name, select the name and click Save.
R&L Per Pin
Met Pin ModeName Self L{nH) Total L{nH) R{mOhm}) Induced Voltage(V]) Current(A)
FCHIP MNode)3060!LA2:VDD 1872 2332 6151 1.466 1.000
VDD Neode)3063!1A11:VDD 1.845 2315 6149 1454 1.000
VDD 15 MNeode)3097!/D3:VDD 1.009 1.558 3.289 0979 1.000
V55 MNeode)3104!/D10:VDD 1071 1534 2966 0.964 1.000
BGA MNode03112!E6:VDD 0.694 0475 2,508 0613 1.000
MNeodeD3114!1E8:VDD 0817 1301 14615 0.818 1.000
vDD_15 MNeodel3124!F6:VDD 0.700 1.024 14178 0,643 1.000
Vss MNeodel3126!F8:VDD 0.784 1227 14229 0771 1.000
MNeode)3136!1G6:VDD 0.761 1.212 14.036 0.762 1.000
MNodel3138!!G8: VDD 0.728 1.078 14.593 0677 1.000
Nodel3148!!H6:VDD 0.813 1.238 14.529 0778 1.000
MNodel3150!!H8:VDD 0.792 1176 14.647 0739 1.000
MNoded3157!! oo 1.053 219 3233 1.380 1.000
MNoded3164!U10:VDD 0.961 1968 2931 1.237 1.000
MNodel3170!Ké:VDD 1.288 2423 34.876 1522 1.000
MNode)3175!K9:VDD 1.190 2190 34574 1376 1.000
Node)3192!!M2::VDD 1992 2362 6120 1434 1.000
MNeoded3201!IM11:VDD 1634 2,040 6132 1.282 1.000
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* Column 1 - Net names

*  Column 2 - Pin node name of the selected net

*  Columns 3 and 4 - DC Resistance and Loop Inductance of each pin
¢ Columns 5 and 6 - Induced Voltage and Current of each pin

These two columns provide a current-weighted per-pin power/ground RL assessment before
running a system-level PI/SI analysis if you have a current vector.

* Induced Voltage is calculated by dv=L*(di/dt)
»  The induced Current is calculated by [L_matrix]y+N*[Current]

N is pin number for a net. By default, all the pins have the same current value 1A.
1. Click the E button in the Current column of a pin, and input the pin Current value.

The Induced Voltage result will be updated instantly.

Induced Voltage(V) 1 Current(4)
1527 1.000
0.995 1.000
0472 1.000
0.620 1.000
0.834 1.000
0.645 1.000
0.777 1.000
0.763 1.000
0.679 1.000
0.779 1.000
0.740 1.000
1383 1.000
1.238 1.000
1.526 1.000
1378 1.000
1.485 1.000
1.282 1.000
2. Click:

Pin Node Name

3. Sort the list in ascending or descending order.
4. Click:
R(mOhm) or L(nH)

5. Sort the items in ascending or descending order. The results are displayed in a table.
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R&L 2D View
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Node2391 1EE0::VCC, Position(-1.501, -8.516), 1.04538 nH a Ready Computing complebed

1. Select from the drop-down menu to see Resistance or Inductance.
2. Move the cursor across the Layout window.
3. Pause the cursor on a point of interest. The display shows:
*  Node Name
*  X-Y coordinates
*  Actual number
Signal Distribution System Checking

Trace coupling is defined with Near-ended Crosstalk as a victim.
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Aggressor: Zi, L1, Cn

Victim: Z20, L22, C22

2 1 1
Mem, —_—— e —
% VU Vi
g b W)
4 r_' 2=
g ‘Ellcll g L:zczn
Ly, La
Zo=.)= Zxn=. =
Cll CR?
Definitions
K The near-end coupling coefficient from aggressor Net on victim Net.
C41/Coyo The loading capacitance per unit length of Signal Net to its Reference Net.
L4q / Loo The self-inductance per unit length of Signal Net.
Cqo The mutual capacitance per unit length between aggressor and victim Net.
Lio The mutual inductance per unit length between aggressor and victim Net.
Vp1/Vp2 The signal velocity propagates on Signal Net.
Zyo! Zyg The characteristic impedance of Signal Traces.

Trace / Wirebond Layout Checking

The Workspace lists all results to be displayed. The first three summaries are for all enabled Signal
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Nets in the package.

The rest of the summaries are for a specific path from one component to another component. For the
Single-die Single-BGA package, the path is from Die to Board.

Signal Analysis ()
Trace Layout Checking (=)
Met Length Summary

Met Impedance Summary

Met Coupling Summary
Impedance Plot (collapsed)
Impedance Plot (expanded)
Impedance Table
Impedance by Layer
Coupling Coefficent Plot (collapsed)
Coupling Coefficient Plot (expanded)
Coupling Coefficient Table
Coupling Coefficent by Layer

1. Click
Net Length Summary.

A summary table for enabled signal nets is displayed.

Signal Net Name Net Length (mm)
FCHIP_AL 2785.115
FCHIP_A2 3663.313
FCHIP_A3 4550.800
FCHIP_AB 3442.505
FCHIP_AT 2442132
FCHIP_A12 2484.810
FCHIP_A13 3407.297
FCHIP_Al6 4623287
FCHIP_A1T 3678.313
FCHIP_A18 2785.115
FCHIP_B3 2865.140
FCHIP_B4 3758.338
FCHIP_B5 4659.820
FCHIP_B& 3613.363
FCHIP_B13 3671.353
FCHIP_B14 4651.536
FCHIP_B15 3758.338
FCHIP_B16 2865.140
FCHIP_C2 3758.338
FCHIP_C17 3783.338
FCHIP_F2 3588.363
FCHIP_F17 3563.363
FCHIP_H2 2639.099
FCHIP_H17 2639.099
FCHIP_K2 3729343
FCHIP_K17 3654.784
FCHIP_M2 2748.339
FCHIP_M17 26090.454
FCHIP_U3 3640.140
FCHIP_US 3638.069
FCHIP_UB 2846.734
FCHIP_U13 2753.008
2. Click:
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Net Impedance Summary

A summary table is displayed. The table includes the following information for all selected Sig-
nal Nets.

*  Net Name

*  Number of Tace Reference Discontinuity
*  Number of Vias

*  Maximum Impedance

e Minimum Impedance

*  Dominant Impedance

*  Dominant Impedance Length Percentage
e Trace/ Wirebond Length

Met Count MetMarme < Mo of Trace Refl., | Mow of Vias Maximum Impedance (Ohm)  Mnimum Impedance (Chm} Dominant Impedance {Ohm) Dominant Inp Length (%) Trace wirebond total Ength(n
[L MNet_1 o 2 74,012 35423 74,012 2567 6727
2 Net_2 1] 2 4012 35.423 4012 91.363 5,790
3 HNet 3 o 2 F4.012 35.423 74.012 91562 5.927
I Net_4 o 2 74012 35423 74.012 92.618 6774
15 MNet 5 0 2 F4.012 35.423 4012 93.888 2181
& Net_& o 2 4,012 35.423 4,012 92.951 F.094
T MNet 7 o 2 F4.013 35423 74.012 92.412 6.590
|B Net & o 2 74012 35423 74.012 S1.860 6. 143
19 Net_ 9 i} 2 012 35.423 M.012 91.255 5718
10 Net_10 ] 2 4,012 35.423 M4.012 90.623 5,333
: 11 Het 11 o 2 F4.013 35423 74.012 B9.975 4.986
|12 Net_12 1] 2 74012 35423 74.012 89315 4680
113 Met_13 0 2 74012 35.423 4012 88.811 4,465
| 14 Het_i4 0 2 4,012 35.423 74,012 88,227 4,247
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3. Click:

Net Coupling Summary

A summary table is displayed. It includes the following information for all selected Signal Nets.

Net Name

Aggressor Net with Max Coupling

Maximum Coupling Coefficient

% Length with Max Coupling over the total length
% Length with Coupling Coefficient > 0.05

% Length with Coupling Coefficient 0.03 - 0.05

% Length with Coupling Coefficient 0.02 - 0.03

Netcount  Met name
| 1 Met_1

2 Met_
3 Net_3
4 Nel_a
B Net 5
B Met_&
7 Mat_7
B Met_s
B Met_9
| 10 Met_10
| 11 Met_L1
112 Met_12
|13 Met_13

Aggressoe net with mast cougling Max coupling coeffident B ength with max couping | &6 length with couping coef = 005 % length with coupling coef 0.03~0.05 % kength with

Met_10
Met_13
Met_18
Met_Z1
Met_24
Met_7
Met_§
Met 5
Mel_B
Mat_1
Met_12
Met_2

Mel_2

0,109 39.193 39.193
0.106 43,363 43.369
0.042 42764 42764
0,140 1\ 80,033
0.057 34.417 34.417
0.036 37.776 37776
0.057 3.445 32,445
0,110 41,265 41,265
0111 42585 42,986
0.109 44643 44 B4A3
0.043 45,771 45771
0,044 48.573 48.573
0,107 43,801 49,801

4. Click:

Impedance Plot (collapsed)

The Trace and Wirebond Impedance is displayed (collapsed) from Die to Board Circuit.

NOTEI 2. Select a Component Name in the To: drop-down list.

If it is a Multi-die package, then follow these steps.

1. Select a Component Name in the From: drop-down list.

The Trace and Wirebond Impedance along the path of the Start-Com-
ponent to the End-Component is shown for all Nets between the se-
lected two components.
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If there are any reference changes on the same layer, those changes are clearly marked.
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NOTE' To use the Cross Probe feature, double-click on any Trace section in
: the plot. The Trace is shown in the layout with the highlighted line.
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Impedance
1. Click:
Impedance Table
For each Net, the table displays each:

*  Section name

»  Length percentage over the whole length

*  Impedance

»  Total length

» Distance from starting component
Net - || Trace/wireband Name 9% of its net length| Impedance{Ohm)  Length(mm) Tracefwirebond dstance from SIaring Component]mnm)
WireBond1 75_wh_u... 37.32% 106.885 4.336 £,000
Net_2 Trace70l::MNet_1 3.68% 74012 0427 4336
Net 3 Trace700::Net_1 6.89% 74.012 0.800 4.763
Net_4 Traces99::Net_1 27.08% 74.012 3.146 5.553
Nel_5 Traces98::el_L 11.24% 74.012 1.306 8.710
Net_6 Traces97: :Net_L 4.72% 74.012 0.548 10.015
Net_7 Trace2393::Net_1 4. 30 35423 0.500 11.113
Net_8
Net_9
Net_10

2. Click:

Impedance in Layout

3. Select a Component Name in the From: drop-down list.

4. Select a Component Name in the To: drop-down list. The Impedance along the Traces and Wire-
bonds between the two selected components is shown.
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Coupling Coefficient

] F1 L3 ! Extractor Resut ]
iemne 3 F M By 0] E D Muliple Mets -

1.

Click:
Coupling Coefficient Plot (collapsed)

2. Select a Component Name in the From: drop-down list.

3. Select a Component Name in the To: drop-down list.

The strongest coupling coefficient of each Trace and Wirebond section is displayed (collapsed)
from the Start Component to the End Component.
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4. Select Nets in the Netlist.
5. Right-click to select or deselect the Net.

Met Fl
[#1m Net_1 Coupling Coefficient
[1m tet_2

Coupling Coefficient Plot

MNet_3
Net 4

Net_5 i 1o

Met_6

Met_7
[#1ml net_s s

[#1M net_o i

Net_10
Net_11
Net_12
Met_13
N

NE"t_l:; R
" Net_16 Enable Seected Nets

" Net_17 Disable Selected Nets
 Net 15 | PP
" Net_19 Fropefty
Met_20
Net_21 i SR
=1 met_22
[Z1l met_23
Net_24 e

(i AR ——

¥ A ot B Lt PR o e v g ol e s L bR L e o it Bl (il | SR F (o) (1 T

+-—-——-d-——-—— - M- }- -}
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[ et_1
[ net 2
[ net_3
O net_4

[ net_s

O vet_7

O net_s

O het_s

O wet_10
O met_11
O met_i2
[ met_13
[ net_1a
O met_is
[ wet_16
O wet_ar
[ wet_18
[ wet_19
O net_20
[ met_21
[ met_a2
[ wet_23
O met_24
[ met_as
O wet_26
O mer_27
[ nex_28
[ Het_29

| BT T, RO EOOSERY

Select Single Net from the top drop-down menu. A Single Net Coupling Coefficient is dis-
played. It includes a few of the strongest couplings to each section.

The same color is used for the same layer.

Place your mouse on a Curve. Detailed information about the Curve is displayed.

Coupling Costhoiart Coupling Coefiicient Plat

003 - e U

WreSond142_wb_ul:Net_&
0,035

[TV ] Y 2.21 mm

Coupled: WireBond37_wb_ulz:Net_7

L e e

0.02 1

(]| TS e ——

0.0] === ===

0.003

R | V- (RPN B PR S - ——
I
I
I
I
i
I
I
I
1
I
¥
I
I
I
L

R e e R T T e S e R e e e e ST = s e

=]

Lenggth {mnr)
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8. Click:
Coupling Coefficient Plot (expanded)

9. Select a Component Name in the From: drop-down list.
10. Select a Component Name in the To: drop-down list.

The strongest Coupling Coefficient for each Trace and Wirebond section is displayed
(expanded) from the Start Component to the End Component.

Ceupling Cosflicient Plot (expandead)
18 _ _ : T 0204313
Met 81 | i i i i ! ! | 0z
[] ] 1 ] -_ u .lg
1o Mecez | ! ! | | :
Mat_B3 : i | | | 18
1 1 1 1 _
1q oL ! ! ! ! R A R g7
Mes 65 i i i i i 08
Met_86 i i : ! ! 015
2
12 : ! 4 . J— T 014
et &7 i i i i i ’
1 1 I — 03
Pet_58 ! ! ! ! !
1o e : ! o 012
Met 53 i i i i
1 1 I 1 o on
Mat_s | H | !
i " R — - — — -~ == —————————————q———- ik
Mat_31 | | | |
| | . — noE
Plat_ 94 ! ! ! &
B + : : 0.08
Met_55 i i i i
1 1 1 -_ UD?
o Mot 35 | H i 0.06
1 1 1
Mai_98 - I ' 0.0s
N 1] 99 ] i i
o i : : 004
Pes_100 i i i _ _ | 03
- - . . ; - - - - - - - 00235557
n 1 z 3 q § B 7 ] ] 0 i 12
Lencih (i)
11. Click:

Coupling Coefficient Table

12. Select a Component Name in the From: drop-down list.
13. Select a Component Name in the To: drop-down list.
The strongest Coupling Coefficient for each Trace and Wirebond section is listed with the table.

14. Choose a specific Net to view the detailed results.
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Het Length(mm = || Trace/wirebond MName Length{mm) % of its net kength Coupled Lines Couping Coefficent
MNet_1 11.618 WireBond175_wb_u... 4.33 37.32% WireBond67_wh_ul::Net_10 0109
MNet_2 10.779 Trace701::Net_1 0427 3.68%
Net_3 10,510 Trace700::Net_1 0.800 6.85%
MNet_4 11.713 _ || Trace6S9::Net 1 3.146 27.08%
Net 5 13.030 T Tracei08:-Net_1 1.306 11.24%
Melt_6& 11.956 Trace6o7 iMNet 1 0.548 4.72%
Net_7 11.438 Trace239::Met_1 0.500 4.30%
MNet 8 11.014
MNet_9 10.584
Mel_10 10.224
15. Click:

16.
17.

18.

Coupling Coefficient in Layout

Select a Component Name in the From: drop-down list.
Select a Component Name in the To: drop-down list.

The strongest Coupling Coefficient of each Trace and Wirebond section is overlaid on the Lay-
out.

Move your cursor onto the Layout. The Net Name and Coupling Coefficient is shown.

Ok,
Lisutonss

st

-—

Is,
g

Single-Ended and Diff. Pair Net Checking Switching

If there are differential pair signal nets defined and enabled in Net Manager, you can switch
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the trace checking report and plot between single-ended and differential pair signal nets.

The impedance and coupling coefficient table and plot can be switched by choosing Sin-
gleEnded or Diff from the Single Ended or Diff column.

D& HE-~ » mwid AN®OMAHAOAIG -~ ma Net Group: v |From: [FcHIP | »|To:|BGA v/ Single Ended or Diff: |Diff v
All Enabled Net(s) ~ PN & .= KR L A OO Ei+ 8 moE [ 08 T4NEEY ~| ;2 |Extractor Result SingleEnded F
&l oy @ § @
Toriflow XtractIM x Layer Selection x
lectrical Performance Assessment - I @ s O
Manage Workspace @ il SgnalSTop B
S @ sonasion =
Load Workspace = =
Load a New Gifferent Layout
_ @] signasorTOm =
Package Setup O] ¥ sl O
¥ sgndo2 =

v Bumps
+ solder Ball
v MNets
Simulation Setup @
{Seilp for Poner-Ground Analyss)
Setup for Signal Analysis
Setup for Current Checking

View/Export Results @

Signal Analysis

Trace Layout Checking
Net Length Summary
Net Impedance Summary
Net Coupling Summary
Impedance Plot (collapsed)
Impedance Plot (expanded)
Impedance Table

nt Pl
Coupling Coeficent Plot (expandd)
Coupling Coefficent Table

Coupling Coeficent by Layer Output

x || [7]View orly actve Layer

Net Couplings

This feature is for Single-die Single-BGA package only. Using all Power and Ground Nets ad Refer-
ence Nets, couplings report the:

*  Mutual Inductance
*  Mutual Capacitance
*  Crosstalk among all Signal Nets

Every signal net can be considered as a single-ended net. Or, if differential pair exists, it can be con-

sidered as a whole in discussing crosstalk with other nets, i.e. Differential pair vs. Single-ended or an-
other differential pair.

Net Coupling »)

Single-ended Based )

Mutual Inductance and Capacitance
Total NEXT Histogram

Diffpair and Single-ended (»)

Mutual Inductance and Capacitance
Total NEXT Histogram
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Signle-ended Based

1. Click:
Mutual Inductance and Capacitance (under Signle-edned Based)
A table shows:

* Resistance

*  Mutual Inductance and Capacitance

*  Near-ended Crosstalk

*  Total Near-ended Crosstalk of each Net as Victim

*  Far-ended Crosstalk assuming the Rise Rime is 100 ps
Het | Met] R (mohm] L1 (nH}) g (pF) NEXT (%) Tatal NEXT (%) FEXT (%) Tr (ps)
Met_1 Net 1 271466 6.77129 140194 8.56234
Met 1 Net 10 O 0.673844 0.0543725 3.63607 -3.00417 100
Mlat_ 1 NelL 9 a 0.433952 0.0181933 1.99271 249417 a0
Met_1 Nel 8 a 0.234301 0 0.958141 -1.83376 a0
Met_1 Net 11 0 0.160449 0 0.629086 -1.16111 100
Met_1 Net_7 o 0.123555 0 0.456147 -0.884778 100
Met_1 Net 12 © 0.0781773 0 0.310549 -0.566104 100
Met_1 Net_6 1] 0.076406 0 0.280166 -0.547804 100
Mat_1 Nel 14 o 0.0263146 0 0. 106849 -0.191491 o
Met_1 Nel 16 a 0.0Z35187 0 0.006087 -0.172855 a0
Mat_1 Nel 15 a 0.0232635 0 0.0956424 -0.169863 1a0
Het_2 Hel_2 Z37.384 636301 1.3223 8.51354
Met_2 Net 13 0 0.671347 0.0534184 3.83533 -3.01932 100
Met 2 Net 12 0 0.419509 0.0188933 2.09137 -2.38551 100
Met 2 Net 14 O 0.161937 0 0.679096 -1.17841 100
Mat_ 2 NelC 11 o 0.16106.2 0 0.651631 -1.16554 o
Met_ 2 Net 15 0 0.0884465 0 0.375694 -0.645807 100
Met_32 Heb 10 a 0_DBFT581 0 0.352181 -0635655 100
Net_2 Net_9 0 0.0378359 0 0.149022 -0.272522 100
Met_? Net 16 O 0.0315619 0 0.13446 -0.23197 100
Met_2 Net_8 o 0.0315379 0 0.122435 -0.227338 100
Met 2 Net 17 O 0.0299699 0 0.124315 -0.217064 100
Met_3 Nel 3 259,857 6.4191 1.33039 7.15329
Met_3 Nel 18 a 0.371279 00182203 1.870886 -2.05114 a0
Met_3 Net_18 0 0.331794 0.0120447 1.58481 -2.01174 100
Met_3 Net 20 0 0.22027 0 0.88141 -1.59764 100
Met_3 Net 17 0 0.21053 0.00616289 0.991971 -1.31208 100
Met 3 Net 16 O 0.106873 0 0.453499 -0.78548 100
Mar 3 Nor 21 n nainIriz n naiiaz =M 754057 1Lrn

ELECTRICAL PERFORMANCE ASSESSMENT 161




Lesson Three: Observe and Save Simulation Results

XtractlM Tutorial 16.6

Change Rise Time

Use the following steps to change the Rise Time.

1. Select several lines.

2. Click in the corner of Ts (ps). One cell is enabled for change.
3. Change the enabled cell to a new number.
4. Click Enter. All selected lines are changed.
: . r : : :
: FEXT (3) T (ps) | FET (%) Tr{eS) _
[ 50017 3,007
-7.49417 | -2.49417 100 :
-1.83376 | -1.33376 100
-1.16111 | -1.16111 100
. 0.004778 100
-0.566105 -0.566104 100
| -0.347804 100
-0.191491 100
BRI -0.172855 100
-0.169863 100
© 3.01932 100 :-3.01932 100
;-2.38551 00 : : -2.38551 100
(11784 00 : : -1.17841 100
-1.16554 i0c -1. 16554 100

FEXT (5 Frrfos

rovzo ew
C1ze708 o |

-0 5RO
0.442391 :

| 0.283052 :
vz |aw |
-0.0957459 |20 |
200 :
-0.0r40313 o0 |

(301932 13C
R TS | K
D -1.17841 13c
: -1.16554 Lac
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Histogram View
1. Click:
Total NEXT Histogram View
The total NEXT for each Net as victim is plotted left-to-right and smallest-to-largest.

2. Stop your mouse on a Bar. Detailed information for the Bar is displayed.

Total MEXT (%) Crosstalk Histogram

L —-,,—AAiliri I i A A i M ;i - it i i })i i lbitii.

10 = o s

& Node Info
Net i:Net_46
Net j:Net_46
Vakie:8.05871

| “|| ‘I
0
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Diffpair and Single-ended
1. Click

Mutual Inductance and Capacitance (Under Diffpair and Single-ended)

A table shows:

*  Nets: differential pair are shown a whole unit

*  Resistance (see definition of R for differential pair)

*  Mutual Inductance and Capacitance

*  Near-ended Crosstalk

*  Total Near-ended Crosstalk of each Net (or differential pair) as Victim
*  Far-ended Crosstalk assuming the Rise Rime is 100 ps

Netii Net j Rij (mOhm) Lij (nH) Cij (pF) NEXT (%) Total NEXT (... | FEXT (%) Tr (pS)
DIff_L_OSN-L_0SP  Diff_L_OSN-L_OSP  832.524 10.8655 0.583 2.64

Diff_L_0SN-L_0S5F  Single_2 0 0.7882 0.097 5.57 1.51 100
DIff_L_0SN-L_0SF  Diff_L_0O8N-L_OBP 0 0.4329 0.126 3.34 0.42 100
Dff_L_0SN-L_0S5P  Single_1 0 0.1097 0.006 0.74 0.58 100
DIff_L_08N-L_08P  Diff_L_O8N-L_OBP  1213.52 12.6047 0.971 4.65

Diff_L_08N-L_08F  Diff_L_OSN-L_OSP 0 0.4329 0.126 3.09 -0.07 100
Diff_L_D8N-L_08F  Single_2 0 0.1642 0.015 0.79 -0.51 100
Diff_L_DBN-L_08F  Single_1 0 0.1180 0.015 0.76 -0.30 100
Single_1 single_1 217.127 3.5739 0.711 2.30

Single_1 single_2 0 0.1343 0.006 0.88 -0.64 100
Single_1 Diff_L_0BN-L_0BP 0 0.1180 0.015 0.73 -0.25 100
Single_1 Diff_L_0SN-L_O5P 0 0.1097 0.006 0.68 0.51 100
Single_2 single_2 345.325 5.5739 0.942 7.12

Single_2 Diff_L_05N-L_O5P 0 0.7882 0.097 5.32 1.13 100
Single_2 Diff_L_O8N-L_OBP 0 0.1642 0.015 0.84 -0.61 100
Single_2 single_1 0 0.1343 0.006 0.96 -0.73 100

Change Rise Time

Use the following steps to change the Rise Time (Similiar to Single-ended Based).
1. Select several lines.

2. Click in the corner of Ts (ps). One cell is enabled for change.

3. Change the enabled cell to a new number.
4

Click Enter. All selected lines are changed.
Histogram View

Use the following steps to show the Histogam View (Similar to Single-ended Based).
1. Click:
Total NEXT Histogram View

The total NEXT for each Net as victim is plotted left-to-right and smallest-to-largest.

2. Stop your mouse on a Bar. Detailed information for the Bar is displayed.
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Insertion and Return Loss

Insertion and Loss is reported for all Signal Nets by using Power and Ground Nets as Reference Nets.
This feature is only available for Single-die Single-BGA packages.

Insertion and Return Loss (»)

Insertion Loss
Return Loss

1. Click:

Insertion Loss

e g 3T M E

The Insertion Loss for all Signal Nets is shown.

-l

i Mormal View

+[s [+]ampituge [~ iF M % AS

Network Parameters
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2. Click:

Return Loss

The Return Loss for all Signal Nets is shown.

wt 2 NE i vormal view s | = [ampiude JrliF® =k
Network Parameters
A8 51 - (C:\usars\gkang\Dasl 4. || 5 4o (B) EPA_Tutorial spd

W 510111 - S(1:Portl_UL_ut
M 51[2,2] - s(2:For2_u1_ul
-~ 51[3,3] - S{3:Fart3_uL_ul
[l 510,41 - S(4:Ports_UL_U1|
[ 515,51 - =(53:Port3_u1_u1|
Bl 51[6,5] - S(6:Ports_U1_uty =
B 51[7,7] - S(7:Port7_U1_U1
M s1[8,8] - S{a:Forta_U1_U1
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4 i k
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1] b

Current Checking

The Workspace lists options to display results. Click on the desired option.

Current Checking

Wia Counts

Wia Current Histogram

Via Current by Layer

Via Current Table

Voltage Distribution by Layer
Plane Current Density by Layer

1. Click:
Via Counts

The Via Counts Table is shown for each Power / Ground Net. The number is classified at each
Via starting layer.
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Met
V55
VDD_1
VDD_2
VDD_3
vDD_4

28

bbb oA

Click:
Via Current Table

A detailed table showing Current Density is displayed. The table includes:

e Via Name
*  Via Net

e Actual Current

e Current Density
* X,Y Coordinates

»  Start Layer

*  Upper Node Name

*  End Layer

Lower Node Name

e Padstack

SignaléM1->Signalsvss

Signal$Vss-=SignalsvDD

256

N 'S

Signal$VDD->5SignalsM4
256

14
14
14
14

Via Name

Via254::vDD_1
Via264::vVDD_1
Via273::vDD_1
Via302::VDD_1
Via334::vDD_1
Via343::vDD_1
Via370::vDD_1
Via378::vVDD_1
Via388::vVDD_1

Net

VvDD_1
vDD_1
VvVDD_1
VDD_1
vDD_1
VvDD_1
vDD_1
vDD_1
VvVDD_1

Current (4) | Current Density (A/mm~2)

-0.0807358 2.5699
-0.0620086 1.9738
-0.0372965 1.18719
-0.0134064 0.42674
-0.0133563 0.425144
-0.0371082 1.18119
-0.0618354 1.96828
-0.0803316 2.55703
-0.0935236 2.97695
Click:

3.

PosX (mm)
-13.8536
-13.8536
-13.8536
-13.8536
-13.8536
-13.8536
-13.8536
-13.8536
-13.8536

Via Current Histogram View

PosY (mm)
-6.8536
-8.8536

-10.8536

-12.8536
12.8536
10.8536

8.8536
6.8536
4.8536

StartLayer

SignalsvDD
SignalsvDD
Signal$vDD
Signal$vDD
SignalsvDD
Signal$vDD
SignalsvDD
SignalsvDD
Signal$vDD

The Via Absolute Current window appears.

Upper Node

Node2598:...
Node2600:...
Node2602:...
Node2604:...
Node2620:...
Node2622:._..
Node2624:...
Node2626:...
Node2628:...

EndLayer
Signalsm4
SignalgM4
SignalsM4
SignalsM4
SignalsM4
Signalsm4
Signalsm4
SignalsM4
Signal$M4

Lower Node PadStack
Node477::... Via4003
Node493::... via4003
Node507::... Via4003
Node561::... Via4003
Node593::... via4003
Node607:-... via4003
Node657::... Via4003
Node669::... via4003
Node685::... Via4003
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‘mne § T M B Gy 5 E O G |va absolute Cumer| v

et
VDD_1 tia Absalute Curent (4) Via Absolule Current
DD 2
VDD_3 Py
VoD 4
VSScore
3- ________________________________________________________
2 S S
'l S
. .....|||||||||HH“

4. For each Net, the Via Current is plotted from the smallest (left) to the largest (right), click:

Net Name

The Via Current is changed.
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Itis
plotted fro
m th
e smallest (left) to the 1
e largest (ri
ght)

Select Vi
ia Absolute Current D
ensi
The via
current density is cha
nged.

6. Cli
ick the desired Net N
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5.
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Lesson Three: Observe and Save Simulation Results XtractIlM Tutorial 16.6

7. Click:

Current Checking > Via Current in Layout

The Via Current is overlaid on the layout to quickly identify the location. The Color Map is
used as a current value scale.

8. In the Present Results window, click on a Layer Name. The Layer changes to reflect the
selected Layer Name.

9. Select or Deselect:

Results Overlay

The display changes between overlay results and the physical layout.

Distribution x

= @.; present results
i--== CignalsWWBOMD{ Current_Density_Sic
i+ Signalsm1{Current_Density_SignalM

i-ow= Signaliii(Current_Density_Signaldl_
1= Signal02(Current_Density_Signall2_

@ Layer Wiew Results Overiay
O Yaoltage
Il O Flana Current Density
(®)ia Current
Max | 6447 o
Min |0 .3

D Show Range of All Layers
I:l'\-'erticnl Range
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10. Click:
Current Checking > Voltage Distribution in Layout
Voltage distribution (IR Drop) is overlaid for each layer.
11. Select a different layer. The display changes according to the selected layer.

12. Stop the mouse cursor on the display, The actual value is shown.

Destnbuticn X

= &) presant results
== SignalsWROND(Voltage_SignalWa0
= SignalsM1{Vokage SignalMl_11041
B SignalsVesVeltage Signalvss 11
== SignalsVDD{Veltage_SignalVDD_11(
== SignalsMa({Vokaga_SignalMd_11041
== Signald1{Veltaga_Signal0l_110411_
= Signal02(Veltage_Signal02_110411_

)

) Layer iew v Results Overlay
(=} violtage

(D) Flene Current Density

IWia Current
§ Max 7200 uv
Min |132.06 w

| Showe Range of All Layars

|verbcal Range
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XtractlM Tutorial 16.6

13. Click:

Current Density Checking > Plane Current Density in Layout

Each Plane Current Density is overlaid on each layer.

14. Select a different layer. The display changes according to the selected layer.

15. Stop the mouse cursor on the display, The actual value is shown.

=

o

7

i Max

§ Min

Destnbution

=) presant results

*

= SignalsWBOND{Voltage_SignalWad
= Signal§M1{Vokage SignalMi_11041

d SignalsVES{Veltage_SignalVss_11

= SignalsvDD{Veltage_SignalvDD_11¢
== SignalsMd({Vokage_SignalM4_11041
- Signal01(Veltage_Signalll_L10411
= Signal02{Voltage_Signal02_110411_

(%) Layer View
l'."\-'u:!dge
i {_}Flane Current Density
| Vi Current

729.9

13.96

| Shawe Range of All Layars

Vertical Range

v | Results Cverlay

ul/
'
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XtractlM Tutorial 16.6

Save Results

Qpsave EPA result as

Click:
Workspace > Save Results

Input a file name.

Click OK to save the results.

0 |1 ~ oug

Qrganize ¥

| Favortes

4 Recently Changed
}. Public

Bl Desktop

|y Dovmicads

.| Liranes

| Documents
& Music

=L Pictures

B videos

& Computer
& 05(C)

Newr Folder

MName +

Date modified

Type

= || search Dbug

[s= |

- RECOVERY (D7) =]

| A3141A spd

Demal.xmi

11/7/2011 10:13 AM
11/7/2011 10:13 AM

SPD Fie

XML Document

Save Cancal
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XtractlM Tutorial 16.6

Load Results

1. Launch XtractIM.
2. Load in the Workspace file.
3. Load in the SPD file.
4. Click:
Workspace > Load Results
The Load Result window opens.
:'.;_Fli:fl'l EP# result From
K |1 = Dbug + £z | search Dbug (5]
Organize = Mew folder = -8
'y L o
e 1 Name Date modified |Type |Si:r I |
& Recently Changed I A031414.5pd 11/7/2011 10:13 AM  5PD Fle 792 KB
it Demolxml 11/7/2011 10:13 AM XML Document SSKB
B Deskiop s 2
AR ey 120 2-53% PM
" i EPAResult 2011 2:53 PM
EPAResult_BI 11/7/2011 53 PM  Fie 1 KB
=155 Lbraries EPAResUl_DC 11/7/2011 253 FM  File 0 KB
.} Documents EPAResLIT_IC 11/7/2011 2:53PM A 1 KB
B4, Music EPAResU_IR 172011 2253 PM  Fle L KB
B g Petures = EPAResUIL_LC 1LT0LL 53PN Fle L KB
H I Videas
EPAResult_NC 1L/7/2011 .53 PM Fie 3KB
= Computer EPAResUl_TC 1L/7/201L 53 PM File L KB
F & 05 (C))
% .. RECOVERY (D3)
& -5 Code (\SOURCE) (21
E  _10.0 Task Pan on sharepont ;I
File name: |EPAResult | »| [EPA resultFile - .
‘ Dpen Cancel
4

5.

Select the file you want to open.

6. Click Open to view the results.

Create Report

1.

All results can be displayed with the same operation.

NOTE!

If the XML and SPD file is not loaded before loading the saved results,
all overlay features will not work.

Select

View / Export Results > Report

The following window pops up. A default *.htm template is loaded and highlighted.
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"Options
File O]
General % Change the 'Report' options in XtractIM

File Manager
Save Options
Hotkeys

Layout O] —General Information
Grid and Unit Report template |rary\tempIate\Xtract]]\ﬂ\Xtract]]VLRepor‘tﬁTempIatefEPAfDefau\t.htm | |

View
Processing
Trace
Error Checking
3D Layout View ®
Display
Quality
Simulation (Basic)
General
Met and Coupling
Special Void
Output SPICE Circuit
{Report,
Simulation (Advanced) (»)
Electric Models
Mesh
Nets and Shapes

Notes:

>

@ —Optional Plots

Default | | Apply | | OK | | Cancel

2. Click OK.
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The report file is created.

XiractiM_Report_Template EPA Defaulthim = |

cadence’ j

XtractlM Electrical Performance Assessment Report

Date: December 18, 2012

Table of Contents

1 General Information

2 Simulation Setup
2.1 Package and Components

2.2 Bump/Ball/leadframe Geometry
2.3 Stackup

2.4 Layer Views
2.5 Nets Enabled for Simulation

3 Simulation Results

3.1 Power-Ground Analysis

3.1.1 Per Net-Pair Properties

3.1.1.1 Inductance and Capacitance
3.1.1.2 Broadband Impedance
3.1.2 Per Pin Properties
3.1.2.1 Per Pin Resistance (R) and Inductance (L) Plots
3.1.2.2 Per Pin Resistance (R) and Inductance (L) Table

3.2 Signal Analysis
3.2.1 Per Net Trace/Wirebond Checking

3.2.1.1 Net Impedance Summary

e e T He T Y DA o PR | TR PR =
| | v

3. To save the report file as *.htm, * html, or *.mht format, select

File > Save As (*.htm)...

Fﬂe‘ Window  Help
Save As (*.htm)...
Open New Report

Exit
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The Save Webpage window opens.

rQ}-Save Webpage ¢
()T |1 = New foider ~ * 53| search New folder o)
Organize ~  New folder E v @
- Favorkes 2] Name ~ | Date modified | Type
& Recently Changed EPA_DC 1/17/2012 6:06 PM  Fie folder
Publc EPA_DC_20120113084226 1/13/2012 8:42 AM Fle folder
Bl Desktop i
Jo Downloads ). EPA_DC_20120113143438 1/13/2012 2:34 PM Fie folder
EPA_DC_20120117181201 1/17/2012 6:12 PM File folder
| Libraries
*» Documents .
4. Music
=, Pictures
B videos
& Computer
& 05(C)
recovery ) 4 | 3
Fie name: | Simulation Report.htm o
hd
Web Archive, sngle fie (*.mht) - _
= Hide Folders }:éi?ﬁgi;g’";" only (*.htm;*htm) Encoding: | Unicode (UTF-8) I Cancel

4. Select the location, file name and type.

5. Click Save to save the file.

Load Previously Saved Results

1. Click = to open an XtractIM workspace file *.ximx.

Save Result
Load Result
Report

2. Click Load Result in the Workflow pane.
The result should be related with above *.ximx project.
3. Click Report.

A new report can be created.
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Summary of Electrical Performance Assessment Features

XtractlM Tutorial 16.6

SUMMARY OF ELECTRICAL PERFORMANCE ASSESSMENT FEATURES

DISTRIBUTION FEATURES BGA PACKAGES | LEADFRAME
SYSTEM
Single-die
'(’;d”“‘te.‘tnce & Multi-die No
Power-Ground apacitance Stacked-BGA
Net Pair
Broadband Single-die No
Power Impedance Single-BGA
and
Ground Single-die
Per-pin Property ::r;s:i(s:iz:zz & Multi-die No
Stacked-BGA
DC Current . Single-die
Density Current Density Single-BGA No
Trace / Wirebond Single-die . .
tif:li:n Impedance & Multi-die fﬂlgﬁilz_ii'e
9 Coupling Coefficient | Stacked BGA
Signal . Mutual LC and Single-die
Net Couplings | \ExT Single-BGA No
Insertion and Insertion & Single-die No
Return Loss Return Loss Single-BGA
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TCL Command Support for Workspace Setup

This chapter takes you through the steps to use TCL command for workspace setup in the XtractIM
tool.

PREPARE FOR THE SIMULATION

Get the following issues ready before you begin the simulation.
*  The Bump diameters, length, heights and conductivity
*  The Stackup information

e The files to be simulated in SPD format

LESSON ONE: RUNNING TCL CoMMAND FOR WORKSPACE SETUP

Introduction

TCL (Tool Command Language) scripts can be used to configure and automate frequently used com-
mand in Allegro Sigrity tools. They can also be launched outside the Sigrity tools in batch mode to
automate company design flows.

New TCL command is developed to support workspace setting in XtractIM.

For the other existing TCL command, please refer to Tcl_Scripting Reference.pdf in
<ASI_INSTALL_DIR>\Update3\Doc\Common Documents\ for details.

Three package types are used in this tutorial to practice the new TCL command.

Single-Die BGA Package Sample
1. Load flipchip.spd.

It is typically located in <ASI_INSTALL_DIR>\Update3\SpeedXP\Samples\XtractIM\Sin-
gle-Die_Sample_files\.
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LESSON One: Running TCL Command for Workspace Setup
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A XtractM - U =
4 tractiM - Untitled - [fi

ip.spd Layer View]

Module: TBIS/RLGC
Simulation Type: Net-Based

View/Export Results (&)

Summary

SPICEfIBIS Model

RLC Per Net

RLC Distributions

Segment RLC

RLC vs. Net Length

CrossTalk (Single-Ended)
3D View
Histogram

CrossTak (Diffpair vs Sngle-Ended)
30 View

Hstogram

Load Results
Report

Customize Workflow ¥

<@ Workspace  Edit  View Mode Setup Tools  Window  Help cadence [-[&]x
D& - m o &l = T o 0 [ | Exdractor Result MR
AlEnsbled Netts) |+ @ —| & | & F - = w2 ) ) PeeNEE:+ 8 ™ B &M AIFE & TPl
Sl 5w
Workflow: XtractiM x 13 12 o1 0 8 8 7 5 4 3 2 4 0 A4 2 3 4 5 6 [7 B 9 10 12 |~ |[Layer Selection x
Model Extraction A ] signaioz
Manage Workspace (%) sl el
* ) sgnalsioD =
Load Workspace e =
Load & New/Different Layout A
M @ sgnaléma =
Package Setup @ ®) signalol =
Package Type: Wirebond
% Cirauits
X Stadup
X Solder Ball
o Nets
Simulation Setup @)

7] View Only Active Layer

Dispiay Geomeiry Objects By
#)Net Color () Layer Color

EeEE - @=E

Layer Selection| Net Manager |

Ver: 13.0.20.11113 (XtractiM)

X6.769, ¥: 181

@ Rezdy

Remove the existing bump and solder ball layers if any before running TCL command.

Layer Manager > Stack Up

Stack Up |
Layer # | Color  LayerIcon | Layer Name Thickness{. Material Conductivity(S...  Fill-in Dielectric
mlEns
Bump01 0.1
Ignal sl T 0.0T 8e+007
"] Mediumgdielectric2 0.125 0
3 W EH ] soalsop 0.02 5804007
] Medumsdilectric3 0.25 o
4 E ] sinalsvss 0.02 5.8e+007
Y] Medumsdielectrics 0.125 0
ignalgvs 001 5.8e+007
Solderbal01 04 o
6 Signal0it 0,001 5.504007
Medium0 1 0.05 o

Permittivity

Lo

Total Thickness: 1.1260e+000 mm

Right-click on a dielectric(or signal) layer to insert a solder ball layer.

ss Tangent | Shape Name | Trace Width(mm) | Trapezoidal Angle(?) | Roughness(mm)
0.1 a0 0
ShapeVDD 0.1 a0 ]
Shapesvss 0.1 %0 ]
0.1 a0 ]
0.1 a0 ]

Enforce causality View Material Import

Export || Auto Set Layer Special void || Filter...

Units [ mm oK Cancel Aoply

A fresh example is like the following.
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L
<
& Workspace  Edit View Mode Setup Tools Window  Help cadence [-18]x
DEH~ m o C = A a Extractor Result "B B cu@ e »
AllEnabled Net(s) [~ [[ @] =& | a5 - = w0 o |[5)| 7 e ceRU@WE:+ B = B 08 [F 4 Ye e d s 88
2l T
Workflow: KtractiM G4 3 2 om0 ® 8 7 & 5 4 3 2 4 0 1 2 5 4 5 6 7 5 9 10 1 12 13 [ Layerselection x
Medel Extraction 2 = Y sgaisn ]
Manage Workspace  (A) = () Sonal$voD =
o o W Signal$vss ]
Load Workspace o e =
Load a New/Different Layout —
Package Setup ~ o
{Package Type: Wirebond ~ [l Layer Manager -> Stack Up
% Craits
X Stadup = [l stackup
& soklen, o = Layer # | Color | Layerlcon | LayerName Thickness(... | Material Conductivity(S... | Filn Dielectric | Permittity | LossTangent | ShapeName | Trace Width(mm) | Trapez
 Nets s
. L B=u=| : |
Simulation Setup () = _ | Medumtdelctric2 0.125 0 42 0
T Modue: BISRLGC 2 B B sosso 0.02 5.80+007 (.2 o ShapesVDD 0.1 0
Simulation Type: Net Based [ I Medumsdilectrics 0.25 B 142 B
i = £l O B seass 0.02 5804007 @21 o1 Shapesyss 0.1 =0
View/Export Results (&) e Y5 | Medumsdielectrics 0.125 0 142 0
Summary = I [ W=n =) 0.015 5804007 w o 0.1 0
SPICE Model =
EranchRL o
Load Results =
Report
Customize Workflow v
o [ m
= Total Thickness: 5.7000e-001 mm Enforce causality View Material Import
= Right-dick on = dielectric(or signal) layer to insert a solder balllayer. Evport || Auto Setiayer Specalvod || Fer...
Unit: \mm |~ OK Cancel Apply
LY Y
7 ® et Color O Layer Color
i &= . =
< SeE - el
Layer Selection | Net Manager|

130219022 (Ybeacitin 110
o] i T m T T =

3. Choose View > Pane > TCL Command to open the TCL command input console.

d Layer View]

" gh KtractlM - Untitled - [flipchip

@ Workspace  Edit  View Mode Setup Tools  Window  Help

OEH- = &) (7 =] MAERAR O @ | Bdractor Result
All Enabled Net(s) @ = ]k e o= om | 2T ks OeeHNEE:+ % @ f
%) w

Workflow: XiractiM x

Model Extraction a

Manage Workspace H})
Load Warkspace
Load a New/Different Layout
Package Setup *
Package Type: Wirebond
Circuits
Stadwp
Solder Ball
+ MNets

>

Simulation Setup \':“
Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results \':“
Summary
SPICE/IBIS Model
RLC Per Net
RLC Distributions
SegmentRLC
RLC vs. Net Length
CrossTalk (Single-Ended)

SO TCL Command
Histogram

CrossTalk (Diffpai vs Single-Ended)
3D View

Histogram

Load ResLits

Report
Customize Workflow ¥
Run
[ il
Ver: 13.0.30.11113 (XtractlM) Mouse(mm): X: -19.076, ¥: 7.262 @ Ready

4. Copy the following TCL command to the TCL Command console.
sigrity::update PackageType -dieType {0} -bgaType {0} -attachType {1}
sigrity::update Circuits -dieCkts {U1} -boardCkts {BGA1}
sigrity::add Layer {bump} -above {Signal$M1} -circuit {U1}
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sigrity::add Layer {ball} -under {Signal$M4} -circuit {BGA1}

sigrity::update Attributes -circuit {U1} -Dmax {0.1e-3} -D1 {0.08e-3} -D2 {0.08e-3} -HT
{0.1e-3} -conductivity {5.0e+7}

sigrity::update Attributes -circuit {BGA1} -Dmax {0.4e-3} -D1 {0.3e-3} -D2 {0.3e-3} -HT
{0.3e-3} -conductivity {5.0e+7}

sigrity::update ExtractionFreq {30e+6}
sigrity::update cpline -risetime {100} -percent {3} —all

TCL Command x

sigrity: :update ExtractionFreq {30e+6}

sigrity::update Attributes -dircuit {BGA 1} Dmax {0.4e-3} D1 {0.3e-3} D2 {0.3e-3} HT {0.3e-3} conductivity {5.0e+7}
Qgr\ty: :update cpline risetime {100} -percent {3} -al

5. Click the Run button in the TCL Command console.

The Package Setup is automated.

M tractiM - Untitled - [flipchip.spd Layer View]

& Workspace Edit View Mode Setup Tools Window  Help

Q& H~- > B =@l @] (* = 9 - < BEERER ]
AllEnabled Nets) | =| @ — @ | |de/5E « = m o by C@ercEE:y ®« mwu=| R &[4 [F | #
% v

Waorkflow: XtractiM x

Model Extraction A

Manage Workspace  (A)
Load Workspace
Load a New/Different Layout

Package Setup (O]
Package Type: Flip-Chip
+" Cirauits
+" Stadp
+" Bumps
+" Solder Ball
o Nets

Simulation Setup \'})
Module: IBIS/RLGTC
Simulation Type: Net-Based

View/Export Results \'})
Summary
SPICE/IBIS Model
RLC Per Net
RLC Distributions
Segment RLC
RLC vs. NetLength
CrossTalk (Single-Ended) e e— x

30 View
Histogram

CrossTalk (iffpair vs Single-Ended)
30 View

Histogram
Load Results
Report

Customize Workflow ¥

[ I
Ver: 13.0.30.11113 (XtractIM) Mouse(rmm): X: -9.26, ¥: 0.654 @ Ready

The relationship between individual TCL command and the corresponding Package Setup is
described as follows.

* sigrity::update PackageType -dieType {0} -bgaType {0} -attachType {1}
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Package Setup -> Package Type

#® Single Die () Stacked Die () Side-by-side Die
(®) Single BGA (OstackedBGA () Leadframe
O Wirebond @ Flip-Chip o Both
(WLCSP)

» sigrity::update Circuits -dieCkts {U1} -boardCkts {BGA1}

| Wizard

x |
s R
Select the Die/Component drcuit from the list and dick Next
Ckt Mame Ckt Model Die/Board/Componer
Ckt Type

ci Cap0402

cz2 Cap0402

C3 Cap0402

c4 Cap0402

cs Cap0402

cs Cap0402

c7 Cap0402

cs Cap0402

s Jrc lDe |

BGA1 untiled_pac... Board
. v,
[ Right-click on a dircuit name to select/deselect as Die dircuit ]

| < Badk I Next > || Cancel |

« sigrity::add Layer {bump} -above {Signal$M1} -circuit {U1}
- sigrity::add Layer {ball} -under {Signal$M4} -circuit {BGA1}

Layer Manager -» Stack Up o x
Stack Up | Pad Stack |
Layer # | Color  LayerIcon | Layer Name Thickness(... | Material Conductivity(S... | FilinDielectric | Permittivity | Loss Tangent | Shape Name | Trace Width{mm) | Trapezs
1 O HE sanat 0.001 5.82+007 [ [0 0.1 20
b Bump01 0.1 f1 0
p— 0.0 8e-+00 I X T R T T
Mediumsdielectric2 0.125 0 4.2 0
3 (] Signal$vDD 0.02 5.8e+007 [4.2] 0] ShapesvDD 0.1 a0
Mediumgdielectric3  0.25 0 4.2 0
4 O Signal$vss 0.02 5.8e-+007 [4.2] 0] Shapesvss 0.1 a0
Mediumédielectric4 0.125 0 142 0
5 SignalgM4 0.015 5.82-4007 [2.8] [0 0.1 £
W = s — 5 RN vt AN S
6 O ECE] sinalz 0.001 5.8e+007 [2.5] [ 0.1 80
B e oo g g i 5 L . .
7 O EHE sonaos 0.035% 5.95+008 [ [0 Shape001 0.1 20
4 il »
Total Thickness: 1.0576e+000 mm [ Enforce causality View Material Import
[¥] Solder Ball Layer [] Bump Layer [ Bxport | uto setLayer spedial Void || Fiter... |

urit: [om [~ ok I

Cancel || appy |

» sigrity::update Attributes -circuit {U1} -Dmax {0.1e-3} -D1 {0.08e-3} -D2 {0.08e-3} -

HT {0.1e-3} -conductivity {5.0e+7}

Package Setup -» Bumps
Layer Name CircuitName | Dmax (mm) | D1 (mm) D2 (mm) HT (mm) Material Conductivity (/m)
Bump02 U1 0.1 0.08 0.08 0.1 5e7

oK [ cancel
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sigrity::add Layer {ball} -under {Signal$M4} -circuit {BGA1}

Package Setup -> Solder Ball
Layer Name CircuitName | Dmax (mm) | D1 (mm) D2 {mm) HT {mm) Material Conductivity (S/m) Medium Thickness (mm) Solder Ball Model
Solderballo2 BGAL 0.4 0.3 0.3 0951 se7 0.05

D1
Medium Thickness

oK [ canca |

»  sigrity::update ExtractionFreq {30e+6}

Extraction Frequency x

Extraction Frequency: 30 MHz I oK I

» sigrity::update cpline -risetime {100} -percent {3} —all

| Met Manager

x|
Met: | |v|[5how Coupledl|v|

Met List (Sort enabled first) %Coupling | Rise Time (ps)
#unnamed Net(s) 3 100
= B rowerNets 3 100
B§ vDDcore =
Eivop_1
E&voD_2
AvoD_3
B voD_4
= A Groundnets 3 100
B vss
7| DEFALLT 3 100
Enet_1 3 100
Enet_2 3 100
Elnet_3 3 100
Einet_4 3 100
Elnet_s 3 100
Flnet 6 3 100
Elnet_7 3 100
Flnet_s 3 100
Elnet_g 3 100
Bnet_10 3 100
AANet_11 3 100
BEinet_12 3 100
Bl net_13 3 100
Enet_14 3 100
Binet_15 3 100
Bl Net_16 3 100
—General
Keep shape enabled when the net is disabled
Gray Disabled ["]Hide Disabled
—Coupled Lines
D Disable Coupled Line Simulation
Coupled Lines Report

Layer Selection | Met Manager

6. The TCL command used above can also be prepared in a . tc1l file.
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FlipChip.tcl - Notepad == Eem==|

File Edit Farmat View Help
sigrity::update PackageType -dieType {0} -bgaType {0} -attachType {1}

sigrity::update Circuits -dieckts {ul} -boardckts {BGAl}

sigrity::add Layer {bumg} -above {Signal§Mi} -circuit {U1}

sigrity::add Layer {ball} -under {Signal$M4} -circuit {BGAl}

sigrity::update Attributes -circuit {ul} -Dmax {0.1le-3} -D1 {0.08e-3} -D2 {0.08e-3} -HT {0.le-3} -conductivity {5.0e+7}
sigrity::update Attributes -circuit {BGAl} -Dmax {0.4e-3} -D1 {0.3e-3} -D2 {0.3e-3} -HT {0.3e-3} -conductivity {5.0e+7}
sigrity::update ExtractionFreq {30e+6

sigrity::update cpline -risetime {100} -percent {3} -all

7. Click the Open a TCL file icon to load in the prepared * . tc1 file

cadence [—I=][x

iy G| @ »

(Cpemarcimie) 2 E GO & BE

8. Click the Play TCL icon to run the prepared TCL command.

@ o ]
& & B E

The same result will come out as in Step 5.

Multiple-Die BGA Package Sample

1. Load 2diestacked_fcwb_newnl.spd.

It is typically located in <ASI_INSTALL_DIR>\Update3\SpeedXP\Samples\XtractIM\Sin-
gle-Die_Sample_files\.

A wirebond die is placed above a flipchip die on a BGA package.

pKtractM - Untitled - [2diestacked fowb newnl.spd Layer View]

& Workspace  Edit  View Mode Setup Tools  Window  Help cadence [-|&x
Q& - o= & B9~ 0 @ [ Bxractor Resutt EEEREEEEEY

All Enabled Net(s) MIEIESIENE RO O IS L QOeenm == B & 0E & [E 4 RSN A D)
al we

Workflow: XiractiM x Layer Selection

Model Extraction 8 T sgrelsozsraesweos |

7l | |

Manage Workspace (%) ) Sgnalf03sar408M1
e W Signal$0353F 508BOTTOM
Load Workspace
Load a New/Different Layout
Package Setup @
Package Type: Wirebond
« Ciraiits
X Stackup
X Solder Bal
+ Nets
Simulation Setup (%)
Module: IBIS/RLGC
Simulation Type: Net-Based
View/Export Results (%)
Summary
SPICEfIBIS Model
RLC Per Net
RLC Distributions
Segment RLC
RLC vs. NetLength
CrossTak (Single-Ended)

30 View
Histogram
CrossTak (Diffpair vs Single-Ended)
30 View
Histogram
Save Results ] view only Active Layer
Load Results Display Geometry Objects By
Report ® Net Color O Layer Color
Customize Workflow 3 E
== =l
HeEE - el
0 m Layer Selection| Net Manager |
Ver: 1302011113 (XtractlM) Mouse(mm): X: 6.216, ¥: 2789 @ Ready
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2. Choose View > Pane > TCL Command to open the TCL command input console.

" 4 KiractiM - Untitled - [2diestacked_fowh_ newnl.spd Layer View]

<@ Workspace  Edit | View | Mode Setup Tools Window  Help cadence [=]5]x

RN=A" R [Zoun Z & [ =] o~ | {7 F O @ | Extractor Result YRR e »
Sh L = .

All Enabled Net(s) |~ o S eeRNEE:+ ® = BB A F & BRSNS
= Layer Selection...

Workflow: XtractiM SDVien Lé Layer Selection x

N— Toolbars : = =
Manage Weorkspace Pane v Workflow Pane '® Signal$0353F408M1 L]
- | w Status Bar e Editor Pane I Signal$0353F508BOTTOM ]

Load Workspace
Load & New/Differan| ¥ Show Ruler @ Output Pane
Object Selection

Package Setup ¥ Auto-tip Gty
—_—— older Browser

Package Type: Wireh
X Creits
X Stadup Show Log Files
¥ Solder Ball N
+ Nets

Open New Network Parameter Display TCL Reader
TCL Command

Simulation Setup =)
Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results (%)
Summary
SPICE/IEIS Model
RLC Per Net
RLC Distributions
Segment RLC
RLC vs. Net Length
CrossTalk (Single-Ended)

30 View

Histogram
CrossTalk (Diffpair vs Single-Endied]
30 View

Save Re: ] View Orly Active Layer
Load Results
Report

Display Geometry Cbjects By:
@) et Color (O Layer Color

EEEH - emE

[ TE— 4 [ — Layer Selection Net Manager |

Customize Workflow

Show or hide TCL Command pane Mouse(mm): X: -5.987, V: 5.22 @ Ready

3. Copy the following TCL command to the TCL Command console.
sigrity::update PackageType -dieType {1} -bgaType {0} -attachType {3}
sigrity::update Circuits -dieCkts {D1} -boardCkts {BGA1} -wbCkts {D2}
sigrity::add Layer {bump} -above {Signal$0353F408M1} -circuit {D1}
sigrity::add Layer {ball} -under {Signal$0353F508BOTTOM} -circuit {BGA1}

sigrity::update Attributes -circuit {D1} -Dmax {0.12e-3} -D1 {0.10e-3} -D2 {0.10e-3} -HT
{0.08e-3} -conductivity {5.0e+7}

sigrity::update Attributes -circuit {BGA1} -Dmax {0.4e-3} -D1 {0.35e-3} -D2 {0.35e-3} -
HT {0.45e-3} -conductivity {5.2e+7}

sigrity::update ExtractionFreq {30e+6}
sigrity::update cpline -risetime {100} -percent {3} —all

TCL Command X

sigrity::update Attributes ~circuit {BGA 1} -Dmax {0.4e-3} -D1 {0.35e-3} -D2 {0.35e-3} HT {0.45e-3} <onductivity {5.2e+7}
sigrity::update ExtractionFreq {30e +6} =] ... Run
sigrity::update cpline —risetime {100} percent {3} -al

4. Click the Run button in the TCL Command console.

The Package Setup is automated.

TCL COMMAND SUPPORT FOR WORKSPACE SETUP 186



LESSON One: Running TCL Command for Workspace Setup

XtractIM Tutorial 16.6

e XtractiM - Untitled - [2diestacked_fowb_newnl.spd Layer View]

cadence [-l=x

Package Type: Both
o+ Circuits
o stackup
« Bumps
« Solder Bal
o Nets

Simulation Setup (%)
Module: IBIS/RLGC o

Simulation Type: Net-Based
View/Export Results (%)

Summary Iy
SPICE Model
BranchRL o
LoadReaits TCL Command
Report
Customize Workflow ¥

Run

Mouse(mm}: X: 218, ¥: 6058

Ver: 1303011113 (XtractM)

@ Workspace  Edit  View Mode Setup Tools  Window  Help
QEH-~ > e | & (¢ 59 ~ro~ [ [ | Bxtractor Result BRI
AllEnabled Nets) |~ — & ] & F + = W 7| K o3 OemE =R — MG I A SA: - MRS )
% v
Workflow: XtractiM X Layer Selection X
Model Extraction 2 ] snatsossarseaweono [
Manage Workspace (%) (B Sionalo1 Ll
— _ ‘| Signal$0353F408M 1 ]
Load Workspace = '/ Signal$0353F508BOTTOM O
icnal
Load a New/Different Layout =
- = | signai2 O
Package Setup &) ‘@ Signaln3 ()

@ Ready

] View Only Active Layer

Display Geometry Objects By
® et Color () Layer Color

EEEH - EEE

Layer Selection| Net Manager|

The relationship between individual TCL command and the corresponding Package Setup is

described as follows.

* sigrity::update PackageType -dieType {1} -bgaType {0} -attachType {3}

Single Die ®) Stacked Die Side-by-side Die
®) Single BGA Stacked BGA Leadframe
Wirebond Flip-Chip ®) Both
(WL-CSP)
oK Cancel

» sigrity::update Circuits -dieCkts {D1} -boardCkts {BGA1} -wbCkts {D2}
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Wizard

Fad
' Ty
Select the Die/Component drcuit from the list and dick Next
Ckt Name Ckt Model Die/Board/Companer
Ckt Type
D1 Diel Die{FlipChip)
b2 [Die2 ____|Die(WireBond) |
BGA1 untited_pac... Board
A S
[ Right-click on a drcuit name to select/deselect as Die drcuit ]
| < Back I Next = | | Cancel |

sigrity::add Layer {bump} -above {Signal$0353F408M1} -circuit {D1}
sigrity::add Layer {ball} -under {Signal$0353F508BOTTOM]} -circuit {BGA1}

Layer Manager -> Stack Up o x
Stack Up | Fad Stack |
Layer # | Color | LayerIcon | Layer Name Thickness(mm) Material Conductvity(S... | Fillin Dielectric | Permittivity | LossTangent = ShapeMName | Trace\
[Em= [sionals0353r483WwEOND l0.001 | 5856144007
Medium§0353F206dieletric1 0.3 0 -
B Signalo L 0.001 5.8+007
Bump01 0.08 0 i
3 Signal§0353F408M 1 0.03429 5.85614e+007 [2.8] o] Shapes035... 0.1
7 Medums353 IBadielecticz 0.1 0 42 0 i
B TonaS0 353 508501 TOM 00595 5.95614e+007 [2.6] [0 Shapes03s... 0.1
(@@®| Soderbalol 0.45 0 L 0
5 O ECE]  Sonalz 0.001 5.8e+007 [2.9] [0]
—_— = = 5 — 5 —
3 O HEF soaos 0.03556 5.85e4009 (81} [0] shape001
Jl il o
Total Thickness: 1.0871e-+000 mm [l Enforce causaity View Material || Import |
[¥] 5clder Ball Layer [#] Bump Layer | Eort || Auto SetLayer Special Void || Filter... |
wnit: [mm [ | oK || cancal |I Aty |

XtractlM Tutorial 16.6

sigrity::update Attributes -circuit {D1} -Dmax {0.12e-3} -D1 {0.10e-3} -D2 {0.10e-3}

-HT {0.08e-3} -conductivity {5.0e+7}

Package Setup -» Bumps x
Layer Name CircuitName | Dmax (mm) | D1 (mm) D2(mm)  HT(um) | Materia Conductivity (3/m)
Bumpl1 D1 0.12 0.1 0.1 0.08 5e7
‘ I
oK | caneel ]

sigrity::update Attributes -circuit {BGA1} -Dmax {0.4e-3} -D1 {0.35e-3} -D2 {0.35e-

3} -HT {0.45e-3} -conductivity {5.2e+7}
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Package Setup -> Solder Ball

Layer Name Circuit Name

Solderballo1 BGA1

Dmax (mm) D1 (mm)
0.4 0.35

D2 (mm) HT (mm) Material
0.35 0.45

Conductivity (5/m) Solder Ball Model
5.207

Medium Thickness

oK [ cancel

sigrity::update ExtractionFreq {30e+6}

Extraction Frequency

Extraction Frequency:

30 MHz I oK I

sigrity::update cpline -risetime {100} -percent {3} —all

| Met Manager x|
Met: | | - [Show Coupled | | - |
Net List (Sort enabled first)’ | %Coupling | Rise Time (ps)
#unnamed Net(s) 3 100
= B8 Powerhets 3 100
B§ vDDcore =
Elvoo_1
Evoo_2
~JvoD_3
B voo_4
= A Groundnets 3 100
B vss
| DEFAULT 3 100
Enet_1 3 100
Enet_2 3 100
Elnet_3 3 100
Enet_4 3 100
Elnet_s 3 100
Hlnet 6 3 100
Elnet_7 3 100
Fnet_s 3 100
Elnet_g 3 100
Flnet_10 3 100
AANet_11 3 100
Binet_12 3 100
Bl net_13 3 100
Banet_14 3 100
B net_15 3 100
Banet_i6 3 100
—General
Keep shape enabled when the net is disabled
Gray Disabled [ Hide Disabled
—Coupled Lines
[ Disable Coupled Line Simulation

Layer Selection | Net Manager

5. The TCL command used above can also be prepared in a . tc1 file.
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| 2_Stacked_fewb.tcl - Notepad o= =)
File Edit Format View Help
sigrity::update PackageType -dieType {1} -bgaType {0} -attachType {3} -

date Circuits -dieckts {pl} -boardckts {BGAl} -wbckts {D2}

sigrity::add Layer {bumﬁ:} -above {5ignal$0353F408M1} -circuit {pil}

sigrity::add Layer {ball} -under {Signal$0353F508BOTTOM} -circuit {BGAl}

sigrity::update attributes -circuit {pl} -bDmax {0.12Ze-3} -Dl {0.10e-3} -D2 {0.10e-3} -HT {0.08e-3} -conductivity {5.0e+7}
sigrity::update attributes -circuit {BGAl} -Dmax {0.4e-3} -Dl1 {0.35e-3} -D2 {0.35e-3} -HT {0.45e-3} -conductivity {5.2e+7}
sigrity: :update extractionFreq {30e+6

lsw‘gr'ity::update cpline -risetime {100} -percent {3} -all

sigrity:

o

7 [

6. Click the Open a TCL file icon to load the prepared * . tc1 file.

— = =
cadence [—1=][x]

EFEIXE
(GpensTeime ) 2 B HE O & B E

7. Click the Play TCL icon to run the prepared TCL command.
g a s o [
] (PayTcc ) B & O & B

The same result will come out as in Step 4.

Stacked-BGA Package Sample

1. Load pop_flipchip.spd.
It is typically located in <ASI_INSTALL_DIR>\Update3\SpeedXP\Samples\XtractIM\Sin-
gle-Die_Sample_files\.

A flipchip BGA package is placed above a flipchip BGA package.
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["ga KtractiM - Untitled - [pop_flipchip.spd Layer View]

cadence 15|

Load a New/Different Layout

Package Setup

Package Typ:
Cirauits
Stackup
Solder Ball
& Nets

B

Simulation Setup O]
Module: 1815/
Simulation Type: Net-Based

View/Export Results ()

GC

Summary
SPICEIBIS Model
RLC Per Net
RLC Distributions
Segment RLC
RLC vs. Net Length
CrossTak (Single-Ended)
3D View
Histogram
CrossTak (Diffpair vs Single-Ended)
3D View
Histogram

Load Results
Report

Customize Workflow ¥

[ il |
Ver: 13.0.50 11113 (XtractlM)

Mouse(mm): X: 7.028, ¥: 11.785

@ Ready

& Workspace  Edit  View Mode Setup Tools Window  Help
R=N" R = & O & ¢ edractor Result R ERER A )
AllEnsbled Net(s) | v @ —/oy | (ko o = om0 | o7 R | o by 8 mooE| R AR & <o Eim
L s
Workflow: Xtracti x *1 0 9 & 7 6 5 4 3 2 4 0 1 2 3 2 7 "8 8 10 1 || Layer Selection x
Model Extraction ) 2 sionals 136c4p70M 1 u
Manage Workspace (&) (@) Signal$136C4DFOVSS -
W (@ Signal§136C4E70VDD EI

(¥ Signal§136C4EFOMA

] View Only Active Layer

Display Geometry Objects By
®) Net Color (C) Layer Color

EEEH- 8=

Layer Selection| Net Manager |

Choose View > Pane > TCL Command to open the TCL command input console.

Load a New/Differen|

Simulation Setup
Module: IBIS/RLGC

Summa
SPICE/IBIS Model
RLC Per Net

RLC Distributions
Segment RLC

RLC vs. Net Length

3D View
Histogram

3D View
Histogram

Load Results

Report

Customize Workflow

Simulation Type: Net-Based
View/Export Results  (~

CrossTalk (Sngle-Ended)

CrossTalk (Diffpair vs Single-Ended)

¥ Show Ruler

®

C]

Show or hide TCL Command pane

@ Output Pane
Object Selection

Package Setup v Auto-tip
e Folder Browser
za(kat‘lﬁ TP Open New Network Parameter Display TCL Reader
X araits
TCL Command
X Stackup Show Log Files
% Salder Bal e
o Nets

Mouse(mm): X -12:145, V: 11.62

@ Ready

[ g KtractiM - Untitied - [pop_flipchip.spd Layer View]
& Workspace  Edit | View | Mode Setup  Tools Window  Help cadence -1=]x
DEH-~ Zoom 4 & 3 TR [w] Extractor Result BRIk aR e b
Sh 3 . —
AlEnabled Nett9) [+ " L eeeuE®E: + e mc=E A &M~ [E & TP i
2l Layer Selection...
Workflow: XtractlM 3D View ‘6 5 4 3 2 4 0 1 2 3 4 6 7 8 8 40 i |[LayerSelection X
Model Extraction Toolbars , = =
Manage Workspace Pane ¥ Workflow Pane | Signal$136C4DFOVSS -
N Status Bar e Editor Pane W Signal§136C4E7OVDD [m]
Load Workspace =

@ Signal$136C4EFOME

V] View Only Active Layer

Display Geometry Objects By
®) Net Color () Layer Color

EeEE-ewE
1

Layer Selection | Net Mar

Copy the following TCL command to the TCL Command console.
sigrity::update PackageType -dieType {0} -bgaType {1} -attachType {1}
sigrity::update Circuits -dieCkts {U1} -boardCkts {POPtop} -boardCkts {POPbottom}

TCL COMMAND SUPPORT FOR WORKSPACE SETUP 191




LESSON One: Running TCL Command for Workspace Setup XtractIM Tutorial 16.6

sigrity::add Layer {bump} -above {Signal$136C4D70M1} -circuit {U1}
sigrity::add Layer {ball} -above {Signal$136C4D70M1} -circuit {POPtop}
sigrity::add Layer {ball} -under {Signal$136C4EF0M4} -circuit {POPbottom}

sigrity::update Attributes -circuit {U1} -Dmax {0.12e-3} -D1 {0.10e-3} -D2 {0.10e-3} -HT
{0.08e-3} -conductivity {5.0e+7}

sigrity::update Attributes -circuit {POPbottom} -Dmax {0.4e-3} -D1 {0.35e-3} -D2 {0.35e-
3} -HT {0.45e-3} -conductivity {5.2e+7}

sigrity::update Attributes -circuit {POPtop} -Dmax {0.42e-3} -D1 {0.36e-3} -D2 {0.36e-3}
-HT {0.3e-3} -conductivity {5.6e+7}

sigrity::update ExtractionFreq {30e+6}
sigrity::update cpline -risetime {100} -percent {3} -all

TCL Command x

sigrity::update Attributes ~circuit {POPtop} Dmax {0.42e-3} -D1{0.36e-3} -D2 {0.36e-3} -HT {0.3e-3} ~conductivity {5.6e+7}
sigrity::update ExtractionFreq {30e+6} =|.. || Run
sigrity::update cpline -fisetime {100} percent {3} -al

4. Click the Run button in the TCL Command console.

The Package Setup is automated.

4btractiM - Untitled - [pop_flipchip.spd Layer View]

& Workspace  Edit  View Mode Sewp  Tools Window  Help cadence 18]
OE -~ > = - & E|9 > v [0 & :|Extractor Result ik uR e b

All Enabled Net(s) MGG A L S R Q@RLEmE +® =mmE R 5[4 [EARE: -} > 9| s
Gl O

Workflow: KtractlM x o 2 e e e o Bt Bt 19 02, e 16 | Layer Selection

Model Extraction 3 @ Signalo3

Manage Workspace (%) | Signainz

T Leadvierkspace ®) Sgnain

2 sgraiszscomomt |
W Signal$136CADFOVSS

) Signal$136C4ETOVDD

W Signal$136CEFOME

W Signaid4

| [ signalos

Load Workspace
Load & New/Different Layout

Package Setup ®
Package Type: Flip-Chip

+ Cirlits

+ Stackup

+ Bumps

« Solder Ball

o Nets

0] [ o )

Simulation Setup (O]
Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results (%)

Summary

SPICE Model
Branch RL
Load Results
Report
Customize Workflow ¥
TCL Command x
%] View Only Active Layer
Display Geometry Objects By
®) Net Color Layer Color
=l .
— | S - oiw
Layer Selection | Net Manager |
Ver: 13.0.40.11113 (KtractiM) Mouse(mm): X: 2311, ¥: 12188 @ Ready

The relationship between individual TCL command and the corresponding Package Setup is
described as follows.

* sigrity::update PackageType -dieType {0} -bgaType {1} -attachType {1}
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(®) Single Die () Stacked Die () Side-by-side Die
() Single BGA (8) Stacked BGA (") Leadframe
O Wirebond @ Flip-Chip O Both

{(WL-CSP)

o [ o]

*  sigrity::update Circuits -dieCkts {U1} -boardCkts {POPtop} -boardCkts {POPbot-

tom}
[ Wizard x |
-
Select the DiefComponent dreuit from the list and dick Next
Ckt Name Ckt Model Die/Board{Componer
Ckt Type
C1 Cap0402
c2 Cap0402
Cc3 Cap0402
c4 Cap0402
C5 Cap0402
[} Cap0402
c7 Cap0402
-} Cap0402
v JFc_JDe |
POPbottom POP_bot Board
POPtop POP_top Board
W A
[ Right-dick on a dreuit name to selectideselect as Die drouit J
< Back | Mext = | | Cancel |

« sigrity::add Layer {bump} -above {Signal$136C4D70M1} -circuit {U1}
-« sigrity::add Layer {ball} -above {Signal$136C4D70M1} -circuit {POPtop}
sigrity::add Layer {ball} -under {Signal$136C4EF0M4} -circuit {POPbottom}
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Layer Manager -» Stack Up o x
Stack Up | Pad Stack |
layer # | Color | LayerIcon | Layer Name Thidess(... | Material Conductivity(S... | Filn Dielectric  Permittivity | LossTangent | Shape Name | Trace V)
1 [ Signald3 0.03556, 5.952+009 [ o] 0.1
I | Medumoti 0.05 i
2 O BB e 0001 | {ball} -above {Signal$136C4DTOM) circuit {POPtop} !] 0.1
{@@®| Sodebal0l 0.219 i
3 0 EH El Snadt p.oox 5,8e+007 [1] [o]
| - — o T
i {bump} -above {Signal$136C4DT0M1} -circuit (U1} h_
7 - o R
5 W HE ] sondlsi36canrovss 0.015 1.51429e+006 4.2 o Shape$136.. 0.1
L | Medum$i36C4AFOD3 0.125 ] 4.2 0 H
6 [0 EIJE] Sionalst36C4E70vDD 0.02 1.81429e +006 4.2 0] Shape$13s... 0.1
{0 | Medum§12F371E8D4 0.125 0 4.2 0
oA 015 1.81429€ +006 [2.6] [o] 0.1
— ot o re——
2 O HE Ssad I(ball)-under {Signal$136C4EFOM4} -circuit {POPbottom} I [0 0.1
— et o e
9 ] E Signalos b 03556 5.95e+009 51} 0] Shape001 0.1
Jl i ] »
Total Thickness: 1.36312+000 mm [l Enforce causaiity View Material Import
[¥] Solder Ball Layer [#] Bump Layer [ Bport || Auto setLayer Special Void || Filter ]
uniti [mm [ +]| oK [ cancel | pere |

»  sigrity::update Attributes -circuit {U1} -Dmax {0.12e-3} -D1 {0.10e-3} -D2 {0.10e-3}
-HT {0.08e-3} -conductivity {5.0e+7}

Package Setup -» Bumps

Layer Name CircuitName | Dmax (nm)  Di(mm)  D2(mm) | HT(am) | Materia Conductivity (5/m)
Bump01 Ut 0.12 0.1 0.1 0.08 57

[ oK [ cancel ]

» sigrity::update Attributes -circuit {POPbottom} -Dmax {0.4e-3} -D1 {0.35e-3} -D2
{0.35e-3} -HT {0.45e-3} -conductivity {5.2e+7}

* sigrity::update Attributes -circuit {POPtop} -Dmax {0.42e-3} -D1 {0.36e-3} -D2
{0.36e-3} -HT {0.3e-3} -conductivity {5.6e+7}

Package Setup -> Solder Ball

Layer Name Circuit Name Dmax (mm) D1 (mm) D2 (mm) HT (mm) Material Conductivity (S/m)
Solderballo2 POPbottom 0.4 0.35 0.35 0.45 5.2e7
Solderballo L POPtop 0.42 0.36 0.36 0.3 5.6e7
Medium Thickness
[ 11l
[ oK ‘ Cancel ‘

» sigrity::update ExtractionFreq {30e+6}

Extraction Frequency ®

Extraction Frequency: 30 MHz I oK I

» sigrity::update cpline -risetime {100} -percent {3} —all
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[ Met Manager

x|
Met: | |v|[5how Coupledl|v|

Met List (Sort enabled first) %Coupling | Rise Time (ps)
#unnamed Net(s) 3 100
= B8 Powerhets 3 100
B& VDDcore =
Evop_1
Evoo_2
AvoD_3
Evoo_4
= 4 Groundnets 3 100
B vss
| DEFAULT 3 100
Banet_1 3 100
Enet_2 3 100
Fnet_3 3 100
Elnet_4 3 100
Elnet_s 3 100
Elnet_s 3 100
Elnet_7 3 100
Elnet_s 3 100
Elnet_g 3 100
Elnet_10 3 100
AANet_11 3 100
Einet_12 3 100
Bl net_13 3 100
Binet_14 3 100
B net_15 3 100
Blnet_16 3 100
—General
Keep shape enabled when the net s disabled
Gray Disabled [ Hide Disabled
—Coupled Lines
[] Disable Coupled Line Simulation
Coupled Lines Report

Layer Selection | Net Manager

5. The TCL command used above can also be prepared as a . tcl file.

" PoP_FC.tel - Notepad =N ECR =<
File Edit Format View Help

sigrity::update PackageType -dieType {0} -bgaType {1} -attachType {1} -
sigrity::update cﬁrcu?ts -dieckts {ul} -boardckts {poptop} -boardckts {PoPbottom}

sigrity::add Layer {bump} -above {Signal$136c4p7oM1} -circuit {ul}

T
sigrity::add Layer {ba?g} -above {signal$136C4D70M1} -circuit {POPTOp}
sigrity::add Layer {ball} -under {5ignal$136C4EFOM4} -circuit {POPbottom}

sigrit attributes -circuit {ul} -pmax {0.12e-3} -Dl {0.10e-3} -D2 {0.10e-3} -HT {0.08e-3} -conductivity {5.0e+7}
sigrit Attributes -circuit {PoPbottom} -Dmax {0.4e-3} -p1 {0.35e-3} -D2 {0.35e-3} -HT {0.45e-3} -conductivity {5.2e+7}
sigrit Attributes -circuit {PoPtop} -Dmax {0.42e-3} -pDl {0.36e-3} -D2 {0.36e-3} -HT {0.3e-3} -conductivity {5.6e+7}
sigrity::update ExtractionFreg {30e+6}

‘sw‘grw‘ty::update cpline -risetime {100} -percent {3} -all

< i v

6. Click the Open a TCL file icon to load in the prepared * . tc1 file.

= = b4
cadence [—18][x]

z

= @ ) 5 @ B

7. Click the Play TCL icon to run the prepared TCL command.
ESaE o

| Py} & O 8@ E

|

This same result will come out as in Step 4.
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LESSON Two: TCL CoMMAND RECORDING SUPPORT FOR WORKSPACE SETUP

In this lesson, the TCL recording function for XtractIM workflow setup is introduced for preparing a
reusable TCL file.

Load Design
1. Load a sample spd file.

flipchip.spd is used as sample case in this tutorial. It is by default located at
<INSTALL_DIR>\Update4\SpeedXP\Samples\XtractIM\Single-Die_Sample_files\.

4B KtractiM - Untitled - [fipchip.spd Layer View]
& Workspace  Edit  View Mode Setup  Tools Window  Help cadence [-15]x
D& E - B &l |9~ o~ 75 O @ i extractor Result Mh=RER S| Bsa® e »
AllEnobled Net(s) |~ @ =% § [ F - = w0 oF (K| 7 bs (o cleiG] B | = B & 8]~ [E] 48 VP g Ed R @R
&l o
Workflow: XtractiM x i3 42 11 10 & & 7 & 5 4 3 2 A 0 4 2 & 4 & & ]7 & @ 40 A1 12 [~][Layer Sclection x
Model Extraction A3 @) sonain2 [
Mroes st ® - T e
= ,L, - yﬂ = [® SignalsvDD -
oad Workspace
Load a New/ifferent Layout s =
M B sgnalems =
Package Setup O] ) signalot =]
Packege Type: Wirebond
* Craits
* stadup
% solder gal
v Nets
Simulation Setup &)
Module: IBIS/RLGC
Simulation Type: Net-Based
View/Export Results ()
Summary
SPICE/IEIS Model
RLC Per Net.
RLC Distributions
Segment RLC
RLC vs. NetLength
CrossTalk (Single-Ended)
3D View
Histogram
CrossTalk (Diffpair vs Single-Ended) || & 2
3D View
Load Results
Report ] View Only Active Layer
e el i Dispiay Geametry Objects By
®) Net Color () Layer Color
=1 ==
EEEE - e
0 0 Layer Selection| Net Manager |
Ver 120,20 11113 (XiractIM) X:6.769, V: 181 @ Ready
2. Remove existing bump and solder ball layers before running TCL recoding command.
Layer Manager -> Stack Up
Stack Up | Pad Stack |
Layer # | Color  Layer Icon _ Layer Name Thickness(... | Material Conductivity(S... | Fil-nDielectric | Permittivity | Loss Tangent | Shape Name | Trace Width{mm) Trapezoidal Angle(%) | Roughness(mm)
Bump01 0.1 0
CIEE T 5524007 1] ]
H Mediumsdislectric2 0.125 1] 52 0 i
3 B B Sondso 002 5.824007 .2 ] ShapeVDD 0.1 20 0
i Medium$dielectric3 0.25 0 142 0 |
4 O EE sanalsvss 0.02 5.8e+007 [+2] 01 Shapesvss 0.1 90 0
Mediumédielectric4 0.125 o 4.2 0 1
20 5824007 28l ol 0.1 20 0
T ] Solderballot 0.4 o 1 0 H
6 [ml=m =gE-C 0.001 5.82+007 [2.5] o] 0.1 o0 0
ity s L5 B 5 :
[ il ]
Total Thickness: 1.12560e+000 mm Enforce causality View Material Import
Solder B Right-click on a dielectric(or signal) layer to insert 2 solder bail ayer. T RS
Unit: mm | v oK Cancel Apply

3. Click OK.
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The Stackup is setup as below.

Stack Up
Layer = | Color  Layerlcon = Layer Name Material Conductivity(S... FilinDislectric | Permittivity | Loss Tangent
[ Em= o | i i 1]

T Medumsdielectric2 0.125
2 B B E] swmasoo 0.02 5824007

I | Medumsdielectric3 0.25 0
3 O HE Soasss 0.02 5.80+007 [4.2]

1 | Medumsdielectrics 0.125 0 4.2 0
4 [ ] EEE SignalsMa 0.015 5.88+007 [ [

[ enforce causalty

Total Thickness: 5.7000e-001mm

Right-dick on a dielectricor signal) layer to insert a solder ball layer

4. Save the clean spd file to the working directory.

Export Auto Set Layer Specal Vosd

Unit: (mm |w oK

Shape Name

Shape$YDD 0.1

Shape$Vss 0.1

View Material Import

Cancel

Trace Width(mm) = Trapezt

Filter...

e XtractiV - Untitled - [ipchip.2pd Layer ie

cadence -IsIx

& Workspace | Edit View Mode Setup Tools  Window Help

Export To Image File

V1140423 Wire JOimx
2D\ Product.\epa_taskIS.simx Save As
3D:\Product.\epa_taskl6.simx
4 DAProducty.\Fiybond 1.ximx

Bt

RLCvs. NetLength
CrossTak (Sngle-Ended)
Ve

Histogram

CrossTak (Difipair vs Sgle-£nded)
D Ve
Hstogram
Load Results
Report
Customize Workflow v

70 New N [ R T L T IO
il = o EE=w 2 2 00QUEE **® = BEMAEA L Egece 8B
s
We Close. Layer Selection
m [ Signalstv -
1 o cutep ) SonaisvoD -
Priot Preview ) sonasiss o
Prin Stup. ) sgrases =
[ pse—
Report
Terp Folder,
S LayoutFile
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Record TCL Command for Workspace Setup

1. Choose View > Pane > TCL Reader.

Object Selection
Folder Browser
TCL Reader

TCL Command

Package Setup v Auto-tip

Package Type: Wire
Companents
Stacp

Salder Bal

Y Nets

Open New Network Parameter Display ([

Show Log Files

5

Simulation Setup (O]
Module: IBIS/RLGC
Simulation Type: Net-Based

View/Export Results  (2)

Sunmary

SPICE/IBIS Model

RLC Per Net

RLE Distributions.

Segment RLC

RLC vs. Net Length

CrossTalk (single-Endec)

30 View
Histogram
CrossTalk (Biffoar vs Single-Ended)
30 vien
Histogram

Load Results
Report
Customize Workflow ¥

< KractM - Uniitied - (fipchip.spd Layer View]
& Workspsce  Edit | View | Mode Setup ool  Window  Help
D5 H - Zoom 4l & 0 @ [exractor Result B e »
AllEncbledNetts) |4 "™ 4 NES o W @ ] o RigEo  ®
ol Layer Selection..
Workflow: XtractiM 3D View > pooo
Model Extraction Toolbars »
Manage Workspace | 3" Workflow Pane
o rkapace |2 Satus Bar m EditorPane
Lo aNemDiferei ] Show Ruler V! Output Pane

TCL Reader

Output [ TCL Reader]

2. Click the Record TCL button.

43XtractiM - Unitied - [flipchip.spd Layer View]
& Workspsce  Edit  View Mode Setup Tools Window Help

D& K-~ m [ & (7 AR B 0 & | Exractor Result B E)el b izl -
AlEnabled Nets)  |»| @ /=& | & - = m o g ke A OO0RELEE: * ® = e ) (RecoaTeL jl R & &) & @ B
Workflow: XtractiM x V‘U.U‘U‘ . SVV‘U‘ 150.U‘U‘ -14000 o ]

2000 0000 8000 .£000 4000 2000

[ d

Set up the workflow as usual.

i

10000 12000 (14000
i i = st ot b i ]
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The used TCL command will be written in the TCL reader.

[ KeractlM - Uneiied - (ipehip.spd Layer View]

& Worspace  Edit  View Mode Setup  Tools Window  Help
OEH-~ > m om0 & =M R [0 @ | Extractor Result MLERERS e @ ¢l
AllEnsbled Nets) |~ (@ — & f T - o= W o R e o+ E | [ [F | & - P

orkflow: XtractiM
Model Extraction

X

innu‘n 16000 4000

-2000
[Pl S

)]

Manage Workspace A)

Load Workspace
Load a New/Different Layout

(]

Package Setup

Package Type: Flip-Chip
v Components
+ Stackup
+ Bumps
« Solder Ball
v Nets

imulation Setup
Module: IBIS/RLGC

Simulation Type: Net-Based

(»)

View/Export Results (%)
Summary
SPICEfIBIS Model
RLC Per Net
RLC Distributions.
SegmentRLC
RLC vs. Net Length
CrossTalk (Single-Ended)
3D View
Histogram
CrossTalk (Diffpair vs Single-Ended)
3D View

Histogram

Load Results
Report

Customize Workflow

6000
[REEE e

TCL Reader

sigrity:
sigrity:
sigrity:
sigrity:

:update PackageType -d [0} -b {0} -a {1}
:update Circuits -d {U1} -b [BGA1} {'}
:add Layer [burp} -above {SignalsMl} -circuit {U1] {!]
:add Layer {ball} -under {SignalsM4} -circuit {BEAl} {!}

)

PR

4. Click the Stop button to stop TCL recording.

< tractiV - Untited - [Hipchip.spd Layer View)
& Workspsce  Edit  View Mode Setup  Took  Window  Help E—
QEH-~ I B =& & = A e iR 1 & :|extractor Result BERER S & ndl@ i
AllEnabled Nets) |~ @ /=& ] & F « = m 7§ ks #Ao0eem@ . Bi==] H B M [EARE: ) [stop L4 *E
akdlov Jizaclibl X o N Tl s A S o e o i i, 2
5. Click the Save TCL button to save the TCL command to a file for reuse.
< XeractM - Untitled - [flipchip.spd Layer View]
&~ Workspace  Edit  View Mode Setup Tools Window Help
D& H-~ [ = &l (- A A O [ | Extracter Result e @r o b iul v
AlEnabled Netts) |~/ (B — & | &5 o = m o5 3 A 00EE b e f E#® ey 7P widadd @B
Skl Xizzciibl il BN o T e w0 bl B,

I | I I | I e A FAr L e

10000 12000 14000
[T ERRFRRTRY IYRTINRRTE ERETROY

| flipchip.tel - Notepad
File Edit Format View Help

sigrity::update PackageType -d {0} -b {0} -a {1} {'}
sigrity::update Circuits -d {Ul} -b {BeAl} {'}
sigrity::add Layer {bumﬁ:}

sigrity::add Layer {ball}

-above {5ignal$mMi} -circuit {ul} {'}
-under {signal$Md} -circuit {BGAl} {'}
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Network Parameter Viewer

This chapter takes you through the steps to use the XtractIM tool to view Network Parameter with both
BNP and Touchstone files.

LoAD BNP / TOUCHSTONE FILES
1. Launch XtractIM.
2. Click the New button on the toolbar.
3. To open new Network Parameter Display, choose

View > Open New Network Parameter Display.

The Network Parameters pane appears.

(4 xtractiv - Untitied - [Port Curves] .0 x
5’ Fle View Operaton Window Help cadence El
P0Gl # B wiE 9 v o - F O Extracor Result | |B 'R BREE a0 »

Workflow: XtractiM x| @23 T ME (0 ED Norma view \~|s | = | Ampitude [~li7g@mls 4

'Model Extraction ; 4 || Network Parameters

Manage Workspace  (»)

Load Workspace
Load a New,/Different Layout
Package Setup O]

Package Type: Wirebond
Circuits

Stackup
Solder Ball
+ MNets

Simulation Setup O] Isolated Curves
Module: BIS/RLGC
Simulation Type: Met-Based

View/Export Results (&)

Summary

SPICE/IBIS Model L&

RLC Per MNet

RLC Distributions

- -4
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4. Choose
File > Open
or right-click in the upper left pane.
5. Select Load from the Context menu.
6. Select the network parameter files to be loaded.

Multiple BNP/ Touchstone files can be opened at the same time. Once a file is loaded success-
fully, there is a new entry of the Network Parameter Matrix added to the Matrix pane.

7. Click on the Open button.

By default the diagonal elements of the matrix are shown. The corresponding frequency curves are dis-
played in the Curve pane. A unique ID is assigned to the matrix and its elements, followed by a cus-
tomizable display names.

Theicon “ denotes a matrix corresponding to a Touchstone file while the icon denotes a matrix
corresponding to a BNP file.

Select Matrix Elements

1. Select one or more parameter matrices.
2. Select

View > Select Matrix Elements

or right click on a selected matrix.
3. From the context menu select

Select Matrix Elements

The Matrix Element Selection dialog appears.
4. From the drop-down box choose from the pre-defined patterns.

+  Diagonal

*  Full Matrix

*  Lower Triangular Matrix
*  Sub Matrix

*  Upper Triangular Matrix

The Sub Matrix option is not available if more than one matrix is selected and the dimensions
are different

5. If Sub Matrix is selected, enter the row and column numbers in the input boxes;

or click on the I:‘E' icon and choose from the list of ports.
6. Click the Replace button to replace the existing displayed curves with the selections;

or click the Add button to add the selected curves to the existing list.
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{Matrix Element Selection

Sub Matrix

—Subhatrix Setting-

Rows

Columns

5 .

Mote:
The matrix dimension is: 1

columns.

Click the icons on the right to select rows or colurnns, or enter the port
indices in the box. Example: 1, 3, 5-8. Empty input assumes all rows ar

Hide / Show Matrix Elements

1. Single-click on the color icon in front of a matrix element to trigger the visibility;

or select multiple matrices or matrix elements.
2. Select

View > Show/Hide Curves

or right-click on a selected matrix or curve.
3. Select

Show/Hide Curves

4. Choose from the available Visibility Control options.

Delete Matrix Elements

1. Select one or more matrix elements.
2. Select

View > Delete Selected Curves

or right-click on the selection.
3. Select

Delete Selected Curves

or press the Delete key.

Unload Networks

1. Select one or more matrices.

2. Select
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File > Unload Network
or right-click on the selection.
3. To remove the selection from the Matrix pane select

Unload Network

4. To remove all the loaded networks select

Unload All Networks

The simulation result cannot be unloaded.

SAVE BNP / TOUCHSTONE FILES

Save a Modified Network

A network can be modified by editing the comments of the file, or by performing matrix operations
such as re-normalization or frequency truncation, etc. When a network is modified, a star is added to
the icon before the matrix entry. To save the modification follow these steps.

1. Select a matrix entry that has been modified.
2. Select

File > Save

or right-click on the selected matrix.
3. Select Save from the context menu.

The modified information is saved into the original file, over-writing its contents with the exact same
settings of the file.

Save Network as Another File
1. Select a matrix.
2. Select
File > Save As
or right-click on the selection.
3. Select
Save As

In the Save Curves dialog, follow the same steps as in saving the simulation result

This feature allows you to convert between the BNP and Touchstone formats. Some of the information
in the BNP file (such as AFS compression) is not supported by the Touchstone format.

If you save a BNP file with AFS compression into a Touchstone file, the matrices at discrete frequency
samples is saved.

Export the Curves to Other Format

1. To save the screen shot of the curve window into a BMP file or PNG file select
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File > Export to Image File
Select a matrix.
To save the displayed curves into a Excel .csv file select

File > Export To Excel

View Network Properties

1.
2

3.

Select a matrix entry.

Select

View > Property

or right-click on the selection.

Select Properties from the context menu.

The Network Property dialog allows you to view various information of the network. You can edit
the comments in the dialog.

*  Data Types

*  Design Information

» Differential Pair Setup
*  Port Setup

*  Sampling Frequencies
*  User Comments

CusTOoMIZE THE NETWORK AND ELEMENT DISPLAY NAME

Select one or more matrix entries.
Select

View > Name Display > Customize
or right-click on the selection.

From the context menu select

Name Display > Customize

Check the appropriate fields you want to include in the network name, matrix element name and
curve legend.

Examples of the element name and the curve legend are displayed as you change the settings.
Click OK to apply the setting to the selected matrices;

or, to apply the setting to all matrices, select

Save as Default

The default settings are saved into the registry and used for the networks loaded in the future.
In additional to the default names, the display names can also be modified. Select an entry.
Select

View > Name Display > Rename
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or right-click on the selection.
From the context menu select

Name Display > Rename

You can then edit the name to any string. You can switch back to the default name.

From the View or Context menu, select

Name Display > Default Name

Display Mame Options

r—etwork Marme

Path Mame
File Extension

—Element. Name

Mattix Type Fart Mame Fart Kumber Met Mare

Example:
S0[1,1] - S{1:ParklnwCC, 1:Porkl s WCC)

Tip:

Select "Differential Channel Skvle” to show matrix element name with short bype;
Otherwise, to show matrix element name with lang bype composed by Four options in
normal skvle: Matrix bvpe, Port name, Port number, Met name,

The "Differential Channel Style" is only used For mix mode matrices in bath normal view
and differential views, The four options are used For single ended matrix and the two
matrices of mix mode in narmal style.

In all, it's not allowed to clear the four options all,

—i_urve Legend Name

|(Empty) | v| | - | |(Empty) | - | | - | |Element Marme

|v|

Example:

S{1:Portl oo, 1iPorkl o)

| Set Az Defaul | | ok | | Zancel

ADVANCED MATRIX OPERATIONS

Copy Network

1.
2.

Select one or more matrices.
Select
Operation > Copy

or right-click on the selection.
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3. Select Copy from the context menu.When a network is copied, a new network is created. A
matrix entry is added to the matrix pane.

The status of this network is set to modified. It is not saved to the hard drive until you manually
save it.

Network Re-normalization
1. Select a network in the Matrix pane.
2. Select

Operation > Re-normalize

or right-click on the selection.
3. From the Context menu select
Matrix Operation > Re-normalize
The Change Port Setting dialog appears.
4. To edit the reference impedance of a single port select the line and click on the impedance value.

5. To change several ports at the same time, select multiple ports. A reference impedance input box
appears.

6. Click OK to apply the changes. The S parameter curves are updated. The matrix is marked as

modified.
Change Port Setting
Mo, Port Marme Ref Irmpedance
Pl Portl_die_1::¥DD235 S0.000000
B2 Port2_die_6::¥DD125 S0.000000
3 Port3_die_3::DATAL S0.000000
B4 Portd_die_4::DATAZ2 S0.000000
PFs Ports_BGA::YDD25 S0.000000
B Porto_BGA::¥DD125 S0.000000
7 Port7_BGA_1::DATAL S0.000000
®a Port8_BGA_2::DATAZ2 S0.000000
5]
Ok l | Cancel |
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Port Reduction
1. Select a network in the matrix pane.
2. Select

Operation > Reduction

or right-click on the selection.
3. From the context menu select
Matrix Operations > Reduction
The Change Port Setting dialog appears.
4. To change the status of a single port by select the line. Each port has 4 connection settings:

e Match

*  Open

* Remain as a Port
e Short

5. Click on its connection status or select multiple ports.
6. Change their status together in the combo box at the bottom of the window.

7. Click OK to perform port reduction. The result is a new network added to the matrix pane. The
network parameters are not saved to the hard drive until you manually perform a Save.

A BNP file with AFS compression cannot be reduced directly,
since the AFS compression information in the original matrix
NOTE! is not necessarily valid for the reduced matrix. A warning
message is shown. The matrix is converted into a discretely
sampled format.

Change Port Setting

Mo, Port Mame Fort Connection Status

Pi Portl_die_1::¥DD25 Matched

Bz Port?2_die_6::¥DD125 Matched

3 Port3_die 3::DATA1 Paort

® 4 Port4_die_4::DATAZ Port
Port5_BGA::¥DD25 Open

®

B7 Purt?_BGA_l :DATAL PDrt

s Port8_BGA_2::DATAZ Fort
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Passivity Enforcement
1. Select a network in the Matrix pane.
2. Select
Operation > Passivity Enforce
or right-click on the selection.
3. From the Context menu select

Matrix Operations > Passivity Enforce

A new network with passivity enforcement at each sampling frequency is generated.

1 Passivity enforcement is not available for BNP files with AFS compres-
NOTE! Siom.

Edit the Differential Pairs

A differential pair is defined with two nets. Pairs of differential ports can be defined under each dif-
ferential pair. The differential pair and differential port information can be defined in PowerSI before
the simulation and can be modified in the network parameter display.

1. Select a network in the matrix pane.

2. Select
Operation > Redefine Differential Port
or right-click on the selection.

3. From the context menu select

Matrix Operations > Redefine Differential Port

The Define Differential Ports dialog appears.

To remove an existing definition, select a pair of nets or a pair of ports.
Click the Delete button.

To add a new pair, select a pair of nets from the net combo boxes.
Select a pair of ports from the port combo boxes.

Click Add Pair to create the differential ports.

© ® N o a &

Click OK to apply the changes. The mixed-mode network parameters are updated.
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Define Differential Ports w
Mo, Differential Pair Positive MNet/Port Megative Met/Fort
1 Diff_Channel_DATA1_$_DATAZ2 DATAL DATAZ
Port3_die_2 Port4_die_4
Port? BGA_1 Port3_BGA 2

<1 i [E3

—add Differential Pair

Select Positive MNet: Select MNegative MNet:

IDATAL R IDaTAZ Ea
Select Positive Met Part: Select Megative MNet Port:

| -] | [~]

To define differential pairs, please select two nets as positive and negative in the diff pair. Ports belong o these
two nets are candidates of the diff ports. A pair of port can be identified as differential port if:

1. one part belong o the positive net and the other belong to the negative

2. the impedance of the two ports are the same

Ok | | Cancel

Redefine Mixed Mode Port
1. Select a network in the matrix pane.
2. Select
Operation > Redefine Mixed Mode Port
or right-click on the selection.
3. From the context menu select

Matrix Operations > Redefine Mixed Mode Port
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The Define Mixed Mode Port dialog appears.

Define Mixed Mode Port »

Order af Mixed Mode Pork
51

E
53
4

iz Park Ik | | Zancel

b

4. Hold down CTRL key and select two ports.

5. Click Mix Port to generate new mixed S-parameter.
6. Click Ok to apply changes.

The mixed-mode network parameters are updated.
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SHOW NETWORK PARAMETERS VIA CHANNEL FILTER

1. Select a matrix.

2. Click

View > Channel Filter

b |

'-.-'iewi Operation  Options
“I* Property

Wi

Wiew dvailable Parameters
Pararmeter View
Matrix Type

Curve View

Mame Display

ShowHide Curves

Select Matrix Elements

Zhannel Filter

Curve View Options

Toolbar - Main
Toolbar - Curve Explorer
Toolbar - Curve Settings

Toolbar - Curve Operations

W WS
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or select the pop-up menu

Channel Filter

“F Property

UnLoad Metwork,
UnLoad all Netwarks

Copy
ShowiHide Curves L4
Mame Display L4

Seleck Matrix Elements
Channel Filter

Calc Curves by Expression
View available Parameters #

Frequency Truncakion

Makriz Operations L4
= Load

Save As

Export To Excel

If no network matrix is selected, the Channel Filter menu or toolbar button appears gray.
3. A Channel Filter dialog appears.

*  For every network, there are 3 views of the matrices items.
» It depends on the port setting and different channel setting.

»  Ifthere is no different channel setting defined in a network, there is only one view of a sin-
gle channel matrix.
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Port Setting Example

Metwaork Property %
—Part Setting
Port Sum: 10
e Mo Part Mame Met Hame Ref Impedance
General Info 1 Portl WEC 5.000000e+. ..
2 Port2 D2 5.000000e+. ..
3 Port3 D2 5.000000e+. ..
4 Port4 D3 5.000000e+...
W 5 Ports D3 5.000000e+...
2 [ Port6 D4 5.000000e+. ..
f‘:ﬁ/ 7 Port? D4 5.000000e+. ..
] Port8 DA 5.000000e+. ..
Frequency Lnfo 3 Portd D5 5.000000e-+...
10 Port10 WEC 5.000000e+. ..

Diff Port Info

e | ona

Differential Port Setting Dialog

Metwork Property »

—Differential Port S etting
Differential Port Sum: 2

st Mo, DiffPort Hame Positive Met/Pair Port..  Megative Met/Pair Po...

General Info 1 Difi_Channel_D4_$_D5 D4 D5
Porth Port3
Part? Port9
2 Diff_Channel_D2_$ D3 D2 D3

m Port? Portd
p: :r} / Fort3 FPorth

Fregquency Info

v:,e_;;:?

Port Info

Okor=s=e] | Ctancel
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There are three Channel Filter dialogs.
*  Mixed Mode Matrix in Differential Channel View.

Mixed Mode Matrix in Normal View.

»  Single Channel Matrix in Normal View.

Single Channel Matrix in Normal View

Channel Filter

all Channels

Channel Ports in Channel

D4 el
D5
Dz
D3
WCC

MM MM

Return Loss
D Insertion Loss
] crosstalk

Cancel

Mixed Mode Matrix in Normal View

Channel Filter

all Channels

Ports in Channel

Channel

D4 <--=D5 4
DZ=-->D3 4
WiZC i

Return Loss
D Insertion Loss
[l crosstalk.

Cancel

NETWORK PARAMETER VIEWER 215



Show Network Parameters Via Channel Filter XtractIM Tutorial 16.6

Mixed Mode Matrix in Differential Channel View

The dialog below lists all the channels in current matrix. Users can select the channels in the list by a
multiple-select method. To select all channels select

All Channels

Channel Filter

all Channels

Channel Parts in Channel [l Return Loss
D4 <=0 4 Insertion Loss
DZ<--=D3 4 [ crosstalk

| Cancel |

*  Mixed Mode Network Parameters — A channel is defined as all the port pairs in a differen-
tial net pair.

* Single-ended Network Parameters — A channel is defined as all the ports in a net.

Once a channel is selected, all ports under this channel are selected. The sub-matrix corresponding to
all the selected ports are used for further selection. The elements in the selected sub-matrix are divided
into three categories:

*  Crosstalk — Rest of the elements.

» Insertion Loss — Off diagonal elements whose two ports are in the same channel.

* Return Loss — Diagonal elements.
The Insertion Loss and Crosstalk elements consider the elements in the lower triangular matrix.
This dialog can remember last user’s selection including:

*  Channels

*  Crosstalk

* Insertion Loss

* Return Loss

1. Select channels.
2. Check and uncheck the three options on the right side of the pane.
3. Click OK.

The displayed elements in the selected network should be replaced by the elements specified in the
user selection.
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New Organization of Mixed Mode Network Parameters

Mode Definitions under the mixed mode network matrix lists all port pairs of differential channel set-
ting and single channel ports. Single channel ports are only listed in normal view.

This tree item is collapsed by default.

There are two pop-up menus. Use these menus to determine the sorting of the port pairs and single
channel ports.
*  Mode Definitions > Sort by Index (Default)
*  Sort by Channel
=] sdiff1 - {(Copy of test_1.510P) I |

e

=

- @”{1} 3 v  Sort by Index (Default)
”(2} P Sart by Channel
P (3 PorkznDZ<-->Portd 03
*® (4) Port3nD2<--=PortS:D3
Y511 ParklnWCC
(521 Pork10:yCC

Four curve views are available in the differential channel view pane.
1.  Double-click in a curve view to maximize this curve view.
2. Double-click again to restore the size.
3. To restore the default layout of the four curve views click
View -> Reset Channel Views’ Layout
4. Double-click in the differential channel view to maximize and restore a curve window.

'-.-'iewi Operation  Oplions  Windc
ﬁ“ Property

View Available Parameters  #

Parameter Yiew L4
Matrix Type L4
Curve Wiew L4

Reset Channel Wigws' Layout

Marne Display L4
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VIEW MiXED-MIODE NETWORK PARAMETERS

The mixed mode parameters can be viewed in the normal view with the single-ended network param-
eters or in the differential channel view, which shows only the differential channels. The two views
can be toggled by selecting

View > Parameter View > Normal View

or

View > Parameter View > Differential Channel View

This can also be done with the combo box in the Curve Settings toolbar. If a loaded network contains
differential pair definitions, but the mixed-mode network parameters are not displayed.

1.
2,

Select the matrix.

Select

View > View Available Parameters
or right-click on the selection.

From the context menu select

View Available Parameters

Choose the desired view.

Frequency Truncation

1.
2,

Select a network from the Matrix pane.
Select

Operation > Frequency Truncation
or right-click on the selection.

From the context menu, select

Frequency Truncation

Select the frequencies that you want to remove.

Click Truncate to remove these frequencies.
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6. Click OK the accept the final frequency sampling. The display is updated.

Frequency Truncation Setting

Freguency 300

Mo, Freq Point —AUtomatic Selection-

L [looooooerooy B o
2 2.000000e+007 Start | |
3 3.000000e+007 _—
4 4.000000e+007 Every other: | |
5 5.000000e+007 _ R
6 6.000000e+007

7 7.000000e+007 .

g 8.000000e+007

= 9.000000e+007

10 1.000000e+008

11 1.100000e+008

i 1.200000e+008

13 1.300000e+008

14 1.400000e+008

15 1.500000e+008 ——

16 1.600000e+008

17 1.700000e+008

18 1.200000e+008
Ilf | ‘ Ok, | | Cancel |

Frequency Re-sampling

If the network parameters are saved in a BNP file with AFS compression, the sampling frequencies
can be changed in the display.

1. Select a network in the matrix pane.
2. Select
Operation > Operation > Frequency Resampling
or right-click on the selection.
3. In the Context menu, select
Frequency Resampling
4. Right-click to select the frequency band. You can choose to:

* Add anew band.
* Delete the band.
»  Edit the ending frequency of the band.
»  Edit the starting frequency of the band.

Select a Sweeping Mode from the Automatic Output Sampling combo box.
Modify the sweeping information and click Return. The sampling with this band is updated.
Select a frequency from the list on the right. Right-click.

Edit the value or insert a frequency point above or below the selected frequency.

© o N o o

You can select multiples of some frequencies. Right-click.

10. Remove them from the list.
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11. Click OK the accept the change. The display curves id updated.

The re-sampling is for display purpose. If you save the file in BNP for-
NOTE' mat with AFS compression, the new sampling is not kept. To keep the

- new sampling, you can save the file in Touchstone format or discretely
sampled BNP format.

-
AFS Frequency Sampling Setting
Freguency Bands: 1 Output Freguencies in 646
Band ... Starting Freq. Ending Freq. Ma. Freq Point =
1 10 MHz =
Add o 12 MHz
Edit Starting Freq. 3 14 MHz
; : 4 16 MHz
Edit Ending Freg. 5 18 MHz
Delete = 20 MHz
7 22 MHz
=1 24 MHz
9 26 MHz
10 28 MHz
11 30 MH=z
12 32 MHz
< > ale) 34 MHz
: | 14 36 MHz
Output frequency starting: 10 MHz 15 38 MHz
Ouout frequency ending: 3 GHz 16 40 MHz
17 42 MHz
—Automatic Output Sampling 8 44 MHz
19 46 MHz
iz | = | 20 48 MHz
e ol 21 50 MHz
22 52 MHz
Freq. Increment: | |MHZ =3 54 MHz
24 56 MHz
Points/Decade: | | 23 S MLl
26 60 MHz
27 62 MHz
OK | | Cancel |
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VIEW TOTAL CROSSTALK OF NETWORK PARAMETER

NoTE!

Total Crosstalk View is only available on reloaded result, not for cur-
rent simulated result.

To view Total Crosstalk View, select

View > Parameter View > Total Crosstalk View.

Or select Total Crosstalk View from the toolbar.

Taokal Crosstalk Yiew

Marrmal Yiew
Mixed Mode
Differential Channel Yiew

Total Crosstalk Yiew

The crosstalk result is displayed in the curve pane.

:us -

S

lieae g 2O 5

3 :|Totel Crosstalk view | =15 [+ [amolitude

BN CIR=0:1h=]

CrossTalk Curves

B 51[3,n] - X
Il 5104.n] - S(%Port4::FAB4_RX0-n)
-l 51150 - S(5:PortS::541827\641315
Jl 51[6,n] - S(5:Port6::541827\841315
B 51[7,n] - S(7:Port7::FAB4_RX7+n)
~__| 51[8,n] - S(B:Port3::FAB4_RXT-n)

Ml 5103.0] - S{3:PortS:: 418271841315
-]l 5110,n] Porti::s41827\841
Ml 51011n] Port11:FAB4 THT+
Ml 51012,n] - S(12:Port12:FAB4 TX7-,

Isolated Curves

03

08

07

0B

o5

04

03

Untitled

A RS N FUPUON JUPRUN PR PRSP J

S1[Ln] -5(LPortlns
—E—s1[2,n] - S(2:Part2::$
S1[3,n] - 5(3:Port3:F
—E—51[4,n] - S(%Part4::F
—3—51[5,n] - 5(5:Part5ig
f——51[6,n] - SEPortsns

S1[6,1] -
—E3—s1e,n] -
—E—s1010,n] -
—Ea—s1[11, (11
—E=—51[12,n] - 5{12:Portl

Frequency (Hz)

8.00£+003

Each curve shows the value of crosstalk from S[i,1] to S[i,n].

The X axis shows the port number from 1 to n.

The Y axis represents the S/Y/Z Parameter.

To view the crosstalk at desired frequency, you can use the scroll bar or enter specific number at
the right-bottom corner.
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CURVE OPERATIONS

Load / Save Isolated Curves in PowerSl
1. Right-click in the Isolated Curve pane.
Select Load from the Context menu.
Select the curves in the Isolated Curve pane to save the curves.

Right-click on the selection.

O

Select Save from the context menu.

View and Set Curve Properties
1. Select one or more matrix elements or one or more isolated curves.
2. Select
View > Property
or right-click on the selected curves.

3. Seclect Property from the context menu.

Curve Pattern Froperty

Style: \EI Pattern: \Width:
flark : Mark Size Mark Interyal: I:l
Sarnple: IEI

(04 | | Cancel

4. You can edit the following properties in the Curve Property dialog:

*  Curve Color
* Line Pattern
* Line Style

*  Line Width

*  Marker Size
*  Marker Type

5. Click OK to accept the changes. The selected curves are updated in the Curve window.
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Curve Pane Context Menu
Right-click in the Curve window. A context menu appears.

Save Simulation Result

PR———

MeasLire
Marker...

Expression Calculator, .,
Black Background

Embed-Ctrl Visibility 4 |
Embed-Cirl Position 4
Cirl Bar Position 4

BarChart
v AUt TP
' Show ¥-axis in log scale

Show Y-axis in log scale

Hide Annotation
Add Annotation

You can perform the following operations in this menu.
* Add Annotation — Add a text string in the Curve window.
*  Auto Tip — Show / Hide the tip of the objects in the Curve window when moving the mouse.
*  Bar Chart — Toggle the plot style between a bar chart and a continuous line.
*  Black / White Background — Set the background of the curve window to be black or white.
«  Ctrl Bar Position — If a sub window is docked, change the position of the docking.

*  Embed-Ctrl Position — Toggle the sub windows between floating or docking.

*  Embed-Ctrl Visibility — Set the visibility of the sub windows (for example, the legend bar) in
the display area.

*  Marker — Toggle the horizontal and vertical marker lines.
*  Measure — Toggle the horizontal and vertical measure lines.
*  Show X-axis in Log Scale — Toggle the X axis between log scale and linear scale.

*  Show Y-axis in Log Scale — Toggle the Y axis between log scale and linear scale, available
only if the value type is set to Amplitude.
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Copy Curve

Curve Copy is a simple way to compare the network parameters of different types. The isolated curves
are always the same regardless of the parameter matrix type.

1.
2

Select one or more matrix elements, or one or more isolated curves.
Select

Operation > Copy

or right-click.

Select Copy from the context menu. The duplicates of the selected curves are added to the Iso-
lated Curve pane.

Curve Calculation

1.

Select

Operation > Expression Calculator
or right-click in the curve window.

In the context menu, select
Expression Calculator

You can select the displayed curves or constants from the combo box and create a simple expres-
sion.

Expression Calculator

—Oper ation

Sirnple Calculation

50[1,1] |v||+ |v| |5|:|[1J1] ‘v|

Z

In the Expression Calculation mode, you can enter an expression with the matrix element
unique ID or the isolated curve names.

A unique curve name is required for the new curve, and a default name is provided. The matrix
elements can be anything that is available; it is not limited to the displayed elements.
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3. Click OK. The calculation result is added as a new isolated curve.

.

Expression Calculator

peration

|E}{pressiun Calculation | - |

Curve Expression | 1/v0[1,1]] |Name Curves

o

Expression Customization

You can re-use an expression in future calculations.
1. Create a curve using Expression Calculation.

2. Select the calculated curve.

3. Right-click on the selection.

4. In the context menu, select

Use Expression

The Expression Manager is displayed.

You can edit the name and contents of the expressions for later user. The symbol X represents the
curve in the calculation.

5. Click OK to save the list of expressions.

ser Expression Manager ¥
Exp Tv... Exp Mame Exp Content
Any Cu... Inductance_Open 1/%,/0mega
Any Cu... Inductance_Short ¥ Omega
< i I[>]
add | | Delete
0K Cancel
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Use a Saved Expression
1. Select one or more matrix elements or one or more isolated curves.
2. Right-click on the selection.
3. From the context menu select
Calc Curves by Expression
4. In the Expression Manager select an expression.

5. Click OK. The expression is applied to all the selected curves. The calculation result is shown as
new curves.

The validity of the expression depends on the parameter ma-

1
NoTE! trix and the port terminations.

SMITH CHART VIEW OF THE S PARAMETER

Select Smith Chart from the Curve Source combo box;

Smith Chart -

SmithChark

or select Smith Chart from the menu

View > Matrix Type > Smith Chart
gt i Qperation  Options  Window  Help
ﬁq' Property

View Available Parameters » | G0 AEE

Parameter Wigw P E—
Matriz Tvpe . 5
Curve Yiew r z
Marne Display r
amith Chart
ShowafHide Curves T 1
e
Select Matrix Elements 5, 7
7, O
o, 9 09 -
Curve Yiew Ophions LS B
=12
v | Toolbar - Main ] 7
v  Toolbar - Curve Explarer 127 0.8 -
v  Toolbar - Curve Settings :f:.:
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Overview
Use the toolbar to view the Smith Chart.
*  Enlarge Reduce X / Y-scale buttons are disabled.
e Curve Method Selection combo box is disabled.
4 B 3 3 ‘{,mJ e O T §|I'~.Iu:urmal Yie ¥ | Smith Chart ¥ | An
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The Smith Chart in Normal view is shown in the following illustration.

1.000;

Differential Channel View

The Smith Chart plot in Differential Channel View is shown in the following illustrations.

e The first set shows Diff-Diff and Comm-Diff.
e The second set shows Diff-Comm and Comm-Comm.
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----- SdifFI[D1,01] - SAFFDL:DiFF(Partl_DIEL_76::00, Portll_BGA1 E12:D1), DL:
-SdiFFA[D1,D2] - SiFF(DL:Diff(Part]_DIE1_76::00, Portll BGAL_E12:01), D2

Comm - Diff

SdifFI[CZ,01] - SdiFFiC2: CammiPort10_BGAL_F12:00, Part2_DIEL_75::D1),
-SdiFFL[C2,02] - SdiFFfC2:CommiPort10_BGA1_F12::00, Park?_DIEL_75:01),
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Diff - Comm

=
I

oo 0.500 ,Uj'

SdifF1[D1,C2] - SAFFDL:DIFFParkl_DIEL_76::00, Parkll BGAL_E120:01), C2:d
SdifF1[D1,C1] - SdifF(D1:DIFf{Partl_DIE1_76::00, Partll_BGAL_E1Z:D1), C1:d

Comm - Comm

~1.000]

- 5diff1[C2,C2] - Sdiff{C2: CommiPort10_BGaA1_F12::00, Port2_DIEL_ 753013, <3
sdiff1[cZ2,C1] - Sdiff{C2:CommiPort10_BEAl_F12:00, Portz_DIEL_75:0:01), <1

(<1l [>]
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Manage the Curve View

The default plot display an unit circle, grid lines and curves. If the unit circle can be seen entirely, the
square disappears; otherwise, it appears.

Move by Pan

1. Click the button ﬁm;l .
2. Press the plot.

3. Move to the desired position. Release the mouse button.

0.500;

0.200;

-0.200;

-0.500;
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Zoom In and Out
Use the mouse wheel in a valid area to Zoom in and out of the plot to see the interested area.The grid

line density of the Smith Chart automatically adjusts according to the Zoom status.

Area Select /| Zoom Back

1. Click the button
2. Select a rectangle in valid area to stand out the interested area.

3. The grid line density of the Smith Chart automatically adjusts according to the Zoom status.

4. Click the El button to Zoom back to the last area selected status.
Fit

Click the button to bring the plot to the default setting.
Navigator

1. Open a dialog.

2. Input the Real Min and Real Max values.

3. Click OK.

"
Curve Navigator w»

Real Min: [-as Real Max: 0.5

Imaginary Min: Imaginary Max; 0.3

=)
| Ea

a4 l | Cancel
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The plot is redrawn according to the new settings.

1,000j
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Menu Functionality
1. Move the mouse on a curve.
2. Right-click. The menu appears.

:f]‘ Property
}( Delete

Hide Curve

Black Background

Ermbed-Ctrl Wisibility *
Embed-Ctrl Position ®
Ckrl Bar Position L4

W  Aukta Tip

Add Annokation

* Add Annotation — Click Add Annotation to switch the edit status to adding annotation.
*  Auto Tip — Click Auto Tip to toggle the option of showing tip.

*  Black Background — Click Black Background to toggle the background of the plot.

*  Delete — Click Delete to delete the selected curve.

*  Embed-Ctrl Visibility / Position — Float or resize the legend bar or rearrange the fixed posi-
tion.

e Hide Curve — Click Hide Curve to hide the selected curve.

*  Property — Click Property to set up the curve pattern of the selected curve.

Auto-tip
There are three sorts of tip in Smith Chart view:
«  X-Axis
*  Y-Axis

*  Curve node
The autotip of the Curve node includes:

*  Complex Value of the S Matrix Element at this Frequency.
*  Frequency.

*  Name of the S Matrix Element.

*  Normalized Admittance Y.

*  Normalized Impedance Z.

+  VSWR.
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Given the S matrix element value as s, the read-out is:

1+= i
= +]g]
l-s PRWR=—1
ol 1_|S|
1+=
X-Axis Example
5 '\-F‘I'-\I .
L xawis |-l

a = 1.0000a0

’ a"'ﬁl"l:h'?"r
( i ¥ Axis
: b = 0.500000]
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Curve Node Info

T R )
| -
- -

D&&“—“ 1}{D 200

i) Curve Node Info 7
| S1[1,1]-5(1:Partl DIE1 76:D0, 1:Portl DIE1 76::D0)
27| Freq: 242 (MHz) |

5 =-9,79581e-005 - 0,0213991| T
Mormalized impedance z: 0,9935889 - 0,0427703

Mormalized admitkance wi 0,99923 + 0.042757i i
YaWER: 104573 I-r

L o ]
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Customize Workflow

This chapter introduces the customized workflow and takes you through customization process step-
by-step.

LESSON ONE: UNDERSTANDING THE DEFAULT WORKFLOW
The default workflow now includes a customization option.
1. Click:

Customize Workflow

The Customize Workflow section in the Workflow expands and displays the customization
options.

2. Click:

Edit current workflow
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The Current workflow can be customized.

Workflow: ¥tractIM

Workflow: XtractIM

Default

»

Manage Workspace ()

Load Workspace
Load a Mew Different Layout

Package Setup (=)
Package Type: Wirebond
#  Circuits
A Stackup
#  Solder Ball
W Mets

Simulation Setup (=)
Maodule: IBIS/RLGC
Simulation Type: MetBased

View/Export results  (~)
Summary
SPICE/IEIS Model
RLC Per Met

RLC Distributions
Segment RLC

Load Results

Default

el

Customize Workflow

<

Manage Workspace (A

Load Workspace
Load a Mew/Different Layout

Package Setup (»)
Package Type: Wirebond
# Circuits
# Stackup
# Solder Ball
W Nets

Simulation Setup )
Module: IBISRLGC
Simulation Type: NetBased

View/Export results (4

Summary
SPICE/IBIS Model
RLC Per Met

RLC Distributions
Segment RLC

Load Results

Customize Workflow

s

Edit current warkflow ...

Expanded Workflow > Reload current workflow

Rezet to default workflow
Load an existing workflow
Save current workflow
Save current workflow as
Import an existing workflow
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LESSON Two: EDIT WORKFLOW

You can add, rename and change the sequence of the Workflow.

1.

Click:

Simulation Setup > New
Click:

New Scheme

Change the name from New Step to Extraction Frequency.
Click Set.

Click:

Setup > Extraction Frequency
Click OK.

Click:

Package Type > Circuits

Change the name Circuits to a name your prefer (such as Circuit Setup).

In the Workflow pane, move Nets to:

Package Type > Wirebond
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10. Click:

Finish and Return

The new Workflow is updated.

| Workflow: XtractIM X |
Finish and Return
Default o

Manage Workspace  (~)
Load Workspace
Load a Mew Different Layout

Package Setup (&)
Package Type: Wirebond
Circuits

Stackup

Solder Ball

Mets

Simulation Setup (»)
Module: IBIS/RLGC
Simulation Type: NetBased

i Mew

View/Export results ()

Summary
SPICE/IBIS Model
RLC Per Met

RLC Distributions
Segment RLC
Save Restlts
Load Results

1 New

1 MNew
|31 Mew Scheme
Finish and Return

Display

MName:

Default

| Tooltip:

rSelect Command

View -= Pane - Editor Pane
View -= Pane -= Output Pane
View -= Status Bar

View -= Show Ruler

View -= Auto-tip
View -= Show Log Files
Setup -= Skip PowerGround DC R Simulation

Setup -= Extraction Frequency

Setup - Threshold for Exporting Coupling Terms
Setup -» Model Connection Protocol

Setup -= Macro...

Setup - Circuit/Linkage Manager. ..

Setup -= Met Manager

Tools -> Chedk -> Floating Modes Warning
Tools -> Chedk -> Adjacent Nodes Warning
Tools -> Chedk -> Adjacent Vias Warning
Tools - Check -> Short Circuit Warning
Tools -> Chedk -» Check Activated Layer
Tools -> Chedk -» Check All Layers

Tools -> Check -> Show Check Result
Tools -> Backaround -= DXF Scale and Unit
Tools -> Background -= DXF Image...

Tools -> Background -= Set Dimension. ..
Barlearmmd Sat Daecitinm

Tanle

]|

Cancel ‘

CUSTOMIZE WORKFLOW
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LESSON THREE: SAVE THE WORKFLOW
1. Click:

Customize Workflow > Save Current Workflow

An XtractIM.cfg file is saved in the same directory as XtractIM.exe.
2. Click:

Customize Workflow > Reset to default workflow

The workflow goes to Default Workflow.
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Load Existing Workflow

1. After launching XtractIM, the saved XtractIM.cfg is automatically launched.
The customized workflow is loaded.

2. Select:
Customize Workflow > Reset to default workflow
The workflow goes to Default Workflow.

3. To substitute the current file, select:
Simulation Setup > Extraction Frequency
or select:

Import an existing workflow *.cfg file

Workflow: XtractIM x Default 2 |
Default = Manage Workspace (a)
Manage wDrkspace (4:\) Load Workspace
Load a New Different Layout
Load Workspace - o
Load a Mew Different Layout e e
03 W )
. Package Setup (~)
Package Setup I‘BI Package Type: Wirebond
v Mets Circuits
Package Type: Wirebond ——<-——— Stackup
# Circuit Setup Saolder Ball
A Stackup Mets
# Solder Ball i Mew
. . p i i (o
Simulation Setup ® Simulation Setup (=)

Madule: IBIS/RLGC

Module: IBIS/RLGC Simulation Type: MetBased

Simulation Type: NetBased
Extraction Freguency

View/Export results  (~) View/Export results  (~)
Summary Summary
SPICE/IBIS Madel SPICE/IBIS Model
RLC Per Net RLC Per Met
RLC Distributions RLC Distributions

[ =] tRLC
Segment RLC =gmen
Save Results

Load Results
Load Results oy

Customize Workflow

Edit current workflow ...

e
e

i
=
o
3

Mew Scheme

Finish and Return
Reload current warkflow @

Reset to default warkflow
Load an existing workflow
Save current workflow
Save current workflow as
Import an existing workflow

CUSTOMIZE WORKFLOW 242
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Index

Symbols

. In these examples, review the relati
25

.csv file 28, 29, 70, 71, 127, 205
.csv file names 85

.csv format 31, 127

.ibs format file 27, 127

spd file 54, 72, 127, 132

xml file 54, 72, 132

* t.ckt 41

* ckt 41, 70, 111

*.csv file 41

* ibs file 41

* pkg file 41

* spd file 71

%Coupling Value 17

Numerics

2-die BGA package 64
30MHz 18, 124

3D display 4

3D view 15

3D view of the package 14

A

accurate mutual terms 16
action 79, 125

active layer 5

Actual number 146
actual value 171

add 239

Add a new band 219

Add a text string 223
Add Annotation 223, 234
Add button 202

Add Pair 209

added signal layer 12
AFS compression 204, 219
AFS format 77
Amplitude 223

analyze the electrical performance
131

apply the changes 207
appropriate fields 205
Attach DXF File 116
Attach Layout File 9
Auto Coupled Line 17
Auto Tip 223, 234

Automatic Output Sampling 219

background of the curve window
223

Bar 163, 164

Bar Chart 223

Batch Mode 47, 72

batch mode 129

Batch Mode Example 47, 72
batch mode simulation 47, 72, 129
before you begin the simulation 93
BGA 95

BGA circuit 94

BGA package 69

BGAs for multi-die stacked BGA
packages 95

binary file 41, 70, 85, 128

bind 59

Black / White Background 223
Black Background 234

BMP file 204

BNP file 77, 202, 204, 219

board and package file formats 1
Board circuit 8, 11, 54, 56, 132
Board ciruit 56

board side 63, 79

branch missing from net 68
branch R, L, and C 68

Branch RL file 70

BRD 3

Broadband Impedance 133, 139
Broadband Impendance 4
Broadband Insertion 5

Broadband module 114

Bump 7, 132

bump 60

Bump and Solderball diameters 53,
93

Bump data 54, 132

Bump Data setup 12

bump die package 59

bump layer 59

Bump Medium Layer 12
Bump/Solderball medium layer 54
Bumps 58

bumps 14

Bumps settings 12

Bump-to-BG DC Resistance 133

C

C of signal and power nets 4

C vs. Net Length 36

C(pF) 139

calculated curve 225

calculation result 225, 226
calculations 25, 80, 126
calculations for each net 64

Cancel the simulation 23, 63, 108,
125

Capacitance bar 34, 128
capacitance matrix 25

Capacitance plot 36

Capacitance values 34
capacitance/inductance 54
capacitance-to-ground 25, 126
captures all the coupling 18, 124
cell element 94

change 239

change extraction frequency 18,
107, 124

Change Port Setting 207, 208
Change Rise Time 162, 164

change several ports 207

Change the name 239

change the position of the docking
223

change the status of a single port 208
Change their status 208

Channel Filter dialogs 215
characteristic impedance 147
Check DC Current Density 133
check simulation results 5

choose the preferred view 144
circuit model 19, 124

Circuit Name Element 95

Circuit Section 75

Circuit Setup 239

circuit topology 114

Circuits 11, 56, 121

Circuits data 11, 56

circuits setup 11, 56

circuits to be extracted 90
circuit-to-circuit paths 4

color 157

color icon 203

Color Map 170

commands 5

Comm-Comm 228

Comm-Diff 228

compare the network parameters
224

complete the setup procedure 11
completing the simulation 47
Complex value 234

Component Name 154, 155, 158,

243



Index

XtractIM Tutorial 16.6

159

Conductance 25

conductance 31

conductance is very low 126
conductivity 7, 53

Conductivity of the outer leads 122
connection settings 208

connection status 208

Context menu 202, 207, 209
context menu 202

Continue 23, 63, 79, 108

Continue the simulation 23, 63, 108,
125

conventions 1

Convert 120

convert narrow shapes 120

Copy 207

coupled 17

Coupled lines 17

coupled lines 17, 18

Coupled Lines Edit pane 16
coupled trace 17

coupled transmission line sections
17

Coupling Coefficent Table 158
Coupling Coefficient 158, 159
Coupling Coefficient in Layout 159
Coupling Coefficient Plot (col-
lapsed) 155

Coupling Coefficient Plot (expand-
ed) 158

coupling elements 41

coupling neighbors 19, 124
couplings 160

Create a curve 225

create a package simulation 5
create a simple expression 224
Cross Probe Feature 153

Crosstalk 216

crosstalk 5, 17

Crosstalk among all Signal Nets 160
Ctrl Bar Position 223

Current Density 167

current value scale 170

Current workflow 238

Curve 157

Curve color 222

Curve Copy 224

curve legend 205

Curve Method Selection 227

Curve node 234

curve node 234

Curve Node Info 236

Curve pane 202

Curve Property dialog 222
Curve Settings toolbar 218
Curve Source combo box 226
curve views 217

curves 231

curves are updated 222
customizable 238
customization option 237
customization options 237
Customize Workflow 237, 241
Customize Workflow section 237

data 124

DC R of Each Path File 70
DC Resistance 29, 70, 128
DC R 4

default name 224

default names 205

default percentage threshold 19, 124
default setting 76

default settings 205

default value 107

Default Workflow 241, 242
default workflow 237
defective design 23, 125
Define Differential Ports 209
Delay 66

Delay plot 36

Delay vs. Net Length 36
Delete 234

Delete button 209

Delete key 203

Delete the band 219
demonstration examples 1
design 3

Diagonal Element 25
diagonal element 25, 126
diagonal elements of the matrix 202
DIE 94, 95

DIE and BGA side 94

Die- and Board circuit 35
Die circuit 56

die circuit 59

Die Side 139

Die side 23, 63

Die to Board Circuit 150, 152
Die-Board mis-match 23, 63, 79,
108, 125

Die-circuit 8, 54, 132
Die-side 79

Die-toBGAL1 67

Diff-Comm 228

Diff-Diff 228

different channel setting 213
different name 62

Differential Channel View 215, 228
differential channel view 217, 218
differential channel view pane 217
differential pair 209

differential pair definitions 218
differential port 209

Differential Port Setting Dialog 214
differential ports 209

directory 129

discrete frequency samples 204
display 146

display all results 139, 142
display area 223

display changes 172

display curves id 220

display names 205

Display Results 66

display results 166

displayed layers 5

docking 223

documentation 1

Drivers 3

DSN 3

DXF 115

DXF file 117

DXF format 118

Edit current workflow 237

Edit Pane 6

edit the name 225

edit the name to any string 206
edit the reference impedance 207
Edit the value 219

edit your layout 5

editing the comment 204

Editor Pane 5

electrical performace assessment 4
electrical performanc 3

Electrical Performance Assessment
Workflow 131

electrical threshold parameter 17
element name 205

Embed-Ctrl Visibility / Position 234
empty signal layer 11

enabled cell 162, 164

Enbed-Ctrl Position 223
Enbed-Ctrl Visibility 223

End Component 155, 158

end of the solder ball 12
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ending frequency 219

Enlarge Reduce X / Y-scale 228
equal voltage 136

errors 80

Examine what nets are mis-matched
23, 63, 108, 125, 133, 135

Excel .csv file 205

existing file 8

existing workspace file 73

export stage 124

Exporting Mututal Terms Example
19

Expression Calculation 225
Expression Calculation mode 224
Expression Manage 226
Expression Manager 225

extension .ckt 127

extension .pkg 127

extracted 88

extracted R, L, and C 68

extraction 16

Extraction Frequency 124, 239, 242
Extraction Frequency band 73
Extraction frequency points 114
extraction stage 18, 124

F

far-end crosstalk 39
Far-ended Crosstalk assuming the
Rise Rime is 100 ps 161
FEXT 36, 39

File name window 70

Files of type field 87

final frequency sampling 219
Finish 11

Finish and Return 240

finish the setup 56

Flip-Chip 54, 55

Flip-Chip package 11, 12, 54, 56
Flip-chip package 132
floating 223

frequenc 82

Frequency 139, 234
frequency band 219
frequency curves 202
Frequency of Extraction 124
frequency point number 76
Frequency Range 75
frequency truncation 204

full matrix value 128
functionality 3

G

generate RLC models 16

green 62

grid line density 232

grid lines 231

Ground Net 16, 124, 139

Ground Net as the reference net 16
Ground Nets 16, 124

ground nets 27

heights 53, 59

Heights of the leads 122

Heights of the lower part 122
H-elements 107

Hide Curve 234

Histogram View 163, 164
horizontal and vertical marker lines
223
horizontal
lines 223

and vertical measure

IBIS / RLGC Module 7

IBIS Model 127

IBIS Model is saved 27

IBIS package 27

IBIS package model 127

IBIS package model files 41, 129
IBIS pin model files 41, 129

IC packages 3

ignoring mutual capacitance 19, 124
Impedance 154

Impedance in Layout 154
Impedance Plot (collapsed) 150
Impedance Plot (expanded) 152
Impedance Table 154

inductanc 19, 124

Inductance 146

inductance 35, 124

Inductance and Capacitance 139
inductance and capacitance 25
Inductance and Capacitance Matrix
Example 25

Inductance bar 34, 128
inductance is 0.005 124
Inductance Matrix 25

Inductance plot 36

Inductance values 34
information of the network 205
Inner Lead Converter 119, 120
input boxes 202

input information 5

Insert a C4 Bump Medium Layer 12
insert a frequency point 219

insert a Leadframe layer 121

Insert a medium layer standing 122
Insert a signal layer 12

Insert Under 57, 121

Insertion and Loss 165

Insertion and Return 135

Insertion Loss 165, 216

interaction mode 94

Interactive Mode 132
Interconnects 3

isolated curve 225

isolated curve names 224

Isolated Curve pane 222, 224
isolated curves 224

isolated trace 17

Iteration Mode 113

L

Land C 41

L and C coupling elements 129
L vs. Net Length 36

L(nH) 139

last area selected status 232
Layer Name column 57
layer options 57

layers are inserted 12
LayerView window 80
Layout 159

Layout Area 5

layout error 6

layout error messages 6
layout file 8, 132

Layout files 54

Layout Selection Window 5
Layout Window 5

Layout window 146
Leadframe 122

leadframe 118

leadframe file 115
left-to-right 163, 164

length 53

Length of lower leads 122
Length of upper leads 122
Line pattern 222

Line style 222

Line width 222

linear scale 223

Load 88, 202

Load a New/Different Layout 9
Load an existing layout 116
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Load Result window 174
Load Results 43, 129

load saved results 43, 71, 129
load the Package Structur 9
load the Package Structure 116
load the saved results 43
Load/Unload buttons 71
Loaded Curves 43, 129
loaded network 218

loaded networks 204

loaded results 43, 71, 129
loading capacitance 25, 126
log scale 223

lower frequency 75

lumped together 127

manual. 94

Manually convert selected shapes to
traces 120

manually perform a Save 208
Marker 223

Marker size 222

Marker type 222

Match 208

matrices 25

matrix corresponding to a BNP fil
202

matrix corresponding to a Touch-
stone file 202

matrix element name 205

Matrix Element Selection 202
matrix element unique ID 224
matrix elements 203, 224, 226
matrix entry 204, 207

matrix operations 204

matrix pane 218

matrix pane select 204

matrix value 33

Max 232

Maxwell Capacitance 127

Maxwell capacitance 25, 126
Maxwell Capacitance Matrix 25,
126

Maxwell capacitance matrix 25
MCM 3

Measure 223

medium layer 12

medium parameters 58

Menu Bar 5

menu bar 5

Mesh DIE 94

metal layer 41

metal layer. 33, 128

Min 232

minimum 124

minimum values 68

mis-matched nets 23, 63, 79, 109,
125

Mixed Mode Matrix 215

Mixed Mode Matrix in Differential
Channel View 216

Mixed Mode Matrix in Normal
View 215

mixed mode network parameters
216

mixed mode parameters 218
mixed-mode network parameters
209, 218

Mode Definitions 217

model files are saved 27, 127
modified in the network parameter
display 209

modified information 204

modify a design 5

More Information 23, 63, 79, 108,
109, 125

More Information window 23, 63,
79, 109, 125

multi-conductor transmission lines
17

multi-die circuit 56

Multi-Die, Stacked-BGA package 4
Multiple BNP/Touchstone files 202
multiple rows 40

multi-sections circuit model 114
Mutual C 67

Mutual Capacitance 160

mutual capacitance 19, 124, 147
mutual capacitance / inductance 124
Mutual capacitance with other nets
25

mutual capacitance with positive
values 25, 126

Mutual Inductance 31, 126, 160
mutual Inductance 25, 126

mutual inductance 27, 127, 147
Mutual Inductance and Capacitance
161

mutual inductance and capacitance
5

Mutual L 67

mutual L and C 4

Mutual loop inductance 25

Mutual Terms 31, 126

mutual terms 19, 124

NA2 3

narrow shapes 120

near-end coupling coefficient 147
Near-ended Crosstalk 146

Net as victim 163, 164

Net Coupling Summary 150
Neti 80

Net Impedance Summary 149
Net Length 66

net length 4, 28, 127

Net loop inductance 4

Net Manager window 16, 124
Net Name 168

net name 82

Net Name and Coupling Coefficient
1159

Netlist 156

Nets 124, 239

nets are mis-matched 79

nets for extraction 54

nets setup 16, 124

network 204, 209

network in the matrix pane 208
network name 205

network parameter files 202
Network Parameter Matrix 202
network parameters are not saved
208

network parameters are saved 219
Network Property dialog 205
new curve 224

New icon 9

new network 207

new network added 208

New Step 239

newly-added signal layer 58
NEXT 36, 39, 163, 164

No Outer Lead 118

no view for conductance 126
node as reference 94

Node Name 146

Normal View 215

Normal view 228

normal view 217, 218
Normalized admittance y 234
Normalized impedance z 234
number of elements 27

o
object display 5
Observation Ports 139
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observe results 25, 64, 80, 126
off-diagonal elements 25, 126
One Pin Model in IBIS Fomat 41
One Summary Content in Excel
Format 41

Open 208

open 140

open a dialog 232

Open button 202

open circuit exits 94

Open Impedance 139

Open Layout File 62, 78, 108, 125
Optimized Broadband Module 73
optimized circuit 80

Option 1 94

Option 4 94

Options 2 & 3 94

Outer Lead only 121

output circuit 107

output data 41, 70

output files 41, 47, 71, 129
overlaid for each layer 171
overlaid on the Layout 159
overlaid on the layout 170
overlay features 174

overlay results 170

P

package model files 41, 129
Package name 26
Package Setup 88
package simulation setup 9, 54, 94
Package Type 9, 118, 239
package type 8, 132
parameter matrix type 224
Parital Outer Lead 118
Partial 3D View 15
Partial Outer Lead 118
passivity enforcement 209
Path File 70
path is from Die to Board 148
PCB medium layers 58
PCB medium thickness 122
physical layout 170
Pi-model 41, 90, 129
pin at the board side 23, 108, 125
pin at the Die side 23, 108, 125
Pin Groups 97
Pin Model

Excel format 28, 127
Pin Node Name 145
pin nodes 98
Pin resistance and inductance 5

Pin-Based 95, 96

Pin-based extraction 94

Plane Current Density 172

Plane IR drop 5

Play button 63, 79, 108, 125, 138
PLC model 4

plot is redrawn 233

plot style 223

PNG file 204

POPbottom 57

port combo boxes 209

port pairs of differential channel set-
ting and single channel ports 217
port reduction operation 208

port references 98

port setting 213

Port Setting Example 214

ports 202

Power Net 139

Power Nets 16

power nets 27, 28

Power to Ground Inductances and
Capacitances 133

power/ground distribution systems
for packages 3

PowerNets 124

pre-defined patterns 202

pre-saved result 86

Present Curves 43, 129

present results 43, 71, 129

Present Results window 170
proceed with the simulation 23, 79,
109, 125

project file 62, 78, 125

Properties 205

Property 222, 234

Q

Qualified nets 95

R and L elements 76

R, L, and C data 127
R(mOhm) or L(nH) 145
R/L/C full matrix 31, 127
Radius of lower arc 122
Radius of upper arc 122
Receivers 3

rectangle 232

reduce the size of the output circuit
18, 124

re-enter your settings 12, 13

Ref Ground Net 139

reference element 97

Reference Ground Net 139
reference ground net 16, 124
reference impedance input box 207
Reference Net 95, 98

Reference Net Node 96
Reference Nets 160, 165

registry 205

Remain as a port 208

remove these frequencies 218
rename 239

Reorder the list 26

Replace button 202

report results 5

Report Template 45

Reset to default workflow 241, 242
Resistance 25, 31, 126, 146
Resistance bar. 34, 128
Resistance using all Power and
Ground Nets as Reference 161
Resistance values 34

result 85

result file 41, 70, 85

result output file 41, 70, 129
result_spd file name.eim 70, 128
result*.eim file 41, 70, 129
results 138

Results Overlay 170

results to be displayed 147
Return key 219

Return Loss 5, 166, 216

reverse crosstalk 17

Rise Time 17, 40

Rise Time Value 17

RLC 16, 33, 128

RLC curves 4

RLC Distributions 33, 128

RLC distributions 33, 128

RLC extraction 124

RLC Full Matrix 41, 129

RLC Full matrix 31, 127

RLC of each metal layer 129
RLC vs. NetLength 36

RLCG 23, 79, 108, 125

RLGC models 4

RLGC Module 4

RLGC Module Pin-based Extrac-
tion 113

RLGC SPICE model 90
RLGCcircuit extraction 94
Rotation icon 144

run a simulation 5

run simulation 23, 63, 79, 108, 125
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S

S chart 82

S Imaginary 80

S matrix element 234

S matrix element value 235

S parameter curves 207
sampling frequency 209

save a file 144

Save as 78, 125

Save as Default 205

Save Curves dialog 204

Save Extractor Result window 40,
70, 128

Save Layout File 62, 125

save layout file 21, 62, 78, 125
save layout file under different
name 62, 78, 125

Save Result 85

Save Results 173

save results 25, 31, 40, 64, 70, 80,
126, 128

save the workspace 137

Save Workspace 62, 78, 125
save workspace 62, 78, 125
save workspace under different
name 21

save your entries 12, 13

save your selection 9, 55
saved file 27

saved model 27, 127

sections 80

Segment RLC 33, 35, 41, 128
Segment RLC values 34, 128
Select a frequency 221

select a pair of nets 209

select a region 15

Select as Board circuit 56
select multiple matrices 203
select multiple ports 207, 208
select Package 121

select shapes 120

Select the circuits 75

Select the nets 8

select the next action 63, 108
select the top cell 40

selected nets of a package 3
Self- and Total-loop Inductance 133
Self C 66

Self capacitance 25

Self Inductance 25

Self L 66

Self loop inductance 25

selfR 4

Self-C 28, 127

self-C 41

Self-capacitance 31, 126
Self-inductance 31, 126
self-inductance 147

self-L 4, 41

self-R 41

set Solder Ball data 54

Set the C4 Bump data 8

Set the Solder Ball 8

set up a simulation 5

set up Rise Time and %Coupling 17
Set With Default Parameters 17
Setting Output Factors 63
settings 12, 13, 122

setup circuits 54

Setup extraction frequency 9
Setup Solder Ball 63

setup stackup 54

Setup the circuits 8

Setup the Stackup 8

Short 140, 208

Show / Hide 223

Show X-axis in Log Scale 223
Show Y-axis in Log Scale 223
signal net 16, 124, 128

signal net length 41

signal net length, self-R, self-L, self-
C 129

Signal net name 70

Signal Nets 147, 165

signal nets with single-pin 35
signal velocity 147

signal, power and ground nets 4
Signal$ layer 121
Signal$Bottom 57
Signal$Bottom layer 11, 57
Signal$Top 12

Signal$Top layer 12, 58
simulation continues 23, 125
simulation progress 5
simulation result 204
Simulation setup 54

simulation setup 8, 54, 94
simulation time 76

Simulation Type 95, 96

single BGA 54

Single Channel Matrix 215
single channel matrix 213
Single Channel Matrix in Normal
View 215

Single Net 157

Single net average error in S 82
Single Net Coupling Coefficient

157

single or stacked BGA packages 3
single port 208

single port select 207

single section 80

single transmission line algorithm
17

Single$1 layer 119

Single-BGA 118

single-BGA package 4, 7
Single-Die 118

Single-die Single-BGA package
148, 160

Single-die Single-BGA packages
165

single-ended network parameters
216, 218

Sink Current 136

Sink Side 136

SIP 3

smallest-to-largest 163, 164

Smith Chart 226, 227, 232

Smith Chart view 234

Solder Ball 13

Solder Ball data 54

Solder Ball Data setup 13

Solder Ball Medium Layer insert
11, 57

Solder Ball Medium Layers 12
Solder Ball settings 13

solder balls 14

solderball 58

Solderball data 132

Solderball Medium layer 132

Sort 145

S-parameter 76, 77, 88
S-parameter element 80
S-parameter error 80

S-parameter Examples 81
S-parameters 114

S-parmeter 80

S-parmeter errors 80

SPD file 174

SPD format 7, 53, 93, 115, 118
SPD formats 3

special design 23, 125

specialized panes 5

SPICE capacitance 25, 126

SPICE Capacitance Matrix 25, 126
SPICE capacitance matrix 25
SPICE circuit 41, 73

SPICE circuit files 41, 70, 129
SPICE Circuit model 84

SPICE equivalent circuits 4
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SPICE file 129
SPICE Model

Circuit Togology 85
SPICE model 27
SPICE Model is saved 27
SPICE Model. 111
SPICE Mutual Capacitance 31, 126
SPICE sub-circuit 27, 127
SPICE/IBIS Model 28, 29, 127
SPICE/IBIS model 27, 127
spreadsheet 5
stacked BGA 54
Stackup 132
Stackup information 7, 53, 93
Stackup window 122
Standard Setup 122
Start Component 155, 158
start over 13, 124
start the extraction 23, 63, 79, 108,
125, 138
starting frequency 219
Status Bar 5, 6
step-by-step instructions 1
Stop 23, 63, 79, 108
strongest coupling coefficient 155
strongest coupling neighbors 124
strongest couplings 157
Sub Matrix 202
Sub Matrix option 202
Summary 26, 41, 68, 111
Summary of Extracted Results 68
Summary view file 86
Summary, extracted results 26, 127
Sweeping Mode 219
sweeping mode 76
system requirements 1
system-level analysis 3

T

T-circuit 27, 127

Thickness of the leads 122

Three Segment RLC in Excel For-
mat 41

Threshold for Exporting Coupling
Terms 124

time delay 41

T-model 41, 90, 114, 129

Toggle the plot style 216, 223
Toggle the sub windows 223
Toggle the X axis 223

Toggle the Y axis 223

tool bar 5

tools on the workspace 5

Total horizontal length 122

Total Near-ended Crosstalk of each
Net as Victim 161

Total NEXT Histogram View 163,
164

Touchstone format 77, 204

trace 18

Trace and Wirebond Impedance 150
Trace coupling 146

Trace Coupling Threshold 16

trace coupling threshold 16

Trace nets 17

traces 120

traces are identified 17

traces belonging to several nets 17
tree item is collapsed 217

trigger the visibility 203

Truncate 218

Ts (ps) 162, 164

Type 88

Type column 88

Type Workflow 132

typical workflow 94

U

unique curve name 224

unique ID 202

unit circle 231

unload a loaded result 43, 129
Unload Extractor Result icon 43,
71, 129

UPD 3

upper frequency 75

Use a Saved Expression 226

Use As Reference Element 97
Use Reference Element 95, 97
Use Reference Net 95

Use Reference Node (auto) 95
Use Reference Node (manual) 95

\"/

valid area 232

value type 223

VDD 88

version 5

vertical marker lines 223
vertical measure lines 223
Via Counts 166

Via Counts Table 166
Via Current 168, 170

Via Current Histogram View 167
Via Current Table 167

Via resistance 35

Via starting layer 166

via starting layer 35

victim 146

view near-end 39

view the detailed results 158
view the results 174

View the Stackup 58
View/Export Results 128
View/Exports Results options 111
visibility control options 203
visibility of the sub windows 223
Voltage distribution 171

VSWR 234

W

Width of lower leads 122

Width of upper leads 122
Wirebond 54, 55

Wirebond Package 118

With Outer Lead 118

Workflow is updated 240
workflow pane 5, 6

workflow pane area descriptions 5
Workspace file 174

Workspace pane 108

Workspace toolbar 108
workspace toolbar 78
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