cadence

PowerSlI Tutorial

Product Version 16.6
January 2014

Document Updated on: November 5, 2013



© 2014 Cadence Design Systems, Inc. All rights reserved.

Cadence Design Systems, Inc. (Cadence), 2655 Seely Ave., San Jose, CA 95134, USA.

Open SystemC, Open SystemC Initiative, OSCI, SystemC, and SystemC Initiative are
trademarks or registered trademarks of Open SystemC Initiative, Inc. in the United States and
other countries and are used with permission.

Trademarks: Trademarks and service marks of Cadence Design Systems, Inc. contained in this
document are attributed to Cadence with the appropriate symbol. For queries regarding
Cadence’s trademarks, contact the corporate legal department at the address shown above or
call 800.862.4522. All other trademarks are the property of their respective holders.

Restricted Permission: This publication is protected by copyright law and international treaties
and contains trade secrets and proprietary information owned by Cadence. Unauthorized
reproduction or distribution of this publication, or any portion of it, may result in civil and criminal
penalties. Except as specified in this permission statement, this publication may not be copied,
reproduced, modified, published, uploaded, posted, transmitted, or distributed in any way,

without prior written permission from Cadence. Unless otherwise agreed to by Cadence in writing,
this statement grants Cadence customers permission to print one (1) hard copy of this

publication subject to the following conditions:

1. The publication may be used only in accordance with a written agreement between
Cadence and its customer.

2. The publication may not be modified in any way.

3. Any authorized copy of the publication or portion thereof must include all original
copyright, trademark, and other proprietary notices and this permission statement.

4. The information contained in this document cannot be used in the development of like
products or software, whether for internal or external use, and shall not be used for the
benefit of any other party, whether or not for consideration.

Disclaimer: Information in this publication is subject to change without notice and does not
represent a commitment on the part of Cadence. Except as may be explicitly set forth in such
agreement, Cadence does not make, and expressly disclaims, any representations or warranties
as to the completeness, accuracy or usefulness of the information contained in this document.
Cadence does not warrant that use of such information will not infringe any third party rights, nor
does Cadence assume any liability for damages or costs of any kind that may result from use of
such information.

Restricted Rights: Use, duplication, or disclosure by the Government is subject to restrictions
as set forth in FAR52.227-14 and DFAR252.227-7013 et seq. or its successor.



PowerSI Tutorial

Table of Contents

L PFEIACE e 5
11 L@ YT V1= SRS 5
1.2 Who Should Read This TULOITal ........cceoiieieiiicerree e 5
13 Additional DOCUMENTALION. ........coveiiieieiieieee e 5
14 How to Contact Technical SUPPOIt.........ccoviiiiiiiiiiiee e 5

2 INEFOTUCTION ..ot 6
2.1 SOFEWATE OVEIVIEW ...ttt sttt st s 6

211 WHAE'S POWEIST....c.eiiiiiiiiieieieiieiee ettt 6
212 APPHICALIONS. ...t 6
2.2 POWEIST WOTKPIACE ...t 6
2.3 PowerSl and SPEED2000 .......c.ccoviiiieiieieieic e ste e nee e seenees 7
2.4 PowerSIl and Broadband SPICE ...t 7
2.5 POWEIST WOFKFIOW ...ttt 8
25.1 EXIraCtion MOGE ..ot 8
252 SPALIAI MOGE......eiiiiiicc s 8
253 RESONANCE MOTE. ... .ottt 9

3 Project 1 Impedance of Power Delivery SYStem .........cccccvveieieiineirsesieeie e 10
3.1 ADOUL the EXAMPIES......oeiiiiiiiiiiice e 10
3.2 Power Ground System Without Decoupling Capacitors...........cccoceveviernienenennas 10

321 Start PowerSl and Load a File ........ccccoieiiiiiiiiieee e 10
3.2.2 VIBW POt SELUD ....eviveieeiiteeiee ettt 12
3.23 Set up Simulation FrEQUENCIES .......ccciriiiiirieiie e 13
3.24 RUN @ STMUIALION <.t 13
3.25 View Simulation REPOI ........coviiiiiiiineee e 15
3.3 Power Ground System With Decoupling Capacitors............ccoeovrereienereisieneeas 17
3.3.1 L0Ad 8 FIlE ..o s 17
3.3.2 VIBW SELUD ©..vviviieeist ettt bbb 17
3.33 Set up Simulation FrEQUENCIES .......cccirviiiirieine e 18
3.34 RUN @ STMUIALION ... 19

4 Project 2 Modeling and Transient Simulation .............ccccevveieiiieicienceccecce e, 21

4.1 L@ TV 1= PSS 21
411 PCB..it ettt bbbttt et s 21
412 Modeling and Simulation ProCedure ..., 22

4.2 ConStructing 8 Package .........cooveiriiiiii s 22
421 Construct a Package MOGEI ...........ccoviiiiiniicie e 23
422 Creale NBLS ..o bbbt e 23
423 Create @ STACKUP ..ot 26
424 Create Power Ground Shape and Setup Shape Properties ..........cc.ccoeevneeens 29
425 AQA 8 VI8t 32
4.2.6 Ao [0 - I - Vo TSRS 35
4.2.7 Set UP TracCe PrOPEILIES. .....cciveiieirieieite ettt 35
4.2.8 Setup a Trace on SIgNalOL .........ccoeviiiiiiiiee e 36
429 VIEW TraCeS IN 3D ..eeiiieiieeiiiieeiieiee ettt ne e nre 36

4.3 SPECITYING POTS.....eiiiitiiiictes e 37
431 Ao [0 [ o] USRS 37
432 SELUP B PO 38
433 Set Reference Impedance for the POt ... 40

4.4 RUNNING @ SIMUIALION ..o 40
441 Set up Simulation FrEQUENCIES .......cccirieiiirieiie e 40
442 RUN @ STIMUIALION ... 41
443 EXPOIt RESUILS. ... 41

January 2014 3 Product Version 16.6



PowerSI Tutorial

4.5 Equivalent Circuit Extraction by Broadband SPICE............cccccoovivviviivninciennns 42
4.6 Broadband SPICE Model Validation............cocooeieieniiiinenenseneseee e 43
4.7 Transient Simulation by HSPICE...........cccooiiiiiii e 44
4.7.1 Prepare an HSPICE NEtliSt........cccovoieriieiere e 44
4.7.2 View HSPICE Simulation ReSUIS.........ccoceiiriiiinciencecseeceeis 45

5 Project 3 Decoupling Capacitors Placement ...........ccooeiiieiiciiiiiencseseece e 47
51 Power Ground Noise Without Decoupling Capacitors...........ccocevvvvviviveinninnnnnnns 47
511 Start PowerSl and Load a File ..o 47
512 VIBW CHFCUITS ..ttt 48
513 VieW CirCUit VOIAGES ...ocvvcvvieeicicce e 49
514 View Voltage DistribUtiONS ........ccoviveiirieie e 49
515 Set up Simulation FreqUENCIES .......ccveriereriresese e 50
516 Run a Spatial Mode SImUulation ............cccovvvivviviieniensere e 50
5.2 Decoupling Capacitor Placement (First Round) ..........ccoovevevviveiineniecieieseseniens 52
521 Review Spatial Voltage Distributions...........ccocvevveieeiciene v 52
522 Determine Decoupling Capacitor LOCatioNnS.........ccceeevevervresiesiecsesesienens 53
523 Determine Decoupling Capacitor Types and Values..........ccocveevevvevveriennenne. 54
5.3 Decoupling Capacitor Placement (Second Round).........ccccuevveveveninnivnvesenerennens 57
53.1 Review Spatial Voltage Distributions...........ccocvevveieeicieie s 57
532 Determine Decoupling Capacitor LOCAtioNnS.........ccceevreverieresiesseeneseseenens 58
533 Determine Decoupling Capacitor Types and Values..........ccocveeveiveveriennenne, 59
5.4 Self and Transfer Impedance of the Power Delivery System ..........ccoocveveveivinenns 62
54.1 Simulate Self and Transfer Impedance CUIVES.........cccovvveverierieniesveesenees 62
54.2 Run Simulation with Decoupling Capacitors .........cccccocvverieriennsieenesesienens 66
55 RESONANCE IMOUE. ...t et ettt 70
55.1 Start PowerSl and Switch to the Resonance Mode..........ccccoovviiiiicniiens 70
55.2 Set up FreqUENCY RANGE .......ocvviieceeeee e 70
55.3 RUN @ SIMUIALION ..o e 71

6 Project 4 IR Drop Analysis for Power Delivery SyStems..........ccccoovoniiieiininncienens 74
6.1 Power Delivery System ReSIiStanCe (1) ..voovvvvereieiieieiecie e eeeneeie e 74
6.1.1 (@] oL = T {01 od AR 75
6.1.2 Set up Simulation FreQUENCIES .......ccveiererire s 75
6.1.3 Turn on Inter-plane Coupling .......cccovvvivrieiiriesie s e 76
6.1.4 RUN @ SIMUIALION ..o e 76
6.2 Power Delivery System ReSiStance (I1) .....ccooovvvviieiisieirce e 77
6.2.1 COomMPULE RESISTANCE ....c.veveieiiesiece et 77
6.3 Power Delivery System Resistance (H1).......ccoovevereieninvieinssce s 79
6.3.1 COomMPULE RESISTANCE ....c.veveieiiesiece et 79
6.4 Simulating IR Drop in the Spatial MOGE .........cccovvvveiiiecr e 80
6.4.1 Start PowerSl and Load a File ..o 80
6.4.2 VIBW CHFCUITS ..ttt 81
6.4.3 L 0T 0] | v o[- 81
6.4.4 Set up Spatial Voltage DistributioNns...........ccccvivvieiininnie s 82
6.4.5 Set up Simulation FreqUENCIES .......ccveriereriresese e 82
6.4.6 Turn on Inter-plane Coupling .......ccccvvvvrieiiriesi e e 83
6.4.7 RUN @ SIMUIALION ..o e 84

January 2014 4 Product Version 16.6



11

1.2

13

1.4

PowerSI Tutorial

Preface

This tutorial provides all information required when you start using PowerSl.
This Preface has the following sections:

e  Overview

e Who Should Read This Tutorial

e Additional Documentation

e  Customer Support Information

Overview

This tutorial has the following chapters.

Chapter Page
Introduction 6
Project 1 Impedance of Power Delivery System 10
Project 2 Modeling and Transient Simulation 21
Project 3 Decoupling Capacitors Placement 47
Project 4 IR Drop Analysis for Power Delivery Systems 74

Who Should Read This Tutorial

PowerSl is intended to be used by engineers and researchers who work in the areas of design,
modeling, and simulation of integrated circuits, chip carriers, and printed circuit boards (PCB).
Users should have at least an entry-level experience in SPICE circuit simulations, and be aware of
power and signal integrity issues in high-speed or high-frequency electronic systems.

Additional Documentation

For more information about PowerSl, see the following documents:
o PowerSl Getting Started Guide

e PowerSl Tutorial

e PowerSl_Chip_Cosimulation_Tutorial

e Q&A

e SPD File_Format RG

e PowerSl User’s Guide

e Translators User’s Guide

How to Contact Technical Support
If you have questions about PowerSl, contact the Cadence Online Support.
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2 Introduction

This chapter introduces PowerSI briefly and other related information.
This chapter covers the following sections:

e Software Overview

e PowerSIl Workplace

e PowerSl and SPEED2000

e PowerSl and Broadband SPICE

e  PowerSIl Workflow

2.1 Software Overview

2.1.1 What's PowerSlI

PowerSlI is a new generation simulation tool to analyze electrical integrated-circuit (IC) packages
and printed-circuit boards (PCB) for power and signal integrity.

It can provide full-wave analysis results quickly and accurately. This feature allows it to overcome
tough high-speed design issues in power, ground, and signal integrity.

PowerSlI uses frequency domain effectively in analysis of package and board performance due to
its electromagnetic field computation engine.

2.1.2 Applications

PowerSI can be used for analysis and design of electronic packages including chip carriers and
PCB:s. It is particularly effective for the following applications:

e Pre-layout and post-layout electrical analysis for entire packages and boards.
e Package and board resonance identification.

e Frequency-dependent impedances extraction for power ground systems.

o Decoupling capacitor placement optimization.

e Frequency-dependent S, Z, and Y network parameters determination.

o Signal return path discontinuities analysis.

e Electromagnetic coupling evaluation for planes, traces, and vias.

e  What-if comparisons to optimize electrical performance.

2.2 PowerSI Workplace

This illustration indicates major parts of the workplace when you open a file in PowerSlI. See
PowerSI User’s Guide for detailed information about menus, toolbars, and workflow pane.

January 2014 6 Product Version 16.6
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PowerSl and SPEED2000

PowerSI and SPEED2000 are complementary signal and power integrity. They share the same
patented technologies of efficient full-wave analysis of complex packages and PCBs.

PowerSI and SPEED2000 use unique field computation methodologies to perform analysis for an
entire package or board with full-wave accuracy, allowing fine numerical meshes for the modeling
of detailed structures, such as cuts and slots in planes, multiple power and ground layers, and any
number of vias and traces.

PowerSlI specifically focuses on frequency domain analysis while SPEED2000 specializes in time
domain. PowerSI and SPEED2000 share the same data file and have a very similar user interface
environment.

PowerSl| and Broadband SPICE

The Broadband SPICE generates HSPICE and general SPICE-compatible equivalent circuit
models for a passive N-port network characterized by its S, Z, and Y parameters.

The computation of N-port parameters for the package and board used by PowerSI can help users
acquire accurate SPICE-compatible equivalent circuits. And these circuits can be used for time-
domain simulations with other passive and active components, such as transistor level driver
models in SPICE-like circuit simulators.

The second project in this tutorial describes the PowerSI-Broadband SPICE flow for 1/0
modeling and transient simulation. See Chapter 3 Project 2 Modeling and Transient Simulation.

January 2014 7 Product Version 16.6



PowerSI Tutorial

2.5 PowerSI| Workflow

PowerSlI has an integrated environment for graphically editing physical structures, and creating
and editing circuits. The environment can build packages or boards for pre-layout analysis.

Many translators are developed to convert data files from other vendors to Sigrity’s data file - spd.
So you may use any data files generated under other tool environments to do the post-layout
analysis of packages and boards.

PowerSlI has three simulation modes: Extraction Mode, Spatial Mode, and Resonance Mode.

251 Extraction Mode

In the extraction mode, PowerSI can easily and conveniently extract S, Z, and Y parameters of
multiple ports specified- for package and board structures, such as a power delivery system.

The following figure shows a typical workflow of PowerSlI in the extraction mode:

Translation
with SIGRITY
translators

(if necessary)

Post layout data
in various formats

Data in .spd file format

Existing Circuit Models f
(SPICE Format) Powers!

.spd data Input Modification

Net Selection
Circuit Linkage
Port Assignment

EM & Circuit Simulation

Resulls Display et
ansiysis
Analysis & Post Processing

25.2 Spatial Mode

In the spatial mode, PowerSI can do AC analysis for circuits with many sources and obtain the
following results:

e  Spatial solutions of voltage distribution across planes.

e Voltage and currents in circuit components.

e Voltage and currents in physical structures such as traces and vias.
The following figure shows a typical flow of PowerSl in the spatial mode:
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DR e Post-layout data
Data in .spd format ln.?nb;:' i
Translation file format
I\‘-_._._.____. -_________.--—-
Net Selection
(opticnal)

Connect Circuit
{optional)

Circuit Models

Specify Sources
and Observation Variables

Caomputation
{Simultaneaus. s_ulutian of Models for
ElECtI‘DIThEg_I‘IE‘i!C fields da-caps
and circuits)

Spatial Solutions of
Voltages and Currents
(2D & 3D Plots)

253 Resonance Mode

The resonance mode solver computes and displays all resonant modes between predefined
frequency ranges. User can also specify the number of resonant modes directly.

PowerSlI outputs a table which lists complex resonant frequencies and Q factors in the resonance
mode.
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3 Project 1 Impedance of Power Delivery
System

This chapter describes how to use PowerSlI to simulate the frequency-dependent power-ground
impedance profiles at specified power and ground pin locations.

This chapter takes two files psi_brd_demoshort.spd and psi_brd_demodecaps.spd as examples to
demonstrate how to use PowerSl. The two files are within the installation directory.

The chapter has the following sections:

e  About the Examples

e  Power Ground System Without Decoupling Capacitors
e  Power Ground System With Decoupling Capacitors

3.1 About the Examples

Both psi_brd_demoshort.spd and psi_brd_demodecaps.spd have the same board with six
metal layers including one power plane and one ground plane.

For psi_brd_demodecaps.spd, the board has decoupling capacitors mounted. The board
dimensions are about 10 x 6 cm with FR4 dielectric material.

3.2 Power Ground System Without Decoupling Capacitors
This section takes psi_brd_demoshort.spd as an example to explain how to use PowerSlI.
This section has the following topics:
e  Start PowerSl and Load a File
e View Port Setup
e  Set up Simulation Frequencies
e Runa Simulation
e View Simulation Report

3.21 Start PowerSl and Load a File
Follow these steps to start PowerSl and load a file:
1. Launch PowerSl.
2.  Select Mode > Extraction Mode.

Extraction Mode is selected by default when PowerSl is launched. You can double-check to
ensure the mode is correctly enabled.

3. Select File > Open....
The Open dialog box opens.
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SZ, 0E SE OF % 0z 55 09
(leersf e ....|....|....|....|....|....|....|..ﬁ|....l....|....|....|....|....|....|

0z,

Ll la a2 Lld]

r-;éi_f' pen N
& « PowerSI » Samples » Hybrid » |
() | PowerSI » Sampl Hybrid Je)
Organize New folder = - | @
F Al A .
Favorites pallic Da
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4 Downloads <& psi_brd_demoshort.spd 4/1
«» Recent Places L < psi_brd_IR_drop_SM.spd 471
[ <@ psi_brd_PDSdesign_Decap_stagel.spd 3/9
Libraries & psi_brd_PDSdesign_Decap_stage2.spd 6/1
Documents & psi_brd_PDSdesign_NoDecap.spd 6/1 =
4. Music & psi_DCR1_200x10mm_lplane.spd a/1
Pictures @ psi_DCR2_100x1mm_lplane.spd 411
B Videos & psi_DCR3_100x1mm_2planes.spd 4/1
<@ psi_IO_modeling.spd a/1
& Computer 4 psi pka wb pre-layoutspd AfAT
- 4 11 [
File name: | psi_brd_demaoshortspd ¥ | |PowerSI Files (*spd) b
QOpen Cancel
4.  Double-click psi_brd_demoshort.spd.
or
Choose the file and click Open.
A 2D layer view displays.
5 0 6 @0 926 G0 (35 40 45 50 &5 G0 @5 70 7& @0 @5 80 1?0@

bl

In this example, the circuit connects to an edge connector at the lower right corner of the
board. The circuit has only one 0.01 Q resistor which short circuits the power and ground
pins of the edge connector.
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View Port Setup

Follow these steps to check the setup:
1.  Select Setup > Port....

The Port setup dialog box opens.

-
Port
El-(PPort1
i (7y§Package. Node 18411 48::VCC
-‘Automatic Port Setting
Net Based
Generate Ports for
Layer Circuit Name Circuit Model
SignalSBOTTOM Redge EdgeTerm
~ET)
Edit Differential Ports Edit Circuit Port
Mew Find &Fit | |PortRReorder Delete

This example has one predefined port.

e The port positive terminal is connected to the package node — Node184!148::VCC.

e The port negative terminal is connected to the package node — Node201!'50::GND.
2. Select Port 1 and click Find & Fit.

The port area appears in the center of the layer view window.

el o W ot e 2 A ! A e B e

3.  Click the Fit button E_1 on the Main Toolbar to return to the overall view.
4.  Close the Port dialog box.
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3.2.3 Set up Simulation Frequencies
Follow these steps to set up simulation frequencies:
1. Select Setup > Simulating Frequencies....
The Frequency Ranges dialog box opens.

r "
Frequency Ranges x
Starting Freq. Ending Freq. Sweeping Mode | Freq. Increment | Points/Decade
10 MHz 2 GHz Adaptive |
<] I B
Frequency Ranges in AFS: Default | ok | | Cancel |

2. Change the following parameters in this window:

e Starting Freg. to 10 MHz (or 0.01 GHz)

e Ending Freq. to 2.0 GHz

e Sweeping Mode to Adaptive from the drop-down menu.
3. Click OK to finish the setup.

3.24 Run a Simulation
Follow these steps to perform a simulation:

1. Click the Start Simulation button * to start the frequency sweeping simulation for the
network parameters at the port location.

An S-parameter displays first as follows.

@ Powesst - {Port Curves]

& Fie View Opertion _Window _ Help LT e o

T E T )

Workflve: PewesSt xi®eet I ONT [ 2 - [ Momal View <[5 [~[rmpitude [5LL 7 (8] impadance Corve Mask._=. g
‘Model Extraction || ok Parometers B
e ) s sraamon -

Layout Setup C) B ol -stuportsivee, ey, mPSE psi_brd_demoshort.spd

Load Layout File

Sabect Hets ! = H i 7 e
Aasign Copacior Model: ! !

Sebect Circuits | | |
Simulation Setup @ | | | | I\ [
+ Enabl 23 I
i ||
Simulation &

stant Simulation I SRR || SESERR ‘,| SRR AR
Report it

|
View, Check, Process Result o] i \ ‘

| daed s 1 | | | | |

200 00 600 200 1000 1200 1400 1600 1300

Custamize Workflow Fracisency (MHz)

[ SIMULATION - SU[11] - 51:PorEVCC, 1:Poril:vCE)

Cuput

The Output window shows the process status during the simulation.
The Status bar shows Computing completed after the simulation is done.
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2. Click and choose the Z (impedance) parameter from the drop-down menu.

5 -
5

R —
b

Srmith Chart

A Z-parameter curve displays as follows.

< Powers] - (2 Amplitude (Ohrmi]
& Fle View Operation Window _Help

cadence -5 %

iDSH 9 o LK I

xliese 3 T OB CIEDE

Normal View

N B [ MebvrkParameters

)
I 2004 1] - Z(t:Port1sEE, 1Porth

Layout Setup @

Load Layout File

Start Simulation
Fepart

View, Check, Process Result (2]
Hetwork Parameter Display

7 Amplinicie ((Whrr

140

sclated Curves

Customize Workflow "

~ | A | - | Ampiude B B

[®]Impedance CunveMask ~ | M G

psi_brd_demoshor.spd

600 00

1600

F——SBULATIGN - Z0[11] - Z[1-Pord:VCC, TPl VCE)

3. Right-click the plot to open a pop-up menu.

Save Simulation Result

ﬁ Properky
X

Delete

Hide Curve

Measure
Marker. ..

Expression Calculator, ..
Black Backaround

Embed-Crrl Wisibiliky
Embed-Chrl Position

Ckrl Bar Position

4. Select Save Simulation Result.

The Save Curves dialog box opens.
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-
Save Curves

Metwork parameter file format: T|:||_4|::I-'|:5:h:|r'n3 format | v|

Save to C:ASigrityS ampleshS peeds<P 12 0\PowerS14S amplezi\Huybrid'pei_brd_dem I:\

[Data Type Save the following network, parameter(sf——
’7®H| ODE  OMa ’73 Oz Ov

] Expart passivity enforced S-parameters ] Touchstone 2.0

FCP Dutput Frequency Linit: H

o]

5. Select Touchstone format from the Network parameter file format drop-down menu and
rename the file to psi_brd_demoshort.S1P.

Click OK.
Close the project without saving it.

Double-click a curve to show the Curve Pattern Property box.
Tip! You can change Style, Pattern, Width, and Mark for the curve.
See 2.3.4 Run a Simulation for the details.

3.25 View Simulation Report
You can view the simulation report after running a simulation.
Follow these steps to open the simulation report window:
1. Click [X]to return to the Layer View window.
2. Select File > Report.

1 Mew Chrl+M
55 Open... CtrH0
H Save... Ctrl+3

Save fs..,

Save Workspace

Close

Report %

The Simulation Report Setting window opens.
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E& Change the 'Report’ options in PowerSL
—General Information

Report template (*.htm): | 1. 1Yibraryitemplate)\PowerSIPowerSI_Report_Template _Default, htm | |

Motes:
—iopkional Plot:

" source. | Methed, " Hame. Partl, Partz,

_ Amplitude DefaultCurve Port1:iCC Portl::¥CC

Fe
| Default | | Applh | I [0]4 | | Cancel |

You can select Tools > Options > Edit Options... > Simulation (Basic) >
NOTE! Report to open the window, too.

3. Click OK directly, or set up the Simulation Report Setting.
The Simulation Report window appears as shown below:

Pume 5| _Fopurt_Templat_Defoul bim ™

cadence’

PowerSl Simulation Report

Date: November 7, 2012

1 General information

1.1 Spd file name and location
PowerSl version: 12.0.5.10152
File names and locations:

« Layout spd file

o DefSigritySamples/SpeedXE 12.0/8 samplis/Hybrid/psi brd_demoshort.<pd
= Simulation result file
o DifSigritySamples/SpeeddP 12.0/F armples/Hybrid/psi_brd_d hort_110712_180247 bnp

& psi_brd_demoshort 110712 180247 Passive bnp

1.2 Board stackup

Layer & | Layer Name Thckness(ums) | Materl | Conductratytm) | Pemittoity | LossTangest | FillinDielecioe | ShapeName | TraceWidthimm) | Foughness{uss)
] Sigaal§ TOP 0.03048 59594007 1 ] ol 0

Medm$2 0.2032 45 [

SigaalGND 0.03048 59554007 45 ] ShipsSGID | 01 0

M4 0.2032 4 [
3 SigaalS1S3 0.03048 59504007 45 o ol 0

Medat 0.2032 a5 [

You can see from the window that the Simulation Report includes:
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« General information: Spd file name and location, Board stackup, and Layout top
and button layer views.

o Simulation setup: Net enabled for simulation, Circuit enabled for simulation, Port
setup, and Frequency setup.

o Results: Simulation resources, Topology and port topology block diagrams, and
Simulation results curve displays.

You may need to select Window > Simulation Report to show the

NOTE! Simulation Report window.

Power Ground System With Decoupling Capacitors

This section takes the file psi_brd_demodecaps.spd as an example to describe how to use
PowerSl.

This section has the following topics:

Load a File

View Setup

Set up Simulation Frequencies
Run a Simulation

Load a File
Follow steps in 3.2.1 Start PowerSl and Load a File to load the file psi_brd_demodecaps.spd.

View Setup
Follow these steps to check the setup:

1.

Select Setup > Circuit/Linkage Manager.

Simulating Frequencies. ..
Patt...

Macra...
Cukting Boundary 4

CircuitfLinkage Manager L\\&

Met Manager
Sweeping Manager
Server Setup...

The Circuit/Linkage Manager window opens in the right side of the main window.
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-
Circuit/Linkage Manager

|| 5

\/'A " cktName * | Model Name 'Smrtl.ayer 'AtlachLayEr
L m capl @Decap
Ll E cap2 @Decap
L m cap3 @Detap
L E cap4 @Decap
W E cap5 @Decap
L E capé @Decap

+ [B] redge @EdgeT...
[<] 111 IIEI
B (| New Del Edit Load Filter || 7"
Ckt Node Pkg Mode Layer Name
1] Mode2375112::GND Signal§TOP
1 Mode2378!111::WCC SignalSTOP
Unlirik

PartialCkt Decap n
+ ExtNode=0 1

C_cap20 0.47u

Lesl 23 1p

R_esr 31 0.01

.EndPartialCkt
<] i [3]

CircuitfLinkage Manager

This example contains six decoupling capacitors connected through the power ground to the
supply planes at the side edges of the board.

For how to set up decoupling capacitors, please refer to Working with
NOTE! Circuits in the document SPD_Layout_UG.

&psi_brd_demodecaps.spd Layer Wiew

=
T O O T o

ZI Al El
Ensure that you have clicked to enable Show Circuit in the Layer Selection window as
follows:

EESEEcNE

The file psi_brd_demodecaps.spd has the same mesh settings (90 x 50) and port specifications as
the file psi_brd_demoshort.spd.

3.3.3 Set up Simulation Frequencies
Follow the steps in 3.2.3 Set up Simulation Frequencies to set up the simulation frequencies.
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3.34 Run a Simulation
Follow these steps to perform a simulation:
1. Click the Start Simulation button * to start the simulation.
2. Change the display to a Z-parameter curve. See 2.2.4 Run a Simulation for details.

(&1 Amplitude (Ohm) — =%
e g T M F T E O [z | =] Amplituce [«] i @
Metwork Parameters
a Z0 - SIMULATIO .
B 00,1 - zap| | ATPItUcte (ORm) psi_brd_demodecaps.spd

Isolated Curves

500 1000 1800 2000
Frequency (MHz)

SIMOLATION - Z0[1, 1] - Z(1:Port1; ¥CC, 1:Portl;vee)

3. Double-click the curve to open the Curve Pattern Property dialog box.

-

Curve Pattern Property - SIMULATION - Z0[1,1] - »
Z(1:Portl WCC, 1Part! W C)

Skyle: | |v| Pattern:| Mone |v| Width: |1
k| oo |+

| oK | | Cancel |

Change the curve color to red. You can also change Style, Pattern, Width, and Mark for
the curve.
4. Right-click in the blank space of the Network Parameters pane to open a pop-up menu.

Save Simulation Result
Load
Unload All Metwarks

5. Select Load to load the psi_brd_demoshort.S1P file which is saved during operation on
psi_brd_demoshort.spd.

6. Compare the power ground performance with and without decoupling capacitors.
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7.

r\yz Amplitude [Ohrm)

-
i § T ME [[TE D z |+ ampituds [-] i %
Metwork Parameters
= Z0- SIMULATION :
I 200110 Z(1part L 2 Amplitude (Ohr) psi_brd_demodecaps.spd
@ 71 - (C:\Program Files
M Z101,1] - (1 Port L3y ] ! ! ! ! ] T ] T
| | | | | | | | |
120 === o [ il il il [t il i ainininty e fomms
| | | | | | | | |
| I I I I | I | I
| | | | | | | | |
| | | | | | | | |
100 4---——— I Fo----- 7-----] - ----- I s q------- T e
1 I I I I 1 I 1 I
| i i i i | i | i
| | | | | | | | |
| I I I I | I | I
1 | | | | 1 | 1 |
B0 f--—m-- [ R O bem oo - [ | Jmmm e R
i i i | I 1 1 1 i
| | | | | | | | |
| I I I I | I | I
| | | | | | | | |
| | | | | | | | |
B0 p------ [t pommmms s it | Nttt Fommme- [l it Ittty el Fommm-
1 I I I I 1 I 1 I
i | i i i i | i | i
i i | | | | i | i |
BT s T (A [ RN LN I L I T I [—
Tsclated Curves ! ; ; ; ! ' ; ' ;
I I I I | I | I
| | | | | | | |
| | | | | | | |
i B Bl I iy i i [ [ [Pl b I e
I I i I 1
| | i
| | | | |
| f T | | I
0 i i i i i i i i i
200 400 600 800 1000 1200 1400 1600 1800 2000
Freguency (MHz)
SIMULATION - Z0[1, 11 - Z(LiPort1::9CC, Liort:veC)
Ci\Program Flles\Siqrity SpeedP 9, 1{PowerSTiSamplesipsi_brd_demoshort_without 51 - Z1[1,1] - 2{1:Port1:VCC, 1iPartls:

The loaded curve overlaps with the present one. So the difference is clear.

Close the project without saving it.
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Project 2 Modeling and Transient
Simulation

This chapter describes how to use PowerSl and Broadband SPICE in 1/0 modeling and transient
analysis.

The chapter contains the following sections:

e  Overview

e  Constructing a Package

e  Specifying Ports

e  Running a Simulation

e  Equivalent Circuit Extraction by Broadband SPICE
e  Broadband SPICE Model Validation

e  Transient Simulation by HSPICE

Overview

This section introduces PCB and overall modeling and simulation procedures.
This section covers two topics:

e PCB

e  Modeling and Simulation Procedure

PCB

The printed circuit board (PCB) sample has six metal layers, with traces, interconnections, a driver
with power supply connections and a DC-voltage source.

These components can be described as follows:

e  Six metal layers: A top signal layer, a bottom signal layer, a power plane and a ground plane,
and two inner signal layers between the power and ground planes.

e  Traces: Routes on the top and bottom signal layers.
e Interconnections: Between traces on different layers linked by vias.

e  Driver: Connected to the trace end on the left side of a board. The driver is described by a
SPICE transistor level-3 model.

e  Driver power supply nodes: Connected to the power and ground planes.
e  DC-voltage source: Connected to the PCB at the edge.

The following figure illustrates a cross-section of the structure:
Vgnd

Qut Termination +

Driver.

Vee Termination =

VRM +. VRM -
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4.1.2 Modeling and Simulation Procedure
The general steps of modeling and simulation are as follows:

1. Construct a package in PowerSl, or translate a board or package layout file into . spd
format and load it into PowerSl.

(See 3.2 Constructing a Package.)

2. Define ports at locations where drivers, terminations, and DC sources are connected.
(See 3.3 Specifying Ports.)

3. Runsimulation and obtain multiple-port S-parameter in Touchstone data format.
(See 3.4 Running a Simulation.)

4. Load a network parameter file into Broadband SPICE, and generate an HSPICE
compatible equivalent circuit.

(See 3.5 Equivalent Circuit Extraction by Broadband SPICE.)

5. Generate an HSPICE netlist for an AC analysis to check the frequency response of the
model.

(See 3.6 Broadband SPICE Model Validation.)
6. Generate an HSPICE netlist for the transient simulation.

a. Connect a driver model, DC source, and termination to a multi-terminal equivalent circuit
for the package obtained from Broadband SPICE.

b. Runan HSPICE simulation for the netlist and observe power ground noise and
waveforms at the driver and receiver (termination) ends.

(See 3.7 Transient Simulation by HSPICE.)

Transistor
level model
1BIS model

4.2 Constructing a Package
This section describes how to construct, create, and add components into a package.
This section covers the following topics:
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1.
2.

e  Construct a Package Model

e  Create Nets

e  Create a Stackup

e  Create Power Ground Shape and Setup Shape Properties
e AddaVia

e AddaTrace

e  Setup Trace Properties

e  Setup a Trace on Signal01

e  View Traces in 3D

Construct a Package Model

Follow these steps to construct a package model in PowerSl:
Launch PowerSl.

Select File > New.

A default four-layer stackup opens.

r\gpﬂwarg[ - [PowverSI1 Layer Wiew]

“Workflowe PowerS
Model Extraction

Layout Setup

Load Layout File

Check Stackup

Select Mets

Assign Capacitor Models
Select Circuits

Simulation Setup

+" Enable Extraction Mode
Generate Port(s)
Setup Simulation Frequencies

Simulation

Srart Simulation
Report

View, Check, Process Result

Metweork Parameter Display
Check S-Pararneter by BES

Generate Model

Generate SPICE Mode| by BBS

Wer: 12.0,6,10312 (SHCHS)

Create Nets

Mouselmm): 3 -TT.A79, ¥: -31.986

Dutput,

Miscellaneous | Mesh - Errors | VariablesCherk |

Output | Folder Browser |

1@ Ready

1. Click the Net Manager tab to switch to Net Manager.
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|Net Manager

Net: |

’Default Mode

Met List (Sort enabled first) 4 Interface
ZAUnnamed Net(s)
¥4 PowerNets
# GroundNets

—General

:‘Keep shape enabled when the net is disa
| Hide Disabled
7|Gray Disabled

Layer Selection | Net Manager

2. Right-click in the area and select New from the pop-up menu to create a hew net.
|Net Manager

x |
Net: [-][P]

[Default Mode |V|

Net List (Sort enabled first) /| Interface
4 Unnamed Net(s)
# PowerNets
# GroundNets

Enable Selected Nets
Disable Selected Nets
Enable All Nets
Disable All Nets

Classify L4

’—
—General—
:|Keep sha New

| |Hide Disg  pojere
7|Gray Disz

Layer Selec

Detect Associated Nets

Rename

Import...

3. Repeat the above step to create one more new net.
Two new nets are created.
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|Net Manager

Net: |

’Default Mode

Met List (Sort enabled first) 4 Interface
ﬁéUnnamed Net(s)

¥4 PowerNets

#4 GroundNets

-’ NewEntity

= -] NewEntity(1)

OOEEQ

—General 1

:‘Keep shape enabled when the net is disal
| Hide Disabled
7|Gray Disabled

I Layer Selection| Net Manager
4. Assign the two new nets with name GND and VCC.

|Net Manager X ‘

Net: | P

’Default Mode |V|

Met List (Sort enabled first) ! 'Interface
ZAUnnamed Net(s)
24 PowerNets
# GroundNets

O -] GND
Doas .

[ Il |
—General I
:‘Keep shape enabled when the net is disal
| Hide Disabled

7|Gra',t Disabled ‘

| Layer Selection | Net Manager

5. Define the colors for GND and VCC and select to enable both nets.
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Net Manager S o
Net: | [~ [shove vt &1] -]
Net List (Sort enabled Paring P/G Met \
/
first)
ZAUnnamed Net(s)
B8 Powerhets
#4 GroundNets
Hicno
HMvce

General
D Keep shape enabled when the net is disablec
Gray Disabled D Hide Disabled

Layer Selection |Net Manager

6. Move GND to GroundNets and VCC to PowerNets as the following figure shows.

Net Manager O x

Net: | |v|[Shquo|t&||v|

Net List (Sort enabled P 'Parmg P/G Net 1
first)

74 Unnamed Net(s)
= [ B Powerllets

=l ¥4 GroundNets
HGND

Gray Disabled D Hide Disabled

Layer Selection |Net Manager

General
’hKeep shape enabled when the net is disablec

4.2.3 Create a Stackup

Follow these steps to create a six-layer stackup:

1. Select Edit > Stack Up....

Edit | Wiew Setup  Toals
Stack Up...
Material File, .. %
Pad Stack Library. ..

The Stackup dialog box opens.
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I—Laj.-'er fanager - » Stack Up

] x
stack Up | Pad Stack |
Layer # Calor Layer Icon | Layer Mame Thicknesst... | Material Conductivity(S... | Fill-in Diglectric Permittivity | Loss Tange
1 Signallz 0.03556 5, Ge+007 [1] [
Mediumd3 0.5 it a
2 Plane0z 0.03556 5.8e-+007 [4] [o]
Medium0z 0.1 it a
3 Plane01 0,03556 5.8e-+007 [4] [o]
Mediumal 0.1 i4 u]
4 Signalol 0,03556 5.8e-+007 [1] [o]
[ 1l
Total Thickness: 8.4224=-001 mm D Enforce causality | Wigw Material || Irnport: |

| Auto Set Laver Special Yoid || Filter. .. |

Uit [mm | - || (814 || Cancel | Apply

2. Add signal layers above and below the layer Medium02.

a. Select the layer Medium02.
b. Right-click Medium02 to open a pop-up menu.

c. Select Insert Above > Signal Layer to add a new signal layer while a medium layer
Medium04 is automatically added below Plane02.

Medium03 5.0000e-001

Z Plane0z 3.5560e-002 5

FA Flanent Insert Above %
N!adium Insert Undsr *
El sonai Delete

Signal Layer
Medium Layer
Plane Layer

d. Repeat Step b and select Insert Under > Signal Layer to add a signal layer below
Medium02 while a medium layer MediumO5 is automatically added above Plane01.

I—Layer Manager - » Stack Up

] X
Stack Up | Pad Stack |
Layer # | Color Layer Icon | Layer Name Thicknesstumn) | Material Conductivity(S... | Fill-in Dielectric Permittivity | Loss Tange
1 Signalo2 35,56 5.8e-+007 [1] [o]
Medium03 200 i4 u]
2 Plane0z 35,56 5.8e-+007 [4] [o]
Medium0O4 500 i4 u]
3 Signalos 35,56 5.8e-+007 [4] [o]
Medium02 100 i4 u]
4 Signaln4 35,56 5.8e-+007 [4] [o]
Medium0S 500 i4 u]
5 Plare01 35,56 5.8e-+007 [4] [o]
Medium01 200 i4 u]
6 Signalol 35,56 5.8e-+007 [1] [0]
[ I
Total Thickness: 1, 7134e+003 um D Enforce causality | Wiew Material || Import |

| Auto Seft Laver Special Yoid || Filter. .. |

Uit [um | - || [o]4 || Cancel || Apply

3. Change the Thickness unit to um from the Unit drop-down menu.

4. Double-click the Thickness cells to change the values:
¢ Click the Medium01 and Medium03 Thickness cells and input 200 um.
¢ Click the Medium02, Medium04 and MediumO05 Thickness cells and input 300 um.
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Layer Manager -> Stack Up ] x
Stack Up | Pad Stack |
Layer # Color | Layer Icon | Layer Name Thickness... = Material Conductivity... | Fill-in Dielectric Permittivity = Loss Tangent Shap
1 Signaloz 35.56 5.8e+007 [1] i}
T 03 5 4 5
2 Plane02 35.56 5.8e+007 [4] 0 Shape
T - 5 4 5
3 Signal03 35.56 5.8e+007 [4] o
R — 5 4 -
4 Signalo4 35.56 5.8e+007 [4] i}
Mediumos 300 [ iq [i
5 Flane01 35.56 5.8e+007 [4] 0 Shape
T - - 4 5
6 Signalol 35.56 5.8e+007 [1] i}
4| i »
Total Thickness: 1.5134e+003 um D Enforce causality [ View Material ” Import ]
| Auto Set Layer Special void|[  Filter... |
unit: [um | - ” 0K ]| Cancel “ Apply ]

Here, you can also set up Trapezoidal Trace Angle and Surface roughness for signal layers,
or Permittivity and Loss Tangent for all layers. The default values are used for them in this
example.

Use the Ctrl or Shift key to select multiple rows in one column. When you
TIP! select multiple rows in one column, a value box appears at the bottom of the
Stackup dialog box, where you can change the value for the selected rows.

5.  Click the Pad Stack tab to switch to Pad Stack window.

rLayer Manager -> Pad Stack (~DefaultPadStack - Built-in <no pad=>) ] x

Stack Up | Pad Stack |

PadStacks . Xsection View Layer PadType Shape Width  Height Offset< Offsety -
[ pefaultLibLayer Regular

Anti

Thermal

-E Signal02 Regular

Anti
Thermal

-a Plane02 Regular

Anti
Thermal

-E Signal03 Regular

Anti

Thermal
= 1

Outer Diameter: um
Plating thickness: I:l um (Selid Via)
o s/m  [¥] use cefauit conductviy

Current default pad stack:

~DefaultPadStack
Set As Default SEI.ECI [ ‘ '|
New ] l Delete
Unit: [um | - ‘I 0K ” Cancel " Apply I

6. Click the New button to create a new padstack and assign it with the name padstack_r004.
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Stack Up | Pad Stack |

rLayer Manager -> Pad Stack (NewPadStack)

PadStacks
~DefaultPadStack

Current default pad stack:

Xsection View

Layer PadType Shape
[ pefaultlibLayer Regular
Anti
Thermal
-E Signalo2 Reqular
Anti
Thermal
I~ Flaneoz Regular
Anti
Thermal
= signalos Regular
Anti
Thermal

N ciona Baaular

Width ~ Height OffsetX Offsety

Plating thickness: I:l

um

um (Selid Via)

~DefaultPadStack S/m Use default conductivity
Set As Default _H;Snevlfflt ‘ '|
New Delete
Unit: n oK Cancel Apply

7. Input 400 in the Outer Diameter field.

Outer Diameter: um

Plating thickness: I:I um (Solid Via)
Conductivity: S/m ¥ Use default conductivity

Select

i

|v|

8.  Click OK to save your changes and exit the Layer Manager window.

Create Power Ground Shape and Setup Shape Properties
Follow these steps to create a power ground shape:

1. Activate Plane02 in the Layer Selection window.
2. Select View > Show > Show Shapes.

[#| signainz

@] signains
) signaios
[#] Planen:
] sgnaint

Layer Selection

T

X

I0/o)E] ]

isplay Geometry Objecks By
Output x || | @ hiet Color
O Layer Colar
Miscellancous EE L g
Ver: 9.1,b1.11055 (SH... I\ Mouss{mm): ¥: 61,263, ¥: 13,895 @ Ready

[#] iew Orly Active Layer
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3. Choose the Select button - on the Select toolbar, and click any location on the shape to
select the shape.

Press the Delete key to delete the shape.
Select View > Toolbars > Shape to bring up the Shape toolbar.

G HE® e @EE O & E

6. Select the Box+ button 2] and draw a rectangle in the Layer View window. The screen
automatically zooms into the new shape.

Z|: il [>]
7. Right-click the created shape to open a pop-up menu.

Package 1.Box01

Select Net Unnamed Met(s)
Dizable Net Unnamed MNet{s)

8.  Select Packagel.Box01 to open the Box Properties dialog box.

chx Properties
Name : |Box01 D]
Net: |Unnamed Net{s) *|  Upit; |mm -
Lower left corner coordinates : | -6. 230759 +001 -2.307692e+001
Width : | 1.260000e 4002 Height : | 4.846154e+001
oK Cancel

9.  Set up the coordinates for Box01:
. Unit: mm
. Lower left corner coordinates: —1.00000e + 002 and —4.00000e + 001
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e Width: 2.00000e + 002
. Height: 8.00000e + 001
10. Select VCC from the Net drop-down list and assign it to BoxO01.

Box Properties

Name : |EUX01 | | D |

Net : | Unit: mm -

Lower left corner coordinates |—1.DDDDDDe+DDZ| |-4.DDDDDDe+DDl|

Width : |2.000000e+002 Height : 8.000000e+001

oK Cancel

11. Click OK to save the changes.
12. Activate Plane01 in the Layer Selection window.

0 100 60 40 20 il o Layer Selection

el

# Signal02

® Plane02

# Signal03

® Signalo4

3 Plane0t |

# Signal0l

o IS

13. Repeat the above steps to delete the original shape in Plane01, and create a new shape
(Box02).

Layer Selection

# Signal02
® Plane02
# Signal03
® Signalo4
3 Plane0t |

# Signal0l

o IS
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14. Set up the coordinates for Box02.

15. Select GND from the Net drop-down list and assign it to Box02.

. Unit: mm

. Lower left corner coordinates: —1.00000e + 002 and —4.00000e + 001

e Width: 2.00000e + 002
¢ Height: 8.00000e + 001

-
Box Properties x

- |

Unnamed MNet(s)

|
vee
+ -4, +
Lower lepres rje 002| | 4.000000e 001|
Width : [2.000000e+002 Height:  |8.000000e+001

Net :

| 0K | | Cancel

-

16. Click OK to save the changes.

Add a Via
Follow these steps to add a via:

1.

2.
3.

Click anywhere in the Layer View window to make it active.

Select the Add Via button B on the Object toolbar.
Click a location (=25, 0) on the Layer View window.

The cursor transforms into a + sign. The Via Editing dialog box opens.
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Wia Editing ®

FFFIIFLLEE

MediumO4
ER== N
| Medumoz
= =1 = Signalo4
| Medumos
FFFIIFLLEE

Mediuma1
= =1 = signalot

—Hink:
Flease select UpperLayer now,

—Info
The current assigned default pad stack is:
rodefaultpadstack

o]

The Status Bar shows the coordinates of the cursor timely.

TIP! You can right-click to open a pop-up menu and select Type Coordinate... to
’ open the Coordinate Input dialog box. You can input exact coordinates
directly in the box.

Cancel

Done

%Type Coordinate. ..

[ zoomFit
Zoom In

Zoom Cut

Property 4

Coordinate Input »

X |0 | ¥ |0 | Units:|rnm |v|

Coc ]

4.  Select Signal02 and then Signal01 in the Via Editing dialog box.
A via appears to connect the Signal02 and Signal01 layers.
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wia Editing

Signalds
Mediumnz

ink:
F;[k Add for new via or click OK to exit! ‘

Info
The current assigned defaulk pad stack is:
~defaultpadstack,

o]

5. Click OK.

The added via is automatically named as Via01, which connects the traces routed on
SignalO1 and Signal02.

When adding vias, you may not get the exact coordinates as specified. Simply
NOTE! locate the coordinates as close as possible. The simulation result should not be
highly affected by coordinates that are not exact.

If you add a via at a wrong location, you can either:

e  Click the Select button = on the Select toolbar, drag to select the via,

TIP! and then press the Delete key.
i ° Use the Move button *+ on the Select toolbar to move the node to the

right coordinates.

For detailed information about the Select toolbar, see PowerSl User’s Guide.

Repeat Step 2 to 6 to add the following vias.

Via Coordinates  Layers Descriptions
ify th ignal0l
Via0? 25,0 Signalo2, Signalo1 Spemfyt e traces routed on Signal01 and
Signal02.
Via03 -75,1 Signal02, Plane02
Specify the ports connecting the driver.
Via04 -75,-1 Signal02, Plane01
Via05 75,1 Signal02, Plane02
Specify the ports connecting the receiver.
Via06 75, -1 Signal02, Plane01
Via07 -0.5, -39 Signal02, Plane02 Specify the ports connecting the VRM module.
Use the zoom button to pinpoint the
Via08 0.5,-39 SIgnaIOZ, Plane01 coordinates.
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TIP!

Use Snap to Grid to set a 0.5 or —0.5 coordinates: Select Tools > Options >
Edit Options... > Layout > Grid and Unit to check the Snap objects to grid
option.

Add a Trace

Follow these steps to add a trace:
1.  Click Signal02 in the Layer Selection dialog box.

The Signal02 icon becomes red.

I—La\,rer Selection
»E

W Planenz
¥ Signalos
W Signal0d
W Plane01
W Signaldl

*) et Color

v Yiew Only Active Layer

Display Geometry Objects By

EEEEEEw

-

OO/ |[m|[m (= |

Laver Color

2. Click the Add Trace button .= on the Object toolbar.
The cursor becomes a + sign.

3. Toadd atrace:
a Find the coordinates (74, 0) and click.
b Find Via01 (-25, 0) and click.
¢ Double-click to end this operation. Trace01 is added.
Repeat Step 3 to add Trace02 from (74, 0) to (25, 0) at the via node.

% Packagel.Trace02

Select Net Unnamed Net(s)
Disable Net Unnamed Net(s)

Set up Trace Properties
Follow these steps to change a trace’s properties:
1. Right-click Trace02 and select the trace name in the pop-up menu.

The Trace Properties dialog box opens.
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r l
Trace Properties

The uniformity of the trace is not checked.

Name : ITraceoz . Starting Node: Node018
r Ending Node: Mode03
Net : \Unnamed Net(s) v
- Length: 4.91392e+01 (mm) =|
C—J|  unit: [mm v T ‘

[IThidness: ~ [3:55600¢-002 | ey o s oices LI
Width: Delay Time: 2.73112e-01 (ns)
[_|EndingWidth ll .00000e-001 ‘ Characteristic Impedance: 68.87 (Ohm)
(] conductivity: [5.800000e+007 | Effective Dielectric Constant: 2.8
I || S
Calculate Create Circuit Model | OK Cancel

2. Change the trace width to 0.2 mm.
Repeat Step 1 and 2 to change the Trace01 width to 0.2 mm.

4.2.8 Set up a Trace on SignalOl
Follow these steps to change a trace on Signal01:
1. Click Signal01 in the Layer Selection dialog box.
The Signal01 icon becomes red.
2. Add Trace03 from (-25, 0) to (25, 0) on the Signal01 layer.
Via0l and Via02 are now connected by Trace03.
3. Change the Trace03 width to 0.2 mm.

4.2.9 View Traces in 3D
Follow these steps to view traces in 3D:
1. Select View > 3D View > Full 3D View.
The 3D View window opens as follows:

a2 e » ENIN | ¥ @& A

Layer Selection X
k.| Signali2 (i}
@ Flane0d2 (]
W Signalo3 (|
| Signal04 O
@ Flane01 (]
“® Signal0l [}

¥ | View Only Active Layer

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

SEEIE I ECIEIEN
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2. Select View > Layer View to switch back to the Layer View window.

Specifying Ports

This section describes how to build a multiple terminal package model.
This section has the following two topics:

e  Add Ports

e  SetupaPort

The figure below shows a multiple terminal package model:

Port3 (+)

Vee Port2 (+) Termination +
Out | Port1 (+) Four-port sub-circuit as a 1
broadband model for the package |
_._f
Vgnd Termination -
Port1 (Ref) Rer2 (Rery
Port3 (Ref)  port4 (+)* t Port4 (Ref)

VRM+ L VRM-

>

3V Supply

Three devices/components will be connected to the package. Ports are specified in the package
structure where the connection to external circuit components is made in HSPICE simulation.

Follow these rules to specify PowerSl ports for connection with external circuit components in a
SPICE-compatible circuit simulator:

e Specify N ports for connecting the package to an N+1 terminal device.

e  Ensure that the specified N-port on the N+1 terminal device share the common reference (the

negative “~” terminal of the port).

device is considered to be a lumped circuit component.

e Driver: A three-terminal device. Define two ports for it:
Portl: (+)Out (Ref)vgnd Port3: (+)Vcc (Ref)vgnd

e Termination: A two-terminal device. Define one port for it:
Port2: (+)Termination + (Ref)Termination-

e DC Source: A two-terminal device. Define one port for it:
Port4: (+)VRM+ (Ref)VRM-

Add Ports

Add ports for connection to external components.

Follow these steps to add ports:

1.  Select Signal02 in the Layer Selection dialog box.

2. Click the New Port button (5% on the Port toolbar.
The New Ports dialog box opens.
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Mewy Ports »

Start numnber : l:l

| [8]'4 | | Canicel |

Set Start number to 1 and End number to 4 to add four ports.

Click OK to save and exit.

Set up a Port
Follow these steps to set a port:

1.

2.
3.

4.

Select Setup > Port....
The Port dialog box opens.

-
Port -0Ox
Fort2
Port3
Port4
—Automatic Port Setting
MNet Based
Generate Ports for
Layer Circuit Mame Circuit Model
Target Layer:
I:IZI round Terminals By:—————
©es
2 Manual Selection
) search Distance I:l um

|Edit Differential Ports | | Edit Circuit Port |

| Mew | | Find & Fit | |PortRecrder| | Delete |

Select Portl.

Find and right-click the left end of Trace01 (74, 0).

A pop-up menu appears.

% Packagel.Mode03

-

& Hook
=1 Hock

Select Met Unnamed Met(s)
Disable Met Unnamed Metis)

Select +Hook to assign the left node of Trace01 to the positive terminal of Port1.
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5. Select the nearby Via04 located at (75, —1), a ground via and connected to Plane01, and
right-click to show a pop-up menu.

6. Select —Hook to assign the upper node of Via04 to the negative (reference) terminal of Portl.
7.  Close the Port dialog box.

8.  Select File > Save to save the structure in the file psi_IO_modeling.spd.
Repeat Step 2 to 6 to set up Port2 to Port4.

Port2

e Positive Terminal: The right end of Trace02 (74, 0).

e Negative Terminal: The node of the ground via Via06 located at (75, -1).
Port3

e  Positive Terminal: The upper node of Via03 located at (75, 1).

e Negative Terminal: The lower node of Via04 located at (75, -1)

Port4

Use the zoom button to enlarge the area so that you can select the correct node.
e Positive Terminal: The node of the power via Via07 located at (0.5, —39).
o Negative Terminal: The node of the ground via Via08 located at (0.5, —39).
The Port dialog box looks like the following figure after four ports are defined.

-

Port

FPackage1.Node 18
=)Package 1.Node0 11::GND

i Package 1.Node05::VCC
=y Package 1L.Node07::GND
El....®PQrt4
- (7)Package 1.Node013::VCC
e (S Package 1.Node0 15:GND

—Automatic Port Setting |
NetBased |
Generate Ports for |
Layer Circuit Name Circuit Model
Target Layer:
|:|E| round Terminals By:——————
) Area

{2 Manual Selection

() search Distance um
Generate Ports

|Edit Differential Ports | | Edit Circuit Port |

| New | |Eir|d&Fit | |PcrtReorder| | Delete |
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4.3.3 Set Reference Impedance for the Port
To set reference impedance for the port, select
Tools > Options > Edit Options... > Simulation(basic) > Network Parameters

Port Reference Impedance

Power MNets (1

Mote: non-uniform port impedance is not support by some third party tools

Ohm

Signal Mets Chm

By default, Power Nets is set to 10hm and Signal Nets is set to 500hm.

4.4 Running a Simulation

This section describes how to simulate the package with ports defined in the file
psi_IO_modeling.spd generated in Section 4.3 Specifying Ports.

This section has the following topics:
e  Set up Simulation Frequencies

¢ Runa Simulation

e Export Results

44.1 Set up Simulation Frequencies
Follow these steps to set up simulation frequencies:
1. Select Setup > Simulating Frequencies....
The Frequency Ranges dialog box opens.

-
Frequency Ranges
Starting Freq. Ending Freq. Sweeping Mode | Freq. Increment | Points/Decade
0 Hz 2 GHz Adaptive i
A il =]
Frequency Ranges in AFS: Default o | | Cancel |

2. Change the following parameters:
e  Starting Freq. to 1 MHz
e Ending Freq. to 5.0 GHz
e Sweeping Mode to Linear
Freq. Increment becomes 10 MHz automatically.
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-
Frequency Ranges -
Starng Freq. | EndngFreq. | SweepingMode | Freq. Increment | Points/Decade
1MHz 5 GHz Linear 10 MHz
<] Iil =]
| pakd | | | oK | | Cancel |

3. Click OK to save and exit.

Run a Simulation
1. Press the Start Simulation button ® on the Simulating toolbar.

The Port Curves window appears.

@5 Amplitude
ises # 3 O E® (1000 NomalView | ~|s | =| amplitude |
M Mask > =1 % @
Network Parameters
50 - SIMULATION_DC 3 " N .
1 5001,1] - S{1:Port1z:, 1:Poem: F Amplade psi_lO_modeling spd

B 50[2,2] - S(Z:Portdi;, :Fortd:
. $0[3,3] - S(FPondVCC, 3P
. 50[4,4] - S(4:Portd:VCC, 4:P¢

Isolated Curves
Frequency (GHz)

| = SIMULATION_DC - S0[1.1] - S(1:Portlz, 1Portl:) SIMULATION - 50{1,1] - S(1:
4]

Y

The curve window automatically displays the S-parameter curves for four ports.

Export Results
Follow these steps to export the simulation results in different formats:
1. Select File > Save Simulation Result.

The Save Curves dialog box opens.

-
Save Curves w

Metwork parameter file format: T|:u_u::|'|:5:t|:|r|E format | V| D AF5 Lossless Compressior

Save lo ‘D:'\SigritySampIes\SpeecMP 12.04PowerSIhs ampleshHybrdypsi_| D_deE| \:\

Save the following network. parameterz-——

[rata Type
’7@”:“ (DB () Ma ’75 Oz [Ov  []soiFe

D Export paszivity enforced S-parameters D Touchstone 2.0 D tined mode

D FMCP Output Frequency Unit: H
o]

January 2014 41 Product Version 16.6



4.5

PowerSI Tutorial

Select Touchstone format as the file format.
Select R1 as the data type.
Select S under Save the following network parameter(s).

a > N

Rename the file to model_lO.s4p.

-
Save Curves

Metwork parameter file format; ITDuchstnne format | v| AF5 Lossless Compressior

S ave o |D:'\S igritys amplesh S peed=F 12 04Powers| LS amplestHybrid\Model_| EI.S-'1| D

[rata Tupe S ave the following network parameternz—
’7@HI (DB (IMa ’75 Oz O SDIFF
D Ewport pazzivity enforced S-parameters D Touchstone 2.0 timed mode

MCP Oubput Frequency Unit: H

6. Click OK to save the file and exit the Save Curves dialog box.

The following header format for S parameter is supported in touchstone file:

GNDNET NETO14
NETSLIST NETO029, NETO019

I Port 1 = U3_1 NETO29
I Port 2 = Ul_2 NETO19
! Port 3 = U4_1 NETO19
! Port 4 = U6_2 NETO29

The nets and ports are specifically bound to each other. No implicit assumptions are made in
this case and only the explicit binding specified in the header is honored.

GNDNET and NETSLIST are solver specific optional parameters:
e  GNDNET specifies the net to which all the ground pins in the model should be connected

e NETSLIST is a comma separated list of nets which should be deleted from the schematic
when the model gets assigned

7. Select File > EXxit to close the project.

Equivalent Circuit Extraction by Broadband SPICE

This section uses the network parameter file model_10.s4p to extract equivalent circuits in
Broadband SPICE.

Follow these steps to extract equivalent circuits:
1. Launch Broadband SPICE.
2. Select File > Open... to open the file model_IO.s4p.

3. Choose the Extract button ® on the Action toolbar to start an extraction.
The following window shows the extraction result:
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mJ5-parameter Extraction

oo g T IEONE] |~ Amplitude/Phase [+
Para, Entry DC

m 0.004452 S Amplitude Model _10.84P

%2 0.9955352 = | H [1] Extrapolated
XT3 0.000076 07 b [ [ EPEIGH Ol
b 4iv] -0.000096 H H 0.546494 H H
X1 0835532 13— [ . PR [ — [ :
X2 0.004467 H H : :
K123 -0.000096 B H
X124 0.000087 [ —— e T
b AN 0000075 :

sf e E:s[1] 03 f-mpr- i [ : - : oo A

500 1000 1500 2000 2500 elilili) 3500 4000 4500
Frequency (hHz)

5000

S Phase (deq)

500 1000 1500 2000 2500 3000 3500 4000 4500
Frequency (MHz)

5000

Broadband SPICE Model Validation

This section describes how to use HSPICE AC Analysis to check the frequency response of the
model before proceeding with the transient simulation of the package models with the driver, DC
source, and terminations. HSPICE AC Analysis should match the PowerSI simulation results.

The .net function is used in HSPICE. Because the .net function can only simultaneously obtain
two port parameters, you need to compute the partial entries of the port S-parameters of an N-port,
by connecting the reference impedance (50 ohms) to the rest of the ports.

The following HSPICE netlist (Validate_Model [0.sp) exemplifies the computation of S11,
S12, S21, and S22 of the four-port. The following AvanWave screen capture shows the results of
an S11 (magnitude) from the 1 MHz to 5 GHz, which matches the PowerSI simulation.

The Validate_Model_IO.sp file includes a file Model_lO.txt. This file is a Broadband
SPICE-extracted equivalent circuit file. Both files should be within the same directory.

* Using .net statement to find S parameter of a 4-port network
.include “Model 10.txt"

.AC lin 1Meg 20Meg 5000Meg.

-net v(p2) vin rout = 50 rin = 50
vin pl 0 AC 1

X1 pl p2 p3 p4 0 Model 10

R3 p3 0 50

R4 p4 0 50

.probe AC S11(m)

.probe AC S12(m)

-probe AC S21(m)

.probe AC S22(m)

-end
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See your HSPICE application user guide for information on how to check the frequency response.

e The equivalent circuit model (in terms of SPICE sub-circuit) for an N-port
S-parameter includes N+1 nodes, where the first N nodes corresponds to
the N-port terminals. The last node corresponds to the reference of all the

NOTE! N-ports.

e Ina SPICE simulation, the N-terminal nodes of the sub-circuit should be
connected to the device terminals for which the positive terminals of the
ports are specified in PowerSl.

AvanWaves LI-2003.03 {20030106) i =] 3
Design Panels ‘window Measure Corfiguration Tools Help
=5 Iz ¥ TP o
ERET T EEEEEKE] T
[ * using et statement to find s parameter of & 4-port netwark

D0.achs11[mag) -
7000

2l
. l
.
VAR NATa W
el NN

J » 0 S00x 1g 1.5g 29

11 fin]

——
—

——-—___—'-b
e}

T
3.5 4g 4.5g 2]

4.7 Transient Simulation by HSPICE

This section describes how to perform a transient simulation for 10 analysis and to observe the
power supply noise at the driver’s power ground pins.

This section has the following topics:
e  Prepare an HSPICE Netlist
e  View HSPICE Simulation Results

4.7.1 Prepare an HSPICE Netlist

You can find the file Driver_Package.sp and MC74LCX16244.txt under the Broadband
SPICE > Samples directory.

e  The file MC74LCX16244.txt contains a transistor-level model for a particular driver.
e  The file Driver_Package.sp contains the following information:

* Ground bounce simulation using transistor level model

* Last Updated: May 23, 2002

* File name: Driver_Package.sp

.option probe post=2 ingold = 2 numdgt = 10
-param Z0 = 50

* Include the HSPICE level-3 model for the driver
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.include "MC74LCX16244.txt"

* Include the equivalent circuit model for the package

-include "appl_drv.txt"
* The termination

R2 2 0 10meg

* The DC supply model

Vdc_supply 4 t4 DC 3
Rdc_supply t4 0 le-5

* Connect the equivalent circuit to the driver model etc.
* 1: Driver output node 2: Termination+ node
* 511: Vcc node of the driver 4: DC source positive node

X1 1 2 511 4 0 appl_drv
.tran 0.005ns 15ns

-probe tran v(512) V(510) GroundBounce = par("V(518)-V(522)*")
v(518) v(522) v(1) v(2) v(4) v(511) v(510)

-print tran v(512)

.print tran GroundBounce = par("V(518)-V(522)")

.print tran v(2)

.end

4.7.2 View HSPICE Simulation Results
After the HSPICE simulation is completed, you should get a view as follows:
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_ialx|
Design  Panels  Window Measure Configuration Tools  Help
PR EERERERE] s
I 5 * around bounce simulation using trarsistor level model
3 =
D v(E12) - 1 \
Don2l 29 \ \
T 29
= i
& 15
7
: il
= 1o \
500m | ™
o
_‘I » a 2n an En an 10n 12n 14n
Time [iin] [TIME]
___ L qround bounce simulation using ransistar level madel Ny
FOX, SN
[ 0:kD: parfgroundbounce] A 317 / \ /
PR L / \ / \ / \
5=
@
£
z \ \ N
295 7 gy el \
297 w5
- r T T T T T T T T 1
ﬂ ¥ 1} 2n 4n 8n 10n 12n T4n
Time (lin] [TIME]

e  The upper half shows the waveform at the driver-end (in blue) and the waveform at the

termination end (in red).

The input signal to the driver is a pulse with 1 ns rise-time specified in the netlist.
e  The lower half shows the voltage between the VCC node and the VVgnd node of the driver.

The figure shows that the actual supply at the driver fluctuates around three volts due to the
driver’s switching activity.
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Project 3 Decoupling Capacitors
Placement

This chapter describes how to select and place decoupling capacitors to minimize the power
delivery system noise. This chapter takes the following files as examples:

e psi_brd PDSdesign_NoDecp.spd

e psi_brd_PDSdesign_Decap_stagel.spd

e psi_brd PDSdesign_Decap_stage2.spd

These files have been installed when you install PowerSI on your computer.
This chapter has the following sections:

e  Power Ground Noise Without Decoupling Capacitors

e Decoupling Capacitor Placement (First Round)

e Decoupling Capacitor Placement (Second Round)

e Self and Transfer Impedance of the Power Delivery System

Project Specifications:

e The PCB size is 12” x 8” and has a Signal-Power-Ground-Signal stackup.
e The power and ground metal layers are copper and 1.4 mils thick.

e The dielectric layers are FR4 material (dielectric constant = 4.0, lossless).
e The dielectric layer thickness between power and ground planes is 5 mils.

Power Ground Noise Without Decoupling Capacitors
This section has the following topics:

e  Start PowerSl and Load a File

o View Circuits

e View Circuit Voltages

e View Voltage Distributions

e  Set up Simulation Frequencies

e Run a Spatial Mode Simulation

Start PowerSl and Load a File

Follow these steps to start PowerSl and load a file:

1. Launch PowerSl.

2. Select Mode > Spatial Mode to set the Spatial Solution mode for this simulation.
3. Select File > Open... and choose psi_brd_PDSdesign_NoDecap.spd.
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»
& Ele Edt  Wew Sewp Tools  Mode Window Help cadence -3 %
DS 9o 050 E e W 3 ] £ 9 b | ANEnshied el P - = W] Tk

o B g = > : G S
Vieriow: Powerst x

Noise Coupling Analysis

Simulation =

Start Simulation

View, Check, Process Result &

Show Geametry 30 Viewe

Output

In this example, three current sources around the center of the board represent the current sink at
these locations. The center current source is 150 mA and the other two are 75 mA. A resistor at the
lower left of the board represents the Voltage Regulator Module and its value is 0.01 ohm.

View Circuits
Follow these steps to view connected circuits in details.
1. Select Setup > Circuit/Linkage Manager.

-

-
Circuit/Linkage Manager

-|| 5

" c. Tiodeiname " starttayer 7 AttachLayer
v E SEIIJIEEI

' E Sinkz ﬁsaurcez

' [A] sinks QSDLMEZ

B wem  @PEdgeTerm

X1 i 3]
B || mew Del Edit Load || Fiter |7
Ckt Node: Pkg Mode Layer Mame
1 Moden1 Signal02
2 Maoden3 Signaliz
Unlirk.
PartialCkt Sourcel
Il 1 zAC=0.15
{EndPartialCkt
<] 1l [>]

CircuitjLinkage Manager

Spatial Mode requires at least one active circuit to act as the stimulus for the simulation. AC
current sources are typically used and can be automatically created under the Noise
Coupling Analysis Workflow > Setup Excitation.
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2. Close the Circuit/Linkage Manager window without any changes.

NOTE!

This sample contains one VRM and three Sinks. For more information about
how to set up VRM and Sink, please refer to Working with Circuits in the
document SPD_Layout UG.

View Circuit Voltages
Follow these steps to view the circuit voltage variables:

1. Select Setup > Simulation View > Ckt Voltage... to open the following window.

-
Circuit voltage Wiew

[

E3 sirk1
Sink2

Sink3
& WRIM

CircuitsfSub Circuits Circuit KodefSubCkk Mode

Curve_iZolor:

1 red n

2 Curve_Name:

Show Enabled Circuits

& Left mouse click
' Right mouse click

wick Find
2 In node list
@ In circuit tree

Sirkl,# . # £==:

QK

<]

M I3 Cancel

Three minimized Sink voltages are selected.

2. Click OK.

In this example, the voltages of all three sink current locations have been defined. These
voltages are the ones being minimized in this tutorial.

For more information about how to set circuit voltages, see Preparing for the Simulation > Setup
the Sources and Observations in Spatial Mode > Specify Circuit Voltage in the document

PowerSIl_UG.

View Voltage Distributions
Follow these steps to view voltage distributions:

1. Select Setup > Simulation View > 3D Spatial... to review the voltage distribution. The
Voltage Distribution dialog box appears.
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woltage Distribution x

Package:  Packagel
Upper Plane:

Lawser Plange:

Distribution

PlaneDD ~ PlaneGND

[ = |
Cancel

In this example, a plane pair PlaneVDD ~ PlaneGND is selected as shown in the
Distribution text box.

2. Click OK.

5.1.5 Set up Simulation Frequencies
Follow these steps to set up simulation frequencies:
1. Select Setup > Simulating Frequencies....
The Frequency Ranges window opens.

-
Frequency Ranges - constant AC source *x

Starting Freq. Ending Freq. Sweeping Mode | Freq. Increment | Points/Decade

<] il ]
oK | | Caneel |

2. Change the following parameters:
Starting Freq. to 1 MHz
Ending Freq. to 600 MHz

e Sweeping Mode to Linear

e Freq. Increment to 10 MHz
3. Click OK.

5.1.6 Run a Spatial Mode Simulation
Follow these steps to perform a simulation and view the curves:
1. Click the Start Simulation button * to start the simulation.
The 3D View window opens.
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&30 View

The window contains 3D plots for the voltages between the selected plane pairs.
The 3D Result Display Control dialog box opens at the same time.

-

3D Result Display Contral

Present Distributions
Voltage: Plane¥DDr ~ PlaneGND
Loaded Cistributions

30 Struckure [v] Resulks Overlay

Local Auto *) Global Auto

Fixed

Max value: Y

Min Yalue: u
Stark Freg: 1 MHz
End Freq: F00 e
Faster Slower

Play Stop Show Peak

3D Result Display Ca...

2. Select Window > Spatial Curves to view the Spatial Curves window.
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<&spatial Curves

Present Curves
|\ curves(SinkL. 1,5ink1 2) Amplitude psi_brd_PDSdesign_NoDecap.spd
(W curve?e(Sinkz. 1,5inkz . 2)
curvede~(Sink3.1,5i0k3,2) H

I M- A —
e\

T R rRRts SRR SUZATNR AL SRR

\

100 200 300 400 500 600
Frequency (MHz)

Loaded Curves

This window contains 2D frequency responses of the selected voltage or current variables.

The red, blue, and green curves are the noise voltages at the three specified sink locations.
Parallel resonance peaks appear in all three voltage locations.

3. Right-click the plot to show a pop-up menu.

Measure
Marker
FD Calc...

Save
%Load
Black Background
Show Legend
¥ Auto Tip
Hide Annotation

Show X-axis in log scale

Show Y-axis in log scale

Add Annotation

4.  Select Save to store the voltage curves as NoDecap.cur for later comparisons.

Decoupling Capacitor Placement (First Round)

This section describes how to reduce the noise voltages to below 100 mV up to 500 MHz.
This section has the following topics:

e Review Spatial VVoltage Distributions

e Determine Decoupling Capacitor Locations

e Determine Decoupling Capacitor Types and Values

Review Spatial Voltage Distributions
Follow these steps to review the spatial voltage distributions:
1. Select Window > 3D View and select the 3D Result Display Control tab.

January 2014 52 Product Version 16.6



PowerSI Tutorial

5.2.2

30 Result Display Control

Present Distributions
Volkage: Plane¥DD ~+ PlaneGHD
Loaded Distributions

v 30 Struckure v Resulks Qverlay

Local Auta *) Global Auto

Fixed

Max Yalue: Y

Iin Yalue: iy
Start Freq : 501 MHz
End Freq : =01 sz
Faster Slawer

Play Stop Show Peak,

3D Result Display Contral

Input values in Start Freq. and End Freq., or scroll the slide bars to adjust the values.

Click |_™&  lto run.

Click [3howPeak] g display the maximum (peak) voltage distribution in the window. The
maximum voltage within the frequency range appears for each mesh node.

&30 View

The above figure shows three hot-spot locations where the color becomes orange to red. The
peak noise voltages exceed 350 mV at these locations.

Determine Decoupling Capacitor Locations
Follow these steps to determine decoupling capacitor locations:

1. Double-click a hot-spot location.
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The Add Curve window opens.

r.&dd Curve
Upper Layver:
Lower Layer:
Lacation:

Max Megnitude:

Curyve Mame: WOD_GMD_0.138742_0.083956

I Ok | | Cancel |

2. Click to add a voltage response at this location to the Spatial Curves window.
Repeat Step 1 and 2 to add other hot-spot voltage responses to the Spatial Curves window.

1. Select Window > Spatial Curves to display the Spatial Curves window.

«g-Spatial Curves

Present Curves
N7 curven{Sink1.1,5ink1 .2) Amplitude psi_brd_PDSdesign_NoDecap.spd
W curvel~(Sinkz.1,5inkz.2)

\ curve2e(Sink3.1,5ink3.2)

'V ~(¥DD_GND_D.138316_0.080231)
'\ ~(¥DD_GND_-0.014353_0.084122)
|7 ~[¥DD_GND_-0.133278_-0.0419...

Loaded Curves

100 200 300 ano
Frequency (WHz)

500 600

Three voltage curves have parallel resonances at 61, 371, 461 and 501 MHz.

2. Close the current project without saving.

Determine Decoupling Capacitor Types and Values

This section describes how to determine decoupling capacitors and their values. The purpose of
the determination is to remove the resonance peaks at the listed frequencies.

Use the capacitors with corresponding resonance frequencies below:

Capacitor Resonance frequency Capacitor Inductance Resistance
Type (MH2) (F) (H) (ohm)
IDC0508 64.14 56 n 0.1n 0.12
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0508 357.75 330 p 0.6n 1.39
0508 438.15 220 p 0.6n 1.58
0508 484.39 180 p 0.6n 1.65

The decoupling capacitors are located at where the 2D voltage curves are generated.

The pre-built file psi_brd_PDSdesign_Decap_stagel.spd contains three sets of decoupling
capacitors as mentioned above. These capacitors are placed at the three hot-spot locations.

Follow these steps to run a simulation:

1. Select File > Open..., and open psi_brd_PDSdesign_Decap_stagel.spd from the
<INSTALL_DIR>\SpeedXP\Samples\PowerSI\Hybrid\ directory.

&psi_brd_PDSdesign_Decap_stagel.spd Laver Wiew

160

£, 140 120

-100 - -t - -
TR Py e FRYRN By R P et PR ety RRRRt ERReYPAAR] FRyTARTU) FARTY CRRR FRrRU RRARA FRsTURRRR FRrut RAR] Kwey SRR CAPUReen] hree

il: il [3]
This example has 12 decoupling capacitors placed at the desired locations.

2. Select Setup > Circuit/Linkage Manager to verify that the decoupling capacitors have been
added.
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- .

Circuit/Linkage Manager -Ox
| 5]
L' 'A 'th Marne 'Model Marne 'StartLa. - 'AttachLayer [
vE AT & =X

+ [B decap_nsos_t1z  @Pos0s_t 1
+ [B decap_nsos_13  @Posoa_t

+ [B decap_nsos_z1 @Posns_z

+ [B decap_nsos_zz  @Posoe_z

+ [B decap_nsos_zz  @Posoe_z

+ [B decap_nsos_s1  @Posoe_s

+ [B decap_nsos_3z  Posoe_s

o TBl darar nene 23 @R ocoo 2 @
<] il E]
#3 | Mew || Del || Edit | | Load || Filter |@

CkE: Mode Pkg Mode Layer Mame

1 Mode071 Signaloz

2

3

4 Mode073 Signaloz

PartialCkk 0508_1 ~
C112z20p

11230.6n =
R134 1,58

{EndPartialCkt E
< I [3]

CircuitfLinkage Manager

Click the Start Simulation button *® to start the simulation.
Select Window > Spatial Curves to switch to the Spatial Curves window.

<@Spatial Curves

Present Curves
W curvee(sinkd. 1,5ink1.2) ampliude PSI_brd_PDSdesign_Decap_stage1.spd
W curve7~{Sinkz.1,5inkz 2
W curveBe(Sink3, 1,5i0k3 23

Loaded Curves

100 200 300 400 500 600
Frequency (MHz)

curveteaSinkd . 1, Sinkl . 2) (1)
curvedea{Sink3. 1, 5ink3. 23 (¥3)

curve?e(Sinkz. 1,5inke. 2} (VE)

The red, blue, and green curves are the noise voltages at the three specified sink locations
with slightly reduced magnitude. In this example, the noise voltages still exceed the expected
100 mV in the frequency range between 400 to 500 MHz.

5. Right-click the plot to display a pop-up menu.
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Measure
Marker
FD Calc..
Save
Load

Black Background
Show Legend
¥  Auto Tip
Hide Annotation
Show ¥-axis in log scale

Show Y-axis in log scale

Add Annotation

6. Select Save to save the voltage curves as Decapl.cur for later comparisons.

Decoupling Capacitor Placement (Second Round)

In the previous exercise, the noise voltages are lowered, but still violate specification in the
frequency range between 400 to 500 MHz. In this section, the noise voltages between 400 to 500
MHz will be lowered to the expected 100 mV.

This section has the following topics:

e Review Spatial Voltage Distributions

e Determine Decoupling Capacitor Locations

e Determine Decoupling Capacitor Types and Values

Review Spatial Voltage Distributions
Follow these steps to review the spatial voltage distributions:
1.  Select Window > 3D View.

2. Select the 3D Result Display Control dialog box and click the Show Peak button 5= Peak
to display the maximum (peak) voltage distribution in the 3D View window.
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Two hot-spots are at the lower right and upper-left corner. The peak noise voltages exceed 200
mV at both locations.

5.3.2 Determine Decoupling Capacitor Locations
Follow these steps to determine decoupling capacitor locations:

1. Double-click a hot-spot location.
The Add Curve dialog box opens.

-

rA dd Curve
Lpper Layer:
Loyt Layer:
Location:
Max Megnibude:

Curve Mame; YDD_GND_0.141551_-0.085770

ok Cancel

2. Click oK to add the voltage response at this location to the Spatial Curves window.
Repeat Step 1 and 2 to add other hot-spot voltage responses to the Spatial Curves window.

1. Select Window > Spatial Curves to display the Spatial Curves window.

Two new voltage response curves are shown in the panel: VDD_GND_-0.149423 0.088384
and VDD_GND_0.144913 -0.090919.
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“ipatial Curves

Present Curves
W curvese(Sink1. 1, 5inkt 2) ampliude PSI_brd_PDSdesign_Decap_stage1.spd
W curve?e{Sinkz.1,5inkz.2)

V' curvede(Sink3 . 1,5i0k3.2)
0.143423_0.088354)

N ~{4DD_GND

Loaded Curves

100 200 300 400 500 600
Frequency (MHz)

curveF~{Sinkz2. 1, 5inkz. 2) (¥2)
~{(YDD_GMD_-0,149423_0,085354) (v4)

curvehe(Sink1. 1,5ink1.2) (W1}
curvede(Sink3. 1,5ink3. 2) (¥3)
~(YDD_GMD_0,144913_-0,090919) [v5)

Both of voltage curves have parallel resonances at 131 and 471 MHz.
2. Close the current project without saving.

Determine Decoupling Capacitor Types and Values

This section describes how to determine decoupling capacitors and their values. The purpose of
the determination is to remove the parallel resonance peaks at the frequencies listed.

Use the capacitors with corresponding series resonance frequencies below:

Capacitor Resonance frequency Capacitor Inductance Resistance
Type (MHz) (F) (H) (ohm)

IDCO0508 138.56 12n 0.1n 0.23
0508 438.15 12 p 0.6 n 1.58

The decoupling capacitors are located at the hot-spots where the 2D voltage curves are generated.

The prebuilt file psi_brd_PDSdesign_Decap_stage2.spd contains two IDC0508 capacitors
and two 0508 capacitors placed at each of the two hot-spot locations.

1. Select File > Open..., and open psi_brd_PDSdesign_Decap_stage2.spd from the
<INSTALL_DIR>\SpeedXP\Samples\PowerSI\Hybrid\ directory.
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r\gps1‘_brd_PDSdesw‘gn_Decap_stagez‘spd Laver Yiew

z]r il (8]

Eight additional decoupling capacitors have been added.

2. Select Setup > Circuit/Linkage Manager to display the Circuit/Linkage Manager dialog
box to verify that the decoupling capacitors have been added.

-

Circuit/Linkage Manager

A kit Name " Mode! Name i B
+ [B] decap_osos_11 €Posos_t
& os0a_1
E ecap_0 ] 0505_1 I
+ [B decap_osoz_15 @Pos0a_t
+ [B decap_nsoz_te  @Pos0a_t
+ [B decap_nsoz_17  @Pos0a_t
+ [B decap_nsoz_1z  @Posos_t
+ [B decap_nsoz_z1 @Posoe_z

+ [B decap_nsos_zz @Posoe_z ~
« M [ I = T,

B3]
#3 || Mew || Del || Edit || Load || Fiter || 57

Ckk: Node Pkg Mode Layer Mame

1 Mode045 Signaloz

2

3

4 Mode043 Signaloz
<1 i | (5]

Unlink,

\PartialCkt 0508 _1
C112220p

L1 230.6n E
R1341.58 E
(<] il [ %]

Circuit/Linkage Manager

3. Click the Start Simulation button * to start the simulation.
The Spatial Curves window opens like the following figure.
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-
&Spatial Curves

Present Curves
W corvea~(Sink1.1,5ink1,2) Amplitude psi_brd_PDSdesign_Decap_stage2.spd
W curvelOe{Sinkz. 1,5ink2.2)

y curvell~(Sink3.1,5ink3.2}

014

01z

01

0.0s

Loaded Curves

0.06

0.04

ooz

100 200 300 400 500 500
Frequency (MHz)

curvelOn(Sink2. 1,5ink2 . 2) (12)

curvede{Sinkl 1, Sink1,2) (Y13
curvell~{Sink3 1,5ink3.2) (¥3)

The red, blue, and green curves are the noise voltages at the three specified sink locations
with slightly reduced magnitude. In this example, the noise voltages have been lowered up to
500 MHz. The noise voltages up to 400 MHz are lower than 60 mV.

4. Right-click the plot to display the pop-up menu.

Measure
Marker
FD Calc...
Save
Load

Black Background
Show Legend
¥ Auto Tip
Hide Annotation
Show X-axis in log scale

Show Y-axis in log scale

Add Annotation

5. Select Load to load the stored voltage curves in NoDecap.cur.
The Load Curve dialog box opens.

-

Load Curve DialogBox
W [Sink1.1, Sirk1.2)

o (5irk2.1, 5ink2.2)

Select Al
o [5ink3.1, Sink3.2] Fee

Deselect Al
oK

Cancel
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6. Click to load all the curves and click .

Ampliude psi_brd_PDSdesign_Decap_stage2.spd

03

400 500 00

300
Frequency (MHz)

——— vk 1, 500 2) (V1) curve1fh-{ S vz vt L= Srk.1, Sk 2) (V1)
(k.1 Sk 2) 12 CAProgram FlesUrity Soeed 51 PowersliSamokesiNoDecsp 0w (LV1) — (G2, S22
(k3.1 5032} 1 v Speadi 5,117 cCiecap. our (LVE)

There has been significant noise voltage reduction at the various sink locations.
7.  Close the current project without saving.

Self and Transfer Impedance of the Power Delivery System

This section describes how to view the self and transfer impedance (impedance parameter matrix)
with and without decoupling capacitors, and further demonstrate the improvements on the
performance of the power delivery system.

This section has the following topics:
e Simulate Self and Transfer Impedance Curves
e Run Simulation with Decoupling Capacitors

Simulate Self and Transfer Impedance Curves

This section describes how to show hooked ports, run a simulation without decoupling capacitors,
and view different ports after the simulation.

1. Select Mode > Extraction Mode.

2. Select File > Open..., and open the file psi_brd_PDSdesign_NoDecap.spd from the
<INSTALL_DIR>\SpeedXP\Samples\PowerSI\Hybrid\ directory.

In some cases, you might see a warning regarding the circuit definitions of the
source components. The Extraction Mode does not accept independent
NOTE! voltage or current sources that do not equal zero, and gives out a warning. In
this example, the voltage source = 0. If you see this warning and wish to keep

the circuit definitions of the source components, click .

3. Select View > Show > Show Hooked Ports to enable hooked port view.
Three pre-specified ports at the sink locations appear as in the following figure:
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(<] 3

4. Click the Start Simulation button *® to start the simulation without decoupling capacitors.
All port curves appear on the plot.

«Port Curves

wee § T ME s - | ampiitude v i
Metwark Pararneters
o ! S Amplitude psi_brd_PDSdesign_NoDecap.spd

| 5001,11- S{1:Part1::, 1o
W 5002,2] - S(ziFortz, 2
] 5003,3] - 5(3:Fort3ie, 3

14

0.995 4

0.99 4

0.985 4

0.95 4

Isalsked Curves

0.975

0.97 4

Frequency (MHz)

SIMULATION - 50[1,1] - 5(1:Part1::, 1:Partl:)
SIMULATION - 50[2,2] - S(2:Part2::, 2:Part2:)
SIMULATION - S0[3,3] - S(3:Port3::, 3:Part3i)

5. Choose the Z (impedance) parameter from the Curve Settings toolbar.
Z ¥ | Amplitude ~

The resulting curve presents a Z-parameter.
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r\gal amplitude (Thm)
R A L= e |z [ [ ampitude [ | %

Metwork Parameters

=] Z0 - SIMULATION
. Z0[1,1] - Z{1:Port1::, 1:Porkl:)
. z0[2,2] - Z{Z:Pork2::, 2:Port2:)
I 203,31 - 203:Pork3::, S:Pork3:i) 1.4 4

2 Amplitude (Chm) psi_brd_PDSdesign_NoDecap.spd

0.5 4

0.6 4

Isolated Curves

0.4+

0.2 4

300
Freguency (MHz)

SIMULATION - Z0[1,1] - Z(1:ParkL::, 1:Portl::)
SIMULATION - Z0[2,2] - Z(2:Port2::, 2:Porkz: )
SIMULATION - Z0[3,3] - Z(3:Port3::, 3:Pork3:)

View all different ports

By default the display shows the S-parameter matrix diagonal components or reflection. When
you select Z from the Curve Settings toolbar, the self impedance at each port shows. To view
transfer impedance, plot the transmission parameters.

1. Click the Channel Filter button ¥ on the Curve Operations toolbar to open the Channel
Filter dialog box.

¥ : -|
Channel Filter %
All Channels
Channel Ports in Channel Return Loss
Unnamed Net 3 [] Insertion Loss
[ Crosstalk
Cancel

2. Check Insertion Loss.
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-
Channel Filter =
All Channels
Channel Ports in Channel Return Loss
Unnamed Net 3 Insertion Loss

Crosstalk

Cancel

Click to show impedance parameters.

ru\eﬂz Amplitude (Ohm) - O x
iwee g T MF T ; |z [ [ Ampiituge -liw

Network Parameters

Bl ZHESTE RN z Amplituce (Ohrm) psi_brd_PDSdesign_NoDecap.spd

I 2071, 1] - Z(1:Port1::, 1:Port1::)
M Z0[2,1] - 2(2:Porta::, 1:Port1:)
| zo[2,2] - Z(2Portz::, 2:Port2:s)
| 20[3,1] - 2(3:Port3::, 1:Port1::)
B 20[3,3] - 2(3:Port3::, 2:Port2::)
B Z03,3] - Z3:Port3::, 3:Port3:s)

Isolated Curves

0 - : : : :
100 200 300 400 500 500
Frequency (MHz)
SIMULATION - 0[1,1] - Z{1:PortL::, L:Port1::) SIMULATION - Z0[3,1] - Z(3:Port3::, 1:Por

SIMULATION - 20[2,1] - Z{2:Port2::, LiPortl::) SIMULATION - Z0[3,2] - Z(3:Port3::, 2:Por]
SIMULATION - Z0[2,2] - Z(2:Port2::, 2:Port2::) SIMULATION - Z0[3,3] - Z(3:Port3::, 3:Por|

<] [ ] B2

This window shows all of the impedance parameters, both self and transfer impedance for the
top half matrix.

4. Right-click the display to open a pop-up menu.

%Save Simulation Result

Measure
Marker...
Expression Calculator...

Black Background

Frhed-Ctrl Vicihilite 3
5. Select Save Simulation Result to save the S-parameters and impedance matrix in the
psi_brd_PDSdesign_NoDecap.S3P for later comparison.
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-
Save Curves

Metwork, parameter file format: | N gEL RNl (1= -

Save to C:ASigrity5 ampleshSpeed<P 171.0vPowerSIsS amplestHybnd\psi_brd_dem

[ata Type Save the fallowing netwark, pararmeter]z}
IRl DB hdd v| 5 Z N
Ewpart passivity enforced S -parameters Tauchstone 2.0
(1] Cancel

6. Select Window > Layer View to switch to the Layer View window.
7. Select File > Close to close the current project.

54.2 Run Simulation with Decoupling Capacitors

1. Select File > Open... to open the file psi_brd_PDSdesign_Decap_stage2.spd from the
PowerS| Samples directory.

In some cases, you might see a warning regarding the circuit definitions of the
source components. The Extraction Mode does not accept independent voltage
NOTE! | orcurrent sources that do not equal zero, and gives out a warning. In this
example, the voltage source = 0. If you see this warning and wish to keep the
circuit definitions of the source components, click Yes.

@psi_brd_PDSdesign_Decap_stage2.spd Layer Wiew

8o, pMdo el oeloooeed - a A0 I j120 4o eo [~]

E; [ [3]

2. Press the Start Simulation button * to start the simulation.
All port curves appear on the plot.
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r\§Purt Curves s 3
imae g I MG (TEO 5 | | Ampltude: -] i &
Network Parameters
a 50 - SIMULATION . .
[ SU04,17- SCLParts, 1Portd ) 3 Amplitude psi_brd_PDSdesign_Decap_stage2.spd
Il 50(2,2] - St2:Part2s;, 2iPort2is)
B 5003,3] - S(3:Part3e:, 3:Porkses) 14
0,998
0,996
0.934
| 09824
0.99
0.988
Lolated Curves
100 200 300 400 500 500
Frequency (MHz)
SIMULATION - 501,11 - 5(1:Parkl::, 1:Portl:r)
SIMULATION - SO0[2,2] - 5(2:Portz::, 2:Part2s;)
SIMULATION - 50[3,3] - 5(3:Port3::, 3:Part3::)
3. Choose the Z (impedance) parameter from the Curve Settings toolbar.
z | = | ampiitude [~]
The resultlng curve presents a Z-parameter.
& Amplitude (Ohm] - O x
iwmee g T ME [z | v [ Ampiude [« ;¥
Network Parameters
a Z0 - SIMULATION i -
[ 201,07 TP, LRart:) 2 Amplitude (Ohm) psi_brd_PDSdesign_Decap_stage2.spd
Jl 2002,2] - Z(2:Port2::, ZPort2::)
I 200330 - ZEPark:, 3Port3:) [ R R I R R R
1 i i ] i
| | | | |
| | | | |
| | | | |
LR e I AT ST Tt 1T
| | | | |
| | | | |
| | | | |
(Y- IO I IR, R [T L S .
1 ! ! |
| | | |
| | | |
| | | |
05 - R — R — E ; YRV S ——
1 | |
| | |
| | |
| | |
[ - - m oo Ammmmmmmme- B
| | |
| | |
| | I
| |
03 --—--=---- e TR e T
| | |
| | |
| | |
| | |
L I 7 St ool dmmm- i dmmmm o
i | | |
| | | |
| | | |
| | | |
L B I AT R R R
| | | | |
| | | | |
........ | i | | |
Isolated Curves 0 1 I I 1 I
100 200 300 400 500 500
Frequency (MHz)
SIMULATION - Z0[1, 1] - Z(L:Port1:s, 1:Porkt:s)
SIMULATION - 20(2,2] - 2(2:Part2::, Z:Porkz;:)
SIMULATION - 20[3,3] - Z(3:Port3::, 3:Pork3::)

View all different ports

By default the display shows the S-parameter matrix diagonal components or reflection. When
you select Z from the Curve Settings toolbar, the self impedance at each port shows. To view
transfer impedance, plot the transmission parameters.

1. Click the Channel Filter button -®_ on the Curve Operations toolbar to open the Channel
Filter dialog box.
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[ : -|
Channel Filter =
All Channels
Channel Ports in Channel Return Loss
Unnamed Net 3 [J insertion Loss
[ Crosstalk

2. Check Insertion Loss.

¥ p ~
Channel Filter %
All Channels
Channel Ports in Channel Return Loss
Unnamed Net 3 Insertion Loss
Crosstalk

Cancel

3. Click to show impedance parameters.

%7 Amplitude (0hm)

- 0O x
o L E | | Ampitude R/
Metwork Parameters
= :;;11'1]_110" 2 Amplitude (Ohm) psi_brd_PDSdesign_Decap_stage2.spd
002,11 -
o271 - ! j ] | !
M zo0.1- L }* ””””” *} ””””” ﬂ: ””””” :r ””””” }* ”””””
B o e : : : : :
1] 20[3,3] - 2(3:Port3::, 3:Port3::) 07 b I A N R -
| | | | |
| | | | |
| | | | |
06— | e R Fommm A
i i | |
| | | |
| | | |
| | 1 1
Lk B poTTTT I N [
| | |
| | |
| | |
i | | p
__________ e e I
! ! ]
| | |
| | J
| |
+ 4 A
| |
| |
| |
I |

Isolated Curves

SIMULATION - Z0[1, 1] - Z(L:Port1:
SIMULATION - Z0[2, 1] - Z(2:Port2:
SIMULATION - 0[2,2] - Z(Z:Port2::, 2

<] Il |

SIMULATION - Z0[3, 1] - Z(3:Por
SIMULATION - 20[3,2] - Z(3:Por
SIMULATION - 20[3,3] - Z(3:Port3::, 3:

This window shows all of the impedance parameters, both self and transfer impedance for the
top half matrix.

4. Right-click the Network Parameters to open a pop-up menu.

January 2014 68 Product Version 16.6



PowerSI Tutorial

Save Simulation Result
Load
nload all Metworks

5. Select Load to load psi_brd_PDSdesign_NoDecap.S3P for comparison.
The curves display like in the following figure.

Nebwork Parameters
70 - STMULATION

7 Ampliecle (Oh) psi_brd_PDSdesign_Decap_stage2.spd
14
21
Z113,3] - 2(TPort3:, m; 12

L
|

R

o

; W
| N
i
L) on 150 200 & ion A0 ann 450 L1l) haln (2]
Frequancy (WMiHz)

[ SBAULATHGH - 70[1,1] - Z(1:Portls, 1:Portlz)
SMULATION - 20[2.2] - 20 i)
THAULATION - 70[3,3] - Z3:Portd:, 3:Portd:)

i 1 e

DGl

poa_brd_PUSdesign_ Nolvecap 111212 181515.bnp - 21[1,1] - 20:Poitls, 1:Portls)
1

- o ; bybeid\psi_bed PDSdesign Mnlbuap 111212 181515 bnp - ZU22) - Zi2Port2, MPort2:)
4 1)

Nebwork Parameters
70 - STMULATION

7 Ampliecle (Oh) psi_brd_PDSdesign_Decap_stage2.spd

TU2,1) - ZPots, Lot} !
ZU31] - HkPortd, 1Portl)
T103,7] - T(:Port:, FPort)

4 1il

/:\

Tsolated Curves A
0 H _— — - o
L) on 150 200 & ion A0 ann 450 L1l) haln (2]
Frequancy (WMiHz)
——autamion - w217 - 72 i) TSty samplenspr]
SIMULATION - 20[3.1] - Z(3: rtlii)

| SBAULATION - 70[3,7] - 7(3:Portds, 2:Port?)

2 o 1 51\ pet_bed_PUSdesign_Molecap 111212 181515, bnp - Z1[21] - ZZPortds, 1Potls)

peediP 12 iybrid\psi bed PDSdesign NaDecap 111212 181515 bnp - ZU31] - Z3:Ponds, 1-Ponlz]
4 m ]

6. Select Window > Layer View to switch to the Layer View window.
7. Select File > Close to close the current project.
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5.5 Resonance Mode

In PowerSl, the resonance mode solver computes and displays all the resonant modes between
predefined frequency ranges. User can also specify the number of resonant modes directly.

Follow these steps to start resonance mode analysis:

55.1 Start PowerSl and Switch to the Resonance Mode
1. Launch PowerSl.
2. Select Mode > Resonance Mode to switch to Resonance Mode.

3. Select File > Open... to open the file psi_brd_PDSdesign_Decap_stage2.spd from the
<INSTALL_DIR>\SpeedXP\Samples\PowerSI\Hybrid\ directory.

&psi_brd_PD3design_Decap_stage2,spd Layer Wiew

5.5.2 Set up Frequency Range
1. Select Tools > Options > Edit Options... > Resonance > Setting to show the Frequency
Ranges dialog box.

¥ Enable Total Mode Total Frequency Mumber
Frequency Min [ 1= Frequency Max

2. To extract all the resonant modes between frequency ranges, specify Frequency Min and
Frequency Max in the field next to them.

or
To extract total number of resonant modes, check Enable Total Mode and enter a number in
the field of Total Frequency Number.
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3. Click oK

(Optional) Select Setup > Simulation View > 3D Spatial

display.

... to set up the 3D spatial voltage

Woltage Distribution

Package: Packagel

Upper Plane:
Lower Plane:

Distribution

PlanevnD ~ PlaneGhD

QK

Cancel

5.5.3 Run a Simulation
Click the Start Simulation button * to start a simulation.
The 3D view looks as shown below.

&30 View

PowerSI outputs a table which lists complex resonant frequencies and Q factors in the 3D Result
Display Control window as shown below:
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3D Result Display Control x
Mo, | Resonance freg (MHz) 1 Factor
1 15.138267 +6.71... 1.127364
2 23.035848 +29.00... 0.397155
5 24.248250 +22.95... 0.5253253
4 40.878040 +28.60... 0.714545
5 48.847442 +28.01... 0.571770
-] 53.929644 +78.09... 0.345262
7 55.541386 +73.26... 0.379047
g 172.153045 +36.3... 2.368178
9 283.261371 +119.... 1.187772
10 347.819705 +56.4... 3.079277

Present Diskributions
‘tolbage: PlaneDD ~ PlaneGhD
Loaded Distributions

130 Structure Resulks Overlay

(¥ Local Auto (*) Global Auto
O Fixed

Max Yalug: I:I i
Min Yalue: I:I Uy

| Export lisk of resonances |

3D Resulk Display Control |_

If the 3D spatial is set up, PowerSl also shows the normalized voltage field distribution at
corresponding resonant frequencies.

You can click an Eigen entry to view the normalized voltage field distribution at each potential
resonant frequency.
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3D Result Display Control

Eigen (MHz) Q Factor [
338.335439 +149.718954  1.129905
342718344 +148.756230  1.151948
345.342301 4135007055 1.269575
345695885 +55.663953 3. 141170
351341014 +196.093111 1202456
355.050341 +158.303655 _1.054818
386. 129682 +159.227101

388.523951 +171. 130837

389577473 +157.790174

450.913377 +29.787972

565209089 +20. 1284901

568,853A03 +23.270535

743.824251 +42.212183

759, 142313 +19. 1055311

779.942124 +23.456661i

868.855577 +29.8423570

911478762 +26.2379260

571.093395 +36.560362i

Local Auto 2} Global Auto
Fixed
Max Value:

Min Value:

Save Eigen List To File

3D Result Display Control
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Project 4 IR Drop Analysis for Power
Delivery Systems

This chapter describes how to analyze the DC current drop (IR drop) for power delivery system.
The IR drop refers to the off-set of the DC voltage supply due to the distributed resistance
associated with the metals, such as shapes and traces, in the power delivery system.

This chapter uses the following files as examples:
¢ psi_DCR1_200x10mm_1plane.spd

e psi_DCR2_100x1mm_1plane.spd

e psi_DCR3_100x1mm_2planes.spd

e psi_brd IR _drop_SM.spd

These examples give detailed steps of how to perform DC analysis for most situations and
analysis. The first two examples in this chapter show the computation of resistance associated with
power/ground nets. The last example explains how to determine the voltage drop in the spatial
mode.

This chapter has the following sections:

e  Power Delivery System Resistance (I)

e Power Delivery System Resistance (1)
e  Power Delivery System Resistance (l11)
e Simulating IR Drop in the Spatial Mode

Power Delivery System Resistance (l)
In this example, you compute the resistance associated with the VCC net as shown below:

r———— Port —————I

=ls e

The Vcc plane has the following specifications:

e 200 mmlong (L)

e 10 mm wide (W)

e 5um thick (T)

e Conductivity 5.8¢7 S/m (o)

e  Two rows of vias, acting as testing points, are 0.5 mm away from the plane edge.

Consequently, the actual DC path for the plane is 199 mm (L). The vias are 1 um long and have
negligible DC resistance. Because the plane is a thin rectangular strip, the DC resistance of the
Vcc plane can be found analytically using the following formula:

R=LAo=xW=xT) = 0.068620hms

The PowerSI simulation results should closely match the formula results.
This section has the following sections:
e Open a Project
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e  Set up Simulation Frequencies
e Turn on Inter-plane Coupling
e Runa Simulation

6.1.1 Open a Project
This section describes how to open a project and show hooked ports in the Extraction Mode.
1. Launch PowerSl.

2. Select File > Open... and choose the file psi DCR1_200x10mm_1plane.spd from the
<INSTALL_DIR>\SpeedXP\Samples\PowerSI\Hybrid\ directory.

3. Select View > Show > Show Hooked Ports to make sure that the Show Hooked Ports
option is enabled.

| dpsi_pCcR 2

e L T L ey~

<] 3

In this example, a port has been specified at where the positive terminal connects to multiple
points at the left end of the VCC plane, and the negative terminal connects to multiple points at
the right end of the VCC plane.

6.1.2 Set up Simulation Frequencies
Follow these steps to set up simulation frequencies:
1. Select Setup > Simulating Frequencies....

-
Frequency Ranges
Starting Freg. Ending Freq, Sweeping Mode | Freq. Increment | Paints/Decade
‘ < I il |E|
Add ok Caniel

2. Change the following parameters:
e Starting Freq. to 100 Hz
e Ending Freq. to 200 Hz
e Sweeping Mode to Linear
e Freq. Increment to 100 Hz
3. Click OK.
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TIP!

Set the simulation frequencies as these values when you use PowerSlI to
analyze DC.

6.1.3

Turn on Inter-plane Coupling

Follow these steps to turn on the inter-plane coupling:

1. Select Tools > Options > Edit Options... > Simulation (Advanced) > Field Domain.
2. Select Basic mode under Inter-plane coupling (IPC).
rOptions
File ® 3
Glenera\ &) Change the 'Field Demain' options in PowerSI
File Manager
Save Opu%ns
Hotkeys dary conditi
Layout '.”__‘)
Grid and Unit O Magretic wall (Total reflection)
xz’;&ssmg @ Natural boundary condition (considers boundary radiation)
Trace [¥] Compensate for shape width
Error Checking
3D Layout View ®
Display Inter-plane (IPC)
Quality
Simulation (Basic) O] O ot considered
General * Basic mode
et and Coupling O Enhanced mode

Network Parameters
Spedal Void
Simulation Report

Simulation (Advanced) ':E)

When the frequency is low enough so that the skin depth is larger than the metal thickness, the field might
couple through the metal shapes. This phenomena can be captured by the inter-plane coupling formulation.
Note: Induding IPC in the smulation may resuit in heavy memory usage and long simulation time

fField Domain
Mesh ic RLGC adjustment for antipad array
Reference Handling
Nets and Shapes
Special Handing

] Enable automatic RLGC adjustment

3. cliok o]

Always enable Inter-plane coupling to ensure accuracy during the DC

TIP! analysis.

6.1.4 Run a Simulation

Follow these steps to run a simulation:

1. Press the Start Simulation button * to start the simulation.

2. Choose the Z parameter and Real from the drop-down menus on the Curve Settings toolbar.

Z hd Real -
5

¥
Smikh Chart

The curve looks as shown below:
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r\g»z Real [Ohrm)
@sa g T MBI E [~ [rea [-]:®
Metwork Parametsrs
B[ Z0- SIMULATION .
B 200111 - Z(1:Porkt, LiPartl ) Z Real (Ohm) psi_DCR1_200x10mm_1plane.spd

0.0665364045392

0068535404839 4

0.0BEE3E4048388

»»»»»»»» 0.0685364048386

Isolated Curves

0.06685364048384 -

10 120 140 160 180 200
Frequency (Hz)

SIMULATION - 201, 1] - Z(1:Fort s, 1:Portl::)

The resistance result is around 0.068500 ohms which is consistent with the analytical result.

Power Delivery System Resistance (ll)
In this example, you compute the resistance associated with the Vcc net as shown below.

r———— Part ————

- ‘_ plane
* * plane

Both the Vcc and Vss planes have the same specifications:

e 100 mm long (L)

e 1 mmwide (W)

e 5um thick (T)

e Conductivity is 5.8¢7 S/m (o).

Because the plane is a thin rectangular strip, the DC resistance of either plane can be found
analytically using the following formula:

R=LAcxW=xT) = 03450hms

The PowerSI simulation results should closely match the formula results.

Compute Resistance

Follow these steps to compute resistance:

1. Open aProject and load the file psi_ DCR2_100x1mm_1plane.spd.
See 5.1.1 Open a Project.
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&psi_DCRZ_100x1mm_1plane.spd Layer Wiew

0,
|

&7

0z,

Sl

ol

g

Z]z il [3]

In this example, the positive terminal is connected to the Vcc plane on the left through a
through-hole via, and a negative terminal connected to the Vss and Vcc planes on the right.

2. Select Setup > Simulating Frequencies.... See 5.1.2 Set up Simulation Frequencies.

-

Frequency Ranges

Starting Freq. Ending Freq. Sweeping Mode | Freg. Increment | Points/Decade

Add oK Cancel

3. Change the following parameters:
e Starting Freq. to 100 Hz
e Ending Freq. to 200 Hz
e Sweeping Mode to Linear
e Freq. Increment to 100 Hz

4. Click ol

5. Press the Start Simulation button * to start the simulation.
See 5.1.4 Run a Simulation.
The Z-real parameter curve appears as shown below.
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(@ real [ohm]
e g T M E O [z [~ [real [~] i®
Metwark Parameters
Z0 - SIMULATION .
= B 200,11 - Z(1:Portis, LPort:i) Z Rieal (Ohm) psi_DCR2_100x1mm_1plane.spd
T T
] ] ] ]
1343903603957 4~~~ o Lo b b
1 1 1 1
| | | |
| | | |
0.3438036039568 +--—------~ e Fomm e o (e
| | | |
i i i i
i i
0.3439036039566 | - ————- - ﬂ: ——————————— :f ——————————— i 77777777777 1: 77777777777
1 1 : 1
| | | |
0 3439036030554 L~ Ao [ L e
| | | |
i i i i
i i
0.3439036039562 4~~~ L - e —— T — [ —
Isolated Curves i i | |
| | | |
0343903603956 AZT S — R R ——
1 1 1 1
| | | |
i i i i
i i
0 3433036038558 -~~~ Ao oo oo dommmmmmees
i i i i
100 120 1401 160 T80 2nn
Frequency (Hz)
SIMULATION - Z0[L,1] - 2(1:Ports:, LiPartis)

The resistance result is 0.3430 ohms closely matching the analytical results.

Power Delivery System Resistance (lll)

In this example, the structure is similar to the previous one. However, the via on the left end also

stops at the Vss plane, making contact with the Vss plane. Because the Vss plane is

identical to the

Vcc plane, the resistance seen from the port is half that of the previously computed Vcc net in the

previous example.
The result can be analytically computed by the following equation:

R = (R1]|R2)/2 = (R1)/2 = 0345/2 = 0.1720hms

i — — Port ——— — —

=5 ==

Compute Resistance

Follow the steps in 5.1 Power Delivery System Resistance (I), but use this file
psi_ DCR3_100x1mm_2planes.spd.

plans

The following figure shows the results and is consistent with the analytical solution

1 ~0.172 ohms.
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F\gyz Real {Ohm)
@wee g T NBTE O z [[real -] :®
Metwork Parameters
Z0 - SIMULATION .
I 7001, 1] Z(1:Rort, LPort::) < Real {Ohm} psi_DCR3_100x1mm_2Zplanes.spd
T T T T
| | | |
0172116562539 4 —— - ——— -] e EE [ I
| | | |
| i i |
0172116562538 4 —— - ———— -1 o A A 4o
i i i i
0172116562537 - - ———— -~ oo Ao dmmmmrsion dmmmmmmem
| | | |
I 1 ! I
0172116562536 - - --——---] R — e
| i i |
| | | |
0172116562536 4 - - —-——---] T Ao [ R R
| | | |
| i i |
0172116562534 4 —— - ——— -] R et Ao e eee A
........ ! 1 ] I
Tsolated Curves ; | | |
0172116562533 4 ——————~* -] . e A
| | | |
I 1 1 I
0172116562532 < - ———— | T e [ [
; ; ; ;
100 120 140 160 180 200
Frequency (Hz)
SIMULATION - 20[1,1] - Z{1:Part::, 1:Park::)

Simulating IR Drop in the Spatial Mode

This section describes how to use PowerSlI to simulate IR drop in the spatial mode and DC
voltage distribution across power ground planes.

In this example, a 3.3 V voltage source (DC) is connected to the power ground planes at the lower
right corner of the board. Three pre-specified sink locations are modeled using current sources.

The spatial mode simulation easily identifies the locations where the voltage reduction exceeds a
defined threshold.

This section has the following topics:

e  Start PowerSl and Load a File

o View Circuits

e Setup Voltages

e  Set up Spatial VVoltage Distributions
e Set up Simulation Frequencies

e Turn on Inter-plane Coupling

e Run a Simulation

Start PowerSl and Load a File

Follow these steps to start PowerSl and load a file:

1. Launch PowerSl..

2. Select Mode > Spatial Mode.

3. Select File > Open... and choose psi_brd_IR_drop_SM.spd.
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&psi_brd_IR_drop_Ska.spd La

o i B

e 01,

er View

The figure shows three sink locations and one voltage source connected.

View Circuits

Follow these steps to view the information for each of these locations:
1. Select Setup > Circuit/Linkage Manager.

Circuit/Linkage Ma

nager

- ||
&

rr r r r
o A CktMame Model Mame | StartLayer AttachLayer

(PartialCke  Isourcel

I11zAC=20

.EndPartialCkk

+ [A] sinki Olsourcel
+ [A] sinkz Olsourcez
+ [A] sinks OISDUI’CEZ
+ B wrm Vsource
[<] Il | B
B || Mew Del Edit Load || Fiter |57
Ckf: Mode Pkg Mode Layer Mame
1 Mode017 Signaloz
2 MNode019 Signaldz
Unilirik.

=
i
v]

(<]

[>]

-

2. Close the Circuit/Linkage Manager window without any changes.

Set up Voltages

Follow these steps to set up the circuit voltage:

1.  Select Setup > Simulation View > Ckt Voltage... to specify the voltages of the sink

locations.

For this example, the sink locations have already been selected for viewing voltage.
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-

Circuit Yoltage Wisw X

Curve_Color:
CircuitsfSub Circuits Circuit Node)'SubCkk Mode =
i 1 oeen |+

nkz z Curve_Mame:
v [ ]

Show Enabled Circuits

BB
m
5

& Left mouse dick
2 Right mouse click

wick. Find
I niade list
($31n circuit tree

Sinkl . & # c=====23inkl .4 .#

=>5inkl.2.#

=>5ink2,2.#
Sink3. 1. # <=====1>3ink3.2.#
< m B Cancel

2. Clickl ok |or| Cancel |toexit.

6.4.4 Set up Spatial Voltage Distributions
Follow these steps to set up or view voltage distributions:
1. Select Setup > Simulation View > 3D Spatial to review the voltage distribution.
The Voltage Distribution dialog box opens.

Woltage Distribution ¥

Package:  Packagel
Uppet Plane:

| ~]
Lower Plane:
| -]

Distribution

Planeyss ~ PlanewCC

Cancel

For this example, the spatial voltage distributions have already been specified.

2. Clickl ok |or| Cancel |toexit.

6.4.5 Set up Simulation Frequencies
Follow these steps to set up simulation frequencies:
1. Select Setup > Simulating Frequencies....
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The Frequency Ranges dialog box opens.

-
Freguency Ranges - constant AC source
Starting Freq. Ending Freq. Sweeping Mode | Freq. Increment | Points/Decade
|
[ il [IE
] [

2. Change the following parameters:
e Starting Freq. to 100 MHz
e Ending Freq. to 200 MHz
e Sweeping Mode to Linear
e Freq. Increment to 100 MHz

NOTE! The Adaptive sweeping is not available in the Spatial Mode.

3. cliok o ]

6.4.6 Turn on Inter-plane Coupling
Follow these steps to turn on the inter-plane coupling:
1. Select Tools > Options > Edit Options... > Simulation (Advanced) > Field Domain.
2. Select Basic mode under Inter-plane coupling (IPC).
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_j}) Change the 'Field Domain' options in Power ST

Boundary condition

Magnetic wall {Tokal reflection)
+) Natural boundary condition {considers boundary radiation)

v| Compensate for shape width

Inter-plane coupling (IPC)

Mot considered
*) Biasic mode

Enhanced mode

When the frequency is low enough so that the skin depth is larger than the metal thickness, the Field might
couple through the metal shapes. This phenomena can be captured by the inter-plane coupling Formulation.
Mote:  Including IPC in the simulation may result in heavy memaory usage and long simulation time

PowerDC Option

| Calculate DC point as reference

Automatic RLGC adjustment for antipad array

Enable automatic RLEC adjustment

Default npply 0 Cancel

3. Click ol

6.4.7 Run a Simulation
Follow these steps to perform a simulation and view the curves:
1.  Click the Start Simulation button * to start the simulation.
The 3D View window opens.

-
a0 View

2.  Select Windows > Spatial Curves to see the spatial curves.
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r\é,Spatial Curves
Present Curves
'V curvenn(Sink1. 1,5ink1.2) Amplitude psi_brd_IR_drop_SM.spd
curvel~(Sinkz.1,5nkz, 2)
FB fommm e e e e e e e e e
T B ..,
LT ELLTTCEEPT TR NP BT
Loaded Curves
A L demrmnmnon e CCREEE boooonomni L ORGCORELES
BBB fmmmmmmmmm e e e
100 120 140 160 180 200
Frequency (Hz)

The spatial curve window displays the actual voltages across the sink locations.

3. Select Tools > Options > 3D View Settings... to set up Display and Quality.

Set up display options in the following window.

Color Scheme

s
" &) Change the 'Display’ options in PowerSI

Background _
I

Node

Antipad Display

Line

Selected Mode

[ ]
L

) &s woid (3} Qutline O Hide
walk Through
Walk pace: 50 umyStep 10 N 100um/step
Camera distance: 500 um ] W Lrm
Camera angle: 50d 30 W; 100d
| Default | | Apply | | (04 | | Cancel

4.  Setup parameters for the 3D view in the 3D Result Display Control dialog box.
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3D Result Display Control -Ox

Loaded Distributions

130 Structure Results Overlay

O Local Auto @® Global Auto

O Fixed
Max Value: v
Min Value: v

Start Freq : 100 Hz

[<T Gl
End Freq : ,2007 Hz

<] 0 Bl
Faster Slower
[ pay | stp | [showpeak|
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