cadence

SystemSlI — Parallel Bus Analysis Tutorial

Product Version 16.6
July 2014



© 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.



SystemSI| — Parallel Bus Analysis Tutorial

Table of Contents

1 Parallel Bus ANalysis TULOFIAl.........ccccooiiiiiiicieicse e 6
11 OVEIVIBW ...ttt bbbttt bbbttt 6
1.2 LIS 1oL I LTSt ] o o] OSSN 6

A O 11 (o] ) =1 o SO PR USSR URRRPRRRRPR 7
2.1 OVEIVIBW ...ttt bbbttt bbbttt 7
2.2 (O] 0T oI T =T 0 o] - (S 7
2.3 Editing COMPONENTS ....vvieeeiieieie ettt nne e 9

2.3.1 PCB BIOCK ...ttt 9
2.3.2 Controller / Memory BIOCK.........ccccovivviviieieieie e 11
2.3.2.1 MCP Generation for Controller and Memory IBIS Blocks.................. 13
2.3.3 EBD BIOCK.....iiiiiiieiieicece e 16
2331 EBD File ...ttt 16
2.3.3.2 Using EBD Models in System Sl .......ccccovvveieienicinin e 17
234 S Parameter BIOCK ........covciviiiiiiiiieic s 18
2341 Add S Parameter BIOCK .........ccoiiiiiiniiiiecesec e 18
2.34.2 Load S Parameter File ........ccocvveiiiieireneee e 18
2343 Extract the BBS MOdel.........cccoiiiiiiiiiece e 20
2344 Load the BBS MOUEl .......cccoovviiiiiiiicee e 23
2345 SWItCh the MOEIS .......ooveiiiiiic s 23
2.35 VRM BIOCK......citiiiiiiiiieiitres s 24
2.4 Adding NeW COMPONENES.......eiiiireireierieesesreseseeseeeeie e sre e ssesresseeeeseessesseses 25
2.5 Setting UP Probe POINS.........ccivivieccce e 26
2.6 Setting up the SIMUIALION ........cocviiccce s 29
2.7 RUNNING the SIMUIALION .....c.ooiicec e 30
2.8 CUSTOM TEMPIALES ...vvcveeicie et see e 31

3 IBIS File AUGMENTALION ...c.coiiieiicece et nne s 32
3.1 OVEIVIBW ...ttt bbbttt b ettt et 32
3.2 IBIS RESOUITES ...tttk ettt 32
3.3 BUS DEFINITION ..o e 32
3.4 T, T o] [T SRS 32
35 IBIS FIlE GUI ..ottt 33

3.5.1 Open a Template ProJECt ......ccovivvieiireie e 33
3.5.2 Editing the Controller IBIS..........ccco o 34
3.5.3 A, T o] [T SR 38
3.5.4 Supported IBIS KEYWOITS .........coviveiireiieieieesie e sesie s ss e e 39

O B =] o[ I = 1 S 41
4.1 OVEIVIBW ...ttt bt b bbbt b ettt bt na s 41
4.2 Parallel Bus AnalysisS TEMPIAES .......ccvevervieiiseieeie e 41

421 RaNK DEFINITION ...cooiviiciiecee e 44
4.3 Parallel Bus ANalysisS WiIzard ..........cccccovevieiieiiseieeie e 46

5  ASSIGNING DEVICE MOUEIS........coeiiiiiieieece s nne s 51
5.1 OVEIVIBW ...ttt bt b bbbt b ettt bt na s 51
5.2 [ c ] T | T T SRS 51
53 CONLrOEr MOGET ... 52

53.1 Assign the Controller IBIS Model .........cccoviveieiiiciesice e 52
53.2 Controller Bus Definition ... 54
5.4 Adding Memory Device MOGEIS .........ccereieiiiineseeeee e 58

6 INtErcONNECt MOGEIS......oiuiiiiiiieicee et 60
6.1 INEFOTUCTION ..ottt 60
6.2 [ c ST | T T SRS 60
6.3 PCB MOdel GENEIALION ....c.ecviiiieiiiieiieieiie e 60

July 2014 3 Product Version 16.6



SystemSI| — Parallel Bus Analysis Tutorial

6.3.1 PCB BIOCK EAItiNG ....cuveviiiiieiiieiieeee e 61
6.3.1.1 Layout EXLraction Tab ........cccoeiiiiniieiisineeie e 61
6.3.2 PowerSI Model EXIraCION.........ccoiiriiiiiieineee e 63
6.3.3 ASSIgN POWEIST MO ... 66
6.4 PACKAgE MOUBIS.......eeiiiie bbb 69
6.4.1 Controller and Memory Package Model............cocooiiiiiiiniiiiicic e 69

T AAAING @ VRIM ...t bbbt ne e b b 70
7.1 OVEIVIBW ...ttt bbbt b et 70
7.2 DESIGN FIIBS ..t bt 70
7.3 Defing the VRM BIOCK.........ccoiiiiiiic e 70
8 CoNNECtiNg the SYSIEM .. ..o e 73
8.1 INEFOTUCTION ..ot 73
8.1.1 EXAMPIE FIIES ..ot e 73
8.2 Connection DEfINItIONS.........ccviiiiiieie s 74
8.2.1 MeMOTrY COMPONENT.....cc.eiiieiieieeieeee ettt 74
8.2.2 Connecting Controller COMPONENt ...........ccviirieiirire e 79
8.2.3 Editing the VRM BlIOCK ........cciiiiiiiiiii it 81
8.24 Unmapped Pins in MCP EdItOr .........cccooiiiiiiiiieee e 83

9 SEMUIATION ..ttt 85
9.1 INEFOTUCTION ...t 85
9.2 TULOITAL FIIES .. 85
9.3 ANAIYSIS OPLIONS. ...ttt bbbt see b b 85
9.4 SIMUIBLOT . 86
9.5 Simulation ConfigUIration ..........cceoieiiiii e e 87
9.6 Data BUS WIITE ...t 89
9.6.1.1 Eye Distribution Methods...........ccooo it 90
9.6.1.2 BER _EYES....coiiieiectiite ettt 90

9.7 Stimulus Definition and Model SEleCtion...........ccocvveviiriiiiieiss 90
9.7.1 CONIOIIEE SELUP...cviteitietieeee et 91
9.7.2 MEIMOIY SEIUP ..ttt ae e 94
9.7.3 TIMING BUAQGEL ...ttt 94
9.7.3.1 Timing Parameters Definition ... 96
9.7.3.2 Stimulus OFfSEt OPLIONS .....cc.oviiiiiiiiieee s 98

9.8 RESLOre DEFAUILS ......ocveeeiiieiic e 100
9.9 SIMUIBEION ... 100
9.9.1 EXPlore SWeep Manager........cccuveieiiriiieiisieeeeie et 101
9.9.11 SWEBP TYPE ettt ettt bbb 101
9.9.1.2 SWEEP LEST ..ttt et 102
9.9.13 TOtal HEIAtioNS......cveeieiieieces s 103
99.14 RESUILS ..o 106
9.9.15 Grouping Parameters ..........coiieieiiienieie e 107
9.9.16 MOAEI SWEEP ...t e 108
9.9.2 Initial SIMUIALION ..o 109
9.9.3 RUNNING MUILIPIE SWEEP ..ot 111
9.9.4 Data Presentation / 2D CUIVe VIBWET .........ccviiriiiinensenee e 112
9.9.5 SIMUIALION DIFECLOTY ....cviiiiiiie e 115
9.10  AddItiONAl EXEITISES.....cveiiitiieiiitiiieiisie ettt 117
9.10.1 BER Analysis for DDR4 INterfaces........cc.cooviieiinieniie e 117
9.10.2 CIOSSTALK ...ttt 119
9.10.3 Change 10 MOGEIS........cceiiiiiie e 120
9.104 NON-TAEAI POWET ...ttt 122
9.10.5 WOISt Case TIMING ..cviiveieiiiiiieie ittt 123
9.10.5.1 Memory Bus in Write MOGE..........ccoiiiiiriiieie e 123
9.10.5.2 Memory Bus in Read Mode..........coocvieiiiiiiie e 125

July 2014 4 Product Version 16.6



SystemSI| — Parallel Bus Analysis Tutorial

9.10.6 Terminate Unconnected NOGES.........ccooveiririinineiese s 126
9.10.7 FrequenCy RESPONSE .....c.eeiiiiiiiie ettt 127
9.10.8 S-Parameter EXIraCtioN ........ccoveivierieiierieiienee et 129
9.10.8.1 Single-ended MOGE. ........cooiiiiiee e 130
9.10.8.2 Differential MOdE ... 132
9.10.9 S-Parameter VIBW .......cooveiiiiieiieeere et 134
9.10.10 Result Browser and 2D Curve Presentation.............ccoeeevreneicneneienennens 136
9.10.10.1  RESUIL BIOWSET .....oveiiieiieiiitiieeiesie ettt 136
9.10.10.2  Curve Pane ContexXt MENU..........cccoviiiiiiiniiciieeee e 137
9.10.11 GeNEral OPLIONS......coeiieiiiieie et 138
10 DDR Measurement REPOIT.......ccoiiiiiaiieiieie ettt 140
10.1 INFOTUCTION ...t 140
10.2  TULOMIAI FIIES ..o 140
10.3  SIMUIAtION RESUITS .....cueiviiciiiieeie s 141
10.4  DDR RePOIt SELHINGS ...cveveitiitiiiietieieie ettt st e e e s sbe e 142
10.5  Setup and Hold Derating TabIes........cccooiiiiiiiiiiiee e 146
10.6  DDRA THreshold........ccoiiiieiiiiieiiieieeie e 147
10.7  LPDDR2 and LPDDR3 Threshold Application ............cccooiiiiiiiinicieiene 148
10.8  Generate the REPOI......c.ooiiiiiieeie e e 149
10.9 REPOM CONLENTS ...ttt bbb b 151
10.9.1 Table OFf CONENTS......cviviiiii e 151
10.9.2 Section 1 — General Information...........coccovereiineien e 153
10.9.3 Section 2 — SIMUIAtiIoN SEtUP.....ccoierireieeee e 153
1094 Section 3 — DDR Measurement SELUP .......cveververierereneneseeee e 154
10.9.5 SECHION 4 — RESUIES. ....cveiiieiieiciee e 154
10.95.1 Waveform Quality REPOI .......ccooiiiiiiiiiiiee e 154
10.9.5.2 Eye Quality REPOIT ..ot 157
10.9.5.3 TIMING REPOI. ...ttt e 159
10.9.5.4 Timing Report — Strobe and CIOCK ..., 162
10.9.5.5 Timing Report - Worst Case Condition...........c.ccoceverenieienencienene 162
10.9.5.6 DQ MaSK REPOI.......ouiitiiiiiieiieiieie sttt 166
10.9.5.7 Delay REPOIT......coiiiiiie e 167
10.9.6 F N o] =] Lo ) RSOSSN 169
11 SystemSI With Other TOOIS .......cci it e 171
11.1  SystemSl Integration with Allegro Signal Explorer (SigXplorer)........cccocceeeee. 171
11.2  SystemSl Integration with TimingDESIGNEr .........cccoiiiriiiiirireeie e 175
11.3  AULO Archive SSI PrOJECL .....cceiiiiiiiiie et 177
A APPENDIX: BATCH MODE SUPPORT 182

July 2014 5 Product Version 16.6



1

11

1.2

SystemSI — Parallel Bus Analysis Tutorial

Parallel Bus Analysis Tutorial

Overview

Sigrity SystemSI — Parallel Bus Analysis is a system-level signal integrity (SI) analysis tool,
focused on high speed parallel interfaces. It is integrated with Sigrity patented board and package
modeling tools including PowerSlI for extraction of accurate hardware interconnect models
including real power distribution networks.

Parallel Bus Analysis supports HSPICE transistor-level and IBIS behavioral 1/0 models,
including power-aware constructs from BIRD95 and BIRD98, to enable simulations with non-
ideal power conditions. Interconnects like connectors and cables can be included with S-parameter
data, or SPICE compatible circuit models.

Synchronous design performance metrics including eye diagrams with detailed timing
measurements are available as outputs.

Tutorial Description

This tutorial covers the typical steps a user will go through to enter, edit and simulate a parallel
bus interface.

« Chapter 2 has a Quick Start Guide that uses one of the simulation templates to introduce the
User Interface and Design Flow for Parallel Bus Analysis.

o  Chapter 3 provides reference information including IBIS file details.

o  Chapters 4 through 9 provide a step-by-step overview on how to use Parallel Bus Analysis
for a DDR3 system.

e  Chapter 10 has advanced topics.
Files can be classified into two types: Templates and Samples.

e  The template files for Chapter 2 and 3 are easily accessible from the GUI, through the File
menu.

e  The Sample files for Chapter 4 through 9 are in the \Samples\SystemSI\Parallel
Bus Analysis\Tutorial directory, typically located here:

<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus
Analysis\Tutorial

Note: Instead of updating the files in the sample directory, it is recommended that you copy these
files to your working directory and work on them.

This document does not go into detail on theory. Please refer to Application Notes for additional
documentation.

Contact Cadence support at si-support@cadence.com for more focused application assistance.

The example used in this tutorial is a simple DDR3 memory bus, including controller, PCB and
DRAM devices.

Key topics that will be covered can be grouped into 3 broad categories: model creation, design
entry, and simulation.

Each chapter is written to be a standalone module for users to follow for specific task-focused
activity.

Please feedback any problems or issues found with this document to Cadence support.
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2.1

2.2

SystemSI — Parallel Bus Analysis Tutorial

Quick Start

Overview

As an introduction to Parallel Bus Analysis, we will start by looking at one of the templates that
are installed with the tool. This will allow us to look at the GUI, design entry commands,

simulation setup and data presentation windows.

Open a Template
1. Launch SystemSl.
2. Toopen a new workspace, select File -- New.
Alternatively, you can also click the New icon.
The Select Module window opens.

rSEIEn:t Module

Module Name

Serial Link Analysis
Testbench

oK ||

Cancel

Select Parallel Bus Analysis.

Click OK.

The Choose License Suites window appears.
5. Select the license and click Close.

The New Workspace window opens.

Select Create by Template.

Select data_bus_welem_vrm.

July 2014 7
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(e Wiorkspace

O Create by setting

@ Create by termplate Template Path: | AASIBASE \ speedxpilibraryitemplatel SystemsTiParallelBus | E

MHame

addr_bus_sparam_smermn
data_bus_sparam_z2meni
data_bus_welem_2rank

data_bus_welem_wrm

pba_simplz_em

Path Description
D:\Cadence\5PE_16.6\ASI\BASE spee...

D:\Cadence\SPB_16.6\ASI\BASEspee...
D:\Cadence\SPB_16.6\ASI\BASElspee...

D:\Cadence\SPB_16.61ASI\BASEYspee... | |

D:\Cadence\SPB_16.6\ASI\BASEspee...

Mame: |

Location: | [ siphatut

[

| Ok | | Cancel |

Enter a Name for the project. For this tutorial, enter the name as mysipba.

Enter a Location.

A directory with the workspace name is created in the location specified.

NOTE! This directory contains the workspace file, mysipba.ssix, as well as all of the
: models for the memory controller, memory device and other bus blocks that are
available in the single device template folder.
10. Click OK.

The Block diagram is created.

C

Controller

T Memory1
]
P

This is a pre-constructed, ready to simulate template, consisting of a controller and a single
memory device. I1BIS models are defined, edited, and linked to the devices. The PCB
interconnects are coupled transmission line models, consisting of HSPICE W-element
components. There is also a Voltage Regulator Module (VRM) block that has power supply
explicitly defined. This is required for simulations including non-ideal power (i.e. no “ideal
power” assumption at the 10 models).

July 2014

8 Product Version 16.6




SystemSI — Parallel Bus Analysis Tutorial

2.3 Editing Components

Irrespective of the method used to create the design, if required, you can edit the blocks as well as
the connections. Editing a block and connection in the system is done by double-clicking the
block.

2.3.1 PCB Block
1. Double-click the PCB component.
C

Controller Memory1

VRM

The Property dialog box opens. The left side of this dialog defines the Connections to this
component, using Sigrity model-connection protocol (MCP).

Conn. Fort Connect To | Block Mame Conn, Fort -subkt peb_traces
+alblcldlelfiglhtiljikl E
e (il Sl fo¥oce +a2b2 2 d2 &2 F2 g2 h2 2 2 K2 ref
to_Memary1 Memory 1 ta_PCE + pwr_wvrm pwr_controller prr_mem
- Y = + gnd_vrm
ka_wrm ,_. YRM WEIM_power
* [MCP Begin]

* [Connection] to_Controller

* [Connection Type]

* [Power Mets]

#* Lumped(36) pwr_contraller YDDO
* [iaround Mets]

* Lumped{3&) ref w550

* [Signal hets]

*62 el D04

[ i | [Launch MCP Header Editor || Tune Editor... || mport... || Edic Sub-circuit Definition

2. Click the Green Connect To wires icons.

The MCP connectivity between these components, with specific pin to pin mapping, is
shown.
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Elock Mame: | PCE Elock, Mame: | Memary1
Conn, Paort: [to_Memoryl Conn. Part: [to_PCB
PinMame [ CkkModeMame | MetMame FinMame [ CkkModeMame | MetMame
| | A1 1 pwr_mem | YDDG ) |
3 Bl [ref [ %550 Bl /Bl Y550 3
E3/aZ /DGO E3/E3 /DGO
F2 |2 DQZ F2 | F2 1 DQZ
F3 /2 | LDQS F3 | F3/LDQS
F7 | bz 1 DOL F7 | F7 1DOL
Fa | dz | DO3 F& | F5 1 DO3
G2 a2 | DO6 G2 | G2 D06
53 k2 LDGS# 53 G3 | LDOS#
H3 [ ez { D4 H3 | H3 | DG4
H7 | hz | DQ7 H7 | H7 | DQ7
E Auko Conmeck || Auko nek properky overwrite
Conmection | Connection definition
I Ok, | Cancel | Apply

Click Cancel to exit this MCP dialog without making changes.

The right side of the Property dialog has model or circuit netlist definition for the component.
This SPICE netlist file can be swapped for an alternative file, or edited in a text editor.

The W-element description for the PCB traces in this file can be viewed by scrolling down as
shown in the following figure.

File Mame: |D:'Lsipbatut'l,aa'l,pcb_traces.sp |E Sub-circuit Mame: H

Model pcb_traces_pcb_traces_‘Wmodell W MODELTYPE=RLGC N=11

+ Lo=

+ 3,39692013e-007

+ 2.502205852.-005 3,35937451e-007

+ 1.97017452e-009 2,49627545:-008 3,33932735:=-007

+ 1.55167741e-0101,96550152:-009 2, 4962357 1e-005 3,359327562-007

+ 1.22207723e-011 1,54799703e-010 1, 96547 258e-009 2, 49623548e-005 3,3593275¢
+9.624589215e-013 1,21917863e-011 1.54797424e-010 1,95547240e-009 2, 4962354
+ 7.58043534e-014 9.60207123e-013 1.21916079e-011 1,54797423e-010 1,96547257
+ 5.65575370e-015 7.562578658e-014 9.0020673%e-013 1,21917510e-011 1,54799535¢
=+ 0.00000000e+000 5,658379252-015 7.57997024=-014 9.62423166:-013 1,2219951
=+ 0,00000000e-+000 0, 200000002000 0,000000002+000 1,2595553%=-014 1.61692%
=+ 0,00000000&-+000 0, 30000000e+000 0, 00000000e+000 0, 000000004000 1, 26323
+ Co=

+ 1.24293483e-010

|Launch MCP Header Editor || Tline Editor... | Import... || Edit Sub-circuit Definition |

In case you need to edit the model or circuit netlist definition, click the Edit Sub-circuit
Definition button.

The file opens in editable mode in the Sub-circuit Definition Editor tab. You can make the
required modifications to the file and click OK to save the changes.

For this design example, exit the Sub-circuit Definition Editor tab without making changes.

If required, you can add or modify the MCP header by selecting the Launch MCP Header
File button.
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"MCP Header Editor =

Model File: b:'l,sipbatut'l,aa'l,pcb_traces.sp

Sub-circuit 'Type F 'Conn. Port 'Type
peb_tracss Il ltoweworyr [ |
to_vrm
to_Controller
Ckk Node A e
= Sign‘T Met(s) > Signal Net PinMame | CktModeMame [ Meth,.. | ¥ Thru Conn. Port
a =] Signal Metis)
22 E3}az{Do0 to_Controller
u 71 1o
2 ) Fz[cz /D2 to_Controller
EL = I F3 /2 {LDOS to_Controller
;2 I F7 /b2 | DL to_Controller
dl I Fgfdz | Dos3 to_Controller
f Select ckt nodefs) G2 [ g2 f DQE to_Controller
e elect: ckt node(s
= and add it{them) to @3 k2 LDGS# to_Controller
f1 L the selected Conn, H3 ez | DQ4 to_Controller
: Part. H7 f hz | DQ7 to_Controller
2 H5 f fz 1 DQS to_Controller
g; =] Power MNetis)
= g jpwr_mem fvopg || [ko_Contrall....]|
:; =] Ground Metis)
o Bifreffvssg 1 [to_Controll... |
i2
i1 hd
Filker:
Cod [ow]

If the . sp or the . ckt file does not have the MCP header, you need to add the
NOTE! | same by editing the MCP header. By default, models generated by Sigrity tools
" | (.spor.ckt), contains the MCP header.

7.  Exit the MCP Header Editor without making any modifications.

The TLine Editor button is used to define the properties of the transmission line
block (PCB). Use the Import button to import the properties of the Tline block

|
NOTE! already defined in other project files. To know more about the usage of these
buttons, see Pre-Layout Transmission Line Modeling AppNote:SystemSl.
2.3.2 Controller / Memory Block

1. Double-click the Controller or Memory component.

i R —
E—
P
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The Property dialog box that opens is similar to the one for the PCB, except for the editing
function. Instead of a simple text editor, there is a Load IBIS... button.

Block Name: [ Controller Tx | OnDie Parasitics | Package Parasitics | [l 1anore vT Curves
Conn. Port Connect To | BlodeMame | Conn. Port IBIS File: |D:\ASI 166\1664\551_PBA\pba1\ssijba_t| Component: | Controller
to_PCB [—1 pcB to_Controller .subckt Controller_Controller
+2 3 15 17 18 19 20 21 22 23 32 33 42
+43 51 52 62 654 67 69 75 77 80 82 85

+87 94 9% 99 101 104 106 111 113 116 118
+1 36 5 38

*[MCP Begin]
*[MCP Ver] 1.2
*[MCP Source] Cadence Design Systems, Inc. MCP Editor

“[REM]
*[Connection] to_PCB
*[Connection Type]

[ Il |
| i ¢ | loadIBIS... |

2. Click the Load IBIS... button, and view the IBIS model definition for this Controller
component.

In this window, the IBIS models maybe specified, and the Pin Mapping and Bus Definitions
for the model can be viewed and defined. Changes made in this window will update the IBIS
file.

"Load [BIS

|E| Companent @ | Contraller |'| Edit IBIS...

Pin Mapping | Eus Definition | D Explicit IO Power and Ground Terminals
Fin Pulldawn Pullup GO Clamp Pawer Clamp Signal Marme Model Marne Bus Group

1 PWRELIS1 ¥YDD POWER E
10 GHNDBUS1 PWRELIST GNDBUS1 PWRELST RESET DOR3_DQ34_N...

100 GNDBUS2 ¥55Q GMD

101 GNDBUS2 PWRELSZ GNDBUSZ PWwRELISZ DQ9 DOR3_DQ34_M... Datal

10z PWRELSZ ¥YDDOQ POWER

103 PWREUSZ YDDQ POWER

104 GNDBUS2 PWRELISZ GNDBUS2 PWRELSZ upQs DDR3_DOQ534_...  Timing Ref

105 GNDBUS2 ¥55Q GMD

106 GNDBUS2 PWRELISZ GNDBUS2 PWRELISZ UDQsE DDR3_DQS34_...  Timing Ref

107 PWRELSZ ¥YDDOQ POWER

108 PWRELIS1 ¥DD POWER

109 GNDBUS1 ¥o5 GHD

11 DHU M

o [ oo

The MCPs of the Controller and Memory blocks are generated by SystemSI based on the bus
definition, Pin Mapping, and setup of the Load IBIS GUI. These are not editable.

To know more about the MCP generation process, see Rules for Generating MCPs.

3. Click Cancel to exit without making changes.

In the Property dialog, the OnDie Parasitics and Package Parasitics tabs can be used specify
the Die and Package models, respectively. These can be separate model files, like a PKG
file, or simply the RLC package parasitics that are already included in the IBIS model.

4. To view the Pin model in the IBIS file, click the Package Parasitics tab and select Pin RLC.
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Tx | OnDie Parasitics Package Parasitics | [J1gnore vT curves
ONune @Pin RLC Package Model | |

.subckt Controller_Controller_Pin_RLC

+in_2 in_3 in_15 in_17 in_18 in_19 in_20 in_21 in_22
+in_23 in_32 in_33 in_42 in_43 in_51 in_52 in_62 in_&4 E|
+in 67 in B9 in_75 in_77 im_80 in_82 in_85 imn_87 in_%94
+in 9% in_99 in_101 in_104 in_106 in_111 in_113 in_116
+in_118 in_1 in_3 in_5 in_38 out2 out3 out 15 out 17
+out_18 out_ 19 out 20 out 21 out 22 out 23 out 32 out 33
+out_ 42 out_43 out 51 out 52 out 62 out 64 out 67 out 69
+out 75 out_77 out 80 out 82 out 85 out 37 out 94 out 96
+out 99 out_101 out 104 out 106 out_111 owt 113 out_116
+out_118 out_1 out 36 out 5 out_38

* Package RLC Parameters

+R_pkg = 1.0146

+L_pkg =7.151e-9

Load IBIS...

For Parallel Bus Analysis, the Ignore VT Curves option is not selected by
NOTE! default. This is to ensure that during analysis, simulator takes into account the
" | non-liner behavior of the drivers by reading the VT data.

2.3.2.1 MCP Generation for Controller and Memory IBIS Blocks

This section details the rules or the guidelines followed by SystemSI for generating
MCPs.

1. Inthe Load IBIS dialog box, if the Explicit 10 Power and Ground Terminals
option is not checked, the Ckt Node, Net, and Pin in the MCP are determined by the
Pin Mapping section of the IBIS component.
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Block Mame: | Contraoller

Conn, Port: ltD_PCB

Pintame [ CktModeMame | NetMame {Sort By Ch...

&4 | 64 | DOE
&7 | 67 | D)7
69 69 | DOS
75 75 | LDGS#
77177 ) LDOS
&0/ &0 | DOl
gz &z D03
85} 85 ) DQ2
&7 [ &7 { DO
= Unconnected Signal Metis)
22| CLEIN
303 CLKLP
15}15 ) &7
— 17117 ] a2
18/ 18] 86
19/19 ] 45
20} 20 | A
21211 A3
22122 ] ha
23}23} a0

LR R et

—  The values in the Ckt Node and Pin columns are the same, and are read from
the Pin column in the Pin Mapping section of the Load IBIS dialog box.

—  The values in the Net column of the MCP Editor are same as the values in the
Signal Name column in the Pin Mapping section of the Load IBIS dialog box.

2. Ifthe Load IBIS dialog box has the Explicit 10 Power and Ground Terminals
option checked, in the generated MCP, each signal has its corresponding power and
ground as shown in the following figure.
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Block Marne: | Conkroller

Conn. Pork: [tu_F‘CB

Finftame § CkErodeiame | Methame (Sort By CkE M...

= Unconnected Signal Metkis)
151 a7 A7
18 [ 86 | A6
19145 A5
zz a4 nd
211483083
1718262
z0lal)al
231 a0 a0

= Unconnected Power Met(s)

= Unconnected Ground Mek(s)
A7_WSS [ A7 VS5 [ YSS
A6 WSS [ A6 WSS [ YSS
A5 WSS [ A5 WSS [ wSs
A4 4SS [ Ad WSS [ wss
A3_WSS [ A3_WSS [ vSs
A2 WSS [ AZ NS5[ WSS
a1 WSS Al vss|wss
A0_WSS [ A0 WSS [ vSs

The MCP is generated using following rules:
o0 Incase of a regular signal, the Ckt Node value is same as the Signal Name
in the Pin Mapping section

o0 For the corresponding power signals, the values in the Ckt Node and Pin
columns are the same, and these are derived by combining the signal Net
and power Net.

o Similarly, for the Ground of the signal, the Ckt Node and Pin values are the
same, and these are derived from the signal Net and the ground Net.

You can click Ckt Node of the Controller/Memory block to sort the Ckt Node for easy
connection.

The signal and its power and ground are grouped together for the Controller/Memory
block in order to make the manual connecting easy.

When Explicit 10 Power and Ground Terminals are utilized, all the powers and
NOTE! grounds of the Controller/Memory must be connected in order to do the
non-ideal power bus simulation.
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2.3.3 EBD Block

While using SystemSI you can also import the Electrical Board Description (EBD) models that are
as per the IBIS specification. EBD models are imported directly into SystemSI and automatically
expanded out to include interconnect and referenced component blocks. EBD files are commonly
used for modeling DIMMS.

In SystemSI you cannot instantiate an EBD block along with a memaory block.
NOTE! | This is not supported.

2.3.3.1 EBDFile

When you associate an EBD model to an EBD block in SystemSl, the model information
is displayed in the four tabs of the Load EBD dialog box.

IBIS Tab

This tab lists all the Memory blocks and Terminators listed as Reference Designators. To
view the Pin Mapping of a memory block or a terminator, from the Reference
Designator drop-down list, select the refdes of the component.

Note: A Terminator can have its own IBIS component; but all the Memory blocks must
share the same component of the same ibis file.

Bus Definition

This tab lists the Bus groups defined for the Memory component. If required, use this tab
to add and define new bus groups.

Power & GND net

The EBD model does not have the definitions for the Power and Ground nets. In order for
the IBIS components to get the power supply from outside the EBD, each IBIS Power Pin
must be linked to one EBD Power Pin that is connected to other blocks. The same is true
for the IBIS Ground Pins.

: Only the IBIS Power and Ground Pins that are associated with the defined
NOTE! Bus signals are listed in the Power & GND net tab.

Signal Net

The IBIS Pins are for the defined Bus signals of the Memory blocks. If a signal is defined
in the EBD file, it’s IBIS Pin and the EBD Pin will be listed together in the same row. All
the EBD pins are listed in the MCP are use for the connection to the other blocks.
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| Board! | MTSLILGATHD =

o EED Signal Type IBIS P 1815 Fie IBIS Component  IBIS Signal
3 pOo Signal uo.87 vESa_bd stack... MT411512M4... DGO
cz Doz Signal U0.85 v6%a_bd_stack... MT41)512M4... DQZ
c3 DOS Timing Ref un.77 vis_bd stack.. MT411512M4... D05
(] Do1 Signal uo.80 vi9a_bd_stack... MT41I512M4... DOl
(] O3 Sgnal uo.g2 v6%a_bd_stack... MT41)512M4... DQ3
1] DOSE Tirting R uD.75 vE9a_bd stack.. MT41512M4... DOS#
3 Doo Signal uL.87 vESa_bd stack... MT411S12M4... DGO
c2 002 Signal uL8s vESa_bd stack... MT41IS1ZM4... DG2
(=] Do Timing Ref UL77 wioa_bd_stack.. MT411512M4... D05
c7 Dol Signal uL.80 vE9a_bd_steck... MT411512M4... DO
(] 003 Sonal uL.8z vESa_bd stack... MT41IS1ZM4... DG
] DOSE Timing Ref uL75 w69 _bd_stack... MT411512M4... DOS#
Listed as Signals in the MCF: to PCB.

for the conmection to other blocks

2.3.3.2 Using EBD Models in System Sl

To import an EBD models in SystemSl, you first add an instance of EBD block on the schematic
and then associate the EBD file with the EBD block.

To instantiate an EBD block:
1. Click the [EF putton.

Note: This button is enabled only if you do not have a memory block instantiated on the
canvas.

2. Click on the canvas to add an instance of EBD component.

3. To connect EBD block to the PCB block, right-click on the EBD1 instance and from the
pop-up menu choose Add Connection Between — PCB.

C

Controller

VRM

To assign an EBD model to the EBD block, open the Property window for the EBD block.
Click the Load EBD... button
In the Load EBD dialog box, use the Browse (...) button to navigate to the .EBD file.

As you load the EBD file, the IBIS, Bus Definition, Power & GND Net and Signal Net
for the model can be viewed in the respective tab. If required you can modify these.
Changes made in the IBIS and Bus Definition panels will update the IBIS files.

8. Click OK to close the Load EBD dialog box.
9. Click the Apply button to build the EBD model.
Depending of the EBD model, new Memory blocks are automatically added to the schematic.

S
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bl

EBD1_U0
EBD1

bl

EBD1_U1

234 S Parameter Block

2.34.1 Add S Parameter Block

1. Click the Add S Parameter Block icon on the tool bar, and click in the Layout window.

The S Parameter block S1 is added.

s X E3 it {EL
lAdd 5 Parameter Block l

2. Double-click the S1 block.
The Property pane opens.

-
Property
Block Mame: |51
Conn. Port Connect To | BlodtName | Conn. Port
‘ :
(Connection|
oK | | Cancel | | Apply |
2.3.4.2 Load S Parameter File

1. Click the Load S Parameters... button.
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The Load S Parameters window opens.

rQ:DaLc:at:I 5 Parameters ®
.« Samples » SystemSI » Parallel Bus Analysis » Tutorial » v | ++ W Search Tutorial yel
Organize » New folder = « [ l@l
X Favorites MName Date modified Type Size
Bl Desktop . bufferdelay 4/1/2013 3:56 PM File folder
4. Downloads . Chapter3_IBIS 12/18/201210:32 ... File folder
=] Recent Places J history 5/2/201310:21 AM  File folder
& My Site . result 4/8/2013 11:08 AM File folder
! || DDR2_s2k_samplel.bnp 11/26/20121:38 AM  BNP File 15,074 K
- Libraries F | tutorial PCBl.bnp 11/26/2012 1:40 AM  BNP File 3,256 K
3 Documents
,J'. Music
[ Pictures
E Videos
1M Computer
&, Local Disk (C)
ca Local Disk (D) . [ m | S
File name: | |v| [S Parameter File(*.bnp; *.s7p; *+ '|
| Open | | Cancel |

2. Load the S Parameter file (BNP or Touchstone) to the S Parameter block.

For this tutorial, load the tutorial_PCBZ1.bnp file available at
<instal l_dir>/SpeedXP/Samples/SystemSl/Parallel Bus Analysis/Tutorial

Once the selected S Parameter file is successfully loaded, - sp file is automatically generated
and loaded to the block.

e The .sp filename is displayed in the File Name field.

e The S Parameter filename is displayed in the S Parameter File field.

S Parameter File: | D:\Cadench\SPE_16.6\AST\Wpdated'\SpeedXPiSamples\Systems

View S Parameter |

.SUBCKT 51_tutorial_PCE1_bnp
U20_ACS
U20_A3
U20_AF16
U20_AE17
U20_AH17
U20_AG17
U20_AG18
U20_AH18
U20_AD18
U20_AF19
U20_AH19
U20_AD19
U20_AG20
U20_AH20

Extract BBS Model... ” Load BBS Model, .. | | Launch MCP Header Editor... ” Load 5 Parameters, ..

=

t+++t+++ A+

o If the BNP file has the MCP information, the MCP section is automatically added to the
.sp file for connection.

e Incase the Touchstone or BNP files do not have the MCP information, you are expected
to manually add the MCP through the MCP Editor.
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NOTE! Editing of . sp file for the S Parameters is NOT recommended.

Extract the BBS Model

To improve convergence and simulation performance, it is sometimes advantageous to convert the
S-parameters into a Broadband Spice circuit model. This section covers the steps to generate a
circuit model from the S-parameter model used in the previous section.

In the Property dialog box for the S-parameter block, click the Extract BBS Model... button.

The BroadbandSPICE application is launched.

B rmadBana SPICE 4 - |5 parameter Eraction| - = 0
® Wodspice  Yiew  [nction  Took  Window  Help cadence = x
L5 e e (A ET T T
Warkdlows BsuadBiand SPICE xlimer g I OO H 5 = [T —
FD Checking, Tuning, Extraction and TD Checking “ | P nary b i :
Original 5-parameter A u 5 Ampitude e : iy
Laad orgeal 5-parameter §I_" E!‘r T e e ) Sl [
Original 5-parameter FO Checking & X 13 i i
+  Optional: Skip B checking and go tooriginal s-parsmeter] | 3 2 4 3 ] [
et king cpti XTow Fraquancy (GHz)
X
e ) : . e . 5 SPhase (deg)
Original S-parameter SPICE Circuit Extraction (&) %

Citional Siip evtraction and ge be funing " .

< e !
Setup extraction . .
100 g
Start extraction A
Original § parameter Tuning = 3
o Optional S tuning ead gota T timulsnen i
[ |
art 100 |
Tuned 5-paramatar FO Checking =) i
ptionat: Skip I} checking and go fotuned 2 . P . 0
Fraquancy (GH)
FO cheching 1ep Warming Fepest =
Tuned 5-parameter SPICE Circuit Extraction & Gwamngie
. . TR 0O entrigein
Wamng Lin - 5" 5 'haa negalive sgervahuns. In crder 15 saliafy the passivly condlion. Un - 57 5 shauld et hanm any rogaive sigenvialus of DC. S the scaliering pansmoler «
Suggeman  The macourssy of fow n e ale L " race Pame Sarameters o low freguance:
TD Checking = [pre—
L s,
0 and FD Rasults ~ [ Tokde Groweees | Poogreat Forport DRSS Rapet
Ver: 12.1.51 03141 (Broadband SPICE Beta) - @ Ready [T

Click the FD Checking, Tuning, Extraction and TD Checking workflow to check and tune
the S Parameters.

For the application of BroadbandSPICE, refer to BroadbandSPICE_Tutorial.pdf and
BroadbandSPICE_UG.pdf.

If the S Parameter checking result looks good to you, click Setup extraction in the workflow.
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FD Checking, Tuning, Extraction and TD Checking 3
Original 5-parameter o)
Lead original s-parameter
Original 5-parameter FD Checking @

Optional: Skip FD checking and go to original s-parameter ex
Setup FD checking options
Start FD checking
Save FD checking report

Original 5-parameter SPICE Circuit Extraction ]
Oﬁtiona : SkE' extraction and g0 to tuning

Setup extraction
Start extraction

Original 5-parameter Tuning ]

Optional: Skip tuning and go to TD simulation
Setup tuning opticns

Start tuning
! Tuned S-parameter FD Checking ]
': Optional: Skip FD checking and go to tuned s-parameter extrt

Setup FD checking options
Start FD' checking
Save FD checking report
Tuned 5-parameter SPICE Circuit Extraction ]

Optional: Skip tuned s-parameter extraction
Setup extraction
Start extraction

TD Checking o]

Ports and stimulus

Muodels and simulaticn

TD and FD Results )
TD results
FD results

The Options window opens.

rOpt\nﬂs x )
General @
File Manager L_% Change the 'Extraction settings' options in BroadBand SPICE
simulation (Basic) (%)
General
Report template Highlight Error
Settings _ @ Highlight Errors Greater Than :

Chedking settings ’ Extraction Mode
Tuning settings

@ Passivity mode

Maximum number of iterations for passivity enforcement:

O Precision mode

BBS Circuit
(®) HSPICE Compatible () General SPICE Compatible
File Name : [tutorial PCB1_BBSckE. txt | ()
S-parameter of BBS Circuit
¥| Export (@) Touchstone Format () BNP Format
File Name : [tutorial_PCE1_BESckt_sp.s35p | [+
Model Order Reduction
Ignore off-diagonal 5 parametets that are less than: l:l
Don'k use reduction on these ports: Preserved Port(s)...
Reduce upper frequency limit: 10 | [GHZ ‘ v‘
MCP File

File Mame : | \II

Default | ‘ Apply ‘ I 0K | | Cancel
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4. Set up the extraction settings as desired, and click OK to save your settings and to close the
Options window.

5. Click Start extraction in the workflow to extract the BBS model.

If the BBS model extraction is successful, a . txt file is automatically generated in the
folder that has the S-parameter (. bnp) file.

You can now load the generated BBS Model in SystemSI.

6. To load the generated BBS model tutorial PCB1_BBSckt.txt, from the SystemSI GUI, click
the Load BBS Model... button.

7. Select the circuit file and click Open.

[ ygLoadl BES Model

« Tutorial » BBSResult_tutorial_PCB1 » + | 3 l| Search BBSResult tutorial PCBI B
Organize + New folder =+ 0 l@l
¢ Favorites e Name ° Date modified Type Size
Bl Desktop temp 4/11/2013 10:58 AM  File folder
4 Downloads | tuterial PCB1_BBSckt.bit 4/11/201311:24 AM  Text Document 845K
2| Recent Places | tuterial PCB1_BBSckt 2.bd 4/11/201311:24 AM  Text Document 6,169 K
_o,{. My Site | tutorial_PCB1_for_RFM.bdt 4/11/201311:24 AM  Text Document 4K
| tuterial_PCB1_GSPICE.tct 4/11/201311:24 AM  Text Document 44,706 K
4 Libraries 3
3 Documents
rJT Music
[ Pictures
B Videos

18 Computer
£, Local Disk (C:)

o Local Disk (D) _ m C

File name: |tutorial PCBL_BBScktba |+ 8BS Model File(*0) [~]

| Open ‘ | Cancel |

Once the BBS model is successfully loaded, an .sp file is automatically generated and
loaded to the block.

e The _spfile is displayed in the File Name field
e The BBS model . txt file is displayed in the BBS Model File field

File Name: |C:\Cadence'n,SPB_lS.S\ASI'n,Base'\SpeedKP'n,Samples'n,Sys| ... | Sub-drcuitMame: |51 +torial PCE1 brp -

BBS Model File: |C: \Cadence\SPE_16.6A51'\Base \SpeedXP\Samples\SystemsI \Parallel Bus Analysis'n,TutoriaI‘n,BBSRe||Gg To 5 Parameters |

\SUBCKT 51_tutorial_PCB1_bnp

U20_ACB =
U20_A3 =
U20_AF16

UZ0_AE17

U20_AH17

U20_AG17

U20_AG18

U20_AH18

U20_AD18

L20_AF19

1J20_AH19

U20_AD19

L20_AG20

LI20_AH20

1I20_AH21

U20_AE21

L20_AH22

LLoad BBS Model.. J Edit Sub-circuit Definition

T P G

NOTE! Editing of .sp file for the BBS model is NOT recommended.
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2.3.4.4 Load the BBS Model

If you have the BBS models for the selected S Parameters, click the Load BBS Model... button to
directly load the BBS .txt file.

Please refer to Step 6 in Section 2.3.4.3 Extract the BBS Model for details.
If the loaded BBS model does not match the original S Parameters, an error message will be

issued.
I—Syster'nSI » i
The loaded BBS model "DDR2_s2k_samplel GSPICE.bt" does not match
i I—\i the original 5 Parameter model "Spara”.
2345 Switch the Models

1. Click the Go To S Parameters button to switch to the original S Parameters model.

File: Name: |C:‘l.Cadence‘lSPE_lG.G%SI\Ease\SpeedXPEamples‘lSys

Sub-dreuitName: |51 ttorial PCE1_brp -

BBS Model File: |C:‘I,Cadence‘ISPE_lﬁ.G‘I,ASI‘I,Ease‘ISpeedXP‘lSarnples‘lSystemSI‘Parallel Bus Analysis‘l,TutoriaI‘l,EESRe| GoTo S Parameters

.SUBCKT 51_tutorial_PCB1_bnp
U20_ACS
U20_A3 E
U20_AF16
U20_AE17
U20_AH17
U20_AG17
U20_AG13
U20_AH18
120_AD18
20_AF19
U20_AH19
U20_AD19
120_AG20
120_AH20
U20_AH21
U20_AEZ1
120_AH22

[ il |
Load BBES Model... Edit Sub-dircuit Definition

2. Click the Go To BBS button to switch back to the BBS model:

B T Ik T e T T S S RAES
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File: Name: |C:‘!,Cadence‘!SPE_lG.GWASI‘Ease\SpeedXP\Samplesi,Sys

Sub-drauitName: |21 4 torial_PCE1_brp -

5 Parameter File: |C:‘I,Cadenoe\SPB_lﬁ.6‘!,55.51‘,Base‘!SpeedxP‘!Samples‘lSystemSI‘Parallel Bus AnaIysis‘l.TutoriaI‘\thoriaI_PE| Go To BES

.SUBCKT 51_tutorial_PCE1_bnp
U20_Aca E
U20_A3
U20_AF16
U20_AE17
U20_AH17
U20_AG17
1U20_AG18
U20_AH18
U20_AD18
U20_AF19
120_AH19
U20_AD19
U20_AG20
120_AH20
U20_AH21
U20_AE21
1U20_AH22
U20_AD21

B T T o T e S SRS S R AR

Extract BBS Model... ||Load BBS Model... | | Load 5 Parameters... || Edit Sub=circuit Definition |

The MCP section will be shared among the BBS models and the original S
NOTE! | Parameter model. Any MCP change to one .sp file through the MCP Editor will
automatically update the MCP section in other .sp files.

2.3.5 VRM Block
1. Double-click the VRM component.
: ] -
Controller * Memory1
]

The VRM component for this template is simply an ideal DC supply of 1.5 Volts. Parallel

Bus Analysis parameterizes the corner voltages here, including, Min, Typ, and Max VRM
voltages, for fast, consistent simulation of the IBIS corner models.
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—Maoltage Range (W)
Twp: Min(Slaw: 1,425 Max{Fast): [1,575 Default

subckk wrml prar ngnd
* User-specified corner woltage For the First transmit 'Cornet’ selecked in the "Simulation Contraller’.
+ Woltage = 1.5 F Typ Voltage

* [MCP Begind

* [Conneckion] wrm_power 3
* [Connection Type]

* [Power Mets]

* 1 pur MDD

* [Ground Mets]

* 7 nagnd WS50

* [Signal Mets]

* [MCP End]

Edit Sub-circuit Definition

2.4 Adding New Components

You can add new components to the schematic, by selecting appropriate tool button from the Add
Block toolbar. This section demonstrates the procedure to add a new memory block to the
schematic.

1. Toadd anew Memory block, click the Memory Block component on the toolbar, and place
it on the schematic.

| It {5t {FF 7F &% == W

Add Memeory Block i

2. Toadd a connection of this block to the PCB block, right-click on the Memory2 component,
and choose Add Connection Between -- PCB.

oy Property
Add AMI

Insert Component Between
Add Connection Between [ PCB

cC
X Delete
Controller AmiGe—" 42 Copy
I
P
VRM

3. Because the MCP connection to the new component has not been defined, there is a Red X
on the PCB to Memory?2 connection. (Note: Delete Memory?2 block before you go on the
following steps.)
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User can use this method to add other components.

2.5 Setting up Probe Points
1.  Click the connection point to open the Ckt Node menu.
| Chifode | Net |
al [alel]
b1 [a]e]]
C cl Da2 ¥
d1 Do3
Controll i D05 M 1
ontroller . o _ emory
h1 Do7
" OO —
it L0GS
k1 LDOS#
ref WES0
P
VRM

2.

3.

To set Probe Point for the simulation, click two Ckt Nodes in the menu.

CktHode | Net |

Controller Memory1

« The two selected nodes are connected.
« The node clicked first is defined as positive, and the second is negative.
In this section, setup Probe points between c1 and ref, al and ref, and j1 and k1.
To view and edit the defined Probe Points, from the Setup Menu, select Probe Point....
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Setup | Tools  Window — Help

Analysis Opkions., ..
Terminate Unconnected Modes, ..
Verify Timing Specs before Simulation
v Pause before Simulation
Hide Prewvious Curves
I Sweep Mode

Probe Point. ..

= =

The Probe Point window opens as shown in the following figure.

Enable | Signal Mame Block Name
DQZ-¥550Q FCE
DQO-YS50Q PCEB
LDQS1DQS#  PCE

MCP Connnection
to_Controller

to_Controller
to_Controller

Positive Ckt Node = Megative CktNM...

cl ref
al ref
i1 k1

Double didking on the list toggles the display of the probe point on the canvas. Use right mouse menu for maore
operations. To add probe point, didk on the connection point on the canvas to see the node list.

Close

4. By default, all probe points are enabled. To disable a probe, clear the check box next to the

probe, as shown.

Enable  Signal Name Block Mame
DQ2-¥S5Q FCE

[ DQO-VS5Q PCE
LDQSLDQS#  PCE

MCP Connnection
to_Controller

to_Controller
to_Controller

Positive Ckt Node = Negative Ckt M...

cl ref
al ref
jii k1

Double didking on the list toggles the display of the probe point on the canvas. Use right mouse menu for more
operations. To add probe point, dick on the connection paint on the canvas to see the node list,

Close

5. To show or delete the defined Probe Points, right-click and select from the pop-up menu.

Enable  Signal Name Block Mame MCP Connnection
] |pozvsso  [pcs  |to Controller
DQO-VS50Q FCE to_Controller
LDQSLDQS#  PCE to_Controller

Positive Ckt Node |~ Megative CktN...

Double dicking on the list toggles the display of the probe point on the canvas. U
operations. To add probe point, didk on the connection peint on the canvas to s

a1 Show All Highlighted Itemns
i1 Show All
Hide All Highlighted Ttems
Hide All
Delete All Highlighted Items
Delete All

lose I

NOTE: After the simulation, the curves of all the defined Probe Points can be viewed

from the 2D Curve Window.
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Curwes

resultyl Woltage (V)
[ Data Write_Typ_Typ

I3 T Controller

1 Pawer & Ground
[ DataL
O Datall

05

LDQS-LDOSH

05

Loaded Curves

=
S
S

Tirne (hs)
result\1yData_Whrite_Typ_Typ'Probes\PCE_ta_Controller DO2-VSSQ.cur

resulthI\Data_Write_Typ_Typ'Probes\PCB_to_Controller_DOQO-WSSQ,cur
resulthI\Data_Write_Typ_Typ'Probes\PCB_to_Controller LDQS-LDOS# cur
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2.6 Setting up the Simulation
The Analysis Options Dialog sets most of the key aspects of the simulation.
1. Fromthe Setup menu, select Analysis Options....

Setup | Tools  Window  Help

Analysis Options. ..

Terminate Unconnecked Modes. ..
Werify Timing Specs before Simulation
| Pause befare Simulation

Hide Previous Curves

) Sweep Mode

Probe Point. ..

The Analysis Options dialog box displays.

—Simulator—————————————————— —Simulation Configuration——————— —Stimulus Definition & Model Selection
Use Channel Simulater for Data Bus\ || Bus Type: [pata [+ |[#ItdeaPower || Data Rate: Gbps  Clock Period: T = ns Bit Period: UT = ns #ofBits:
—Circuit Simulator——————— | | [~ Comer Direction = .
O Crast i Controller | Memory | [ wLO/CkMeasDelay [¥] Memory Blocks Share 10 Madels
¥t [Jread Bus Group/Signal Stimulus Pattern Stimulus Offset (ns)  Transmit 10 Model Status
(®) SPDSIM
[stow 1000110101110001... Default
Circuit Simulator Option: [ Fast/siow 1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
* Add global .option and .indlude comn [ stow/Fast 1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
:'”‘eg I h; “JSEdfﬂZZJ“’”E domain charz 100011010111000%,., 0.5T DDR3_DQ34_NO_ODT signal
~eption deman=20p Active Rank: ’“FRB”"S’EE' 1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
Rank Name Memary Blodks 1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
—~ _DQ34_NO._
Rark1 = 1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
1000110101110001... 0.5T DDR3_DQ34_NO_ODT Signal
0. 0.75T DDR3_DQS34_NO_ODT Timing Re!
01.. 0.75T DDR3_DQ534_NO_ODT Timing Re!
AL
imulation Name [ m
Automatic Custom
@® o Auto Assign 10 Model Filter:

In this dialog box, you can specify the following simulation settings.
o If the design has more than one type of Bus defined, select the Bus type to be
simulated.
imulation Configuration-
Bus Tvpe: |Daka -
ormner—| addCrnd
[IFast |Ckrl
Typ

«  Simulation can be run assuming Ideal or Non-ideal Power.

Ideal Power

o 10 models for Controller and Memory may be selected through the GUI.
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T Transmit 10 Model

DO 34 1066 -
A
DQ_34_1333

DQ_34_1600

DQ_34_2133
DQ_34_ODT120_1066
DQ_34_ODT120_1333
DQ_34_ODT120_1600
DQ_34_0DT120_2133
DQ_34_ODT20_1066
DQ_34_ODT20_1333 v

To save Simulation Settings, click on the OK button.

2.7 Running the Simulation
1. Start the simulation with the default settings, by clicking the Play icon.
dd h‘

2. The simulation status opens.
@b - sparamExtraction.sp »
File  ‘iew  Analysis  Options  Help
R |

Solving Frequency 7, 2000004003 Frequency sweeping...

3. The time domain waveforms are shown in a 2D curve Display, upon completion.

Waltage (v)

-t ]

I R h s BN

}
I
|
I
|
|
I
|
P Y S T Y IS

Time (ns)

4. Use the toolbar icons to view the Eye Diagrams.
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Vaoltage [v) Eye Diagram

Tirne (ns)

The paths for the various templates are automatically generated during SystemSlI - Parallel Bus
Analysis installation and cannot be modified.

Do not change the name or location of the template folders, i.e.
NOTE! | <) NSTALL_DIR>\SpeedXP\Library\template\SystemSI\Paral lelBus.

It is not advisable to change the contents of any of the template folders, since they are used to
create the new workspace directory with all of the component models, connectivity, and settings.

2.8 Custom Templates

Advanced users can create and edit their own templates to utilize as a starting point for SystemSI
projects. To do this,

1. Create a self-contained SystemSlI project, with all required models and connectivity, in a
directory, say, my new_template.

2. Within that directory, name the SystemSI project the same name as its directory,
my new_template.ssix.

3. Remove any extraneous data, for example result and history folders, from the project and
place the directory at the same location as that of default templates
<INSTALL_DIR>\SpeedXP\Library\template\SystemSI\ParallelBus.

The new template will appear upon SystemSI startup for your use.
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IBIS File Augmentation

Overview

SystemS| - Parallel Bus Analysis is compatible with the 1/0 Buffer Information Specification (IBIS),
including BIRD95 (composite current) and BIRD98 (gate modulation effect) to allow non-ideal
power and ground 10 modeling. Interconnects, including boards, connectors, and cables can be
modeled with frequency-domain S-parameter data or SPICE-compatible subcircuits, and connected
together with explicit power and ground connections to preserve Sl and Pl behavior related to planes
and power/ground pin performance. Transistor-level 1/0 models in HSPICE format may also be
included through the IBIS model interface. Connectivity between components is fast and robust with
Model Connection Protocol (MCP).

In order to enable the automation provided by SystemSI - Parallel Bus Analysis, some augmentation
of the standard IBIS files is required. Specifically, the definition of bus groups, timing reference
signals, and setup/hold specifications are needed. This can all be done through the GUI, and
comments are automatically embedded into the IBIS file itself.

In this chapter, the user will learn about key IBIS file dependencies for Parallel Bus Analysis that
must be present in the IBIS files for Controllers and Memory. These include the Pin Mapping
specification, and the new Bus Definition. We will use a template file to examine and edit a sample
IBIS model.

An HSPICE transistor-level driver model in IBIS will be demonstrated.

IBIS Resources

SystemSlI - Parallel Bus Analysis supports the most recent IBIS specification. This popular behavioral
modeling format is useful for memory system components like controllers and DRAM devices. To
read more about IBIS, please reference the following material.

o IBIS specification
http://www.eigroup.org

. Pointers to IBIS models of different IC manufacturers
http://www.eigroup.org/IBIS/ibis%20table/models.htm

Bus Definition

SystemSlI - Parallel Bus Analysis introduces the ability to define signals as a bus and also identify
timing reference signals for the bus. This is needed for both Controller and Memory components, and
is comprised of a new IBIS file block with associated keywords. The Bus Definition classifies buses
into three categories, Clock, Address, or Data. Though bus categorization information can be added to
the IBIS file through a text editor, but it is highly recommended that Parallel Bus Analysis GUI is
used to create the Bus Definition.

Pin Mapping

According to the IBIS specification, the [PinMapping] section is used to indicate the power and
ground buses to which a given driver, receiver, or terminator is connected. It accepts the following
parameters:

pulldown_ref, pullup_ref, gnd_clamp_ref, power_clamp_ref, ext_ref.

According the IBIS specification, the [PinMapping] section is optional, and may not exist in every
IBIS file. If this section is not available in any IBIS file, Bus Parallel Bus Analysis is performed
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assuming ideal power conditions. It is strongly recommended that a valid pin-mapping specification
be obtained from the device manufacturer and included in the IBIS file.

IBIS File GUI

In this section, we will use the SystemSI user interface to open a template project, edit the controller
block, and view the Bus Definition section of the controller IBIS file. A new bus will be added to the
Controller. The subsequent changes to the IBIS file will be shown.

Open a Template Project

1. Launch SystemSl.

2. Toopen anew workspace, select File -- New.
or
Click the New button.
The Select Module window opens.

Select Module w

Module Name

Parallel Bus Analysis

Serial Link Analysis
Testbench

OK | | Cancel

Select Parallel Bus Analysis.

Click OK.

The New Workspace window opens.
5. Select Create by Template.

Select data_bus_welem_vrm.

Mew YWorkspace »

) Creake by setting

() Create by template Template Path: |C:'|,F‘r|:n;|ram Files Sigrity|SpeedyF 1Z.D\,Librarv'l,template'l,Sys| \II

Mame Path Description

addr_bus_sparam_s$mem C:\Program Files\5igrity\SpeedXP 12.0...
data_bus_sparam_zmerm C:\Program Files\Sigrity\SpeedXP 12.0...
C:\Program Files}5igrity\SpeedXP 12.0...

data_bus_welem wrm

Marme: | |

Location: |D:'|,simu'l,Tem|:uIate | \Il

Ok | | Cancel |
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Enter a Name for the project.

Enter or browse a Location.

Click OK.

The Block diagram is created as follows.

C i

Controller Memory1

VRM

This is a pre-constructed, ready to simulate, template consisting of a controller and a single memory
device. IBIS models are defined, edited and linked to the devices. The PCB interconnects are coupled
transmission line models consisting of HSPICE W-element components. There is also a VRM supply.

Editing the Controller IBIS

1.

2.

3.

Double-click the Controller or Memory component.

Memory1

In the Property dialog box that opens, click the Load IBIS button.

Block Name: |CDHUD\|EF Tx |OnDie Parasitics | Package Parasitics | [[rgnore vT Curves
Conn, Part ConnectTo | Block Name | Conn, Port IBIS File: [ ASI166\1664\551_PBA\pba1lssi_pba_ex.ibs | Component: [ Contraller
to_PCB PCB to_Controller .subckt Controller_Controller
+2 3 15 17 18 9 20 21 2 23 32 33 ®
+43 51 52 62 64 67 69 75 77 80 82 85
+87 94 9% 99 101 104 106 111 113 116 118

+1 3 5 38

*[MCF Begin]

*[MCP Ver] 1.2

*[MCP Source] Cadence Design Systems, Inc. MCP Editor
*

x
*[Connection] to_PCB
*[Connection Type]
*[Power Mets]

=il i

wDD

[ il Load IBIS...

I oK I ‘ Cancel | ‘ Apply |

View the IBIS model definition for this Controller component. In this window, the IBIS model
file and component is specified, and the Pin Mapping and Bus Definitions for the model can be
viewed and defined.
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“Load IBIS

Pin Mapping | Bus Definition |

= [m}

X

\B Component | | Contraller

[+ Edit 815...

D Explicit IO Power and Ground Terminals

Fin
1
10
100
101
102
103
104
105
108
107
108
109
11

Fulldown

GNDBUS1
GNDBUS2
GNDBUS2

GNDBUS2
GNDBUS2
GNDBUS2

GNDBUS1

Fullup

PWREUS1
PWRBUS1

PWRBUSZ
PWRBUSZ
PWRBUSZ
PWRBUSZ

PWRBUSZ
PWRBLISZ
PWRBLIST

MO Clamp

GNDBUS1

GNDBUS2

GNDBUS2

GNDBUS2

Power Clamp

PWRELUS1

PWREUSZ

PWRELSZ

PWREUSZ

Bus Group

DataU

Timing Ref

Timing Ref

Signal Mame Model Mame
¥YDD POWER

RESET DDR3_DQ34 M.
¥55Q GML

DQo DDRS_DQ34_M...
¥YDDQ POWER

¥YDDQ POWER

unQs DDR3_DQS34_...
¥55Q GMD

uDQs# DDR3_DQS534_...
¥DDQ POVWER

YDD POVWER

¥55 GML

DHU i

E

4.  Click the file Browser
without making any changes.

* | to see the IBIS files available in this template. Exit the file dialog

5. Click the Component pull-down to see the components in this IBIS file. There is one memory
controller and a memory device model in this file. Again, no changes are necessary.

Compaonent | ICl:untrl:nller

Mermnor
O mm

6. To edit the IBIS file, select the Edit IBIS button.

Load IBIS

O

X

Pin Mapping | Bus Definition \

[ Explict & Power and Ground Terminals

\D Companent ¢ | Cantraller v (| Edemis.. )

e

[

Pl

P

e

co

c

I M

Mol Rl o

The IBIS file opens in AMM IBIS Editor. If required, you can modify the IBIS file, view IBIS
curves, add die or package data and run golden Parser checks.
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p
Ak IBIS Editor - [m] X
W el oo x E1 [IBIS ver] | F R R R R AR R AR R E R AR AR R A A A AR AR R TR KRR AR A A AR RRRTRRRRRA AT
. .|| [ [File name] [IEIS wer] 5.0 [
L zaien “1 LB [File Rev] [File nsme] ssi_pha_ex.ibs
Wiew/Edit IBIS File B [Date] [File Rev] 1.0
Wiew IBIS Curves [} [Sourcel | |pate October 24, 2012
""""""""""""""" [ [Notes] [ )
Add Die and/or PK Circuits B [Disclaimer] [Source] Generic mewory device
_____________________________ 1sclaimer. [Motes] Created memory controller from & mewory deviece
PR 0 -1 [Copyright] [Disclaimer] Just an example file
enerate [0S [Companent] fof) & 48 (Component] Memory — |[Copyright]  Copyright 2012 Cadence Design Systems, Inc. ALl right

-{if [Component] Controll: |
[} [Model Selector] DQ
B [Model Selector] DM

i
- [Model Selector] DQS |t component

Save [BIS File

- [Model] DDR3L_DQS48 5

R s e
e T R R R R R A AT T TR R AR AR AN ANNNNTTTTEEARRRRAANNNNT

Customize Workflow v E [Model Selector] ADDR [Manufacturer] Cadence Design Systems, Inc.

-3 [Model Selector] CTRL [Package]

- E] [Model Selector] CLK | variable Typ min THEH
] [Model] DDRIL_DQ40_| | |R pikg 1.0146 0.97286 1.0957

-4 [Model] DDRIL_DQ40_ | [L_pkg 7.151e-9 &6.591e-9 7.955e-9
# [Model] DDR3L_DQ48_| | [C_pkg 3.058e-12 2.634e-12 3.335e-12

-1 [Model] DDR3L_DQ48_1 |

E [Model] DDR3L_DQS40 [Pin] Signal name wmodel name E_pin L pin C
) [Model] DDR3L_DQS40, izl gg?? ESHER

Memory

[ 4

[ 2

‘Output

i <

7.
modifications.

Note that, by default, the Explicit 10 Power and Ground Terminals check box is not selected.

[ Expiicit 10 Power and Ground Terminals

»

For this module, no changes are required, so close the AMM IBIS Editor, without making any

NOTE! dialog box.

Section 2.3.2 Controller / Memory Block, details the impact of selecting this

8.

-
Load IBIS

Fin Mapping | Bus Definition

|l...] companert : [contraler

Click the Bus Definition tab, to see the Buses that have been defined for this controller.

o m]

x

|| Explicit I Power and Ground Terminals

[+] [ Edtres..

Bus Type Bus Group Timing Feef Edge Tvpe
AddCmd Address CLEOP { CLKOM,... RiseEdge
Data Datal LGS | LDQS# BothEdges
Data DatalU UDQs | UDQs# BothEdges

9. Add anew Bus Group by clicking Add.

A new Bus Group is added.

Signal Mames Clock

A0, A1, AZ, AZ...
DGO, DL, DG,
DGE, DOY, DG...
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Load IBIS _ ] x
|D:'l,sipbatut'l,mysipba'l,ssijba_ex.ibs |B Component : [antrguer | v| Edit IRIS. ..
Fin Mapping | Bus Definition . Explicit 10 Power and Ground Terminals
Bus Twpe Bus Graup Timing Ref Edge Tyvpe Signal Mames Clock
Addcmd Address CLKOP { CLKON,... RiseEdge A0, A1, A2, A3...
Data Datal LGS | LDGS# BothEdges D0, Do, D,
Data Datal UDGS/UDQ5#  BothEdges DG, DY, DG,
para | [ lpothkdges | [ |

10. Each field in the new bus definition may be edited, some with pull down menus, others by
typing, and yet others by selecting net names.

Enter the Bus Group as Calibration. On completion, the bus definition should be same as shown
in the following figure.

Bus Type Bus Group Tirming Ref Edage Type Signal Mames

Addcmd Address CLKOP | CLEOM,... RiseEdge A0, A1, AZ, A3, ..
Data Datal LOI0S | LOOS# BothEdges Dio0, DO, D,
Data Datall UDDS JUDGS#  BothEdges Dy, D09, DO,

CLKIP | CLKIN | BothEdges BAN, BAL, BAZ
For data buses, you can also specify the Clock. This can be same as the Timing Reference signal
of the Ctrl or the AddCmd bus groups.

11. Add the clock signal as CLKOP/CLKON, as shown in the following figure.

Data Datall UDQS | UDQS# BothEd;es DQE, DOI, DD...
CLK1F | CLKIN BAO, Bal, BAZ
You can also modify the existing group.
12. Add a clock signal, CLKOP/CLKON, to the DataL bus, as shown in the following figure.

Bus Type Bus Group Timing Fef Edge Type Signal Marnes Cliock,

Addcrmd Address CLKOP | CLKOM,... RiseEdge a0, AL, AZ, A3,

/LDOs# | BothEdges DQU, DL, DG... | CLKOP § CLKON
Data Datal UDQS | UDGS#  BothEdges DOS, D09, DO,

13. Click OK to accept the changes in the Bus Definition tab.

14. In the Verification dialog, click Update to back-annotate changes to the IBIS file.
(Update IBIS File %

The contents in the IBIS file 'ssi_pba_ex.ibs' have been modified,

If wou want ko save the changes inko the current 1615 file, click UPDATE.
If wou want ko save these changes into a new file, click COPY,

(l Update H Copy H Cancel

The new Bus can be viewed in the ssi_pba_ex.ibs file, in the Controller Definition section, just
after the Pin Mapping.
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[Component Type]

Signalname

Controller

AQ Al A2 A3 Ad AT A AT

Signalhame

[Bus Type] Data

BUSGFOLp DatalL
Timingref LDOS / LDOS#
EdneTywpe BothEdne

Clock CLEOP / CLEON |
TR ansmltSet Up NEEEEN
MinTransmitHold 0.333301
Maxpeceiveskew(+) 0.2501
Maxkeceiveskew(—) 0.2501

Do0 DOl DOZ2 DO3 Do4 DQS DO DQ7

wwwwwwwwwwwwwwwwwwwwwchmpDnent EuUs De‘F-‘In-'It-'IDnS o R R R R R TR R R R TR T T

[Bus Type] Addcmd

BusGEroup Address

Timingref CLKOP / CLEOM, CLELP / CLKLN, CLEZP / CLKEZN, CLK3P / CLEK3N
EdgeType RiseEdge

mMinTransmitsetup 0.312501

MinTransmitHold 0.312501

[Bus Type] Data

BUSGroup Datal
Timingref UDgs # uDGSs#
EdgeType BothEdges
mMinTransmitsetup 0.333301
MinTransmitHold 0.333301
MaxReceiveskew(+] 0.2501
MaxReceiveskew( -] 0.2501
SignalmWame DQ8 D9 Dolo Doll Dol? ool3 Dold Dols
[Bus Type] Data

BusGroup Calibration
Timingref CLKLP / CLKLM
EdgeType BothEdges
clack CLKOP / CLEON
Signalkame EAQD BAL BAZ

The IBIS model for the Memory component has similar elements. The reader is
encouraged to explore the details of the Memory component. Since editing
functionality is identical to that for the Controller, details are not reviewed

NOTE!

here.

Pin Mapping

The Pin Mapping section is required by SystemSI for simulations with non-ideal power, for example
to consider SSN effects. This section is considered optional in the IBIS specification, and some
components do not have Pin mapping defined. In such cases, SystemSI automatically defaults to an
“ldeal Power” mode for all simulations. To get access to all of the powerful features of the tool,
including non-ideal power simulation, it is strongly recommended that a valid Pin Mapping section be
added to the IBIS file prior to use in SystemSI.

This section, details the Pin Mapping definition of the controller.
1.  Fromthe Load IBIS window, view the Pin Mapping tab for the Controller.
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"Load IBIS

Pin Mapping | EBus Definition \

|D Component ;| Controller

[+] [ editers...

D Explicit IO Power and Ground Terminals

Pin Pulldowvn Pullup GND Clamp Power Clamp Signal Mame Madel Mame Bus Group

1 PWRELIST ¥DD POWER. El
10 GHDBUS1 PUW/REBUST GNDBUS1 PWRELST RESET DOR3 DQ34_M...

100 GNDBUSZ ¥35Q GND

101 GNDBUS2Z PWRBLISZ GNDBUS2 PWRELSZ DQ9 DDR3_D0O34_N... Datal

10z PU/RBUSZ ¥DDQ POWER.

103 PWRELUSZ YDDQ POWER,

104 GNDBUS2Z PWRBLISZ GNDBUS2 PWRELSZ unDQs DDR3_DQS34_...  Timing Ref
105 GNDBUSZ ¥55Q GhD

106 GHDBUSZ PWRELUSZ GNDBUS2 PWREBUSZ uDQs# DOR3_DQ334_...  Timing Ref
107 PWRELSZ YDDQ POWER,

108 PWRELIST ¥DD POWER.

103 GHDBUS1 ¥55 GHND

11 DNU MC

The Pin Mapping section contains important information required for parallel bus analysis.

o  The references, including Pullup, Pulldown and Gnd/Pwr rails for the Bus Signals, are
identified in the Pin Mapping. Without this information, Parallel Bus Analysis assumes
Ideal Power and Ground for all simulations.

o  The Pin Name to Signal Name mapping is shown. These pin names are used to connect
components together in Parallel Bus Analysis.

For details, see the section on MCP Connectivity in Chapter 1.

o  The relevant bus group (assuming the bus definitions are already specified) is listed.

2. Toclose the Pin Mapping without saving, click Cancel.

3. Save and close the work space.

Supported IBIS Keywords
Sigrity SPDSIM currently parses the following data sections from an IBIS file:

[Component] [Voltage Range] [On] [Define Package
Model]

[Driver Schedule] [Pullup Reference] [Off] [Manufacturer]

[Pin] [Pulldown Reference] | [R Series] [Number Of Sections]

[Pin Mapping] [POWER Clamp [L Series] [Number Of Pins]
Reference]

[Package] [GND Clamp [R1 Series] [Pin Numbers]
Reference]

[Package Model] [Pulldown] [C Series] [Model Data]

[Series Pin Mapping] | [GND_clamp] [Lc Series] [End Model Data]

[Series Switch [GND Clamp] [Rc Series] [Resistance Matrix]

Groups]

[Model] [POWER_clamp] [Series Current] [Inductance Matrix]

[Model Selector] [POWER Clamp] [Series MOSFET] [Capacitance Matrix]

[Submodel] [Rgnd] [Ramp] [Row]
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[Submodel Spec] [Rpower] [Rising Waveform] [Bandwidth]

[GND Pulse Table] [Rac] [Falling Waveform] [End Package Model]
[POWER Pulse [Cac] [Composite Current] [end]

Table]

[1SSO PU] [ISSO PD]
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Design Entry

Overview

SystemS| provides an intuitive schematic entry GUI for capturing system designs as block
diagrams. You can base your designs on pre-defined templates shipped with the tool, or you can
use a design wizard that comes with Parallel Bus Analysis, to create your designs. In this chapter,
both the methods of creating new designs are explained.

Chapters 4 through 9 go through a sequential Bus system design session, from
design entry through simulation and data processing. It focuses on an actual
DDR3 design, with Controller, Memory devices, PCB and VRM. The user can
go through each chapter sequentially, to get a comprehensive understanding of
the SystemSI — Parallel Bus Analysis flow, or they may choose to go though

NOTE!

selected chapters as needed.

Design files are saved for each chapter in the \Samples\SystemSI\Parallel Bus Analysis\Tutorial
directory, to allow users to simply open specific files, and review exercises for those sections. In
the installation hierarchy, the Tutorial directory is available at:

<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus Analysis\Tutorial

Parallel Bus Analysis Templates

Two design templates are available, one that uses S-parameter model for PCB, and one that uses
W-element model for the PCB. The W-element template, data_bus_welem_vrm was covered in
Chapter 2. Refer to this chapter for an overview of the W-element model template.

This section demonstrates how to create a design using the S-parameter template.
1. Launch SystemSl.
2. Toopen anew workspace, select File -- New.

or

Click the New button.

The Select Module window opens.

I—Select Medule

Module Name

Parallel Bus Analysis
Serial Link Analysis
Testhench

I oK | | Cancel

3. Select Parallel Bus Analysis, and click OK.
The New Workspace window opens.
Select Create by Template.
Select data_bus_sparam_2mem.
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Mew Workspace

() Create by setting

(¥ Create by template Template Path: |C:'|,Pr0gram FilesiSigrity!, SpeedxP 12.D'l,Library'l,tempIate'l,Sys| D

Mame Path Descripkion
addr_bus_spararn_4mem C:\Program Files\Sigrity\SpeedXP 12.0...
: C:\Program Files\sigrity\5peedxP 12.0... | |
data_bus_welem_wvrm C:\Program Files\5igritylspeedXP 12.0...
[ il |

Narne: |

Location: |D:'|,simu'|,Temp|ate

| (]

Ok

| | Cancel |

6. Enter a Name for the project.
For this tutorial, specify name as myproj.

Enter or browse a Location.
Click OK.
The Block diagram is created as follows.

Controller

M

Memory1

Memory2

This design differs from the W-element template in several ways. First, the PCB is defined
by an S-parameter extraction completed using Sigrity PowerSI. Second, it has two memory

devices, but no VRM defined.
9. Double-click the PCB block to open its Property dialog.
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File Narne: |D;1.,.5,51155\1554\551_p5p,1wng1pnp_2_52‘,|D Sub-circuit Name: [DDRZ_ch_samplel_bnp |v|

5 Parameter File: [D:\AS1166\1664\SSI_PBAmyproj\DDR2_s2k_sample 1.bp || view s Parameter |

SUBCKT DDR2_s2k_samplel_bnp
U20_AF16 =
U20_AR
U20_AE17
U20_AH17
U20_AG17
U20_AG1S
U20_AH18
U20_AD18
U20_AF19
U20_AH19
U20_AD19
U20_AG20
U20_AH20
U20_AH21

B A I I ST R TR R

Extract BBS Model... | Load BBS Model... | | Launch MCP Header Editor... || Edit Sub-circuit Definition

10. Click Edit Sub-circuit Definition to see the S-parameter circuit model netlist that is created
by PowerSlI for the board.

File: |D:'l,sipbatut'l,myproj'l,DDR2_s2k_sampIel_bnp.ckt | Sub-circuit Name: [DDR2_s2k_sampIel_hnp |'|

SUBCKT DDRZ_s2k_samplel_bnp
Lz0_AF16 E
1I20_AZ
Lz0_aELY
L20_aH17
Lz20_AG17
Uz0_aAG1S
L20_AH15
Lzo_abD1s
Lz0_AF19
L20_AH19
Lzo_ab19
20 _AGz0
L20_AHZ0
LUz0_aHz21
L20_AEZ1
L20_AHzZz2
Lzo_abz1
L20_AG10
Lz20_aHD

+H+ttt ottt b+

| toadmer | [ ok || canca

Continue to explore this Template by editing components and simulating, as was done in
Chapter 1 for the W-element template.

In this case, the Analysis Options... window looks different from the former. It has a section
that can be used to specify Ranks.

11. Select 1 in the # of Ranks drop-down list, and click in the check box before Rank1 to enable
it.
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r—Simulation Configuration

[iCornet irection

D Fast Write
Tvp [Jread
[ Slaw
1 Fastyslow
[ Sl Fast
Active Rank; # of Ranks: | 1 -

Rank Mame | Memory Blocks B
Rankl Memory1, MemoryZ2

Auto Assign

12. Save the settings and simulate the design.

421 Rank Definition

For Data bus topologies, memory blocks can be organized into “ranks”. A rank is simply a group
of memory blocks that are active or inactive all together. Take the example below:

5AritemSl - [Parallel Bus Analysis - C:\lser\bowillishry, det..\pba test.ssi
¥4 Fe  Edit  Miew Setup Tools  Window  Help -l x
- - | [ (=] L B a SRS =
M M
Mem_u1 Mem_u2
Controller Zamesilrslemnn (AR ... S |
s e = =)
M M
Mem_U10 Mem_uU11
Ver: 12.0.61.05311 (SGCT1Y @ Resdv

In this case, data signals DQ[7:0] from the controller are connected to Mem_U1 and Mem_U10,
and DQ[15:8] are connected to Mem_U2 and Mem_U11. This allows Mem_U1 and Mem_U2 to
be grouped as Rank1, and Mem_U10 and Mem_U11 to be grouped as Rank2. In the case of a
Write simulation for this data bus, either Rank1 or Rank?2 will be active (i.e. receiving on a
Write), while the other rank will be placed in the Standby mode. Grouping memory blocks into
ranks enables more efficient simulations to be run, eliminating unnecessary combinations of
active/inactive memory blocks, and reducing the number of overall simulations to be run.

Active Rank allows a single Data Bus simulation to contain multiple active memory blocks.
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1 The memory blocks in an active rank will be active together.

2. If more than one ranks are checked as active, the tool will do multiple simulations for active
rank sweeping: each simulation will only have one active rank while others will be
considered as standby.

When a number is selected from the # of Ranks list, multiple ranks of the selected number will be
added to the Rank Name column automatically. (The default drop-down list # of Ranks contains
the max number which is the number of memory blocks.)

Ackive Rank: # aof Ranks: |2 -

Rank Mame | Memory Blockss

Memoryl, M.
[] Rankz Memory3, M 4

Auko Assign

3. Ifthe selected # is 1, Rank1 will contain all memory blocks.
« Ifthe selected # is max, each rank will contain one memory.
5. If the selected # is neither 1 nor max, the ranks will be assigned randomly.

If the user clicks the Auto Assign button, the tool will automatically assign the memory blocks
based on Frequency Response.

User can always manually assign the ranks in Rank Editor by double-clicking a specific rank.

"

Rank Editor - Rank1

(x](1] 4]

Available Memory Block Selected Memory Block
Mernoryl Memoryl

Mernaory2 Memory2

Memorys

Mernoryd

oK || Canecel |

You can:

6.  Select a memory block in the Available Memory Block column and click to add it to
the Selected Memory Block column.

7. Use the @ button to delete the selected memory block.

s.  Use the Up arrow( E) or down arrow () button to move up or down the memory block.
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NOTE!

The above instruction on the four-memory data bus is only an explanation of
the function of SystemSI — Parallel Bus Analysis. This tutorial will not go
into this exercise. The remainder of this Chapter and the subsequent sections of
this Tutorial go into a new design that has similar components, including an S-
parameter based PCB model.

Parallel Bus Analysis Wizard

In this section, we’ll create a new design using the Wizard. This design will be used for
subsequent exercises through Chapter 9.

1. Launch SystemSl.

2. Toopen anew workspace, select File > New

or

Click the New button.
The Select Module window opens.

rSeIect Module w

Module Name

Parallel Bus Analysis

Serial Link Analysis
Testhench

Ok, I | Cancel
Select Parallel Bus Analysis.
Click OK.
The New Workspace window opens.
5. Select Create by setting.
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rNaNWu:urIcspace x®

@ Create by setting
OCreate by template = El =R B IST U pdate4\speedxpibrary \template \SystemSI \ParallelBus| lzl

Mame Path Description

addr_bus_sparam_4mem D:\Cadence\SPB_16.6\ASI\Updatet\sp...
data_bus_sparam_2mem D:\Cadence\SPE_16.6\ASI\Updated\sp...
data_bus_welem_2rank D:\Cadence\SPE_16.6\ASI\Updated\sp...

data_bus_welem_wvrm D:\Cadence\SPB_16.6\ASI\Updatet\sp...
pba_simple_em D:\Cadence\SPB_16.6\ASI\Updated\sp...
| Il |
Mame: | |
Location: | D:\ASI166115641551_PBA | D

Ok | | Cancel

Enter a Name for the project.

Enter or browse a Location.

Click OK.

The New Project dialog box displays.

Mew Project ®

—System Configuration
@ On-card

O Multi-board

O Backplane

Mumber of Memory Devices:

—Power

(®) Ideal
O Mon-ideal

I CK | | Cancel |

9.  For this tutorial, use the default selections in the New Project dialog, and click OK.

Block diagram is created. Red cross (X) on each component block indicates that none of the
components have models defined at this point. As a result, “Connections” are also all
undefined, as indicated by the red “X”.
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goMler ) ¢ Phd1 D ¢ Peg X Phd2

10. Delete the Pkgl and Pkg2 blocks.
To delete the blocks, select the blocks and click the Delete button.
Note that along with the Pkg. blocks, the connections are also deleted.

CDMHBI’ %

11. Add a VRM Component by clicking the “P” icon in the toolbar.
: IoF {ef

Add VEM Block

12. Place it below the PCB.

copier PeB

RN

13. Add Connections between each component and the PCB.

il
X vy

Mexry

Meﬁr\r

a) Right-click on the Memory component, and from the popup menu, select Add

Connection Between -- PCB.
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B op roperty
Add AMI

Insert Component Between

PCE Add Connection Between
YRML
Drelet
Contraoller X EIEtE
|52 Copy
|

The Connection is made with a Red “X” as shown. The Red Cross (X) on the connection
indicates that the connection is not yet complete as the ground signals are not connected.

%Ml

14. Similarly, connect VRM and PCB blocks, and Controller and PCB blocks.
The topology will look like this:
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P X e X MGy

P
WRM1

15. Save this design.
Continue to Chapter 5 to specify the IBIS models for Controller and Memory components.
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Assigning Device Models

Overview

This chapter demonstrates the procedure for assigning IBIS models to memory controller and
memory devices. SystemSI uses IBIS models, and allows both behavioral and transistor-level 10
models for these devices. As discussed in Chapter 3, Parallel Bus Analysis adds certain
extensions, including keywords, to these IBIS files. And as we will see, Parallel Bus Analysis
automates connection of these IBIS files with other components in the system.

Design Files
The design created using the Design Wizard in Chapter 4.3 is the starting point for this exercise.

CDMEI’ x % x MEMW

P
R

If you have performed the tasks covered in Chapter 4, you can continue with same design files.
However, if you are starting from Chapter 5, open the chap5.ssix file located at
<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus
Analysis\Tutorial\chap5. This directory also contains the IBIS model file for the
Controller and the Memory blocks.
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5.3 Controller Model

5.3.1 Assign the Controller IBIS Model
In this section, we will assign the Controller IBIS file to the Controller block.

1. Double-click the Controller block in the schematic, to open the Property dialog box.

Block Name: | Controller Tx | OnDie Parasitics | Package Parasitics | [[J1grore vT curves
Comn.Port | ConmectTo | BlockName | Conn. Port TBIS Fie: | | Comparent: |
PCB
|
Connection)
0K | | Cancel | Apply

2. Click Load IBIS....
The Load IBIS dialog box displays.

-
Load IBIS _ (m} ®
| |B Cormponent : [ ‘v| Edit IEIS...

Pin Mapping | Eus Definition | [ 1 Explicit 10 Power and Ground Termi
Fin Pulldown Pullup GMD Clamp Power Clamp Signal Mame
[ Il |
o [ o

3. Select the IBIS file by clicking the Browse button ( ***).

For this tutorial, the IBIS file is available in the chap5 folder in the Tutorial
directory.

4. Select the ssi_pba_ex. ibs file, and click Open.
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@SelectIBISFile x
@'\:}'| .« Tutorial » chapd » - |¢?|| Search chaph p'
Organize « Mew folder ==« [ i@l

| SpeediF + Mame : Date modified Type Size
. Libran, . .
_— ) histary 1043042013 433 PM File folder
: aé‘np J result 10/4/2013 1:40 Phd File folder
: Omj [ ssipbaexibs  9/8/2013 1026 M IBSFile 7,244KB
. Opti
. Pow|=
o Pow
. SPEE
. Syste
| Pa
. T2B
L Xbral . g i 3
File name: | \v| [BISFilegibs) [~]
| Open | | Cancel |

The IBIS model is opened with the Pin Mapping tab selected.
5. From the Component drop-down list, select Controller.

For this example, the IBIS model has the Pin Mapping from the device manufacturer.
However, because the Bus Definition is not yet complete, the Pin Mapping is not fully
defined, with only 1 bus group shown.

For more information about the Pin Mapping, Bus Definitions, and other
NOTE! | aspects of IBIS models that are needed for Parallel Bus Analysis, see Chapter 1
of this Tutorial.

If you do not have a bus defined, following message is displayed.

Bus Designer e

The component 'io_top' does not have any Bus Groups defined. Please
l % click the 'Bus Definition’ tak to add and define Bus Groups.

o]

In the next section, we will create the bus definition for the Controller block.

July 2014 53 Product Version 16.6



5.3.2

SystemSI — Parallel Bus Analysis Tutorial

Controller Bus Definition

In this section, we will define two Data buses, made up of some of the DQ signals in the
Controller.

1. Click the Bus Definition tab for the IBIS Controller.

Pin Mapping - Bus Definition Add Delete Explicit IO Power and Ground Terminals
Bus Type Bus Group Timing Ref Edge Type Signal Mames Clock
addcmd Address CLKOP { CLEON,... RiseEdge A0, A1, AZ, A3,

2. Click Add to create a new bus group.

A new Bus with default Bus Type Data and Edge Type BothEdges is created. We will
define each of the fields that define this bus in the dialog box.

3. Click the Data Bus Type, to get the drop-down selection showing the other types of buses,
AddCmd and Ctrl.

IIIrEil_ls Tvpe

Data * |

Ckrl
addCrnd

4. Leave the Bus Type as Data. We will define two Data Buses for this system. Additional
buses are present in the IBIS file, but only two will be defined for this Tutorial.

5. Enter DataL in the Bus Group by typing the name in the empty field box.

Bus Group

Address
| Datal |

6. Next, define the Timing Reference. Click the Timing Reference field.
The Timing Ref dialog box displays, listing all the signals available in the IBIS file.
o Select the pin 77 connected to the LDSQ signal.
« Right-click on the pin 75 connected to the LDSQ# signal.
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TimingRef

Signals:

TimingRefs:

signal
s
oDT
CKE
CLEDM
CLKP
cas
RAS
D4+
DQ6
DQ7
DQs

D1
DQ3
DQz
DQn

© I T I
@ 77 OGS

Positive Signal Negative Signal

Left-click to select a positive signal. Right-clck to sefect a negative signal.

« Click the double arrow button .
« Click OK.
7.  Define the Signals that make up the bus. For the Datal bus, add first 8 DQ signals.
o Click on the Signal Names grid.

« Inthe Signal dialog box, to sort the list by signal names, click the Signal field.

« From the dialog box, select the DQO... DQ?7 signals.
You can use the Signal Filter text box to filter the DQ signal.

I—Signal

b4
Pin Signal
] 87 DQO
[ 8o ol
[[] 85 DQ2
O 82 DQ3
[ 62 DG
[ &9 [§le]
[ e4 ala]
[ w7 o7
[ o4 oler]
[ 101 [3e]
[ o6 [sedli]
E] 99 Dol
[ 118 ooz
[ 1 [aled]
[ 118 DO14
[ 113 DS

Signal Filker: |D| | | (a4 I | Cancel |

« Select the check box next to the selected signals, and click OK.

The DataL bus is now setup as shown in the following figure.
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Fin Mapping = Bus Definition | || Explicit IO Power and Ground Terminals

Bus Tvpe Bus Group Tinnirng Ref Edge Tvpe Signal Mames Clack
AddCrnd Address CLKOP j CLKON,... RiseEdge A0, &1, A2, A3,
Datal LDQ5{LDQS# | BathEdges po4, D06, 0. [ |

I Ok I | Cancel

8. Repeat Steps 2 through 8 above, to create the second Data Bus with following specifications.
« Name Group “DataU”
o EdgeType “BothEdges”
« Timing Ref Signals — “UDQS/UDQS#”
« Signal Names — “DQ8 thru DQ15”

Following figure shows the Bus Definition window after you have successfully created the
DataU bus group.

"Load [BIS ——

|D:'l,siphatut‘l,chapS'l,ssiJ:ba_ex.ihs |B Component : [Controller |v| Edit IEIS...
Fin Mapping = Bus Definition || Explicit IO Pawer and Ground Terminals

Bus Type Bus Group Tiring R.ef Edge Tvpe Signal Mames Clock

AddCmd Address CLKOP | CLKOM,... RiseEdge A0, A1, &2, A3,

Data Datal LDGS | LDOS# BothEdges D¢y, DOB, D,

Data m LDGS [ UDQS# BothEdges )., _

NOTE! | If required, you can specify the Clock signal for the Data bus.

9. Click OK to close the Load IBIS dialog box.
The Update IBIS File dialog appears.

(Update IBIS File %

The contents in the IBIS file 'ssi_pba_ex.ibs' have been modified.

If wiou wank to save the changes inko the current IBIS file, click UPDATE.
If wiou wank to save these changes into a new File, click COPY,

Update || Copy || Cancel

10. Click Update to save changes to the IBIS file.
The Controller IBIS file is now modified.
6. Click Apply to save changes made in the Property dialog box.
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The Red cross on the Controller block is removed, indicating that an IBIS model is attached
to the Controller Block.

C

Caontraller x % x R‘IAMW

F
R
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54 Adding Memory Device Models

The procedure for assigning IBIS models to memory devices is similar to that for the controller. In
this exercise, the Memory component IBIS file has already been defined with correct Pin
Mapping. The Bus Definition has not been created, and will be defined in this section of the
tutorial.

1. Double-click the Memory block.
2. Click Load IBIS... in the dialog box that opens.

Rx | OrDie Parasitics | Package Parasitics |

IBIS File: Compaonent:
| |

Load IBIS...

3. Inthe Load IBIS dialog box, select IBIS file by clicking D

4. Inthe File Manger, navigate to the Tutorial directory, and double-click the ssi_pba_ex.ibs
file.

Eu‘aSelectIEIS File

@le . < Parallel Bus Analysis » Tutorial » chap5 » -
Organize * Mew folder
e
- Favorites i Marne Date modified
B Desktop | history 10472013 138 Pr
& Downloads ) result 107472013 1:40 PhA
= Recent Places | ssi_pba_exibs 07972013 10:26 Ph

5. From the Component drop-down list, select Memory.

The contents of the file are loaded in the dialog box.

By default, the Pin Mapping information is displayed for the Memory component
6. Select the Bus Definition tab, to view the bus definitions available.

Two buses have been added to match the Controller Data buses defined in the previous
section. The Bus details are:

e First Bus:
»  Name Group “DatalL”
»  EdgeType “BothEdges”
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»  Timing Ref Signals — “LDQS/LDQS#”
> Signal Names — “DQO thru DQ7”
e Second Bus

>  Name Group “DataU”
»  EdgeType “BothEdges”
»  Timing Ref Signals — “UDQS/UDQS#”
»  Signal Names — “DQ8 thru DQ15”

The following figure shows the Bus Definition window.

Pir Mapping = Bus Definition add | Delete] | Explicit 10 Power and Ground Terminals
Bus Type Bus Group Timing Ref Edge Type Signal Names Clock

addcmd AddCmd::CK... K[ cCk# RiseEdge a0, 41, 42, A3...

Data Datal LDGS | LDOS# BothEdges D0, D, DL,

Data Datall UDQS [ UDQS#  BothEdges DOE, DQY, DG...

7. Click OK to save your changes and to close the Load IBIS dialog box.
8. To Update the IBIS file, click Update.

Bus names and Signal names for Controller and Memory are local
to the IBIS file, and do not have to match each other, nor do they
have to match the names in other components, including the
NOTE! | Controller. Pin names, however, are used to automate connectivity
between components that have a physical connection. The
signal/pin mapping is addressed in the block connections, which
will be covered in Chapter 8 on MCP connectivity.

We have now completed the specification of the Controller and Memory devices. In the next
chapter, we will consider how to specify the PCB component.
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Interconnect Models

Introduction

Interconnect components including Printed Circuit Boards (PCBs) and packages, are defined in
SPICE netlist definitions. These may be circuit models including lumped elements and distributed
transmission lines, W-element models, or S-parameter models in either Touchstone or Sigrity
BNP format. Models can be created within Parallel Bus Analysis using an integrated layout
extraction utility that can use a variety of extraction engines. Sigrity PowerSI board and package
modeling tool is integrated with Parallel Bus Analysis to allow easy extraction of full boards and
packages, including non-ideal power and ground nets.

In this chapter, we will see how to assign a CKT file describing a PCB, to the block diagram, and
will view the contents of the SPICE file. We will also go through a sample extraction of an S-
parameter description of a board using Sigrity PowerSl, and see how the extracted model file is
integrated with Parallel Bus Analysis.

Design Files

The design is the same one that was edited in Chapter 5. The block diagram has models defined
for the Controller and Memory blocks. In this chapter, we will extract and assign a model to the
PCB block.

C il
Controller x PCB x Memory
X
P
YRM1

If you have performed the tasks covered in Chapter 5, you can continue with same design files.
However, if you are starting from Chapter 6, open the chap6.ssix file located at
<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus
Analysis\Tutorial\chap6. This directory also contains the IBIS model file for the
Controller and Memory.

The Tutorial folder contains the PCB file in SPD format for the interconnect model extraction.

PCB Model Generation

In this section, we will create a model for a DDR3 PCB bus using Sigrity PowerSI simulator. The
design file for the PCB bus will be opened and reviewed in PowerSl, and a simulation will be
performed. The result of the PowerSI simulation is an S-parameter model, and a SPICE netlist that
has the model connection information (MCP) embedded. This will be reviewed in Parallel Bus
Analysis.
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A simple package model, using a different SPICE interconnects type, will be called in Parallel Bus
Analysis, and associated with the Pkgl component.

PowerSl is a physical board and package simulator, that uses Sigrity patented
solution technology to quickly and accurately model high speed interconnects.
NOTE! Both signal integrity and power integrity effects are accurately modeled on
parallel bus topologies. For more information, see the PowerSI material
available on www.cadence.com.

PCB Block Editing
Double-click the PCB block to view its properties. By default, the Connection tab is visible.
|Pr|:||:|ert\,.r

Block Mame: |prg

Connection Connect To | Block, Block Connection
Mermory ko_PCB
YRML WETN_DiowWer
Controller to_PiCE

. Connection

This tab shows information about the connections between the PCB block and other blocks. There
are three connections, one each, to the Controller, Memory and VRM. None of the connections
have been defined, so the invalid connection is indicated by the red X. Connection details will be
covered in Chapter 8 of this Tutorial.

Layout Extraction Tab

The second tab in the Property window is the Layout Extraction tab. This tab will be used to
perform simulation on the PCB model, using PowerSl. In this section, we will open the PCB
design in Sigrity PowerSI modeling tool. We will then simulate the design to extract a bus model,
and use the resulting S-parameter model for this PCB block.

1.  Click the Layout Extraction tab.
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| Property

File Name: | [

(-]

Extraction Engine: | | v| E Launch
|

Command-ine Switches: |

Connection | Layout Extraction |

Click the first ' to pick the PCB design File.
Select file: Tutorial PCB1.spd.
Click the pull-down arrow next to the Extraction Engine to pick PowerSlI as the Extraction

Engine.

| Property

Command-line 5wkt 500047000 Generator (13.0.2,01C

File Mame | [ sipbakutfinall\tutorial_PCEL, SPD

Extraction Engine: | | hd D

PowerSl (13.0.2,01062) |

5.  Click Launch.

Alternatively, you can launch PowerSI outside of SystemSI and complete the steps listed in the

next section.

NOTE!

Other tools may be used for interconnect model extraction, but PowerSl is the
preferred modeling tool. In general, any tool that can create SPICE compatible
interconnect models, including S-parameters, could theoretically be used. The
critical model connection is automated when using PowerSlI.
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PowerSI| Model Extraction

PowerSl opens with the design, as shown in the following figure.

<
<@ File Edt View Setup  Tools  Mode  Window  Help -8 %X
B O OE:al M [ 8 P a e b

Al Enabled Netfs) @ = ] dk T e o= T R M X
# B mwoa SR B M A [F 4 P E@EREEIED ME® O &S A a6 E
s @
‘whorkflovs: Model Bu... X ‘ IEI f ISEIEI I’IEIIJEI i I’ISDEI i IZDDD f IESDD f ISEIIJEI i IESDD i Layer Selection X
Model Extraction = m
Layout Setup =
Check Stackup Signal$s1s1 -
Seleck Mets Signal$POWER -
Set Coupled Lines Signal$GH2 [=]
Select Circuits Signal§sicz 1
Sawe SPD File
- Signal§GND3 L}
Advanced Options SignalfBTTON m
Cut Layout
Show Special Void
Sat Special Yoid
#Add Flaating Plane
Save SPD Fils
Simulation Setup
«" Enable Extraction |
View Parts
Setup Simulation F
Choose Output For
Sawe SPD File
Exit PowerST
¥ | Qukput X
V] Yiew Oy Active Layer
Display Geometry Ohbjects By
*) Met Color O Layer Caolar
Fiscollanoous EEEl- @EE
T Cutput Layer Selection

This design was edited, setup and preliminary simulations performed in
NOTE! PowerSlI previously. We will review part of this setup, but details of the

: PowerSl simulation are beyond the scope of this document. Please contact
Cadence support for more information about it, and PowerSl in general.

1. Inthe Toolbar in PowerSl, click the Select Circuits tool button ( = ) to display the circuits
in the PCB design.

Now click = , to zoom in on part of the window.
Zoom in on the middle part of the PCB, with the largest components, U23 and U20.
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0osg,

UEISSI | 0aag,

05

4.

5.

il

1000 1500

2000 2500

3000

3500

The DDR3 bus on this board connects the memory controller, U20 with two DDR3 devices,
U17 and U23. For this tutorial, we will only simulate the Data Bus connecting U20 and U23.

NOTE!

Bus Analysis.

Only circuit connections that are part of the buses to be simulated should be
part of the extraction. Additional circuit connections that are unterminated,
at Controller and Memory components, will result in unconnected bus
signals that cannot be resolved, resulting in an error at run-time in Parallel

The PowerSI simulation simulates this bus for its S-parameter performance over frequency.

To see the Port Locations for the S-parameters, from the View menu, choose Show --
Show Hooked Ports.

View | Setup Tools Mode  Window
Zoom '
Show
Layer Selection 4
3D View v

v
Toolbars Pl
Pane 4
¥ Status Bar
¥ Show Ruler Y
v

v Auto-tip v
Open New Metwork Parameter Display
Show Log Files... !

ation Freanencies —

2 E

Help

%)
Show Nodes

Show Shape

Show Pads

Show Circuits

Show Leads

Show Grid

Show Object Outlines
Show Special Voids
Show All Coupled Lines
Show Selected Traces' Modes
Show Node-Shape Contact
Show Polygon Vertices
Show Hooked Ports

Ctrl+5Shift+ 0

The ports on each of the data lines including strobe are shown on the controller (U20 — right
side) and DRAM (U23 — middle) components. Positive port terminals are displayed as Red

“+” symbols, and negative terminals are Green

“w o

symbols.
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Nodel 254911¥12:VDD1.8V_CPU

The port in the Bottom left side is where the 1.8 VVolt DDR power supply for the PCB. This
voltage regulator module (VRM) port is circled in Red.

There are a total of 39 ports defined on the PCB.

6. The Frequency range for the S-parameter simulation can be viewed by clicking the Setup
Simulation Frequencies command on the left side Workflow Manager:

Workflow: Model_Euilder x
Model Extraction =
Layout Setup "}J
Check Stackup

Select Mets

Set Coupled Lines
Select Circuits
Save SPD File

Advanced Options &

Cuk Layouk

Show Special Yoid
Set Special Void
Add Floating Plane
Save SPD File

Simulation Setup =

+" Enable Extraction Mode
Wiew Ports
Setup Simulation Frequencies
Choose Qutput Format
Save SPD File
Exit PowersI

The simulation frequencies should be set as shown below, with a starting frequency of 1
KHz, Ending frequency of 10 GHz and Adaptive frequency sweeping.
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Frequency Ranges =
Starting Freq. Ending Freq. Sweeping Mode | Freg. Increment | Points/Decade
1KHz 10 GHz Adaptive : 1

Frequency Ranges in AFS: Default QK Cancel

7. To Start the PowerSI simulation, click the Play icon >

The PowerSI simulation takes approximately 10 minutes to
NOTE! complete on a dual processor machine.

Upon completion, the S-parameters are automatically plotted in a Network parameter
display window.

S Amplitude tutorial_PCB1.SPD

Frequency (GHz)

SIMULATION - S0[1, 1] - S{1:Port1_UUZ0::¥DD1.&Y_CPU, 1:Porkl_UIZ0:wDD1.8Y_CPU)

(i

The results of the PowerSI simulation are automatically saved.
8. Toclose PowerSl, select File -- Exit.

6.3.3 Assign PowerSI Model

Two files are created by PowerSl, a 39-port BNP file that has the S-parameter data in Sigrity
compact binary format, and a CKT file with the SPICE netlist that calls this S-parameter data
model, and has the connection syntax (MCP) defined.

With the PCB model created, we can assign the correct data to the block diagram component in
Parallel Bus Analysis.

1. Inthe Property dialog for the PCB block, on the right side, click the File Name icon.
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Properk:

x

File Mame: |scuments For System SliutorishiParalel Bus Anslysis| Tutorialitutorial_PCB1LSPD | E File Name:

Extraction Engine:

“_l Sub-circuit Mame: I:E

| ~ | III | Launich ‘

Command-line Switches: |

Layout Extraction

2. Find the correct CKT file, in the Tutorial directory. The file name starts with the name of the
SPD design file, and has date appended to it in mmddyy format.

Note: If desired, you can use the already generated CKT file, tutorial_PCB1.ckt, available
in the Tutorial directory.

Lok i | |9 Tutarial

D

My Recent
Documents

f‘[‘:

Deskiop

My Documents

tdy Computer

-

My Hetwark

-] @& @

[C5)Chapter3_IBIS

|14] ukarial_PCBL.cke

m wiml.sp

m WMz, 5p

File hamme: |tutoriaI_F'EB1 .kt | A4 | | Open |
Files of tppe: | Ckt File [*.2p; *.ckt) | v| Cancel

] Open as read-only

3. Open this file, and the circuit netlist is shown in Parallel Bus Analysis.
This netlist can be edited.
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File NEIITIEi|D:'I,Cadence'l,SF'B_lE-.Eu'l,.ﬁ.SI'l,Llpu:Iate| .. | Sub-circuit Mame: | prerisl poB1 po0 | w

SUBCKT butorial_PCE1_090213_165538
Uz0_ACE =
Uz0_A3 =
Uz0_AF16
Uz0_AEL7
Uz0_aH17
Uz0_AG17
Uz0_AG1E
Uz0_AH18
Uz0_AD1E
Lz0_AF19
LUz0_aH19
Uz0_AD19
Lz0_AdG20
Lz0_AHZ0
Uz0_AHz1
Uz0_AEZ1
Uz0_AHzZ2
LUz0_ALe1
Uz0_AF17
Uz0_AG21

Uz5_al

t++++++++++++++++++++

Edit Sub-circuit Definition

For example, changing the frequency range or other settings in the PowerSI simulation will
result in new S-parameters. A new S-parameter file could be used by editing the BNPFILE
line in the CKT file.

File: | ystemaTiParalel Bus Analysis|Tubarialibatorial_PCE1_ 090213165558, ck| Wb

*ga 25 B9 DODR_MDOQ=14>  0.0402173 0.13350635
*UZ23_CE UZ3_C5 DODR_MDQ<15=  0.0324172 0,1338633
*E7 25 _F7 DDR_MDQS0 0.0370172 0.13466354
*B7 253 67 DDR_MDOS1 0.0402173 0.13466354
*

*[REM]The Following is the info For component conneckion vim_13
*[REM]
*[Connection] wrm_18 YRM_18v 2
*[Power Mets]

*1 wim_18_1 YDD1,8v_CPLU 0,0252730 0,1319530
*[iEraund MNeks]
*z vim_1&_2 GMD 0.0250190 0.1240790

*[Signal MNets)
*

*#[MCP End]

*

*This concludes the MCP section
*Define the 5 element, the Model file is output From BHP

MODEL Spara 5
+ BMPFILE = "tutorial_PCE1_090213_165533.bnp"

The SPICE file created using the Layout Extraction will usually not require
editing. In particular, the pin-naming and MCP sections should not be changed
NOTE! | by the user. The MODEL section, including S-parameter filename, can be
updated, as long as key aspects of the PowerSI model are not changed. This
includes the topology, port location, numbering and naming.
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Package Models

Packages can be modeled in the same way as PCB interconnects, with dedicated extraction using
external tools like PowerSI. However, Parallel Bus Analysis also has the flexibility to use the
package parasitics defined in IBIS files. For this Tutorial example, we will turn on the RLC

parasitic models in the Controller and Memory components.

Controller and Memory Package Model

1.  Select the Controller component in the block diagram and open the property dialog box for

Controller.

Select the Package Parasitics tab.

Select Pin RLC.

Tx | OnDie Parasitics = Package Parau;iﬁcs| []1gnore VT Curves
ONune @Pin RLC Package Model | |
.subckt Controller_Controller_Pin_RLC
+in_2 in_3 in_15 in_17 in_183 in_19 in_20 in_21 in_22
+in_23 in_32 in_33 in42 in_43 in_51 in_52 in_52 in_64 E|
+in_67 in &% in_75 in_f7 in_80 in_82 in_85 in_87 in_94
+in_ 96 in_99 in_101 in_104 in_106 in_111 in_113 in_116
+in_1183 in_1 in_3& in_5 in_3 out?2 out 3 out 15 out 17
+out_ 18 out 19 ouwt 20 out 21 out 22 out 23 out 32 out_33
+out 42 out 43 owt 51 out 52 out 62 out 64 out 67 out 69
4+out 75 out 77 out 80 out 82 out B85 out 87 out 94 out 96
+out 99 out 101 out_ 104 out 106 out_111 out 113 out_116
+out_118 out_ 1 out 36 out 5 out 38
* Package RLC Parameters
+R_pkg = 1.0146
+L_pkg = 7.151e-9

Click OK.

5. Repeat the steps for the Memory component.
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Adding a VRM

Overview

Parallel Bus Analysis allows non-ideal power simulation, including all aspects of power
distribution network (PDN) modeling. This includes real power and ground planes in the PCB
and package interconnects, as well as the 1/0 and VRM models. In this section, we will connect a
VRM to the PCB and define a simple model for it.

When not-ideal power simulations are performed, on-die parasitics should be
NOTE! included in the Controller and Memory component models, to include the

: effects of any on-die decoupling capacitance. These can be defined in the
OnDie Parasitics tab when you double-click a Controller or a Memory block.

Design Files

C o
Controller x PCB x Memory
X

P
WRM1

If you have performed the tasks covered in Chapter 6, you can continue with same design files.
However, if you are starting from Chapter 7, open the chap7 .ssix file located at
<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus
Analysis\Tutorial\chap7. This directory also contains the IBIS model file for the
Controller and Memory.

Define the VRM Block

In this section, we will edit the VRM component and define the model.
1.  Select the VRM block and open the Property dialog box for the block.

July 2014 70 Product Version 16.6




SystemSI — Parallel Bus Analysis Tutorial

C
Controller X PCB b ¢ Memory

The component has a netlist associated with it. The File Name filed displays the path to
the netlist file, virm1 . sp. This file was created when the VRM was defined and uses a
model with constant DC voltage having Typical, Minimum and Maximum corners as shown.

File Mame: |D:'|,My workiDocuments fior System SZ|D Sub-circuit Mame: |vrm1 | - |
—Voltage Range (V)

Tvp: Min(SInw): Max(Fast):|1.5?‘5 | | Default |

subckk wrml pur ngnd

* User-specified corner voltage For the first bransmit 'Corner’ selected in the "Simulation Contro [
+ Yoltage = 1.5 § Typ Woltage

# [MCP Begin]

# [Connection] wrm_power
* [Connection Type]

* [Pover Mets]

* 1 pwr wdd

# [Ground Mets]

* 2 ngnd wss

* [Signal Neks]

* [MCP End]

* ideal power supply Bl
Vsupply prr ngnd "aoltage'

| Edit Sub-circutt Definition |

2. Open the circuit definition netlist by clicking the Edit Sub-circuit Definition button. A more
complicated VRM model could be defined by entering a model in this netlist in place of the
ideal power supply entry in this file.
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3.
4.

.subckk wrml pur ngnd

* User-specified corner voltage For the first transmit 'Corner’ selected in the "Simulation Controller’,

+Voltage = 1.5 4 Tvp Yoltage
* [MCF Beqin]

* [Connection] wrm_power

* [Connection Type]

* [Power Mets]

*1 pwr vwdd

* [Ground Meks]

* 2 ngnd vss

* [Signal Mets]

* [MCP End]

* ideal power supply
Wsupply par ngnd “Yalkage'

.ends vrmi

Click Cancel to close the dialog box without making any modifications.

Modify the DC Voltage source, by changing the values in the VVoltage Range group box. Set

the new values as :
Typ=1.35V
Min=1.27V
Max=1.42V.

—Waolkage Range (V)

Typ: Mmooy Iax(Fast): | 1.42 | |

Default

+ Yoltage = 1.35 % Typ Molkage
* [MCP Begin]

* [Connection] wrm_power

* [Connection Type]

* [Power Mets)

* 1 prr YDDOQ

* [Ground hets]

* 2 ngnd Y330

* [Signal Mets]

* [MCP End]

* ideal power supply
Wsupply prr ngnd “olbage'
ends wrml

Edit Sub-circuit Definition |

To save your modifications click OK.
Choose File > Save.

At this point all of the components in the Bus are defined. The last step before simulation is

to define the connections between each component.
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Connecting the System

Introduction

This chapter explains the block connections and Sigrity Model Connection Protocol (MCP).
MCP is a netlist description that is either inserted as a header in the circuit netlist for a component,
or is separately created for a component. This netlist describes the pins and connections for that
block.

For Controller and Memory components, the MCP block is created automatically from the IBIS
file by Parallel Bus Analysis. Editing MCP descriptions is not recommended. For the VRM block,
the MCP connection is contained in the . sp file created by Parallel Bus Analysis. This file
includes model information that can be edited, as shown in Chapter 7. For the PCB and other
interconnects, the model information is ina . CKT netlist file. Tools, such as PowerSl, are used
for generating .CKT files from the network parameter simulation results.

For most system designs, the MCP connections between components will be created automatically
based on common pin names. The exception to this rule is the Power and Ground connections,
which usually require manual editing.

Example Files

The block diagram for this chapter consists of a Controller, a PCB, a Memory and a VRM
component, as created in Chapter 7. These blocks have been defined and linked to models, but
have not been connected together. The design looks like this:

C Il
Controller x PCB x Memory

=
WREMT

If you have performed the tasks covered in Chapter 7, you can continue using the same design
files. However, if you are starting from Chapter 8, open the chap8.ssix file located at
<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus
Analysis\Tutorial\chap8. This directory also contains the IBIS model file for the
Controller and Memory.
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Connection Definitions
The MCP connections between the components are created based on common pin names.

Memory Component
In this section, you will edit the Memory component and define MCP for the Memory block.

1.  Click the Memory component Block.
You need to connect the Memory component to the component U23 on the PCB.

2. From the Block Connection drop-down list, select U23.

| Property

Block Name: | Memory

Connection Connect To | Blodk Blodk Connection
== e (I -

wrm_18
<Blank Connection =

3. To define the connections between the Memory and the PCB, click the wire icon in the

ConnectTo column.

Connections between the memory and PCB blocks are displayed in the Connection
Definition tab. By default, signals with same pin names are automatically connected by

SystemSl.
¥
Block Name: | Memary Block Mame: | PCEB
Conn. Port: [to_pcs Conn. Port: [u2s
MNet PinMa... | CktMNode MNet PinName Ckt Node
DQ4 H3 H3 DDR_MDQ<1> H3 U23_H3
DOs G2 G2 DDR_MDQ <2 G2 u23_G2
3 0Q7 H7 HT7 DDR_MDQ <4 H7 uzIH? |
DO11 c2 c2 DDR_MDQ<113 c2 u23_c2
DS D7 o7 DDR_MDQ <12 D7 u23_07
DQ10 cs cs DDR_MDQ<15> cs u23_cs
D1 F7 F7 DDR_MDQS0 F7 U23_F7
UDQs# B7 B7 DDR_MDOQS1 B7 U23_B7
= Unconnected Sig = Unconnected Signal ...
AD N3 N3 DOR_MDQ<0= H1 U23_H1
Al P7 P7 DDR_MDQ <3 F1 U23_F1
Az P3 P3 DOR_MDQ<5> H9 U23_H9
A3 N2 Nz DOR_MDQ<6> G8 U23_G8
A4 P8 P8 DOR_MDQ<T> Fo U23_Fg
A5 P2 P2 DDR._MDO <3 Bl 123 Bl
@ Auto Connect " Auto net property overwrite
Connection | Connection definition
| 0K | | Cancel | | Apply

To connect the Memory block to PCB block, we need to connect the

following:
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e Signal DQ1 to DDR_MDQ<1>, DQ2 to DDR_MDQ<2>, and so on.

e LDQS toDDR_MDQSO
e UDQS toDDR_MDQS1
e VDDQ toVDD1.8V_CPU
e VSSQ toGND

4. Before you start connecting the signals, remove the default connections.
e Select the connected signals, and right-click.

Blodk Name: | Memory Block Name: FCB
Conn, Port: to_PCB Conn. Port: 23
“ Net PinMa... | CktMode MNet
DDR_MDQ <13
DDR_MDQ <2
3 DDR_MDQ <4

DDR_MDQ<11>
DDR_MDQ<12>
DDR_MDQ <153

Connect

Connect by Pin Pair DDR_MDQS0
Disconnect DDR_MDQS1
= Unconnected Sig... -»5/P/G class overwrite ) Unconnected Signal ...
AD 3 -=5/P/G class and Methame ovenwrite DDR_MDQ <0
Al P <-5/P/G class overwrite EER LBl
i; :2 <-5/P/G class and NetN“ame overwrite ) ggi::gg z:z
A4 P8 P3 DDR MDO <7

e From the pop-up menu, choose Disconnect.

5. To connect DQ signals of the Memory block to DDR_MDQ signals of the PCB block, click

the Auto Connect button.
6. Inthe MCP Auto Connection dialog box, select Net name match.

"MCP Auto Connection

Fin name match
Ckk node name match
®) MNet name match Left nek name l:l Right net name I:I
Coord match
Auto coord makch

Manual coord makch

PinMame

H3
G2
H7
c2

Ckt Mode

U23_H3
U23 G2
U23 H7
u23_c2
U23 D7
U23 C8
U23_F7
U23_B7

U23 H1
U23_F1
U23_Hg
U23_Ga
U23 F9

Flip Pins
Coord Match Info:
OF Caniel

7. Inthe Left net name text box, enter DQ*
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10.
11.

12.
13.

14,

In the Right net name text box, enter DDR_MDQ<*>
Click OK to close the window.

The net names are connected as required.

Block MName: Block Name: | PCE
Conn. Port: Conn. Port: [U23
Met PinNa... = CktMNode Met PFinName Ckt Node

Do E3 E3 DOR_MDQ<0= H1 23 H1
Dol F7 F7 DOR_MDQ<1= H3 U23_H3

3 DQ2 F2 F2 DOR_MDQ<2= G2 UG [T
DQ3 F8 Fa DDR_MDQ<3= F1 U3 F1
DQ4 H3 H3 DDR_MDQ <4 H7 23_H7
DQs H8 Ha DDR._MDQ <53 HO 123 Hg
DQs G2 G2 DDR_MDQ<6> GB 23 G8
g7 H7 H7 DOR_MDQ<7> F9 23 F9
Dos D7 D7 DDR_MDQ <8 Bl 23 Bl
DQs c3 c3 DDR_MDQ <%= D3 23 D3
DQ10 [o:] ca DDR_MDQ <10 D1 23 D1
DQ11 cz c2 DDR_MDQ<11> cz U3 c2
DQi2 A7 A7 DDR_MDQ <125 D7 23 D7
Doi3 A2 A2 DDR_MDQ<13> D9 123 D3
DO14 B8 5] DDE._MDO <14 B9 23 B9

@ Auto Connect || Auto net property overwrite

Connection | Connection definition

OK | | Cancel | | Apply

Next, connect the following nets:

e LDQS toDDR_MDQSO
e UDQS toDDR_MDQS1

Sort the both the columns by NetName.
In the left column, select LDQS and UDQS.

In the right column, select DDR_MDQSO and DDR_MDQS1.
Right-click and select Connect by Pin Pair.

This completes the process of connecting Signals of PCB block to the memory block. Next,
you need to connect the Power and Ground Signals.

To connect the power signals, scroll down the list to display the Unconnected Power Nets.
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rPrcpeﬂ;' b
Block Mame: | Memory Elock Mame: | PCE
Cann. Port: [to_pcB Conn. Port: [uz3
- Met 4| PinNa... | CktNode Met 4| PinName Ckthode |
AB RB R8
A7 R2 R2
CK 17 7
CK# K7 K7
LDQS5# G3 G3
upQs# B7 B7
[=] Unconnected Po.. =] Unconnected Power .
= omoam e
= @ Unconnected Gro... =] Unconnected Ground... =
eo A7 U3A3
S :
IE | Auto Connect || Auto net property owverwrite |
Connection - Connection definition
| oK I | Cancel | | Apply
15. From the left column, select VDDQ.
16. From the Right column, select VDD1.8V_CPU and right-click.
17. From the pop-up choose, Connect.
18. Similarly, connect VSSQ to GND.
All PCB signals are now connected. There is no unconnected signal for PCB block as shown
in following figure.
rPlcpelt- b
Block Mame: | Memory Black Mame: | PCE
Conn. Port: [to_pca Conn. Port: 23
“ Met /| PinMame | CktMode Net /| PinMame Ckt Mode o
DQ3 F8 F8 DDR_MDQ<3> F1 U23_F1
H3 DDR_MDQ<4> H7 U23_H7
H8 DDR_MDQ<5> H9 U23_He M
G2 DDR_MDQ<6> G8 U23_G8
H7 DDR_MDQ<7> Fo U23_F9
D7 DDR_MDQ<8> B1 U23_B1
c3 DDR_MDQ<9> D3 U23_D3
c8 DDR_MDQ<103> D1 U23_D1
c2 DDR_MDQ<11> cz u23_Cc2
A DDR_MDQ<12> D7 u23_D7
DDR_MDQ<13> D9 U23 D9
DDR_MDQ< 14> B9 U23_B9 L
DDR_MDQ< 153> c8 u23_c8 1
DDR_MDQS0 F7 U23_F7
DDR_MDG51 B7 U23_B7
GND A7 U23_A3
Unconnected Signal Net{s)
=] Unconnected Power Net(s)
=] Unconnected Ground Met(s)
‘ Auto Connect ” Auto net property overwrite
Connection | Connection definition
0K | | Cancel | | Apply
19. Click OK.
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The Property dialog box closes and the Block diagram is also updated to show a valid
connection between PCB and Memory.

Controder » PCB Memory

VRM1

There can be cases where data nets and some Power and Ground
pins are not connected, or incorrectly connected, because the pin
names in the .ckt file do not directly match the pin names in the IBIS
files. For such cases, you need to manually map the pins. For
procedural details, see Unmapped Pins in MCP Editor.

Note!
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8.2.2 Connecting Controller Component

In this section, you will connect the Controller block to the PCB block. For this, open the Property
dialog box for the Controller block.

1. To open the Property dialog box for the Controller block, double-click on the Controller
block.

X PCB Memory

VRM1

2. Verify that the value in the first Connection Port column is set to to_PCB.

[ Property
Block Name: | Controller |

Connection Connect To | Block Blodk Connection

CEHNRY c==» P |

Select connection

"to_PCB"
| Conmection |
3. Next, click second Conn.Port column, and from the drop-down list of PCB connections,
select U20.

The Red Cross (X) in the Connect To column indicates unconnected pins.

4.  To connect the two blocks, click the Wire symbol with a red Cross, in the Connect To
column.

The Connection Definition tab opens listing all the signals for the block.

5. To enable connecting signals DQ™* to DDR_MDQ<¥>, you can either use the Auto
Connect button (see section 8.2.1, ) or perform the following steps.

a.  Select the filter button.
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- ®© o o T

g. Enter DDR_MDQ<*> in the text box and click anywhere outside the filter window.

Select the Enable Unconnected Pins Filter check box.

Select the Both with different condition option.

From the first drop-down list, select NetName.

In the text box, enter DQ*.

From the second drop-down list select NetName.

]

¥ Enbale Unconnected Pins Filker

O Lefr () Right { JBath

@ Both with different. condition

[NetName | v| | Dic*

| [mettiame [ =] [DOR_MDG<*> ]

The required signals are filtered and listed in the Property window.

Block Name: | Controller Block Mame: | PCB
Conn. Port: [tU_PCB Conn. Port: [UZU
Met PinName Ckt Node Met Pinhame Ckt Node
= Unconnected Signal Net(s) = Unconnected Signal Met(s)
DQOo 87 87 DDR_MDQ <0 AF16 UZ20_AF16
DRl 80 30 DDOR_MDQ< 1> AE17 U20_AE17
DQ2 85 a5 DOR_MDQ <2 AH17 U20_AH17
0Q3 82 82 DOR_MDQ<3> AG17 U20_AG17
DQ4 62 62 DDR_MDQ<4> AG18 U20_AG18
DQ35 69 69 DDR_MDQ <5 AH18 U20_AH13
DQoa 64 o4 DDR_MDQ <6 AD18 U20_AD18
Q7 67 67 DDR_MDQ<7> AF19 U20_AF19
[sor:] 94 94 DDR_MDQ <3 AH19 U20_AH1S
[sle:] 101 101 DDR_MDQ <9 AD19 U20_AD19
DQ10 % %6 DOR_MDQ<10> AG20 U20_AG20
DQ11 99 93 DDR_MDQ<11> AHZ0 U20_AH20
DpQiz 118 118 DDR_MDQ<12> AHZ1 U20_AHZ1
DQ13 111 111 DDR_MDQ<13> AE21 U20_AE21
DQ14 116 115 DDR_MDQ< 14> AHZ2 U20_AH22
DQ15 113 113 DDR_MDQ<15> AD21 U20_AD21
Unconnected Power Met(s) Unconnected Power Met(s)
Unconnected Ground Net(s) Unconnected Ground Net(s)
E Auto Connect " Auto net property overwrite
Connection | Connection definition

6. Select the nets in columns, right-click and select Connect by Pin Pair.

The signals are connected as shown in the following figure.
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Block Mame: | Controller Block Mame: | PCB
Conn. Port: [to_PCB Conn. Port: [UZD
MNet 4| PinName Ckt Node MNet 4| PinName Ckt Node

U20_AF16

ﬁ Auto Connect || Auto net property overwrite

Clear the filter settings.
Connect the following signals.

a. LDQS toDDR_MDQSO
b. UDQS to DDR_MDQS1
c. VDDQ toVDD1.8V_CPU
d. VSSQ toGND

Click Apply.

The Block Diagram is updated and now shows a valid connection between the Controller and
PCB, as well. As the ground signal is now connected, the red cross on the connection
between Controller PCB block is removed.

There can be cases where data nets and some Power and Ground
pins are not connected, or incorrectly connected, because the pin
names in the .ckt file do not directly match the pin names in the IBIS
files. For such cases, you need to manually map the pins. For
procedural details, see Unmapped Pins in MCP Editor.

Note!

Editing the VRM Block

1.
2.
3.

Open the Property dialog box for VRM block.
Verify that the value in the first Connection Port column is set to virm_power.

Click second Conn.Port column, and from the drop-down list, select virm_18.

The wire icon in the Connect To column changes to green wire, indicating the complete
connection.

To view the MCP connection, click the green wire icon in the ConnectTo column.
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Block Name: [vRm1 Block Name: [Pce
Conn. Port: [\u'I'I'I'IJJOWEI' Conn. Paort: [wm_ls
Met 4| PinName Ckt Mode Net 4| PinMame Ckt Mode

Because of the same PinNames, the ground and VVCC signals were connected automatically
by SystemSl.

Click OK.

The Connector icon changes from a Red X to a Green Wire and the block diagram is also
updated.

C

Controller PCB Memory
P
VR 1
The design is now ready for Simulation Setup.
82 Product Version 16.6
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Unmapped Pins in MCP Editor

Connectivity in the MCP Editor is based on pin names. Signals with same PinNames are
connected automatically. For some designs, it may happen that the pin names do not directly
match. As a result, MCP Editor will have data nets, and Power and Ground pins that are
either not mapped, or are incorrectly mapped.

For such scenarios, you need to manually edit the connections in MCP. This section lists the steps
to be followed for manual connections.

Connecting Unmapped Pins

Following figure shows the connectivity of a Memory block. The blank column between two
blocks indicates that there is no connection for the DQ lines. This is because there are no common
pin names between the . ibis file and the . ckt file, resulting in multiple unconnected data nets.

To see the steps for connecting the pins, see sections 8.2.1 and 8.2.2.

Modifying Incorrect Connections

Following figure shows the connections of a Memory block in the MCP Editor window. The data
nets of the Memory block are incorrectly connected to the Power and Ground nets.

82 /82 | DO3 ; [ 534 [ Uz0_AG17 | DDR_MDQ<3>
1 Uz0_2 { UZ0_A3 | GND

62 | 62 | D4 711 [ UZ0_AG1S | DDR_MDG<4 =

£33 § DOS 533 / U0 AH1S { DDR. MODO<S

Figure 1: Incorrect Mappings

To fix such connections, you need to follow a 2-step process. First, disconnect the PCB block
pins, and then reconnect the pins to correct data nets.

To remove the wrong connections shown in Figure 1, perform the following steps.
e  Select all the nodes in the U20 Connection of the PCB block, and right-click.
e  From the pop-up menu, select Disconnect.

The connections are removed. The nodes in the PCB block are temporarily floating, so that
they can now be matched up to the correct pins in the Memory block.

With the connections on the PCB side clear, we can now connect correct signals. For example, in
MCP Editor, connect CKT node A1-VDDQ to the U23_Al, both in RED.

» To connect the nets in the memory block to the Ckt nodes in PCB, first select the net on
the memory side, and then select the PCB net.

» To accept the MCP Mapping, click Apply.

Similarly, repeat the step to connect Ground, B1 - VSSQ on the Memory side to the U23_A3 on
the PCB

Both sets of pins are now be mapped correctly to each other as shown in the following figure.

- ——

[ O - Lurped(e2)

R OO — .- — N N
AQ S5 d— Lumped{a9)
Bl ¥S5Q — Lumped(B1) =+ L23_A3 GND

In SystemSlI - Parallel Bus Analysis, the pin names for the Controller
and Memory blocks come from the original IBIS file, and are considered
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IMPORTANT!

fixed. So in this particular case, it is necessary to remove and remap the
pin names from the U23 Connection, as the pin names in the Memory
block are fixed.

Summary!

The methodology for connecting pins through the MCP editor is
consistent regardless of type of pin.

1. Disconnect the PCB “side” by selecting “Disconnect”.
2. Re-connect the pins by clicking one first, then the other.
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9.2

9.3
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Simulation

Introduction

This chapter introduces the basic simulation settings in the Analysis Options, and the data
presentation window. You will then perform an initial simulation, then make several changes to
the bus design and simulation settings, and perform some experiments on the bus.

Tutorial Files

The block diagram for this chapter consists of a Controller, Memory, PCB, and VRM
component, as created in previous chapters. This design is fully defined with models for each
component and a valid connection between each. The design looks like this:

C il
Controller PCB Memory

P
YRM1

If you have performed the tasks covered in Chapter 8, you can continue with same design files.
However, if you are starting from Chapter 9, open the chap9.ssix file located at
<INSTALL_DIR>\SpeedXP\Samples\SystemSI\Parallel Bus
Analysis\Tutorial\chap9. This directory also contains the IBIS model file for the
Controller and Memory blocks.

Analysis Options

The Analysis Options dialog box contains most of the details for the bus simulation. All aspects
of the Analysis Options are covered in the next several sections.

1. To open the Analysis Options dialog box, from the Setup menu, select Analysis Options:
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Setup | Tools  Window  Help

Analysis Opkions, ..

Terminate Unconnected Modes, ..
Wetify Timing Specs before Simulation
| » Pause before Simulation

Hide Previous Curves

) Sweep Mode

Probe Point. ..

The dialog box has sections:
« Circuit Simulator
« Simulation Configuration
o Stimulus Definition and Model Selection

« Restore Defaults
Each of these options is explained in the following sections.

Simulator

The default circuit simulator in SystemSl is Sigrity SPDSIM. SPDSIM is the same time domain
simulator used in Sigrity SPEED2000. Parallel Bus Analysis can also use HSPICE if available.
Some model types, including transistor-level driver models, require HSPICE.

—Simulator
¥ Use Channel Simulator for Data Bus Write 1

—Circuit Simulataor

EOHSF‘ICE | || |

(®) SPOSIM
haracterization

ajuraﬁun: ns Vmeas: I:I'u'

Circuit Simulator Options | Channel Simulator Controls 5

* Add global .option and .indude commands here.
*They'l be used for time domain characterization.
* .option delmax=10p

4

—Simulation Name
(®) Automatic ) Custom 6

Using the options in the Simulator group box, you can specify the following:

1. Use Channel Simulator for Data Bus Write
Select this check box if you want to perform BER analysis on DDR4 data buses.

2. Simulator of choice.
By default, Sigrity SPDSIM is selected. HSPICE can be used if it is available.
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3. Characterization Options

These options are available only if the Use Channel Simulator for Data Bus Write check box
is selected.
e Duration: Refers to the duration of the Characterization run with the specified

Circuit Simulator. The duration value specified should be long enough to allow any
reflections to settle out, and to allow the waveforms reach their steady state.

e Vmeas: Refers to the voltage threshold at which delay is measured from the
Characterization. This information is included in the channel simulation report as
Delay. If Vmeas value is not explicitly called out in an IBIS file associated with the
Tx block, Vmeas is taken as the midpoint of the voltage swing seen in the
Characterization waveform.

4.  Circuit Simulator Options

Global options, including .OPTION and .INCLUDE cards can be specified in this window.
For HSPICE simulation, accurate characterization usually requires the DELMAX option,
which sets the maximum allowable transient analysis time step size.

5. Channel Simulator Controls
This tab is visible only if the Use Channel Simulator for Data Bus Write check box is
selected.

Use this tab to specify Channel Simulator controls. These controls are reflected in the
simulation results.

For detailed explanation of channel simulation options, see
NOTE! SystemSI — Serial Link Analysis Tutorial.

6. Simulation Name.
« If the Automatic option is selected, the result folder names are automatically defined
according to the simulation times.
« With the Custom option selected, click the Play button !/ » & The Simulation Name
window pops up.
You can define result folder names manually according to the simulation times.

—

Simulation Mame

Flease assign a |
simulation name:

Ik Cancel

Simulation Configuration

The Simulation Configuration pane allows you to specify key details of the simulation, including
selection of the bus, as well as corner model combinations.
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4.

—Simulation Cpnfiguration

Bus Type: |Data v | [Vl 1deal Power 2
—Corner— = —Direction -

[ Fast Write

Tvp [Jread

[ Slow 4 ;

] Fastislow -

[] SlowyFast
Active Rank: # of Ranks: | 1 =

.Rank Mame Memory-Bbcks
Rankl Memory1
_ Auto Assign

Specify the Bus to be simulated. Most common bus types defined for a project are Address,
Clock and Data bus. Choose the Data bus.

irulation Configuration
Bus Tvpe: |Data -

arner—|3ddCrnd
[IFast [Ckrl
Wl Twn Lata

The simulation may be run with Ideal Power assumed. If this is selected, the VRM model is
not used, and an ideal DC voltage is assumed for each device, based on the Corner selected.
Also, all power and Ground contacts are assumed to be a single common reference.

imulation Configuration

Ideal Power

orner imulation TYpe
[IFast Write
vl Tun [Mread

For the selected bus, choose the active memory blocks. In this project, there is only one
memory block, so enable Rank1 check box.

Active Rank: # of Ranks:
Rank Mame Memory Blocks
Rankl Memoryl
Auko Assign

The Simulation Corners can be specified for the Controller and Memory devices.
This allows you to specify the IBIS model Min/Max/Typ for specific timing simulations,
through the Parallel Bus Analysis GUI. For this project, use the nominal model, or Typ.
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These corners correspond to device characteristics as well as operating conditions, and are
required elements of the IBIS model.

—Carner

D Fast
[¥]Typ
[ slow
D Fast/Slow
[ ] SlowfFast

5. The Simulation direction can be specified for the bus, either Write or Read. For this

simulation, select Write.

imulation Type——
Write
[[Iread

Multiple Corners and Simulation Types can be selected for a given simulation.

In this case, successive simulations will be run, with separate results created for
each corner.

NOTE!

9.6 Data Bus Write

In this tab, you specify the parameters to run Data Bus Write simulations with the channel
simulator to perform BER analysis.

This tab is visible only if the Use Channel Simulator for

Important! Data Bus Write check box is selected.

Simulation Configuration  Data Bus Write |

Ignore Time: ns # of Bits: | 100000
Bit Sampling Rate: D BER. Floar:
# of Bits for Display:

—Evye Distribution
ethod

@'I'lme Domain Waveform O Statistical

—BER_Eyes

D BEFR._Eye generation
riteria
D'I'lme scale (eye width)
D Voltage scale (eye height)
D Both time and voltage

LBERs: | 12 |
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9.6.1.1

9.6.1.2

Ignore Time (ns): Specify the initial time to be ignored from the waveform, so that the
data is not corrupted with the startup time transients. The default value is 200ns. You can
use a lower value such as 100 ns if you do not use adaptive equalizers like adaptive DFE.

Number of Bits: Use this text box to specify the number of bits to be simulated. The
default value is set to 100,000 bits, which is the minimum number of bits required for
BER computation.

Bit Sampling Rate: This parameter controls the granularity used by the channel
simulator to compute the eye density. This is analogous in nature to the timestep control
in a traditional circuit simulator. The larger the number is, the longer the simulation time
is. Default value is 32 samples/bit.

BER Floor: Specifies the minimum Bit Error Rate (BER) to be used in the simulation.
The default value is 1e-20.

# of Bits for Display: The channel simulator generates millions of bits worth of
waveforms. Saving all this data, takes up significant disk space and slows down the
display performance. To avoid this, SystemSI provides users with an option to specify the
number of bits worth of raw waveforms to be saved to disk and displayed. For example,

if you enter 100 in the field, SystemSI save last 100 bits of raw waveform data for display.

Eye Distribution Methods
Select the method to be use for generating Eye diagrams.

Time Domain Waveform: Uses time domain convolution method for generating Eye
diagrams. In this method, real stimulus patterns, including TX jitter effect, are
convolved with channel response to produce the final result. Use of this method is
recommended, if the design has AMI model with getwave function, or if you want to
inject TX jitter.

Statistical: This method uses probability density function (PDF) method to produce the
final result.

BER_Eyes

Select the BER_Eye generation check box to generate the statistical eye diagram for a
specific BER.

By default, the BER_Eye generation takes into account the time scale as well as voltage
scale. However, you can modify the default selection and select either Time scale check
box or Voltage scale check box.

LBERs: Log of the bit error ratio at which BER eye is generated.

For detailed explanation of channel simulation options, see
NOTE! SystemSI — Serial Link Analysis Tutorial.

Stimulus Definition and Model Selection

The Stimulus Definition and 10 Model Selection pane of the Analysis dialog box is used for
source definition, including data rate, delay and pattern. It also allows you to select 10 models for

both Controller and Memory from the different models present in the IBIS files, based on the
[Model Selector] syntax. Lastly, timing can be specified, and is linked to the Worst-case Setup /
Hold calculator.
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9.7.1 Controller Setup

The following figure shows the simulation settings for the Controller in a Write simulation. Each
part of this dialog box is defined and specified below.

Stimubas Definition & Model Selection 1
Daka Rate: I:I Gbps Clock Period: T = ns  Bit Petiod: Ul = ns # of Bits:
Controller | Memary | 2 B[ ]wLojClkMeasDelay [¥] Memary Blacks Share 10 Madels 7
Bus GroupfSignal | Stimulus Pattern | Stimulus OFfset ... | Transmit IO Model Receive 10 Model Skakus
E| Datal 10101010 Default 6
: DQO 10101010 0.5T DORS_DOS4 NO_ODT DDR3_DQ34_NO_ODT  Signal
DO 10101010 0.5T DORS_DG34 NO_ODT DDR3_DOQ34_NO_ODT  Signal
D2 10101010 &4 0.5T DORS_DCG34 NO_ODT DDR3_DOQ34_NO_ODT  Signal a
Do3 10101010 0.5T DORS_DG34_NO_ODT DDR3_DQ34_NO_ODT  Signal 1
DQ4 10101010 0.5T 9 DOR3_DC34_NO_ODT DDR3_DQ34_NO_ODT  Signal
DOS 10101010 0.5T DOR3_DQ34 _NO_ODT DDR3_DO34 _NO_ODT Signal
DO6 10101010 0.5T DORS_DOS4 NO_ODT DDR3_DQ34_NO_ODT  Signal
DO7 10101010 0.5T DORS_DCG34 NO_ODT DDR3_DOQ34_NO_ODT  Signal B
LDQS 10, 0.75T DOR3_DGS34 MO ... DDR3_DOQS34_NO_ODT  Timing Ref
Datal 10101010 Default
DQ8 10101010 0.5T DOR3_DC34_NO_ODT DDR3_DQ34_NO_ODT  Signal
D9 10101010 0.5T DOR3_DQ34 _NO_ODT DDR3_DO34 _NO_ODT Signal
IIUI noin 1niniatn n ST - NOR= MCi%d MO ONT  NNBR Nndd MO ONT Sianal
10 Model Fiter: | | 9

1. Basic source parameters can be set in the TOP part of this dialog box as follows:

Data Rate: [0.5 Gbps  ClockPeriod: T= [3.33333 |ns  Bit Period: [1.66667 | ns #u:ufBits:

« Set Data Rate to 0.6 Gbps

The Bit Period and Clock Period (T for this data rate) is calculated and displayed, from
the value entered.

o Set Number of Bits to be simulated to 8
2. Tabs for the Controller and Memory are available. Select the Controller first.

G|

Bus Group)ignal | Skimulus Patkern

EHl Datal 10101010
¥ Dgo 10101010

3. Specify the Bus Groups and signals for this simulation. The Controller has two bus groups
defined, Datal, DataU. The single memory device only has two corresponding bus groups,
Datal and DataU, which connects DQO through DQ15. We can turn these buses On or Off
by selecting in this dialog box. Make no changes to this setup.

In case of Data Write simulations, if the data bus has a CLOCK signal defined and
connected, the clock signal is also included in this list, and can be selected for simulations as
shown in the following figure.

i T 11703 1. 0.75T OOR3_DGa34_Ho_O0T
~[¥] LDQS# oi.. 0.75T DDR3_DQS34_NO_ODT
~[# CLKOP 10., 0.5T DOR3_DGS34_NO_O0T
~[#¢]_cLkoN Oi.. 0.5T DOR3_DQS34_NO_O0T
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4. A unique stimulus pattern can be defined for each data line and strobe. For this simulation, an
identical 1010... pattern stimulus is defined for each data and strobe line.

o=
Stimulus Pattern

10101010 |

10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10

5. The relative delay can be defined for each data line and strobe. For this simulation, an
IDEAL offset of a quarter clock period between Data and Strobe, is used.

Bus Group)Si. .. 'Stimulus Pattern rSI:imqus Offset (ns)
E-[# Datal 10101010 Default
DQo 10101010 0.57
Dol 10101010 0.57
D2 10101010 0.5T
DO3 10101010 0.5T
DO4 10101010 0.57
DOS 10101010 0.57
DO6 10101010 0.5T
DQ7 10101010 0.5T
e L

Parallel Bus Analysis has a utility for calculating non-ideal, Worst-case Setup
NOTE! and Hold values for these delays. See Section 9.6.3 below for more
information.

6. The various models defined in the IBIS file may be viewed and a selection made for each
signal line. For Transmit (Controller) use the “DDR3_DQ34_NO_ODT” model

Transmit 10 Madel

DDR3_DQ34_NO_ODT
DOR3_DOS4_NO_ODT
DDR3_DO34 NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQS34_NO_ODT
DDR3_DOS34_MO_ODT
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If both Write and Read options are selected, then along
NOTE! | with Transit 10 model, you also see a column for Receive
10 model.

7. Memory Block Share 10 Model: Select this option if the Memory blocks should share
same 10 model. If this option is not selected, different IO models can be specified for the
Memory blocks.

For designs with single memory device, this option is selected by default and is disabled.

8.  WLO/ClkMeasDelay: This option is enabled only for Data buses and is useful for designs
with multiple memory blocks. To generate useful values of Write Leveling offset (WLO) and
the Clock Delay (ClkMeasDelay), the clock and the Timing Reference signals must be
defined and connected for data buses.

If this option is selected for Data Bus Write simulation, WLO is added to the Stimulus Offset
of the data and timing reference signals at the Controller.

In case of Data Bus Read simulation, the ClkMeasDelay value is added to the “Stimulus
Offset” of the data and timing reference signals at the Memory:

Depending on the topology, the WLO and ClkMeasDelay values are different for each Data
Bus Group. The WLO and ClkMeasDelay values used during simulation are specified or
calculated in the Write Leveling Dialog box.

To invoke the Write Leveling dialog box:
a) From the Tools menu, choose Write Leveling.

b) Inthe Write Leveling dialog box, you can either specify a value for the Write
Leveling Offset Resolution, or use the default value.

¢) Select the Calculate button to auto calculate the WLO and CLK delay values by
simulating the design.

Memory ClkMeasDelay (ps) StrobeMeasDelay (ps) WLOSkew (ps) WLO (ps)
Mem_U1::Datal 1250.21 1250.86 -0.653752 a
Mem_U2::Datall 2598.96 2105.12 493.849 500
Clock Period: ns Write Leveling Offset | 0.02 |T = ‘ 25 ‘ps Default Calculate Cancel Apply
If required, you can manually edit the ClkMeasDelay, StrobeMeasDelay, and WLO
values.

d) Click OK to save the WLO values.
9. The 10 Model Filter text box allows you to filter the 10 models listed in the drop-down list.

For example, to view only DDR4 10 models, enter DDR4 in the 10 Model Filter textbox.
The drop down list now is modified to display the 10 models starting with DDR4, as shown
in the following figure.
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rBus Group)Si. .. rStimqus Patkern rStimqus Offset {ns) rTransmit I Model rFieu:
=-[F Datal 10101010 Default
""" DO 10101010 0.5T ;DDR4 Di34N48P MO+ DDl
DQ1 10101010 0.5T Sah4ER_NO_0DT
DQ2 10101010 0.5T DOR4_DO34N4aP_0ODT
D3 10101010 0.5T DOR4 DO34Ma0R_NO_ODT
----- DQ4 10101010 0.5T DOR4_DO34Na0P_O0T
----- DQ5 10101010 0.5T DOR4 Dio40M4ER_NO_ODT
DQ6 10101010 0.5T DOR4_DQADN4ER_ODT
- pQ7 AT . DOR4_DOQ40NS0P_MO_ODT
: l-—- m DOR4 DO40ONGOR SDT
10 Model Filker; | DDR4

10. Click OK to accept all settings.

Memory Setup

Click the Memory Tab. Notice that the memory device (from the IBIS model) has two buses
defined for it, DataL and DataU.

1.  Click the Receive Model field on one of the lines to view the Models. Make no changes to
the Memory model at this time.

Contraller - Memory

Bus GroupfSi...

Datal
DQO
DQ1
DQ2
DQ3
DQ4
DQS5
DQ6
DQ7
LDQS

Datall
DS
D9
DQ10
DO11
DQ12
DQ13
DQ14
DQ15
upQs

Skimulus Patt...

10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
0.

10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
0.

Stimulus OFfs. ..
Default

[= T = — T — L — T — I — i — =~

Default

[= T = — T — I — I — I — I — =~

WLOJCIkDelay |¥)Memory Blocks Share IO Models

Transmit IC Ma. ..

DDR3_DGE4 ..,
DDR3_DOE4 ...
DOR3_DGE4 ..,
DDR3_DG34 ...
DOR3_DGE4 ..,
DDR3_DGE4 ...
DDR3_DG34 ...
DDR3_DGE4 ...
DDR3_DOS34_...
DDR3_DOS34_...

DDR3_DGE4 ..,
DDR3_DOE4 ...
DDR3_DGE4 ..,
DDR3_DOE4 ...
DDR3_DGE4 ..,
DDR3_DG34 ...
DOR3_DGE4 ..,
DDR3_DGE4 ...
DOR3_DOS34_...
DDR3_DOS34_...

Receive IO Model

DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQS534_NO_ODT
DDR3_DQS34_NO_ODT

DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQ34_NO_ODT
DDR3_DQS534_NO_ODT
DDR3_DQS34_NO_ODT

2. Note that there is a single Timing Reference for each bus.

Timing Budget

Status

Signal

Signal

Signal

Signal

Signal

Signal

Signal

Signal

Timirng Ref

Mok Connected

Signal

Signal

Signal

Signal

Signal

Signal

Signal

Signal

Timirng Ref

Mok Connected

Parallel Bus Analysis comes with an integrated tool that automatically calculates the worst case
Setup and Hold values from data set by the user.

1. To launch the Timing Budget tool, select Tools > Timing Budget....
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Tools| Window  Help

Channel Characterization
Bus Simulatien

Timing Budget...

Write Leveling...

Frequency Response...
5 Parameter Extraction...
5 Parameter Viewer...
Sweep Manager...
Layout Assaciation...

Result Browser..,

Report Generator..,

-

Options

In the Timing Budget dialog, note the values updated from the Analysis Options, including
Data Rate, in addition to IBIS models and Bus type.

2. Toset Driving, Receiving and Skew Budget values, click the Default button, or you can
enter desired values in corresponding fields.

Timing Budget -0Ox
Bus Type: [Data | =] Edae Type: [BothEdoes | Data Rate: [0.6 |Gbps  Clock period: T= [3:33335 | ns Bt Perind: [1.68667 | ns Defauk Strobe Offset: ns
—Controller Memar:

T il o s
write | Read |
—Driving {ns —Freceiving (ns kew Budget (ns,
iR Transmit Setup: 0,555555 Min Recslve Setup: |0.416666 \ Setup: |U.138689 | Default
Min Transmit Hold: 0.555555 Min Receive Hold: |n,415555 ‘ Hald: |n,13&359 |

ok || cancel | apoly

If the data bus in your design, has a clock signal defined and connected, then for all Data
write simulations, the Strobe and Clock section is also available. This allows you to measure
timing margin between clock signal and data strobe signal.

—Receiving {ns)
Min Receive Setup: | |
Min Receive Haold: | |

—atrobe and Clock:
Min Skrobe Setup:

Min Strobe Hold:

| |
| |
Mar StrobefClock Skew (+): | |
Max SkrobefClock Skew -1 | |

Use the Default button to populate the fields with default values.
Click the Read tab.

4. Set Driving, Receiving and Skew Budget values. You can either specify custom values or
use the default values.
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Use the Default button to populate the fields with default values.

Select the Default button.

[Timing Budget

us Type: [Data [+ Eddge Type: [BothEdges | DataRate: [0 |abps  Clock Perio: T= [3:33333 | s Bit Feriod: [L.68657 | ns DefaultStrobe Offset: 0833333 | ns
ontroller Memar:
Write  Read ‘
Receiving {ns; [~ Driving (ns; kewe Budget {ns;
e [ oran ]
EQH; 15
Max Reecsive Skew (+1; Transmit Skew (+): 0166667 (+): [D.zessss |
Max Receive Skew (-): Transmit Skevs (-): 0. 166665 (-1 |U,zsugm ‘

Mote: Positive (+) skew means that the Data lags the Strobe; negative (-) skew means that the Data leads the Strobe,
tDQSG describes the latest walid kransition of the associated DQ pins; tQH describes the earliest invalid transition of the associsted DO pins.

ok || cance || oy

5. Click OK.

The Timing Budget dialog closes. It goes back to the Analysis Options window. (Go to the
Analysis Options by selecting Setup > Analysis Options.)

6. Inthe Controller tab, go to DataL Line, right-click the Stimulus Offset field.
A pop-up menu appears.
7. Select Default.

r—Stimulus Definition & Model Selection

DataRate:Gbps Clack Period: T= [3.33333 |ns Bt Period: | 1.66667 | ns
Controller |Mem0ry | | Mer
Bus GroupySi... | Skimolus Pa,., | Stimolus Offset,.. | Transmit IC Madel Status

‘¢l DatalL 10101010
DQO 10101010 Default  boR3 pgs+_MO_ODT  Signa
DQ1 10101010 0.5 Mone  DDR3_DQ34_MO_CODT  Signa
DQ2 10101010 0.5T DDR3_DQ34_NO_ODT  Signa
DQ3 10101010 0.5T DOR3_DO34_MO_ODT  Signa
DQ4 10101010 0.5T DDR3_DQ34_NO_ODT  Signa
DQS 10101010 0.5T DOR3_DO34_MO_CDT  Signa
DQ6 10101010 0.5T DOR3_DQ34_NO_ODT  Signa
DQ7 10101010 0.5T DOR3_DO34_MO_CDT  Signa

8. Click OK.

Timing Parameters Definition

The Timing Budget form allows you to enter the timing specifications for the project . The timing
specifications associated with the transmitting component enables worst-case phase shifts to be
applied on the Timing Reference signal to simulate worst case timing conditions. The timing
specifications associated with the receiving component allow final timing margins to be computed.

The Timing Budget form has different fields depending on Write or Read case.

o  For the Write case (also applies to AddCmd and Ctrl buses), the fields appear as follows:

Write | Read |
riving [ns, eceiving (ns, kew Budget {ns
Min Transmit Sekup: Min Receive Setup: Setup: Default
Min Transmit Hold: Min Receive Hold: Hold:

e  The Driving and Receiving parameters are as follows:
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e Min Transmit Setup — This is the minimum amount of setup time that is guaranteed to

exist between the signals and their Timing Reference at the driving component,
Controller.

e Min Transmit Hold — This is the minimum amount of hold time that is guaranteed to

exist between the signals and their Timing Reference at the driving component, i.e. the
Controller.

e Min Receive Setup — This is the amount of setup time required between the signals and
their Timing Reference at the receiving component, i.e. the Memory. This is typically
given in data sheets as “tDS(base)” for Data buses and “tIS(base)” for AddCmd buses.

e Min Receive Hold — This is the amount of hold time required between the signals and
their Timing Reference at the receiving component, i.e. the Memory. This is typically
given in data sheets as “tDH(base)” for Data buses and “tIH(base)” for AddCmd buses.

e  The Skew Budget is automatically calculated from the parameters above, and is intended to
show the user how much skew can be introduced by the interconnect while still meeting
timing requirements. These are calculated as follows:

e  Setup (Skew Budget) = Min Transmit Setup — Min Receive Setup
e  Hold (Skew Budget) = Min Transmit Hold — Min Receive Hold
e  The Default |__P#= | putton can be used when data sheets or timing specs are not
available. Using this button populates these fields with typical values by simply allocating

one third of the Signal Bit Period for Transmit Setup/Hold and one quarter of the Signal Bit
Period for Receive Setup/Hold.

o  For the Read case for Data buses, the following fields are available:

Write | Read
Receiving (ns) Driving (ns) Skew Budget (ns) Default
Min Receive Setup: I:I [:elels1eH l:l

Min Receive Hold: I:I tOH:

Max Receive Skew (+): Transmit Skew (+): =+

Max Receive Skew (-1 Transmit Skew (-): [OH

1. The Receiving and Driving parameters are as follows:

» Max Receive Skew (+) — This is the maximum amount by which the Data is allowed to
lag the Strobe at the receiving component, i.e. the Controller.

» Max Receive Skew (-) — This is the maximum amount by which the Data is allowed to
lead the Strobe at the receiving component, i.e. the Controller.

» Transmit Skew (+) — This is the maximum amount that the Data will lag the Strobe
signal at the driving component, i.e. the Controller. This is derived from the “tDQSQ”
parameter commonly found in data sheets for the Memory.

» Transmit Skew (-) — This is the maximum amount that the Data will lead the Strobe
signal at the driving component, i.e. the Controller. This is derived from the “tQH”
parameter commonly found in data sheets for the Memory

2. The Skew Budget is automatically calculated from the parameters above for both the leading
and lagging case, and is intended to show the user how much skew can be introduced by the
interconnect while still meeting timing requirements. These are calculated as follows:

» (+) (Skew Budget) = Max Receive Skew (+) — Transmit Skew (+)
» (-) (Skew Budget) = Max Receive Skew (-) — Transmit Skew (-)
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3. The Default |__P=fet | pytton, to be used when data sheets or timing specs are not
available, populates these fields with typical values by simply allocating one tenth of the
Signal Bit Period for Transmit Skew and one quarter of the Signal Bit Period for Receive
Skew.

9.7.3.2 Stimulus Offset Options

The available Stimulus Offset options vary based on whether the Controller or the Memory is
driving the bus.

o Incases where the Controller is driving the bus, the Stimulus Offset options are listed as the
follows:

Controller | Memaory |

Bus Group)Signal Stimulus Pattern Stimulus OFfset (ns) Transmit I0 Maodel Status

Data0 10101010 -_DF N
~[F MEMC_MDQD 10101010 0.f =rad maxdre o Signal
~[F] MEMC_MDQ1 10101010 p.f [ldeal macdry o Signal
MEMC_MDQ2 10101010 0.5 ‘Worst Case Setup  |maxdrv_io Signal
MEMC_MDQ3 10101010 0.5  WaorstCaseHold  (maxdrv_io Signal
MEMC_MDO4 10101010 0.5 ; maxdey_io Signal
H Aligned

MEMC_MDOQS 10101010 0.5 Nans masdey_io Signal
MEMC_MDOQ6 10101010 0.5% e A 0 Signal

FEl aarame smmmas amamamam noer B T —__

» Default — The Timing Reference signal (ex. strobe) is positioned in the middle of the

bus signals’ eye. For example, in the case of a Data bus, the strobe would be set to lag
the data by a quarter clock cycle.

Y

Ideal — Similar to the Default offset, but the buffer delays for the signal are taken into
account to make the desired stimulus offset (ex. quarter clock cycle) more exact.

For a Data Bus group, if the Stimulus Offset is set to either Default or Ideal, following
best case timing reports are generated.

e  Timing Report — Best Case Timing
e  Timing Report — Best Case Eye Height

» Worst Case Setup — Stimulus offsets are made to replicate the Min Transmit Setup
value specified in the Timing Budget form, accounting for buffer delays. This should
represent the worst case setup condition.

» Worst Case Hold — Stimulus offsets are made to replicate the Min Transmit Hold
value specified in the Timing Budget form, accounting for buffer delays. This should
represent the worst case hold condition.

» Aligned — All signals (including Timing Reference) are perfectly aligned at the
driving component, accounting for buffer delays.

» None — Stimulus offsets are all set to zero.
o Ifthe Memory is driving the bus, following Stimulus Offset options are available:
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Controller  Memory |

Bus GroupjSignal Stimulus Pattern Stimulus OffFzek (ns) Transmit IC Model Skatus
=-[F Datal 10101010 osT

DQO 10101010 0.5T HEme Signal

5 D1 10101010 0.57 Aligned Signal

DGz 10101010 0.5T \Warsk Case Transmit Skew (+3  |Signal

DQ3 10101010 0.5T Worst Case Transmit Skew () Signal

D4 10101010 0.5T Defaulk Signal

DOS 10101010 0.5T Signal

DO6 10101010 0.5T il signal

None — Stimulus offsets are all set to zero.

» Aligned — All signals (including Timing Reference) are perfectly aligned at the
driving component, accounting for buffer delays.

» Worst Case Transmit Skew (+) — Stimulus offsets are made to replicate the
Transmit Skew (+) value specified in the Timing Budget form, accounting for buffer
delays. This should represent the worst case skew condition, where the data signals lag
the strobe.

» Worst Case Transmit Skew (-) — Stimulus offsets are made to replicate the Transmit
Skew (-) value specified in the Timing Budget form, accounting for buffer delays. This
should represent the worst case skew condition, where the data signals lead the strobe.

» Default — Same as above.
> ldeal — Same as above.

In the case of a Data bus, either can drive, so Stimulus Offsets can be defined
NOTE! | for the Controller on a Write simulation, and for the Memory on a Read
simulation.

Now we are finally ready to perform some simulations on the bus.
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9.8 Restore Defaults

The Restore Defaults button can be used to restore all the changed values in the Analysis Options
dialog box to the default values.

|
Simulation Mame
8 Aukomakic
Zuskam

[ Restaore Defaulks ]

Using Restore Defaults button however, does not change the bus type selected in the Simulation
Configuration section.

Simulation Configur ation
Bus Tvpe: |Data - ||¥
_arner Dire

9.9 Simulation

The bus has now been fully defined. Recall that it consists of a Controller (U20), Memory (U23)
and VRM on a PCB. The sample looks like this.

Initially, we will use Ideal Power, ignoring the PDN and VRM in this configuration.
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Explore Sweep Manager
Select Tools — Sweep Manager....
Tools | Window — Help

Sirmulation L_

Timing Budget. ..

[NEL]

Frequency Response..,
5 Parameter Extraction. ..
S Parameter Viewer

Sweep Manager...

Result Erowser...

Options 4

The Sweep Manager interface opens.

I-Sweep hManager

Settings ‘Results |

Sweep Mode! | Circuit Simulation ¥ | Sweep List: Tokal Iterations: 1 Run Sweeps
Sweep Type: | Bus Parameters i Sweep Element 'Swaep Tvpe W Iteration | IdealPower

Property alue St AEr Option 1 on

Ideal Power on

Data Rate (Ghps) 0.6

# of Bits 8

Dauble click on a parameter item ko add it to Select some sweep items and right click on the list to group, ungroup or delste.
'Sweep List',

The Sweep Manager interface has three sections:
e Adding Parameter

e  Sweep List

e  Total Iterations

Sweep Type

There are four Sweep Types:

o  Bus Parameters(selected by default)
e  Controller Parameters

o Memory Parameters

e  Spice Model

Click the: checkbox to select or unseleck an iteration.
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-
Sweep Manager -Ox

Settings ‘Results |

Sweep Mode! | Circuit Simulation H Sweep List: Total Tterations: 0 Run Sweeps

Sweep Type! | Bus Parameters Sweep Element Sweep Type Iteration

Bus Parameters

Property

Contraller Parameters
Data Rate (G Memory Parameters
#0ofBits  |Spice Models

Double dlick on & parameter item ko add itko  Select some sweep ikems and right click on the list ko group, ungroup or delete. Click. the checkbox ta select or unselect an iteratian.

‘Sweep List',

| Property | Sweep Manager
Depending on the Sweep Type chosen, you can double-click a parameter to add to the Sweep List.

In the following example, the sweep name appears in the Sweep List if you double-click Stimulus
Offset.

[Sweep Manager _ox

Settings | Resuts |

Sweep Cireut Simulation = | Sweep List: Total Ikerations: 1 Run Sweeps
Sweep Type: | Controller Parameters |+ Sweep Element Sweep Type | Min Max Tteration | IdealPower
Group:|DatsL | |Signal [l - DataBus>IdeaPower Option 1 on

Froperty Value

Skimulus Pattern 10101010

Stimulus OFfset 0.5T

[ il ] [ il |

Double click on a parameter item to add it Select some sweep items and right: click on the list to group, ungroup or Click the checkbox to select or unselect an
to 'Sweep List' delete. Feration.

ok || cancel | ety

Bnalysis Options | Sweep Manager

9.9.1.2 Sweep List

1. Tochoose parameter values, select the Sweep item from the Sweep List and go to the next
section. The Sweep List pane contains these items:

* Sweep Element - Identify the Sweep Type and parameter or model selected.
* Sweep Type - Choose from the drop-down menu.
* Step Count - Number of different values for each parameter.

* Min, Max, Step, and Value List - Related element values.

rS\m’eep Manager -0 x|

Settings |Result5 |

Swesp Circuit Simulation ¥ | Sweep Lisk: Tokal Iterations: 1 Run Sweeps

Sweep Type: | Controller Parameters |~ Sweep Element Sweep Type | Min Max Iteration | IdealPower
Group: | Datal ~ |Signal | [all] - DataBus »IdealPovwer Option 1 on

Property Walue

Stimulus Pattern 10101010

Stimulus OFfset 0.5T

[ 1l ] [ il ]

Dauble click on a parameter item to addit  Select some sweep ikems and right click on the list to group, ungroup or Click the checkbox ta select or unselect an
ta 'Sweep List', delete. iteration.

[o]4 Il Cancel ” Apply

Analysis Options | Suweep Manager

July 2014 102 Product Version 16.6



9.9.1.3

SystemSI — Parallel Bus Analysis Tutorial

The Parameter editing window opens.

Parameter - |deal Power

-

x
X|[1]1]
Ideal Power Walue Lisk
on
Off
o]
You can:

2. Sweep of the Corner, Direction and Rank can only be defined from the Analysis Options
for sweep.
For projects with VRM blocks, the IdealPower is added to the Sweep List automatically.
-Sweep Manager - 0Ox
Settings |Results |
Sweep Mode: | Circuit Simulation Sweep List: Total Iterations: 4 Fun Sweeps
sweep Type: | Bus Parameters Sweep Element 'Sweep Type Phin Pivax "s... Miale List Iteration | IdealPower Corner | Direction
Property Walue Datab ower opion | | & | [ 1 Oon Typ Write
Ideal Power On DrataBus=Corner Cption Twp,Slow 2 Oon Slaws Write
@D Typ DataBus=Direction Option Write,Read 3 on Tvp Read
Direction Write 4 Oon Slow  Read
Data Rate {Gbps) 0.6
# of Bits 8
[ il | [ 11l |
Double dick on & parameter item to add it to Select some sweep items and right dick on the list to group, ungroup or delete. Click the checkbox ta select or unselect an iteration.
"Sweep List',
3. Double-click a box under the Value List column (ldealPower selected in this example).

. Select a value in the Ideal Power column and click to add it to the Value List
column.

. Use the @ button to delete the selected value.

. Use the E or button to move up or down the value.
4. Click OK to close the window without making any modifications.

Total Iterations
Total Iterations are the total number of simulations to be performed.

In the following example, 4 Iterations will be performed.
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Sweep Lisk: Total Ikerations: 4

Sweep Element 'Sweep Type 'Min 'Max 'S... "u'alue Lisk Iteration = IdealPower | Corner | Direction
vor lopton | | 3 | 1 on e Write
DataBus=Corner Cption Typ, Show z on Slow Write
DataBus =Direction Cption ‘Write,Read 3 on Typ Read
4 Oon Slow Read

1. Right-click on the Total Iterations spreadsheet.
Two options Export Settings... and Import Settings... are available in the pop-up menu list.

-O0x

Total Iterations: 4

ep Type 'Min 'Max 'S. . '\n'alue List Iteration | IdealPower Corner Direc
or ||| | 1 on Typ wri
ion Twp, Slow z on Slow Wil
ion Wrike, Read 3 on Typ Rea
4 on Slow Rea
Select &ll
Deselect All
Select &ll Highlighted Iterns
i1} | Deselect All Highlighted Iterms

ght click on the list to group, ungroup or deleke. Click the checkhi
Export Settings...

Import Settings...

[ o reames—r—mny—
They are used to export and import the Iteration settings in the csv file.
2. Click Export Settings....
The Export settings window opens.

yitExport settings ®

. < SystemSl » Parallel Bus Analysis » Tutorial » result » v | +9 W Search result yel

Organize v New folder i= - .@.
& Downloads 0 Name Date modified Type Size

| Recent Places .

= , ac 2/21/2013 409 PM  File folder
o My Site
= Libraries

3 Documents

J‘- Music

[ Pictures

B# Videos

m

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

- [l | +

N ET ElI T otallterationsSetting.csv =

Save as type: | CSV Files(*.csv) -

= Hide Folders | Save | | Cancel

3. Click Save to save a csv file listing all the possible iterations.
4.  Open the saved csv file.
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NN =, B s TotallterationsSetting - Microsoft Excel - = x
Home Insert Page Layout Formulas Cata Review “Wiewn @ - = x
% calibri A FERR = =|=¢ | General - Al = -2
Za ||B £ U~[|A A= (|8 - %o | 8- da-
Pa'ste F ||| S A | | |FeaBeaR Sty'Ies CE'||5 -
Clipboard ™ Font Pl Llignment Pl Mumber = Editing
‘ Al - i S | Iteration
=
[ 4] 5 B C D E F G H |
1 |iteration ldealPower Corner  Direction
2 10n Typ Write
3 10n Slow Write
4 10n Typ Read
5 10n Slow Read
3
T

e The number 1 in the Iteration column indicates this iteration is enabled in the Total
Iterations spreadsheet

e The number 0 in the Iteration column indicates this iteration is disabled in the Total
Iterations spreadsheet

5. Change the Iteration value of the first row to 0 as follows, and save the file.

& B C ]
1 [Iteration ldealPower Corner  Direction
2 D_On Typ Write
3 1 On Slow Write
4 1on Typ Read
5 10n Slow Read
B

6. Click Import Settings... in the Sweep Manager window.

Tatal kerations: 4

Iteration | IdealP... | Corner Direction

1 on Typ write emory
2 on Slow Write

Eils  on [Ty JEENRTTY

e e Slo Deselect All

Select &All Highlighted Iterms
Deselect &1l Highlighted kerns

Export Settings..,

[ il Import Settings...

The Import settings window opens.
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rwﬂmpcm settings

Organize + New folder

~

» Favorites Rame

Ml Desktop ac

& Downloads E2] TotallterationsSetting.csv
| Recent Places
o My Site

m

il Libraries
3 Documents
J’- Music
= Pictures
2 Videos

1M Computer
&L Local Disk (C:)

.« SystemSI » Parallel Bus Analysis » Tutorial » result »

v | 44 B Search result

Date modified Type Size

2/21/2013 4:09 PM  File folder
3/22/20133:05PM  Microsoft Office E...

ca Local Disk (D:) . I

" |

1K

File name: ||

|v| [ csv Files.esv) -

7. Choose the saved csv file, and click Open.
The settings of iterations in the csv file are shown in the Total Iterations spreadsheet.

Total Ikerations: 3

| Open ‘ | Cancel

Iteration | IdealP...  Corner

|:| 1 Oon Tvp
Slo

4 on Slo

The first row of Iteration is disabled.

Direction

Write
Write

2 on
Ell: Jon  |Tvp  [Read |

Read

The csv file to be imported must match the content of the Total Iterations
NOTE! spreadsheet; otherwise an error message will display to show its failure.

9.9.14 Results

e  After all simulations are done, click the Results tab to display the results.
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Sweep tanager -0Ox

Settings = Results ‘

Current | Histary | Expott... Show Resul....

Iteration Folder Max Overshaot Min Ringback M... | Min RingbackM.., | Eye Aperture(,.. | Min Setup Margin | Min H
result\1iData_Write_Typ_Typ_1

result\1\Data_Write_Typ_Typ_2

resulti1iData_Write_Slow_Slow_3

resulti1iData_Write_Slow_Slow_4

result\1\Data_Write_Typ_Typ_5

result\1\Data_Write_Typ_Typ_6

resulti1iData_Write_Slow_Slow_7

result\1iData_Write_Slow_Slow_8&

[ il ]
Click 'Show Result' button ta show the results of the checked iterations, or double click on an iteration to show the results,

e  To view curves such as Eye contour and Bathtub curves, check one or more iterations and
click _ShowResuIt... |

9.9.1.5 Grouping Parameters
You can group two or more parameters to reduce the number of iterations.
For example, the Corner and Data Rate can be grouped together.
1.  Select two rows (Corner and Data Rate in this example).
2. Right-click the selected rows and select Group in the pop-up menu.

Sweep tanager -Ox

Settings |Results |

Sweep Made: | Circuit Simulation - | Sweep Lisk: Total Iterations: & Run Sweeps

Sweep Type: | Bus Parameters - Sweep Elament TSweep Type | Min | Max | 5. | valuelist || Iteration | IdealPower Corner Dz

Property Value DataBus>IdealPower  Option on, Off 1 on Typ 0.
Ideal Power on Diatafi g [ [ 1 2 off Tvp o.
Corner Typ I 3 on Shows 0.
Data Rate (Gbps) 4 OFF Slow 0.
# of Bits 3 5 on Typ 1.
6 OFF Typ 1.
7 on Slaw 1.
& OFF Slaw 1.
T [ m ] M

Double dick on a parameter item ta add it ko Select some sweep ikems and right click on the list to group, ungroup or delete,  Click the checkbox ko select or unselect an ikeration.
‘Sweep List',

The number of Total Iterations drops from 8 to 4.
Sweep Manager X‘

Settings | Results |

Sweep Mode: | Circuit Simulation =~ Sweep List: Total Iterations: 4 Run Sweeps
SweepType: | Bus Parameters = Sweep Element 'Svueep Type Prin P 'Step ¥ jale List Step Count || Tteration | IdealPower Corner DataRate
Property Value DataBus>IdealPower  Option On,off 2 1 Oon Typ 0.8
=% 1 2 off T 0.8
Ideal Power on group w
Corner Tvp --- on Siow 12
Data Rate (Gbpe) q 8 Databus>DatzRate  |Parameter | | | |08,12 |2 4 Off Slow 1.2
# of Bits 8
[ [ | [ [ | [ [ |
Double dick on a parameter item to add it to Select some sweep items and right dick on the list to group, ungroup or delete. Click the checkbox to select or unselect an iteration.
'Sweep List'.
| oK ” Cancel H Apply |

Originally, the iterations look like this:
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D st [ s

Iteration | IdealPower Corner DataRate

1 on Typ 0.8
2 Off Typ 0.8
3 on Slow 0.8
4 OFF Slow 0.8
g on Typ 1.2
[ OfF Typ 1.2
7 on Slow 1.2
g OFF Slow 1.2

After grouping the Corner and Data Rate, the new iterations are:

Iteration | IdealPower Corner DataRate

1 on Typ 0.8
2 OFF Typ 0.8
3 on Slow 1.2
4 off slow 1.2

When combining two or more parameters in a group:
e The first value for each parameter in the group constitutes one combination.

e The second value for each parameter constitutes the second iteration.

Within a group, the value in the Step Count column of each parameter must be
NOTE! identical. Or else, the Total Iterations of the group will be 0.

9.9.1.6 Model Sweep
The Sweep Manager supports different types of Model Sweep.

Use the Sweep Type drop-down list to select to type of sweep. For this tutorial, select Spice
Models.

Sweep Manager
Settings | Results |
Sweep Made: | Circuit Simulation [~ sweeplist Tatal Ttersticns: 1 Run Sweeps
Sweep Type: | Spice Models - Sweep Element 'Swaep Twpe in Ikeration  IdealPower
Bus Parameters 1 on

@ tods! Fie Controller Parameters

Block Ll

PCB [SPEEUAPTZ.

EBD1 D:\simulSPEEDXP12. 01551\

YRM1 D:\simulSPEEDXP12, 01551\

[ il ] [ [ ]

Dauble click on a component to add it ko 'Sweep  Select some sweep items and right click on the list to group, ungroup or delete, Click the checkbax to select ar unselect an iteration.
List',

For Spice Models, there are 3 kinds of Model Sweep:

o  Model File sweep - Sweep different .sp or .ckt files defined in the blocks (such as the EBD1
block and VRM1 block).

o .Inc sweep - Sweep multiple circuit models if the original model is called within an .include
statement (such as the PCB block including three .include statements).

o Parameter sweep — Sweep different parameters defined in the .sp file (such as Voltage in
the VRM block).

Model File Sweep

When using the Model File sweep, make sure that the connectivity inside each .sp file is the same
to maintain everything between *[MPE=dn] gnd *[McPEnd]
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Click the New button

to add model files.

SWEED Manager

Settings |Rssu\ts |

Sweep Mode; | Circuit Simulation hd

Swweep List:

I 1| Total Iterations: 2 Run Sweeps

Sweep Type: | Spice Models hd

@ mModel File O Inc O Parameter

Block  Maodel file

PCE D:\simu\SPEEDXP12. 0\551\551Gs
EEDL  D:\simulSPEEDXP12.0\SSI\SSI10
YRMI  D:\simu\SPEEDXP12.01551{55110"

Sweep Element 'Sweep Type " hin Iteration | IdealPower PCE=GSP_PA...
on Spice_1.ckk
on Spice_2.ckt

DataBus=IdealPower Option

CiDocuments and SettingstjieliuiDeskioplSpice_1.ckt
ZiDocuments and Settings)jieliviDesktopiSpice_Z.ckt

Double click on a companent ta add it to 'Sweep
List',

.Inc Sweep

Select some sweep items and right click on the list o group, ungroup or delete. Click the checkbox ta select or unselect an iteration.

o] Il Cancel ” Apply

When using .Inc sweep, make sure that the sub-circuits inside .ckt or .sp files all have the same

name.

Click the New button

to add circuit files.

-
Sweep Manager

Settings |Resu\ts |

Swieep Mode! | Circuit Simulation A

T 1| Total Iterations: 2 Run Sweeps

Sweep List:

Sweep Type: | Spice Models hd

O Model File & Ine O Parameter

Sweep Element rSweep Type Min Iteration | IdealPower PCE=GSP_PA...

DataBus>IdealPower Option on Spice_1.ckt

Black: | PCE [+

on Spice_2 ckk

CiDocuments and Settings!jieliu\DeskiopSpice_1 .okt

Include Cam... | Circuit File Line
CiiUsersicha...
CiUsers\Cha,..
C:hUsers\Cha...
CiiUsersicha...

C:\Documents and Settings|jieliuiDeskiopSpice_2.ckk

Double click on an include file ko add it bo "Sweep
List',

Seleck some sweep items and right click on the list to group, ungroup or delete, Click the checkbox ko select or unselect an iteration,

[o]4 H Cancel ” Apply

Parameter Sweep

Sweep Manager

Settings | Results |

Sweep Mode! | Circuit Simulation -

-Ox

Sweep List: Tokal Tterations: Run Sweeps

Sweep Type! | Spice Models hd

OModel File O .Inc & Parameter
Block: [vRM [~

Farameter Valus Clreuit File
Valtage 1.5 Di{simulSPEE]

Swesp Element | Sweep Type | Min Max | Step | Walue List Step || Tteration | IdealPower YRMWoltage
DataBus »Ide on 1 on 1z

on 1.6
on 1.8

Double click on a parameter tem to add it to ‘Sweep

List'.

Initial Simulation
1. Click the Play button

Select some sweep items and right dlick on the list to group, ungroup or delste. Click the checkbox to select or unselect an iteration,

ok | cancel [ apol

i - |

The warning message dialog pops up again.
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-
Systemsl
<2 Ta calculate the Worst Case Stimulus OFfset for the Controller Bus Group, the Follawing specs need to be specified far the Data:

&

Min Transmit Setup
Min Transmit Hold

Do wou wank ko verify the specs using the 'Timing Budget' tool?

2. Click No.
The frequency response reminding message dialog pops up.

Syztarns)

&

The frequency response is needed For the DDR, measurement and report,

Do you wank to do the frequency analvsis now?

(v || w |

3. Click No. (If you want to do the frequency analysis, please refer to Section 9.8.6 Frequency
Response.)

The simulation starts, showing a simulation_input.sp window.

@b - sirnulation_input.sp
File  Yiew  Analysis  Options  Help C 5 dence

1 |

ﬁ 0 00:00: 28 Remaining 000:00:05 Elapsed  Time Step: 116, 2.320000:-009

At the conclusion of the simulation, waveforms are plotted in a 2D Curves (Time Variation)

window.
Curves
=} ! resultyl Yollage (v
£ B Data_tirite_Typ_Typ
3 T Controller = | T T T
H | 24 iy ey S [ — .
-3 R Memary 1 1
- Fa Die Pad | |
O Power & Sround 1.5 B O N L N B R B R B e i st r
1
i
1+--4--—++-----¥----—-y--——%+----y--+----r-4--------—-—r--—---t-—--— +
1
1
1
os+-+—%--N-—w—r-—-—H K- -----—r——-r—- B
i
04 T : -
1 i i 1 1 1
1 i 1 i 1 1 1
1 i 1 i 1 1 1
A i i ! . . S S S S i !
t T T t t t T t t t t
1] 2 4 G ] n 12 14 16 18 20 22
[ |
Time (ns)
Loaded Curves
resulthI\Data_trite_Typ_Typ\DiePad\Memonge_DQ0 cur result\\Data_Write_Typ_Typ'DiePadiMemory_DQLcur resulti;

The powers and grounds of the Controller and Memory blocks will be displayed, and each
signal will have a tip to show its power and ground.
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Curves
=[] resultyl
= | Data_Mrite_Typ_Tyvp
-3 T Cantraller
= R Memary
=3 Die Pad

Ground
..... |:|. WDD(O

..... |:|. WSSO
= [#]C3 Datal

..... _||:|1 4

Power: VDDQ
..... W ]
—I Ground: V550

9.9.3 Running Multiple Sweep

This section describes how to sweep multiple parameters and across capability. The following
parameters and values are to be set.

e |dealPower: On, Off
e Corner: Typ, Slow
. Data Rate: 0.8, 1.2

- ~
Sweep Manager -Ox
Settings |Results |
Sweep Mode: | Circuit Simulation | Sweep List: Tokal Iterations: & Run Sweeps
Sweep Type: | Bus Parameters ||| Sweep Element Sweep Type | M| M. S...| Walue List Stey| |teration | IdealPower Corner Dake
Property Yalue DataBus>IdealPo...  Cption On, OFF z M1 on Tvp 0.8
Ideal Power on DataBus>Corner Cption Typ, Slow z Mz OfFf Typ 0.8
Corner Typ DataBus=DataRate  Parameter 0.8,1.2 2 E 3 Oon Slowe 0.8
Dats Raate (Gops) 1 M 4 OFff Slaws 0.8
# of Bits 8 ¥ s on Tvp 1.2
M & OFF Tvp 1.2
¥ 7 on Slow 1.2
¥ & off Slow 1.2
il [ I | 1il

Double click on & parameter item to add it ko Select some sweep items and right click on the list to group, ungroup or delete,  Click the checkbox to select or unselect an iteration,
'Sweep List',

| [o]:4 ” Cancel ” Apply

Click [RunSweens | 15 pegin the sweep simulation.

After the simulations are run, the results appear in the Results pane. The results from the first
sweep are now found under the History tab.
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Sweep tanager
Settings Results‘

Current |H\story |

Export... Show Result...

Tteration Foldet

1 result\1\Data_write_Typ_Typ_1
z result\1\Data_write_Typ_Typ_2
3 result\1\Data_write_Slow_Slow_3
4 result\1\Data_write_Slow_Slow_4
5 result\1\Data_write_Typ_Typ_5
3 result\1\Data_write_Typ_Typ_6
7 result\1\Data_write_Slow_Slow_7
g result\1\Data_write_Slow_Slow_g

Max; Ovwershoot

Min Ringback M... | Min Ringback M. ..

Eye Apetture (... | Min Setup Margin | Min Hi

Click 'Show Result' button ta show the results of the checked iterations, or double click on an iteration to show the results,

Data Presentation / 2D Curve Viewer

Data for each signal in the bus can be individually selected and viewed as either a raw waveform,
or Eye diagram.

1. Inthe 2D Curves Window the Left Pane lists simulation results including each signal in our
two Data buses. Turn these off by right-click and selecting Hide All Curves.

Show All Curves
Hide All Curves

Result Browser...

Reset All Curves' Colors
Load Curve Pattern

Save Current Patten

2. Then select only the DataL signals.
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= ! Daka_Write_Tvp_Tvp
O3 T Conkraller
= R Memary
=[] [d Die Pad
4 Power & Ground
= [#] 3 Datal
[ ooo
Al oot
2 O ale:
M oo
1l oo+
1 oos
1l oos
M oor
[F_| oos
=-[]C3 Datal
OM oos
O oos
O ooto
O_J oot
Ol ootz
O_J oqis
OM oot
OMW oots
OM oos

We see the data plotted.

Yaoltage (V)

2'5_ *********** r«v ﬁ-?

] SRRy NN Y At R N I S

DEfmmmmmmm b L bt

[
S

Time (ns)

3. Now turn the Strobe trace off, (LDQS).

4.  Switch to an Eye diagram plot by selecting the Icon from the Toolbar.
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“Woltage (V)

2561

Eye Diagram

R A Y N e A e ..., ::

o L ————_L_____L

NE4+--—-Lo——o

o4
m
n
J=2 0 S

[}

i
25 3 35 4 45
Time (ns)

5. With the Eye Diagram visible, the toolbar now has additional measurement and data
processing functions available.
cep e § M G Ren | 0D 0 C Time Domain ~| BB = B 0oR Threshold: chones - | £ ¢ Mask: <hone>

~ | Type: Reqular Eve

EJ\tter: Display Mode:l;Nung> ‘ V‘ W Measure‘U‘UUU |

EDDR Eye Measurement: LI {ps):| 1000 Trigger Psriud:‘TimianeF

[ =] Eve Aperture:[Trapezoid [+ Min Tac Width (% of UD:[50 | Range ps)[o ]

| Offset (ps):‘D

| # of Per\ud:

We can specify an Eye Contour or Eye Density plot, overlay an Eye Mask, or measure Eye
Opening including Trigger Period, Eye Aperture, Min Tac Width, Offset And No. of Period.
We can also look at Jitter.

Set VMeasure to 1V, which is the center of the voltage swing.
Select Density as Jitter: Display Mode to overlay a Jitter estimate on the Eye Diagram.

EJitter: Display Mode:| <Mone ~

=Monex F
Histagran

[Densit I

We get a plot with Jitter Density displayed on the screen.

Viltage ¢ Eye Diagram

33 )

[ A N . N N S’ -/ - S R - N P/ .l B —

ra
o
w
w
m
PO
= ]
o
PR B
m
n
oo

Time {ns)

As multiple simulations are run, results are kept in SystemSI and will cause the
data curves to add up quickly. (1) Use the “+” and “-” button to minimize and
maximize signals in the bus. (2) Right-click to “Hide All Curves” and select

NOTE!
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only the ones that are desired. (3) Close the Curve window to clear the data and
start over in a new Curve window if needed.

9.9.5 Simulation Directory

Each simulation creates a unique directory (1, 2, 3 ...etc) with all the waveform files under:
\<case name>\result.

By default, these directories are moved to the history folder when opening an existing workspace
file. However, you can make the following setup by choosing Tools > Options > Edit Options...,
and clicking Result under Simulation.

-
Options

Simulation =)
General Change the 'Result' options in Parallel Bus
FLesult

Measurement Report ‘E‘)

Generate Report Perform the following operation when openning an existing workspace file

@ Move the the previous simulation results under the “result” folder ko the “history” Folder
O Keep the the previous simulation resulks under the "result” folder

O Dielete the the previous simulation results under the "result” Falder

Default | | Apply | | o4 | | Cancel

The first one is checked by default.

The following figure shows the waveforms generated by the bus engine. This illustration is the
default display.
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wlaSystemsl o (m] x
File  Edit  Miew Setup Tools Window  Help cadence

NEd v o- 0] b MR SF X Sl LR S MRl |52 ]

[W¥arkflows Systern3 X || gl

Parallel Bus Analysis & "
Bus Setup O]

Load a Mew/Existing Warkspace
Assign IBIS Models

Edit Bus Models 5 PCB W
Simulation Setup \'D

Set Timing Budget |

Set Analysis Options

Check Signal Connectivity

Rur Bus Sirmulation
Simulation Results )]

Show Sirnulation Curves

]

Bronvse Results

DDR Measurement Report  (A)

1 [ ] ] b
E::::;Ejftm 552D Curves (Time Variation) IR
Showr Measurernent Results ‘e we 8§ T M B Ry T3 O [Time Domain [~ (/BE @) & BB (AC/OC Threshold{<None> | =| vREF@o {01 |8
IBIS Augmentation ¥ Curves

Customize Workflow ¥ Voltage (V)

. [s]sH)

D_l LDQs !
=-[FCd Datall

. [s]e}]

- 009
EIH oot

( I |

Loaded Curves

Time (ns)

result\2\Data_Read_Typ_Typ_I\DiePad\Controller_DQU.cur vesulty\Dats_Read_Typ_Ty

To show the waveforms, choose

Window > Tile Horizontally/Vertically

or

Window > Cascade

On the Windows menu, click To Default to arrange all open windows to the default display.

Basically, the .ssix, -html and . txt windows should be put together at the top, and other
curve windows should be put together at the bottom.
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9.10 Additional Exercises
A handful of simple experiments are performed on this sample, to introduce the user to the power
of SystemSlI - Parallel Bus Analysis.

9.10.1 BER Analysis for DDR4 Interfaces

Using SystemSI — Parallel Bus Analysis, you can perform channel simulations for DDR4 Data
Bus Write operations.

1. To enable channel simulations, select the Use Channel Simulation for Data Bus Write check
box in the Analysis Options dialog box.

imulataor
¥ LUse Channel Simulator for Data Bus Write

2. Specify the values of channel simulation options that are enabled in the Analysis Options
dialog box, and click Apply.

Simulation Configuration  Data Bus Write |

Ignore Time: ns # of Bits:
Bit Sampling Rate: D BER Floor:

# of Bits for Display:
—Eye Distribution
—Method

@Tlme Domain Waveform O Statistical

—BER_Eyes

BER._Eye generation
—Criteria
D'I'lme scale (eye width)
D Voltage scale (eye height)
Both time and voltage

haracterization

Duration: ns Vmeas: I:l'u' Lizis | -12 |

3. After you perform Step 2, following options are enabled.
a) Option to add AMI model to Controller block.

% Property
o Add AMI

Insert Component Between P

Add Connection Between

}( Delete
Copy

The AMI model added to the Controller block is applied to all Data signals. Strobe
signals are excluded.

b) Ability to define jitter and noise injection parameters for the strobe and data signals.
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Jitter and noise for strobe signals is defined in the Strobe Jitter and Noise tab of the
Property dialog box for the Controller block. To specify jitter and noise for the Data
signals, use the Data Jitter and Noise tab, visible in the Property dialog box for the
Memory block.

¢) The Channel Characterization option is visible in the Tools menu.

Tools | Window  Help

I Channel Characterization I

Bus Sirmulation
Timing Budget...
Write Leveling...

Frequency Response..
5 Parameter Extraction...
5 Parameter Viewer..,
Sweep Manager...

Layout Association...
Result Browser...

Report Generator...

Options L4

Before you simulate the design, you can characterize the channel to ensure all design
modifications are accounted for.

4.  Simulate the design.
Channel simulation results are displayed in the 2D Curves and 3D Eye Density windows.

iewwe 8 T MG Lio Ciijwaeorn [~ EER (3D Eye Density -
{ AC/DC Threshokd: <Nones «| vREFanH s |ea =3 D Pad
Curves = - . =-mo1
B resuiti =~ voltsge pay w‘ —
B3 Deta Wiite Fast Fast =
= E Mo Memoryl
= [ Die Ped Nl
o 12
ai-[13 Power & Ground =
.- B o 5
El o c ;
Bl 0s e T
B_vg: = 1 S D01
=] e 03 I|| I 0 o
B o W Rl Lol
El 0os ik s boet ® 8
‘| B b Cogy
..... O Dga
Londded Clrves T [ne) B B
resulti1\Data_Wirite Fast_FastiDiePadih QDo
) O w7
0 Dt ©
T TA0.20620 (Systemsl - PEAT) @ Ready

In addition to raw waveforms, channel simulation also generates additional outputs, such as
Ramp and impulse responses, Eye contours for the entire high capacity simulation, Jitter and
noise bathtub curves, to predict BER performance, and BER_Eyes (if specified in the
Analysis Options form), for review.

To view these, select appropriate option from the drop-down list in the Curve Settings toolbar
of the 2D Curves (Time Variation) window.

July 2014 118 Product Version 16.6



9.10.2

SystemSI — Parallel Bus Analysis Tutorial

5. Post simulation, you can also generate simulation reports.

I—§2D Curves (Time Vanation)

™% [aw] I H L]
R - L]

: AC/DC Thresholdy <None>

'~ | VREF(do)(V){ 063

Curves
V] result\l

. [ACa Data_Write Fast| |
Bl_j Raz Memony
Ell_j Die Pad
DL:I Powe

-3 01
vl
=]
BE_o |
=m0

;Wavefcl-rm

=

Crosstalk

Simulate the crosstalk on a victim line in the bus.

Curve Settings X

Eye Contour
BER. Eye
Bathtub
Moise Bathtub

Ramp Response

Impulse Response
Modified Impulse Response

Turn off one of the DQ lines by editing the Stimulus pattern, then re-simulate and see the coupled
noise voltage on the victim line.

1. Open the Analysis Options by selecting Setup —Analysis Options.

Setup | Tools

Window  Help

Analysis Options. ..

Terminate Unconnecked Modes, ..

Werify Timing Specs before Simulation

Fause before Sirmulation
Hide Previous Curves
Sweep Mode

Probe Point. ..

2. For the DataU Bus, scroll to the DQ13 signal, and change the pattern to Zero as shown
below.
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Controller | Memary | ¥| Memory Elocks Share 10
Bus GroupfSignal Stimulus Pattern Skimulus Offset (ns) Transmit [0 Model
DO7 10101010 0.5T DORS_DOS4 MO 00T
LDGS 0., 0.75T DOR3_DQS34_MO_ODT
Datal 10101010 0.5T
DQs 10101010 0.5T DOR3_DGE4 MO _ODT
DQ9 10101010 0.5T DORS_DOS4 MO 00T
DQO10 10101010 0.5T7 DOR3_Diad_MO_oDT
D11 10101010 0.5T DORS_Dx34 _NO_QDT
DQ12 10101010 0.5T DOR3_DGE4 MO _ODT
DO13 00000000 0.5T DORS_DOS4 MO _ODT
D14 10101010 0.5T7 DOR3_Diad_MO_oDT
DO1S 10101010 0.5T DOR3_DGQ34 MO ODT
uDQs 10.. 0.75T DORS_DOS34 MO_ODT
[ Iif |

3. Click Apply to accept the changes.
4. Re-simulate, to see the noise voltage on the DQ13 victim line.

Valtaae (V)

Time (ns)

9.10.3 Change 10 Models

The 10 models can be changed with a simple mouse click and the bus re-simulated to compare
performance. In this exercise, compare performance of the IBIS corner models. Also, changing
the Controller and Memory Transmit/ Receive 10 models is simple.

1. Open the Analysis Options by selecting Setup > Analysis Options.
2. Select the Memory tab.
3. Change the Receive 10 model for the DataL Bus, to DDR3_DQ34 ODT.

Changing just one of the signals on the bus will update the model for all lines in the DataL
bus.
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rReceive 10 Model

[DDR3 DO34 00T

Do

DOR3 D34 MO _ODT

QDT

DOR3_DQ40_MC_0DT

DOR3_DOQ40_00T

DOR3_DOQ46_NO_0DT

DOR3 D45 00T

DOR3L_DO40_MO_ODT
DORAL_DO40_00T
DOREL_DO48_NO_ODT
DOR3L_Do45 00T

m

-

4.  We now have one data bus using a low-voltage driver, and one using a higher voltage one.

Controller ~ Memory |

¥ Memary Blocks Share 10 Madel:

=

DQO
D1
D2
D3
DO4
D5
D06
DQ7
LDQS
Datal
D8
DO9
DQ10

Bus Group)Signal

Stimulus Patkern

10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10..

10101010
10101010
10101010
10101010

Skim... | Transmit IO Model | Receive I0 Model

DDR3_DQ34_M.. DDR3_DQ34_ODT
DOR3_DOS4_M... DDR3_DQ34_ODT
DDR3_DO34_M.. DDR3_DQ34_ODT
DOR3_DO34_M.. DDR3_DQ34_ODT
DDR3_DG34_M.. DDR3_DQ34_ODT
DOR3_DO34_M.. DDR3_DOQ34_ODT
DDR3_DO34_M.. DDR3_DQ34_ODT
DDR3_DQ34_M.. DDR3_DQ34_ODT
DOR3_DOS34_.. DDR3_DQS34_ODT

DOR3_DO34_ M., DDR3_DQ34_NO_ODT
DDR3_DG34_M.. DDR3_DQ34_NO_ODT
DOR3_DO34_ M., DDR3_DQ34_NO_ODT

LI — N — T — I — I — O — I — T — ) — ) — Y — O — [ — Iy — |

The data shows difference in amplitude and ripple for the two cases.

“Woltage (W)

2.5+

0.5+

Time (ns)

5. Turn the DQ13 signal back on, and switch back to the Max Drive Transmit model.
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~[F] MEMC_MDQ13 10101010 0.5T ddrz_maxdry_io

Non-ldeal Power

Turn off Ideal Power in the Analysis Options. This will effectively “turn on” the 1.8V VCC
connections on the PCB that were generated in the PowerSl extraction (Chapter 6), as well as the
VRM and their references that are impacted in the Controller and Memory.

NOTE!

If we had defined the devices with HSPICE models, or IBIS models that
included the composite pre-driver current (BIRD95), these would also be
included in this Non-ldeal Power simulation.

1. Toopen the Analysis Options, select

Setup > Analysis Options...
2. Turn off Ideal Power.

arner

r—Simulation Configuration

BusType: Data | v |  Ideal Power

irection

[“1Fast Write
Typ [Iread
[ Slowe
Ackive Rank: # of Ranks:
Rank Mame Memary Blocks
Ranki Memory1
Auto Assign

3. Re-simulate and compare results. To simplify the comparison, we plot ONLY the DQ3
signal, with Ideal Power (Red) and Non-ideal Power (Blue) in an Eye Diagram.
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Voltage (v Eye Diagram

|
|
|
|
|
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|
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|
|
|
|
|

o4 — J'.-l

Time (ns)
We see a big difference, especially in the sharpness of the rising edge in the two waveforms.

More simulations are possible. Please consult with your Sigrity representative for information
about SystemSlI - Parallel Bus Analysis.

9.10.5 Worst Case Timing

9.10.5.1 Memory Bus in Write Mode

If you set Stimulus Offset mode as Default in Analysis Options, and define worst case timing
parameters in Timing Budget, Parallel Bus Analysis can simulate both default mode and worst
case condition automatically.

1. Enable LDQS in Rx side and right-click it.
The pop-up menu lists the Worst Case options.

July 2014 123 Product Version 16.6



SystemSI — Parallel Bus Analysis Tutorial

= | Data_Write_Tvp_Tvp
O3 Tx: Contraller
= R Memary
= [ Die Pad

3 Power & Ground

= [ Datal
[#_] poo
I oot N
[ [ e
] b3
] el
MW 0os
&_{ oos i
L] po? | 0s-——
[ [EE=

=] DI_:I Diatall Property

D
Hil DO Show all Curves
Ol oo Hide All Curves
O_|oe
D. D Generate Report, .,
O_|oe
Ol
[
E= Ug Reset All Curves' Colors
O Prg Pin Load Curve Patkern
'''''''' Save Current Patten

aded Curves
v | As Simulaked
Warst Case Setup Condition
Worst Case Hold Condition

For a Memory bus group in Write mode, three options are available:

As Simulated —Shows DQS waveform with Stimulus Offset per the Analysis Options form.

Worst Case Setup Condition - Shows DQS waveform with Stimulus Offset calculated from
the Min Transmit Setup parameter in the Timing Budget form.

Worst Case Hold Condition - Shows DQS waveform with Stimulus Offset calculated from
the Min Transmit Hold parameter in the Timing Budget form.

2. Enable Worst Case Setup Condition.
The DQS has shifted as the following figure shows.
Yoltage (V)
79 I I U T R I N
o I N A1 T VY 4 T . N A 1 0 N EL SR W
15— i :',.__ i I S S -
e - e
08 -eomeeee s L
i3 R — f--
1] é dll 1|2 14
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o Orange curve - Data [0:7]
. Red curve - LDQS as Simulated
o  Green curve - Worst Case Setup Condition

And LDQS changes to LDQS - Worst Case Setup Condition.
=[] Data_write_Typ_Typ
O T Controller
=~ [ R Memory

= [¥]3 Die Pad
O Power & Ground

=[] 3 Datal

I:II:II:IEIIEIEIEIEI

A LD0s - orst Case Setup Condition

DQ0
Dol
DGz
Do3
DG4
DoS
DG6
DG7

Memory Bus in Read Mode

For a Memory bus in Read mode, Parallel Bus Analysis can simulate both Default mode and
Worst Case Condition automatically too. But it is a little different from Write mode.

1. Check Read as the simulation type in Analysis Options.

—aimulation Type
Wirike
Read

2. Inthe Memory tab pane, right-click the Stimulus Offset value (0.5T) of DataL and select

None.

Data Rate: Ghps

Controler  Memory |

—Stimulus Definition & Model Selection

Clock Period: T = |3.33333 ns

Bit Period: ns # of Bits:

¥ | Memory Blocks Share I0 Models

Bus Group/Signal
Datal

3 K K K KKK E R ERRE

DQO
DQ1
DQ2
DQ3
DO
DQS
DQG
DQ7
LDOS
Datall
DOB
N

Stimulug Pattern

10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10101010
10..

10101010
10101010
1N1N1N1N

Stimulus Offset (ns) Transmit IO Model

- Mone
0.5T :
0.5T Aligned
0.5T Worst Case Transmit Skew (+) =
0.5T Worst Casze Transmit Skew (-)
0.57 Default
0.51 Ideal -
0.5T - — —
0.5T DQ_FULL_QDT_OFF
0.75T DQ_FULL_QDT_OFF
0.5T
0.5T DQ_FULL_ODT_OFF
n 5T O FLLL ONT OFF
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NOTE!

Stimulus Offset must be set to None for SystemSI to automatically analyze
worst case timing for the Read case.

3. After simulation, enable MEMC_MDQS0 and right-click it.
The pop-up menu lists the Worst Case options.

=3 R Controllesr ) S
= [#] 1 Die Pad

+- [ Power & Ground

=[] Dakal
[A__| MEMC_MDGO
2 MEMC_MDG1
| MEMC_MDgz -
] MEMC_MDG3
[l MEMC_MDo4
[ MEMC_MDGS
E2__| MEMC_MDoE
EA R MEMC_mog7 [ R

= B3 Datal Property
il mg Show all Curves
. MEN Hide All Curves
b | mEN
_ MEN Generate Report...
A mEn
] en
= mg Reset All Curves' Colors

+- [ Pa Pin Load Curve Pathern

Save Current Patten

v s Simulated
‘Wharst Case Transmit Skew (+) Condition
Worsk Case Transmit Skew (- Condition i

T

For a Memory bus group in Read mode, three options are available:
e  As Simulated — Shows DQS waveform with Stimulus Offset per the Analysis Options form.

o  Worst Case Transmit Skew(+) Condition - Shows DQS waveform with Stimulus Offset
calculated from the Transmit Skew (+) parameter in the Timing Budget form.

e Worst Case Transmit Skew(-) Condition - Shows DQS waveform with Stimulus Offset
calculated from the Transmit Skew (-) parameter in the Timing Budget form.

Terminate Unconnected Nodes
If there are some unused nodes in the block, System Sl will automatically terminate the unused

nodes.

By default, the termination value for Signal node is 500hm, for Power node is 1e+0080hm and
for Ground node is 00Ohm.

To change the termination value, follow these steps:

1. Select

Setup > Terminate Unconnected Nodes....
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Setup | Tools  Window — Help

Analysis Options., ..
Terminate Unconnecked Modes. ..
Werify Timing Specs before Simulation
v Pause before Simulation
Hide Previous Curves
¢ Sweep Mode
Probe Point. ..

The Termination Impedance Definition window pops up.

-
Termination Impedance Definition
Unconnected Signal Mode: |50 Chirn
Unconnected Power Mode: | 1e+005 Chirn
Unconnected Ground Mode: |0 Chirn
Default K ‘ | Zancel

SystemSI will add termination for unused nodes in the blocks except Controller
NOTE! and Memory blocks.

Frequency Response
SystemS| - Parallel Bus Analysis provides calculation for frequency response.

1.

Select
Tools > Frequency Response....

Tools | Window  Help

Simulation

[INELI]

Timing Budaget. ..

Freguency Response. ..
5 Parameter Extraction...
E S Parameter Viewer

Sweep Manager, ..

Result Browser, ..

Opkions 4

G i
The Frequency Response window opens.
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Frequency Responze

Contraller Signal Controller Pin

Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::
Memory::

Memary Signal

DQD
DQ1
DQ2
DQ3
DQ4
DQ5
DQE
DQ7
DQB
DQY
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15
LDQS
UDQS

Memary Pin
Mernary:iH1

Mernary:

Frequency Response Average Magnitude

(ELERLEREREEE

Mazximum Frequency: GHz

Mo, of Frequency Points: Calculate

User can define Maximum Frequency and No. of Frequency Points by entering numbers in

the fields next to them. By default:

o Maximum Frequency is 1Ghz.

« No. of Frequency Points is 128.

Click the Calculate button.

When simulation is completed, a result window opens with Frequency Response curves for

all signal nets.

[Si20 Curve (Frequency Domain)

@ ee 8 T M E T 0 e |7

v
Present Curves

Freq Resp

1

0.995 4

Loaded Curves

100

200 300 400

500
Freguency (MHz)

[=ili] 700 800 500 1000

resultac Controlier_MemaryiMemory_H1_Contraller_AF16.cur
result|aciContraller_MemoryiMemory_H3_Controller_AE17.cur

N TE—

resultlaciController_Memory\Memary_G2_Controller_AHL7.cur ——
result|aciContraller_MemoryiMemary_F1_Contreller_AG17.cur

The Frequency Response window lists detailed information for the controllers. In the
Frequency Response column, the gray -] is turned to green o] tis

enabled.

To show Frequency Response curve for desired net, just click the corresponding ET

button.

July 2014

128

Product Version 16.6




9.10.8

SystemSI — Parallel Bus Analysis Tutorial

-
Frequency Responze

Contraller Pin
Contraoller::,
Controller
Contraller
Controller::,

Controller Signal
Controlle

Controller::,
Contraoller:
Contraller::,

Memory

Memory::

Signal
Memory::

::DQ15
1:ILDQS

Memaory Pin
Memory::H1

upQs Memory::B7

Frequency Response Average Magnitude
0.953982
0.983683
0,984757
0.954668
0.983432
0.952145
0.951594
0.983708
0.954457
0.953645
0.982368
0.983127
0.954391
0.983542
0,954385
0.983735
0.985423
0,985259

EEEEERERE

Mazimurm Frequency: |1 GHz

S-Parameter Extraction

Mo, of Frequency Points: | 128

Calculate

SystemSlI - Parallel Bus Analysis supports S-Parameter Extraction for both single-ended nets

and differential nets.
Select

Tools > S Parameter Extraction....

|

w Window  Help
[ Simulation
A Timirg Eudget. ..
4 Frequency Response.. .,
| 5 Parameter Extraction. ..
E 2 Pararneter Viewer

Sweep Manager, ..

Result Browser., ..

Opkions L

- -

The S Parameter Extraction window opens.

| 5 Parameter Extraction

Differential Mode | single-ended Made |

Component
BackPlane
connl
connz
cardz

rxphg

cardl

Circuit Ground: | ngng -

channel s
connl
posin
coon2
negin
daughter2
pasout pos
negaut neg
rxpkg
daughter1

-C- Diff_Channel_Tx1_$_Rx1l

X
Frequency Range: 0 ~ 1089 Hz
4# of Frequency Points: ¥l aFs
Parameter File Mame:  |5_para

Parameter i Forma

Extract

Select a component, and then select positive node and @ Left mouse dick.

negative node in the okt node list, Click "' to add a

differential oort,

& Right mouse click

| [s]9 ” Cancel ‘ ‘ Apply
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9.10.8.1 Single-ended Mode
1.  Click the Single-ended Mode tab.
| 5 Parameter Extraction x
Differential Mode  Single-ended Mode ‘ Frequency Range: IC' e Hz
Component Circuit Ground: 1pg_az | # of Frequency Points: laFs
_ tutorial_PCB1_1 12 Javeven Parameter File Name; |SJara
YRML vrml
o ace ]| Farsmeter Fle Formatt [touchatone. | |
U20_AD13
U20_AD19 =
U20_ADz1
L20_AE17
U20_AEZ1
U20_AF16
L20_AF17
U20_AF13
UZ0_AG17
150 Acie
[ 1il ] Cui] Extrack
Select a component, and then select a node in the ckt
node list, Click'>>' ta add a port.
| QK ” Cancel || Apply

2. Select the PCB component to extract S Parameter.

Differential Mode  Single-ended Mode

Camponent Circuik

YRMI ¥rml

3. Setup ports.
3.1 Click U20_AF16 to define positive node.
3.2 Choose U20_A3 as Ground node.

Ground: UzZ0 A3 -

Uz0_abig
JZ0_ab19

Ham AR

3.3 Click the button.

Settings for Port_1 are completed as the following window shows.

S Parameter Extraction

Differential Mode ~ Single-ended Mode |

Component Circuit Ground: L20_A3 - = ®m
tutorial_PCB1_L 12 JFeveres e
= PCB.UZ0_A3

Uz0_ADLS
Uz0_ADLS
LUz0_ADZL
Lz0_AE1T
Uz0_AEZ1

& [T
Uz0_AFLT
Uz0_AFLS
Uz0_AGLT

0 _neis

==

Select a component, and then select a node in the ckt
node list, Click "=="to add a port.

3.4  Choose U23_A3 as Ground node.
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Ground: 23 AS -

uzqvrm_15 2
LZ3_F1

(NET- I -]

3.5  Click U23_H1 to define positive node.

3.6  Click the button.

Settings for Port_2 are completed as the following window shows.

| &raund; =  Port_1

: T & PCE.UZ0_AFLE
S PCE.UZ0_AG

Uz3_D9 = P Port_2
U=z3_F1 @ PCB.JZ3_H1
U3 F7 o PCE.UZ3_AZ
U23_Fa
U23_G2
U23_G5

221175 H1 |
Uz3_H3 3
Uz3_H7
Uz3_Ho

11l

4.  Set up Parameters.
4.1  Define Frequency Range.

Frequency Range: ||:| | o |2.39 |H2

4.2 Define No. of Frequency Points.

Mo, of Frequencyy Painks: |:| aFs

4.3  Input Parameter File Name. For example: S_para.

Parameter File Marme: |SJ:|ara

4.4  Select Parameter File Format: bnp.
Parameter File Format: brp -

kouchstone
5.  Click the Extract button.

S Parameter curve for signal net DQO shows as the following figure.
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(=5 amplitude (dB) .0 x
“ L] ‘ x W By | i i élNormaI\u'iew |'|S |'|AmDIitude "| ;?‘ IE‘ ‘3 E \fl

Metwork Parameters |
= @ 51 - (D:iMy workiDocuments for System ST

S Amplitude (dB)

Isolated Curves e

q-d L1

0 1000 1500 2000
Frequency (MHz)

’TD:IMV workiDocuments For Systern STikutoriahExamplesiChapterd 2iresultisparan,

S Parameter document is automatically generated in the folder of <working folder
path>\result\sparam\.

Differential Mode
1. Click the Differential Mode tab.

-
S Parameter Extraction

Differential Mode | Single-ended Mode | Frequency Range: D ~ Hz

Component Circuit Ground: | 2p a3 | -C- Diff _Channel_Controller | g, of Frequency Paints: l:l [l aFs
tutorial_PCBL

Cht Node: Parameter File Mame: ‘Sjar’a
D2084010 Parameter File Fopmat:
Uz0_aD19
Uz0_aDzl
Uz0_AELT

Liz0_AEE1 \:l
L]

UZ0_AF16
UZ20_AF17
UZ20_AF19
U20_AGLT
Uz0_aG1E
Uz0_aGz0n
Uzn_aGe1

Lt
T Cui ] T Extract

Select a component, and then select positive & Left mouse click
node and negative node in the ckk node list. Click. e s ik
"=>'to add & differential port. © RE |

Bl

[s]:4 I| Cancel H Apply

2.  Select the PCB component to extract S Parameter.

Component Circuik

tutorial_PCB1_1121...

3. Setup ports.
3.1 Choose U20_A3 as Ground node.

around: UzZa a3

3.2 Click the circuit node U20_ADA18 to define positive node.
3.3 Right-click the circuit node U20_AG18 to define negative node.
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Ground: 120_p3 ﬂ R Diff_Channel_Controller_$_Memory

Cht Mode

B U20_aD13
U20_AD19
U20_aDz1
U20_AE17
U20_&E21
U20_&F16
UZ0_AF17
U20_&4F19
U20_#G17 o

2 L
LI20_&G20
U20_aGz1
U20_#&H17

& Left mouse dlick.
=5 Right mouse click

3.4 Click the button.

The port Diff_Port_1 is generated automatically.
Ground: uzo_az - = -C- Diff _Channel_Controller _$_Memory

= P Diff_Port_1

@2 et = B Part_1
& [N @& PCE.UZ0_ADLS
Uz0_AD19 & PCE.UZO_AE
Uz0_apz1 = @ Port_2
UZU_AEI? & PCB.U20_AGLE
- = & PCE.UZO_AE
120_AEZ1 ]
LIZ0_aF 16
L20_AF17 [ == ]
UZ0_aF19
z0_aG1T
= UZ0_AGLE
LIZN_sEzn
z0_aGz1
Uz0_aHLT
- .I;Iuﬂ 1}

&8 Left mouse click
& Right mouse click,

If differential TimingRef signals exist in Controller and Memory blocks, the
Default button is enabled. You can click the Default button to add ports for
NOTE! differential TimingRef signals automatically.

The Default button is gray if no differential TimingRef signals exist, like in
this case.

4.  Setup parameters.
4.1 Define Frequency Range.

Frequency Range: ||:| | e |2eg |H2

4.2 Define No. Of Frequency Points.

Mo, of Frequency Points: I:I AFs

4.3 Input Parameter File Name.

Parameter File Marme: |SJ:|ara

4.4 Select Parameter File Format.
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Parameter File Farmat: brp

kouchstone

5.  Click the Extract button. (In this example, there are no differential signal nets, so click

Cancel to exit.)

S-Parameter View
1. Select

Tools > S Parameter Viewer.
Tools | Window  Help

Simulation L
Timing Budget. ..

TN LY

1 Frequency Response. ..
5 Parameter Extraction...
E 5 Parameter Viewer

Sweep Manager...

Result Browser. ..

Cptions b

L L]

The Port Curves window opens.

=

impa g T OMEH 1 Mormal View v|S

| s |Amnlitude

‘v|

[ [8] |

Network Parameters

Isolated Curves

2. Right-click the Network Parameters pane.

3. Select Load in the pop-up menu list.
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SPort Curves

FI 1 | Mormal view I‘IS I'IAmnI\tude

imoa g 3 M E

Network Parameters

Result Browser...

Save Simulation Result
Load

Unload All Networks

Isolated Curves

The Open window opens.

Open 7 X

Q¥ -

(=K

Lok in:

My Recent
Documents

4

.bnp
m SParamExtraction.sp

=}
.2 "—;..l
2\
- =]
=

ty Docurents

tdy Computer

=

| - | Cancel

File narne: |S_para_5.bnp

My Netwark, Files of type: |AII Curve Files [*.bnp, * bds, "tz, ".5nF]

4. Select an S Parameter, e.g. S_para_S.bnp.
5. Click Open.
The curve shows in the result pane like the following figure.

[&is amplitude (dE)

‘e § T MG | F D Nomalview [~]s | = | ampliude

Metwiork Parameters

=] 51 - (D:\My workiDocuments for 5
1 51[1,1] - 5(1:Port_1_UZ0_AF15::0D
. S1[2,2] - 5(2:Port_2_1023_H1::DDR_|

S Amplitude (HB)

-25 4

N
=
!
B e A i R I

4 i1} »

= 4-
=

Isolated Curves

Frequency (MHz)

lll

DMy workiDocuments For System STitutorialExamplesiChapterd Ziresultisparami3is para 3

>
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Result Browser and 2D Curve Presentation

Result Browser

The Result Browser option is available for all the curve windows, such as 2D Curve (Time
Variation), 2D Curve (Frequency Response), and S Parameter Viewer.

You can right-click in the curve panel, and choose Result Browser... from the pop-up menu to
view the results. As shown in the following figure.

wdSvstemd - [2D Curve (Frequency Domain)]

== File  Edit iew Setup Tools ‘Window  Help
QS d M 52 i ik d:s § Ll 5 i
Markflow: SysternSl x| i®oe g T MG [ O [ampltude [+
Parallel Bus Analysis = Curves
Bus Setup ® @[] resulthac\I\Controller_Memory|  Fraq Resp

Load a New/Existing Warkspace
Assign IBIS Models
Edit Bus Models
Simulation Setup (=
Set Timing Budget
Set Analysis Options
Check Signal Connectivity
Run Bus Simulation
Simulation Results (n)

Show Simulation Curves

Browse Results
DDR Measurement Report (A
Generate Report

Export Report
Show Measurement Results

<}

) result\ac\2\Controller_Memory

Memoaryl E3_Controller 87.cur
” Memoryl_ F1_Controller_8l.cur
[ Memary1_F2_Controller_85.cur
Il Memoryd_F8_Controller 82.cur

EIMl Memoryl H3_Cortroller_§2.cur
&l Memoryl K8_Cortroller_69.cur
Memoryl 62_Controller_64.cur
Meroaryl HT_Controller_6T.cur
Memoryl ET_Controller_89.cur
Mermory1_F3_Controller_77.cur
Memoryl G3_Controller_T5.cur

095>

Show All Curves
Hide All Curves

085+
Result Browvser...

«

IB1S Augmentation

Customize Workflow ¥

Reset All Curves’ Colors
Load Curve Pattern

Save Current Patten

@a'iystcmSI - [$Amplitude (dB)]

Loaded Curves

= File Wiew Operation  Window  Help
iDEH a9~ i [T N N, SREF R i e N S S =T
Workflow: Systemsl x|iwwe § 3 O F 1| [ i|Differential Channel Vi 7[5 | +| amplituch
mu“w w2l MNetwork Parameters
- =~ 5diffl - (C:\Robert\Robert\batch | - -
Bus Setup (=) - Mode Defiitions 5 Amplitude (dB) Ditf - Diff
Load a New/Exsting YWorkspace = ] ‘Diﬂ:;gg[fl u 71 — -
Assign IBIS Models : . ' "
Edit Bus Madels I sooi2,2] | i
- - 50001,2] LN R [
Simulation Setup = 1 . S00(2,1] 20 ; :
Set Timing Budget ‘-:Iuk DHf - Core il i —: ___________ 1|— _______
{1l soc1,1] 1 1
Set Analysis Options F H H
; y -] soct2,2] R e —————— Fomm—
Check Signal Connectivity -1l oc1,2) \ : :
Run Bus Simulation ~ _l socfz,1] A —.-Ll‘:—f:\r—?:j"‘—{'f—'l——
Simulation Results @ Come - DIFf \ [\ N VAN
s ~_]scoi Voo MV
Show Simulation Curves -l scofz,21 L s | S 1|— ———————
Browse Results -l sco1,2] ! +
DDR Measurement Report  (#) e Cl SCD[C'-M] 500 1000
=-{€€ Comm - Comm
Generate Report -l scena Frequency (MHz)
Export Report = _I sccfz,2] SDD[L1] 50D[1,2]
Show Measurement Results _I 5¢CT1,2] a | 11
1BIS Augmentation ¥ ~H ezl
Customize Workflow ¥ [
S Amplitude (dB) Comm - Diff
Result Browser...
Save Simulation Result -80

Load
Unload All Networks

-100

-120

With this option, all the previous results under the result, history and result(bat) folders can be

browsed and displayed from

various curve windows.
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[ Results Browser

x

Folder

:ll:l J result
=01
:ll:l | history
=20 3

a1

=)

= D , result(bat)
) D . sim
= O | simt
) D . sweep
) |:| . sweepl

[ | pata_writ=_Typ_Typ_Rarkl

Simulation Name

1\Data_Write_Typ_Typ_Rankl

Simulation Type

Data Bus Simulation, Write

Double dick on an item to show the result; or select multiple items to display and dick 'Show Results',

Curve Pane Context Menu

Right-click on the Curve window.

A context menu appears.

hleasure
Marker..

Expression Calculatar.,

Save..,
Export To Excel
Export Bitrmap File...

Black Background

Ermbed-Ctrl Wisibility  »
Ernbed-Ctrl Position ¥
Ctrl Bar Position 4

BarChart
Auta Tip

Add Annotation

You can perform the following operations in this menu.

e Measure — Toggle the horizontal and vertical measure lines.
e Marker — Toggle the horizontal and vertical marker lines.

Show Results | | Close

e Expression Calculator—Setup and calculation the expression.

Save—Save the curve.

white.

bar) in the display area.

mouse.

Export To Excel—Export the curve to Excel.
Export to Bitmap File—Export the curve to Bitmap file.

Black / White Background — Set the background of the curve window to be black or
Embed-Ctrl Visibility — Set the visibility of the sub windows (for example, the legend

Embed-Ctrl Position — Toggle the sub windows between floating and docking.

Ctrl Bar Position — If a sub window is docked, change the position of the docking.
Bar Chart — Toggle the plot style between a bar chart and a continuous line.

Auto Tip — Show / Hide the tip of the objects in the Curve window when moving the
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e Add Annotation — Add a text string in the Curve window.

All these common items are available for 2D Curve (Time variation), 2D Curve (Frequency

Response), and 2D Curve (DDR Measurement). However, there is an exception. Expression
Calculator... is not available for 2D Curve (DDR Measurement). Each 2D Curve may have
additional items which are unique to the specific 2D Curve window.

General Options

While performing Parallel bus analysis in SystemSl, you can specify some settings in the Options

dialog box.

a) Choose Tools — Options — Edit Options.

The Options window opens.

-
Options

Simulation L':‘)
General
Resul:

Measurement Report k'})

Generate Report

Change the 'General' options in Parallel Bus

Automation

Address of naotification mail sent when simulation is complete:

Multiple CPU usage

Maximurn number of CPU to use in the simulation: :

Messages and Windows

Show Warning Messages

The General page contains three sections:

e Automation - user can put email address into the blank dialog box, and then user
can get notification email when simulation is complete

e« Multiple CPU usage - user can set the maximum number of CPU to use in the

simulation

e« Messages and Windows — Provides users with the option to show or hide the
warning messages generated during simulations. By default, all warning messages
are displayed. To hide the warning messages, clear the Show Warning Messages

check box.

b) To specify the display setting of previous simulation results, select Result in the left pane

of the Options dialog box.

July 2014

138 Product Version 16.6




SystemSI — Parallel Bus Analysis Tutorial

Simulation ~)

General Change the 'Result' options in Parallel Bus
Fesult

Measurement Report (#)

Generate Report Perform the following operation when openning an existing workspace file

@ Mave the the previous simulation results under the "result” Folder to the "history" Folder
(") Keep the the previous simulation results under the "result” Folder

(") Delete the the previous simulation results under the "result” Folder

c) Select the appropriate option. To save the modifications and close the dialog box, click
OK.
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10 DDR Measurement Report

10.1 Introduction

Parallel Bus Analysis has extensive DDR data processing and specification compliance
functionality. Standard measurements and specifications from JEDEC standards are included, with
user-friendly data presentation and parsing, for unprecedented troubleshooting, all combined with
the implicit accuracy that comes with Sigrity unique simulation technology.

This chapter explores the DDR measurement reporting using the completed Tutorial examples.

10.2 Tutorial Files

The block diagram for this chapter consists of a Controller, Memory, PCB, and VRM component,
as created in Chapter 9. This design is complete and fully functional with models for each
component and a valid connection between each. The design looks like this:

C M
Controller PCB Memory

\
VRM1
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Simulation Results

Simulate the completed example from Chapter 9. Make sure the following details in the Analysis

Options are set.

1.  Turn off Ideal Power.

2 Make sure the directions Write and Read are checked.
3. Click the Memory tab.
4

Ensure that data buses, DatalL and DataU, are selected and the Stimulus Offset (ns) is set to
the Default value of 0.

5. Setthe Data Rate is 0.6 Gbps.

—Simulation Configur ation

BusType: [Data | |[|Ideal Pawer

Orner irection
[“Fast Wrike
Tvp Read
[ slow
Active Rank: # of Rarks:
Rank Mame Memory Blocks
Rankl Memory

Auto Assign

r—Stimulus Definition & Model Selection
Data Rate: Ghps Clock Period: T = ns  Bit Period: UI= ns 4 of Biks:
Cortroller  Memory | [CwiojckDelay [¥]Memary Blocks Share 10 Models
'Bus Group Signal 'Stimulus Pattern 'Stimulus OFfset {ns) 'Transmit 10 Model
=M patal 10101010 Defaut [+
- pgo 10101010 0 DDR3_DQ34_NO_ODT
- pQ1 10101010 0 DDR3_DQ34_MO_ODT
[ pgz 10101010 i} DORS_D0E4_Ho_oDT
- pQ3 10101010 0 DDR3_DQ34_NO_CDT =
-~ DQ4 10101010 0 DDR3_DO34_MO_ODT
- pQs 10101010 0 DDR3_DQ34_NO_ODT
- DQ6 10101010 0 DDR3_DQ34_MO_ODT
- por 10101010 i} DORS_D0E4_ WO 00T
- LDQS 10., 0 DDR3_DQ534_NG_ODT
- LDQS# DDR3_DGS534_NG_ODT
E-[# Dpatau 10101010 Default
-~ DQs 10101010 0 DDR3_DO34_NO_ODT
-~ pQe 10101010 0 DDR3_DQ34_NO_ODT
-~ DGQ10 10101010 0 DDR3_DQ34_MO_ODT
|p| DO11 10101010 1] DOR3 D034 MO ODT
1l
10 Model Filker: | |

Then, simulate, and plot the Eye Diagram. It should look like this:

20 curves (Time Variation)

7 B ) [tme pomain | =]

B8 B = = 00k Threshold:| <tione> |+ |2 ¢ Mask <hone>

[ =] tter: Cisplay Hods: <tione> | = | ¥ Measurela,000

Eye Measurement: Trigger Periodt: TiminaRef

~ | Eve Aperture: Trapezcid | = | Min Tac width:

% Bit Period Range:|3333 |~

ps Offsetin ps Period: 166,67 |ps # of Perindi[4 £ TypedRequiarEve | =

E] _ result}l

O3 Tx: Controller
= B R Memory
= [#1 Die Pad
O Power &G
=- [T Datal
[ poo
E_[pat
o N sted
[_|pbas
ME o
CAM oes
1M pos
M_|oe?
O8] woos
= [ECa Datal
ME_|ogs
o e
M pao
M b1t
M_|oa1z
| O LT K
H_|oq14
EL]pa1s
OW uoas
OCa pkafin
=[] Data_Read_Typ_Typ
#- O3 T Memery
= [JC3 Rex: Contraler
=[] Die Pad
O3 Power &.Gr
(=-[JC3 Data0
I Memc_
O_ | memc_

U e

E] ) Data_write_Typ_Typ [ |

Woltage (v)

R\\ =
1 H v

Loaded Curves

=

Time {ns)

Be sure to set the Offset to approximately 3333 ps, to eliminate the leading “0s”.
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DDR Report Settings

Generate a DDR Measurement Report from the Workflow selection.

Workflow: SystemSI »*

Parallel Bus Analysis E3

Bus Setup (")

Load a New/Existing Workspace
Assign IBIS Models
Edit Bus Models

Simulation Setup )
Yiew Timing Budget
Set Simulation Contreller

Run Bus Simulation

Simulation Results )

Show Simulation Curves
Browse Results

DDR Measurement Report ()

< Generate Report >

Export Report
Show Measurement Results

The Generate Report dialog box displays.

‘Generate Report

‘Waveform Locat\;ln: Measurement Ra%e: o - Cycle |»

—AC and D Logic Inpuk Level

Fhreshold: [DDRS(ACI?SIDCIDU) | v| AC Threshold {mi}: DC Threshald {mi):

4SingIe—Ended Signals (¥) | Differential Signals ) |
Case #  Corner YIH{ac) min | VIL{ac) max  YIH{dc)min = VIL{dc) max | WREF{dc) Ideal Pawer
1 Typ 0.925 0.575 0.85 0.65 0.75 On
Z Typ 0.85 0.5 0.775 0.575 0.675 Off
8 Slow 0.8873 0.5375 05125 0.6125 07125 on =
4 Slow 0.81 0.46 0.735 0.535% 0.635 OFf
5 Typ 0.925 0.575 0.85 0.65 0.7% on
& Typ 0.85 0.5 0.775 0.575 0.675 OFf
7 Slow 0.5875 0.5375 0.5125 0.6125 07125 On
g Slow 0.51 0.46 0.735 0.53% 0.635 OFf
r—Measurement Crption: 6
Wavefarm Quality Eve Quality Tirning D) Mask Delay
Gve Trigger Period: TimingRef H Eye Aperture: | Tyapezoid 9 I¥in Tac Widkh (% of L)
Setup Derating Table: | Data_DifferentialDQS_AC17S_Setup csv 1 D | | Open |
Hold Derating Table: | Data_Differentiallngs_DZ100_Hold.csy 1 1 | | Open |

Derating Table Extrapolation: | pearest 1 2 n

ngL Header | TimingDesigner 11 3

Title: DDR3 Measurement Report

Sub-Title: | Data Bus, Write

Motes: ‘

‘ Default

Generake Report

The various parts of this dialog box are discussed below:

Cancel

Apply

1. Waveform Location: Specifies whether the output waveform uses Die Pad or PKG Pin

data.

2. Measurement Range. User can choose anyone of the three units: nano seconds (ns), peco-

seconds (ps) and Cycle.
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Threshold : This drop-down list lists JEDEC specific AC and DC threshold levels for known
DDR4, DDR3, DDR2, DDR1, LPDDR3 and LPDDR2 standards are included.

NOTE! If you are running Channel simulation for Data Bus Write operation,
: only DDR4 threshold values can be selected.

Selecting one of the pre-defined threshold values updates the Voltage values in the dialog,
including the AC and DC threshold values, as well as the Single-ended Typical corner
values for Low and High logic levels, as displayed in the Single-Ended Signals tab.

—aC and DC Logic Input Levels

ThrEShCl'd:[DDRS(.QCl}EJ‘DClDD) |v| AC Threshold (rb): D Threshold (mt):

single-Ended Signals (¥) | Differential Signals (%) |

Case #  Corner WIH(ach min | WIL(achmax | YIH(dS) min | VIL{dC) max | YREF{dc) Ideal Power
1 Typ (Write) 0.925 0.575 0.85 0.65 0.75 on
2 Typ {Write) 0.585 0.5 0.775 0.575 0.675 OFF
3 Typ (Read) 0.925 0.575 0.5% 0.65 0.7 on
4 Typ {Read) 0.585 0.5 0.775 0.575 0.675 OFF

You can modify the DC reference Voltage value, VREF(dc).

> To edit the default value, double-click on the VREF 4 value and enter
the new value.

single-Ended Signals (¥) | Differential Signals (&) |

Case # | Corner YIH(ac) min | WIL{ac) max | WIH{dc) min | WIL{dc) max "u'REF(dc)
1 Typ 0.925 0.575 0.85 0.65 [

.75

> To restore the default value, right-click and select Default.

Single-Ended Signals (¥) | Differential Signals () |
Case # | Corner WIH{ac) min | WIL{ac)max | WIH{dchmin | WIL{dc) max '\-‘REF(dc)
_mm_n_m——um

Adding User-Defined Threshold Values

If required, you can also add a custom threshold value. To create a user-defined threshold:
a) From the Threshold drop-down list, select <User Defined..>

b) Inthe DDR Threshold dialog box, click Add.

c) Specify the Threshold Name, and AC and DC Threshold values.

d) If required, you can also specify the values for Differential AC & DC Thresholds.

e) Click OK.

The Threshold Name is visible in the drop-down list.

The Differential Tab displays the differential corner values for Typical Low and High logic
levels.

The Measurement types currently include Waveform Quality, Eye Quality, Timing, DQ
Mask, and Delay.

When the DQ Mask option is enabled; Eye Quality And Timing Reports are not generated.
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The DQ Mask option is enabled only for the DDR4 measurement
on the Data Write simulation only.

For DQ Mask option to be enabled, following conditions must be
met:

e Selected Threshold is DDR4(AC100/DC75)
e Simulation Results have Data Write simulations

NOTE! e at least one simulation has the Stimulus Offset set to the
Default or Ideal

Unless all these conditions are satisfied, the DQ Mask option is
unchecked and grayed out.

Eye Quality and Timing options are not available for channel
analysis for Data Bus Write simulations.

7.  To set the measurement specifications, click Specs.
» Inthe Value column, you can set the values for different parameters.

»  To restore the default values, or to use the Timing Specifications from the Timing
Budget set for this simulation, select the Default and Pull Timing Budget buttons,
respectively.

»  The value specified in the Strobe Adjustment Resolution text box, is used for post-
processing of Data Bus simulation results.

User can specify Eye Trigger Period. User can choose TimingRef or Same As Ul.
User can use Eye Aperture and Min Tac Width for ApertureWidth measurement.
Two options are available for Eye Aperture:
« Trapezoid — Selected by default
« Tac/Tdc Rectangles — If selected, eye mask consists of two rectangular shapes:
- Tac: Height of 2*VIH(ac)(from VIL(ac) to VIH(ac)), with a width of Tac.
- Tdc: The second rectangle is from (VIL(dc) to VIH(dc)) and with width of Tdc.
The overall eye aperture width measurement = Tac + Tdc.

Min Tac Width can be useful when Tac/Tdc Rectangles is selected for Eye Aperture. It is
a positive number ranging from 0 to 100. The default is 50.

If the ringback occurs after the Tac time point which is higher than ViHDC, it
doesn't impact the eye-width measurement hence it is not a failure.

If the ringback occurs within the Tac time point which can impact receiver’s
switching, the first rectangle can be excluded from the eye-width measurement.

NOTE!

10. Derating tables for both Setup and Hold can be specified, with many standard ones that are
available from public-domain sources included.

11. User can choose Derating Table Extrapolation from None and Nearest.

12. HTML Header
This tab allows you to specify the title and Sub-title of the report. The entries in the Notes
text box are appended to the report header.

13. Timing Designer
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Select this tab, if you want to Launch Timing Designer on the Timing measurements and
configuration files generated by SystemSI.

By default, the Setup and Hold measurements are exported to Timing Designer. However, in
case of Data Read bus, you can either export the Setup and Hold measurements or export
ReadSkew.

This tab is visible only if the interface to the TimingDesigner is enabled
for the project. To enable the interface:

a) From the Tools menu, choose Options — Edit Options.
b) Inthe Options dialog box, select Generate Report.

NOTE! c) Inthe Generate Report page, select the Interface to
TimingDesigner checkbox .

d) Click OK.

If you now launch the Generate Report dialog box, the TimingDesigner
tab is displayed.
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Setup and Hold Derating Tables

Standard derating tables from JEDEC are included with the tool.

These are delivered in CSV text format, and custom tables can be created by the user. Select a
Derating Table by clicking the browse button in the Measurement Types window.

—Measurement Types

Warveform Cuality Eve Cuality Timing

Celay

Eye Trigger Period: TimingRef H Eve Aperture: [Trapez-:-id

|,| Min Tac width (% of L)

Setup Derating Table: |

| E Open

Hold Derating Tahle: |

| E Jpen

Derating Table Extrapolation:  |Mearest -

The default location for the derating tables is in the Allegro Sigrity installation directory, typically:
<INSTALL_DIR>\SpeedXP\Library\template\SystemSI\Paralle|lBus\DeratingTable

I—g_uaSeIect Derating Table File

II?"ﬁAddli:ml:l_Diﬂ:erentiaIICK_AIC15D_Setup.c5\.-'
II?"ﬁAddlle:l_Dif'FerentiaICK_AIC17"5_Setup.c5\.-'
|I\TﬂAdd(:r'm:!_Dh‘FeremtiaIIIZK_ACEDD_Setup.csx.r'

& Downloads

= Recent Places

a Wy Site
@Added_DiﬁerentiaICK_AC2SD_Setup.csv
= Libraries 2 |IF“ﬁa‘l‘«dcl(:md_Dif'ferentiaIIIZK_DC1DD_H0Id.c3\.f
3 Dacuments IIF‘ﬁ.&dd'Cmd_Dif'ferentiaICK_DC125_H0Id.c5\.f
J Music IItT"__ll]Data_Dh"'fenantiaIDQS_.i\Cl35_Setup.c5\.r'
=] Pictures IIF“ﬂData_Dif‘FerentiaIDQS_AClSEI_Setup.cS\.-'
B videos II?"ﬁData_Diﬂ’erentiaIDQS_AICI?S_Setup.cS\.-'

II?"ﬁData_Dif‘ferentia|DQS_AICEUEI_Setup.cS\.-'

1% Computer i34 Data_DifferentialDQS_AC250_Setup.csv
i‘\év Lacal Disk (C) i3} Data_DifferentialDQS_DC100_Hald.csv
= Local Disk (D) _ i34 Data_DifferentialDQS_DC125_Hald.csv

———
st | ;< ternplate b SysternSD v ParallelBus » DeratingTable - |{v, || Search DeratingTabis p'
Organize v New folder - Il @
7 Favotites i IItT"__ll]At:h:iCmt:i_Dh"'ferentiaI':ZK_AC125_Setup.c5\.f IIF“'__ll]Data_SingIeEndet:lDQS_ACESU_Setup.csv
M Desktop II\?"ﬁAl:h:ile:l_Dif'FerentiaICK_AC135_Setup.c5\.-' IIF“EData_SingIeEndet:lDQS_DClES_Hold.csv

I5“@LPDDRE_AddCmd_Diﬁ:erential(:K_ACEED_SetL,Ip.CS\.-'
@LPDDRE_AddCmd_Dif‘ferentialCK_ACBUU_Setup.csv
4 LPDDR2_AddCrnd_DifferentialCk_DC130_Hold.cov
i34 LPDDR2_AddCmd_DifferentialCk_DC200_Hold.csv
|IF“ELF'DDR2_Data_Dif‘ferentiaIDQS_.t'l‘«C22D_Setup.csv
@LPDDRE_Data_Dif‘ferentiaIDQS_ACBDD_Setup.csv
5“-_&]LPDDRE_Data_Dif'ferentiaIDQS_DC13U_HOId.csv
@LPDDR2_Data_Dif‘ferentiaIDQS_DCEDD_HDId.csv
I5“@LPI:leR3_AddCmd_Diﬁ:erential(:K_ACISD_SetL,Ip.CS\.-'
I5@LI3DDRB_.i\ddCmt:i_Dh"-FerentiaICK_DClEID_Hold.csv
IIF‘EL|3DDRB_Data_Dif'FerentiaIDQS_ACISD_Setup.CS\.-'
@LPDDR3_Data_Dif‘ferentiaIDQS_DClDD_HoId.csv

File name: |

|v| IDerating Table Filef*.cau |V|

| Open | | Cancel |

The derating table contains setup or hold scaling constants for specified slew rates. These tables
are obtained from JEDEC and other public-domain sources, including device manufacturers. A

typical Derating table is shown here:
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Delta_tDH (ps) — DC100 tDH Derating Values for DDR3-800/1066/1333/1600/1866/2133
DQS, DQS# Differential Slew Rate (Vins)
40Vms | 3.0Vms | 2.0Vins 18Vins | 16Vms | 1.4Vins 1.2 Vins 1.0 Vins
Delta_tDS | Delta tDS | Delta DS | Delta tDS | Delta tDS | Delta DS | Delta tDS | Delta_tDS
2.0 50 50 50
L3 34 34 34 ES)
L0 0 0 0 8 16
pQ | 09 4 4 4 12 20
i:f[‘; 0.3 10 2 6 14 24
(Vins) | 0.7 3 0 g 13 34
0.6 10 2 8 24
0.5 16 & 10
0.4 26 10
10.6 DDR4 Threshold
To support DDR4 interface, the DDR4(AC100/DC75) threshold is added to the Threshold drop-
down list.

—&C and DC Logic Input Levels

Threshold: |ppr4(ac100/DC7S) -
CORAC100/DCFE)

Single-E rnn a1 o5inc1on)

Case # DCDR3ACIZSDCI100)

DOR3(AC150/DC100)

DOR3(AC175/DC100)

DORZ{ACZ00/DC125)

1

m

If the DDR4(AC100/DC75) is selected, the AC and DC Logic Input Level for the Differential
signals are determined using following equations.

VlHdiff(ac)min =2 * (VlH(aC)min - VREF(dC))
VILdiffacymax = 2 * (VIL(acymax — VREF(ac))
V|Hdiff(dc)min = 0.15

ViLd iff(dc)max = - 0.15
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10.7 LPDDR2 and LPDDR3 Threshold Application
There are two thresholds for LPDDR?2, and one for LPDDRS3.
-AC and DC Logic Input Levels

Threshold: ;Wi ?S.fxlm) -
Single-Ende: DDR3(AC135/DC100)
— DDR3{AC1S0{/DC100)
DDR3{AC175/DC100)
Typ (\Write DDR2(AC200/DC125)
Typ (Read DDR2({AC250{/DC125)

Corner

LPDDR2(AC300/DC200

LPDDRZ{AC220/DC130)
LPDDR3(ACLISO/DCI00
<User defined... >

If LPDDR2(AC300/DC200), LPDDR2(AC220/DC130) or LPDDR3(AC150/DC100) is selected,
the AC and DC logic input levels for the Differential Signals will be determined by:

VIHdiff(ac) min = 2 * (VIH(ac) min - VREF(dc))
VILdiff(ac) max = 2 * (VIL(ac) max - VREF(dc))
VIHdiff(dc) min = 2 * (VIH(dc) min - VREF(dc))
VILdiff(dc) max = 2 * (VIL(dc) min - VREF(dc))
Otherwise, they will be determined by:

VIHdiff(ac) min = 2 * (VIH(ac) min - VREF(dc))
VILdiff(ac) max = 2 * (VIL(ac) max - VREF(dc))
VIHdiff(dc) min = 0.2

VILdiff(dc) max =- 0.2

|' ~
Report Generator X
-AC and DC Logic Input Levels

Threshold: [\ pppra(acaonpczon) j AC Threshold (m¥): DC Threshold (my):

Single-Ended Signals (¥):
Corner VIH{ac) min  VIL{ac)max = VIH{dc)min  VIL{dc)max = YREF(dc) vDDQ
Typ (Write) 1.05 0.45 0.95 0.55 0.75 1.5
Typ (Read) 1.05 0.45 0.95 0.55 0.75 1.5

Differential Signals (V):

Corner VIHdiff(ac) min  VILdiff(ac) max | VIHdIff(dc) min | VILdiff{dc) max ‘
yp owrte) _Joe Jos  Jos  Jo4 |
Typ (Read) 0.6 0.6 0.4 -0.4

If the TimingRef is differential, the default derating table files will be automatically loaded for |
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LPDDR?2 and LPDDR3 Setup derating and Hold derating.

=
Report Generator =

—AC and DC Logic Input Levels

Threshald: [LPDDRZ(F\CSDDIDCZDD | v| AC Threshald (my): DC Threshald (my):
Single-Ended Signals (4);

Carner VIH(ac) min | YWIL{achmax | WIH(dchmin | YIL(dc)max | WRER{dC) VDD

Twp (Wirite) 1.05 0.45 0.95 0.55 0.75 15

Typ (Read) 1.05 0.45 0.95 0.55 0.75 1.5

Differential Signals {4

Corner WIHIFF{ac) min | WILiFF(ac) max | WIHIFF(dC) min | WILiFR(dc) masx
Typ (Write) 0.6 -0.6 0.4 -0.4
Tvp (Read) 0.6 -0.6 0.4 -0.4

—Measurement Options

Waveform Location: [Die Pad | v| Measurement Range: |D | = | | Cyde |+
—TMeasurement Types
Waveform Quality Eve Quality Timing Delay
Eye Trigger Period: Eve Aperture: [Trapezoid | v| Min Tac Width (%% of UI):
Setup Derating Table: | PODRZ_Data_DifferentialDQ3_AC300_Setup.csv | E [ open |
Hold Derating Table: |[| PODR2_Data_DiFferentialDQS_DC200_Hold csv | E [ open |
L )
Derating Table Extrapolation: [Nearest ) | -
Automatically loaded for L PDDRZ and | PDDRG
SefupandHold
| Generate Repart | | Cancel |
10.8 Generate the Report
—Measurement Types
wavelorm Quality Eve Quality Timing Dielaw
Eye Trigger Period: | TimingRef H Eye Aperture: [Trapeznid | v| Min Tac Widkh (% of UI):
Setup Derating Table: |Data_DiFFerentiaIDQS_F\CZDEI_Setup.csv | | | | Open |
Hold Derating Table:  [Data_DifferentialDQ5_DC125_Holdcsv || .. || open |
Derating Table Extrapolation: lNearest | v|

After specifying details of the DDR post-processing, the report is generated by clicking Generate
Report. The generator returns with the report document itself as well as several data analysis
templates for viewing and analyzing the data.
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DDR3 Measurement Report

- Data Bus, Write

Generated by Cadence SystemSl, 12.1.2.09061
MNovember 01, 2013

Useful Links:

+ Cadence website: http://www.cadence.com
+ DDR3 SDRAM Specification: http://www.jedec.org/sites/default/files/docs/JESD79-3E.pdf

] [0 i rimepomain | ~| ¢ I () 52 @B
iDDR Threshold: <MNone> - a Mask: <MNone> -

= @ resulti1 -
= [ ) Data_wWrite_Typ_Typ
®- 3 Tx: Controller
= [E3 Rx: Memory
= (1 Die Pad
@[] 3 Power & Grou| =
= [ patal
[ oo
@_] var
&4 oez
M_|pas
| DQ4
[l oos
[ oos
E_| oa7
O woes
= BRI fisksl
4 Il ] »
Loaded Curves 0 5 10 15
Time (ns)

Voltage (V)

result|1\Data_Write_Typ_Typ\DiePadiMemc

1) »

= E resulti1
= [ Data_write_Typ_Typ
= [ Rx: Memory
=3 Die Pad
= [#(J Datal
[ oo
[ ] el
E_]paz
1 0qs
Bm 0ot
M oos
M| oce
HE M oq7
I:I= LDQS
= [ Datau

1 ocs
EIM 0%
] eleit
[ oat1
[z ) [elet
M_|oaq13
AW o+

Al nois

= [FMeasurement Type
@ [ Waveform Quality Criteria —#—Overshoot{result1\Data_Write_Typ_TypiDiePadiMe
@ [JEve Quality Criteria ——#— Owershoot(resulti1\Data_Write_Typ_TypiDiePadMe

& [ Timing Criteria il ’

‘e § 2O EE TR O

Voltage (v) Waveform Quality Criteria Area (vns)
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Report Contents

Each report has a header section. This section displays the Title and Subtitle of the Report as
entered by you in the HTML Header tab of Generate Tab. The entries made in the Notes section
are also appended in this section.

HTML Header

Title: DDR3 Measurement Report

Sub-Title: | Data Bus, 0.6Gbps, Read agd Write

Motes: Timing Reports for PEA Tutglal

!

DDR3 Measurement Report

- Data Bus, 0.6Gbps, Read and Write

Timing Reports for PBA Tutorial

Generated by Cadence SystemsSl, 13.0.2.12102
December 18, 2013

Useful Links:

+ Cadence website: http://www.cadence.com

+« DDR3 SDRAM Specification: http://www.jedec.org/sites/default/files/docs/JESD79-3E. pdf

The tool version, and the date on which report was generated, are also listed in this section.
Finally, this section includes links to the Cadence website and a link to the DDRx specification.

Table of Contents

The TOC provides a link to various sections in the report. To jump to a particular
section of the report, click on the appropriate link in the Table of Contents.
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Table of Contents

1 General Information
2 Simulation Setup
2.1 Rank Definiti
2.2 Model Selection and Stimulus
2.2.1 Controller
2.2.2 Memory
2.3 Signal Connectivity
2.4 Simulation Description
3 DDR Measurement Setup
3.1 AC and DC Logic Input Levels
3.2 Specs
3.2.1 Data Bus Write
3.2.2 Data Bus Read
3.3 Setup Derating Table
3.4 Hold Derating Table
4 Results
4.1 Timing Report
4.1.1 Data Bus Report
4.1.1.1 D:\sipbatut\test?\result\1\Data Write Typ Typ 1\DiePad
4.1.1.1.1 Memory
4.1.1.2 D:\sipbatut\test?\result\1\Data Write Typ Typ 2\DiePad
4.1.1.2.1 Memory
4.1.1.3 D:\sipbatut\test?\result\1\Data Read Typ Typ 3\DiePad
4.1.1.3.1 Controller
4.1.1.4 D:\sipbatut\test?\result\1\Data Read Typ Typ 4\DiePad
4.1.1.4.1 Controller
4.1.2 Worst Case Summary
5 Appendix
5.1 JEDEC DDR Measurement Definitions
5.2 Description of Abbreviations

4 Result

O\' Hotlinks to jump back to
4.1 Eye Quality Re—--"‘""" Table Of Contents
4.1.1 Data Bus Repo@/

41111 l\f[emqr@

Click on a signal name to see its Eye Diagram displayed.
Click on a criteria in a column header to see all its plots.

Bus Type: Data, Edgs Tvpe: BothEdges, Bus Group: Datal, Timing Ref: LDQS-LDQS#, Stimulus Offset: Unlmown, Meas
R Signal Min Min
Eve Diagram Pin VAC_ghtDVAC (ps) | tVAC lowADVAC low (ps)
DQo E3 1626.4 137041 NA
Dot F7 1623.41 1366.67 NA
DQ2 F2 1631.46 1569.57 NA

To enable easy navigation, each section of the report has a link to bring you back
to the Table of Contents.
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Section 1 — General Information

This section includes information about the design files, including the names and locations of the
IBIS models used in the simulation.

1 General Information »

+ Workspace File: D:\sipbatut\test2\test2.ssix

+ Controller IBIS File: D:\sipbatut\test2\ssi_pba_ex.ibs
* Memory IBIS File: D:\sipbatut\test2\ssi_pha_ex.ibs

« Circuit 5

Section 2 — Simulation Setup

imulator: SPDSIM

2 Simulation Setup
2.1 Rank Definition

2.2 Write Leveling Offset

2.3 Model Selection and Stimulus

2.3.1 Controller

2.3.2 Memory

2.4 Signal Connectivity

2.5 Simulation Description

The simulation information is listed, including simulator (HSPICE or SPDSIM), Power (ldeal or
Non-ideal) Bus identification, the IBIS model selection and Stimulus for Controller and Memory,
the Signal Connectivity, and simulation description.

If the WLO/ClkMeasDelay option was selected in the Analysis Options dialog box, the Write
Leveling Offset section is added to the report. This section lists the delay values for each memory
component, as calculated in the Write Leveling Offset dialog box.

2 Simulation Setup -

2.1 Rank Definition »

Rank Name

Memery Blocks

Rankl

Ul2U3U4UsS U6 UTUS U9

2.2 Write Leveling Offset »

Clock Period: T = 1.87

617ns, Write Leveling Offset

olution: 18.7617ps,

Memeory

StrobeM easDelay (pz)

WLOSkew (pz)

Ul:Data:DQSDQS#

118156

838.4

992069

DQSDQS*

DQSDQS*

DQSDQS*

DQSDQS*
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For each controller and memory block, the report shows the OnDie Parasitics and Package
parasitics model used, bus details, Stimulus Offset, and 10 model used for each signal.

OnDie Peretticy: Nome; Package Paasties: P RLC.

Bus Gronp

B

‘ Fin ‘ Stimulus Pattem

‘ Stumutus Qffet (1) ‘ Tranemnit [0 Model

Recetve [0 Model

Status

Section 3 — DDR Measurement Setup
This section lists all the details specified in the Generate Report dialog box (see sections 10.4 and

10.5). These include the AC and DC logic levels, Specifications for each data bus, and selected

Derating Tables for Setup/ Hold measurements.

Section 4 — Results
Results for each of the report data types that were selected by the user are listed in tabular format.

Waveform Quality Report

The Waveform Quality report includes Maximum Overshoot and undershoot voltage, Maximum
Overshoot and Undershoot Area (voltage-time) and Ringback margin for low and high logic
levels, for each simulation for each bus.

4.1 Waveform Quality Report ~

4.1.1 Data Bus Report

4.1.1.1.1 Memory *

Click on a signal name to see its waveform displayed.
Click on a criteria in @ column header to see all its plots.

Bus Type: Data, Edge Type: BothEdges, Bus Group: Datzl, Tming Ref: LDQS-LDQS#, Stimuluz Offset: Unkmown, Mezsurement Range: [Ops, end].
BxSignal Max Max Max Mex

Waveform, Pin Ovwershoot (mV) Ovwershoot Area (V-ns) Undershoot (mWV) UndershootArea (V-ns)
Doo E3 478.386 0.316066 498 382 0.34409
DO1 E7 45098 0317343 309 396 0344974
DQ2 F2 478.85% 0331887 485879 0357466 9
DQ3 F8 4741 031383 486493 ] b
DO4 H3 315238 0334189 ] 11
DQ5 H3 314.021 033449 81
DOs G2 522416 0.355263 E 81
DO7 H7 450.73% 0314397 7 0337682 81
LDOSLDOS: |F3,G3 NA NA NA NA N

Note: NA = Not Applicable; NMP = No Measurement Possible.

4.1.2 Worst Case Summary

Simulation Results:

Case 1: D:\Working\Bugs (5I-SHCN-1008)\01117867_55I PBA SLA\SSI-09\demo\demo\result\1\Data_Write_Typ_Typ\DiePad
Case 2: D:\Working\Bugs (SI-SHCN-1008)\01117867_55I PBA SLA\SSI-09\demo\demo\result\1\Data_Read_Typ_Typ\DiePad

The worst-case values for each of these measurements for the bus are highlighted in BOLD, and a
worst case summary sheet is listed below.

. Max Max Max Min Min Max
Measurzment Overshoot (V) Undershoot (V) Undershoot Area (Vng) EBack marginE (mV) RBack marginl. (mV) Power_Ripple (mVp-p)
Worst Value 0.00873821 0.000682472 0.00778104 0.0011464 624219 621036 0
Stmulation Result Case 1 Case 1 Case 1 Case 1 Case 1 Case 1 Case 1
Bus Group DQ DQ DQ DQ DQ DQ DQ
R Signal o ot oo o7 5 - S
(Waveform) Dot Dot Doo Do7 DQ1 DQ VDDQ
Cycle 4 4 4 3 3 2
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If the Explicit Power and Ground Terminals option is checked in the Load IBIS GUI of the
Controller/Memory block (please refer to Section 2.3.2Controller / Memory Block for details), the
Waveform Quality measurement will use the signal’s own power and ground for the

measurements of the Overshoot, OvershootArea, Undershoot, UndershootArea, and
Power_Ripple.

4 Results

4.1 Waveform Quality Report
4.1.1 Data Bus Report

4111 D:Working\Bugs (SI-SHCN-1008)101117867_SSI PBA SLASSI-09'demo!demo'result2\Data_Write_Typ_Typ'DiePad

4.LLLYI Memsry

Click on & signal namwe to see its waveform displayed.
Click on a criteria in a column header to see all its plots.

Bus Type: Data, Edge Type. BothEdges, Hus Group. DO, Tmsng Ref. DOS DQ3#, Measoasment Range [727.0ps,
R Sigal Ma Mas Mas M M Mas
P Qusrshoot (V) uershoutApea (V-us) Ldershool (V) Eisch_narguuid ) Rl mupel (a) | Powes_Rapple (ap p)

B e W e e o ]
DO B3 000830186 0000448878 n0077o4RL 13402 23100 n
DO = 000071417 000109116 24319 2600 0
D c2 000723891 633078 | 19 o
DOi s NMF 193 |saae 1
DO T HME NMF NMF [Ty [ NMF 1

By clicking the column header link, the cycle-to-cycle variation for that value is plotted for the

bus. For example, the Ringback margin (high) link opens this 2D Curve Data Window, showing
the Ringback margin at each cycle for every signal in the bus.

= Data_write_Typ_Typ [ _|
= [# 3 Rx: Memory ‘i
- ¥ Die Pad
= 1 DataL 1320 F == —— o= EEEES e
B 00 ;
M oot
_Joqz

= [FlMeasurement Type

= [Fwaveform Quality Criteria
O overshoot
O overshootarea
[ undershoot
[Qundershoctarea
RingBack_margin_high
[ ringBack_margin_low

+ [JEye Quality Criteria

+ [ Timing Criteria

Voltage (mV) Waveform Quality Criteria

Similarly, clicking the Signal Name link in the first (left) column of the data table opens a 2D

Curve showing the time-domain waveform for that signal, with the low and high logic levels
overlaid.
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= [# 1 Die Pad
= [F_1 Power & Grou—, Voltage (V)
[ vooQ
B vssQ Y- IO N R A
=[] Datal '
M oo = 2 ] ‘
O_|oat :
M8 ooz 154+---4--
O_Joes
[ e — 14+---4--
O oes !
O pos 064---4--
O_]oq7 ! I . l
I woas 0 | | TAR
= [ Datau i I I
ZONCY [ NN /A A A/
i [ ] » i [ i
Loaded Curves 1] 5 10 15
Time (ns)
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Eye Quality Report
The Eye Quality report has tabular data summarizing results, showing worst-case values in BOLD,

and a worst case summary sheet is listed below.
4.2 Eye Quality Report

4.2.1 Data Bus Report
4.2.1.1 C:\SigritvSamples'SpeedXP 12.0'SystemSI'Samples'Parallel Bus Analysis\Tutorial'resuli'l\Data_Write_ Typ_Typ'DiePad
42,111 Memory

Click on a signal name to see its Eye Diagram displayed.
Click on a criteria in a column header to see all its plots.

Bus Type: Data, Edge Type: BothEdges, Bus Group: Datal, Timing Ref: LDQS, Measurement Rangs: [3333ps, end]
R Signal Mas Max Min
Tve Dizerem o Vix_tise (mV) Vix_fall (mV) AperursWidth (ps)

oQo H NA NA

oot H NA NA

ool G2 NA NA

DQ3 F NA NA

DQ4 jul A NA

DQ3 He A NA

DQ$ e8] 1631.48 NA NA

DO7 F HA N

All Signals NA NA NA

LDOS F7 1727.03 NA NA 1513.8

Nota: NA = Nor Applicable; NMF = No Measurement Possible.
4.2.2 Worst Case Summary
Simulation Results:

Case 1: D!\document update SSI'SSI_ 13\ case_tempQ'result']'Data_Write_ Tvp_Tvp DiePad
Case 2: D!\document update' SSI'SST_15'case_temp9'result' 1'DataRead_Typ_Tvp' DiePad

Min

C_high ApertureWidth (ps)

Measurement

Worst Value 1613.03 133183
Simulation Result Casz2
Bus Group Daral Datall Datal Datal
Fux Sigral Doz MEMC MDOQI3

(Wavaform | Eve Diagram)

Cyele 2

The V; parameters are Eye quality metrics for DDR3 that assume a Differential clock signal. The
measurement is not applicable for DDR2 systems with a single-ended strobe.

As with the Waveform Quality report, clicking the Column Header for each measurement will
open a 2D curve showing the Cycle-to-cycle variation of that parameter. This is the
tVAC_high/tDVAC_low parameter.
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Time (ps) Eye Quality Criteria

Cwcle

Clicking the Signal name in the first column of the table, opens the Eye diagram for that signal,
with the Eye aperture plotted with the data on the plot.
=20 Curves (Time Variation) - 0O x

imee § 2 MBI [

 Eye Measuremant:] Trager Penod: TiminaR

g8 vask|<None> | v| dtter: Display Mode: <None> | = ¥ Measure0,000

: DDR(AC200
Tac width: 80 | % Bit Period

ef

[Range:3333 |~ s Joffset:o ps Period:{1666.67 |ps # of Period:2 &) Typei|Reauar Eve | ¥ |

2 resultit -
i [ Data_Write_Typ_Typ :
&[] Tx: Controller Valtage (V) Eye Dlagram
= HFC3 rx: Memory
= B3 Die Pad T T T T T T
- L1lha Power & ound ! ! ! | : !
= B patal 25 1 o= === T A T e == - P ——————— e ——————— e e ]
o] e i i I 1 i
O_foa

O o i | = | s

DjDQG | f i H i 1

Oooas Y] SEURSSSSSNS  HEA\ SSSS UMN  US S NNPUN | SN : RS SN S
] o . ‘

O oas |
O oar i
O eas i

= [0 patau L .
O oee
E !
pQio VIH(ac) min =11 (v) | i i ' i
OO ot \(IHEdr.gmmﬂ[l 500 l : i : i
Oloaz | |||y foooioooooo] [ [ I N [ S 1
% %i’: WLFIE% max = 0.775 (‘i:/] i ADEI‘WI'E!WI#U' =1500.452434 (dls] ]
Ol oas | WiL{ac) mav = 0.7.(v) | | ! !
1M voos |
@[] Pkg Fin 05
= [/ Data_Read_Typ_Typ N
0 [J3 Tx: Memory
= [0 R Controler
= [ b Pad
# [ Power & Ground | i
= ] Datso LS e e AN TR T T i~ L e S S T S ik (it
I Memc_rMpac i .
O__ memc_mpg: ! !
D.MEMC_MDQG' '
oy

1
i
I
I
1
[
'
'
[
4
1
[
i
[
[
[
[
[
[
'
'
'
'
[
[
[
'
il

Time (ns)

result|1Data_Write_Typ_Typ\DiePadiMesnory_DQO. cur

The settings in the marked parts of the above figure are set according to the settings in Report
Generator as shown below.
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r ~
Report Generator X
—AC and DC Logic Input Levels
Threshold: [DDRZ(QCZUGIDCIZS) H AC Threshold {m¥v): DC Threshold (m): E
Single-Ended Signals (v}:
Corner VIH{ac) min  VIL{ac)max  YIH(dc) min  WIL{(dc)max  VREF(dc) YoDQ
Typ (white) 1.1 0.7 1.025 0.775 0.9 1.8
Typ (Read) 1.1 0.7 1.025 0.775 0.9 1.8
—Measurement Optio
Waveform Location: [Die pad ‘ .l Measurement Range: [3333| | - | [ [ps l ,.‘
—Measurement Types
[V waveform Qualty  [V]Eye Quaiity [¥] Timing [¥] Delay
Eye Trigger Period: | TimingRef Iv Eye Aperture: [Tac.l‘Tdc Rectangles l v |Min Tac Width (% of UI):
Setup Derating Table: [Data_DifferentialDQS_AC200_Setup.csv ' || e || open |
Hold Derating Table:  [Data_DifferentialDQs_DC125_Hold.csv | [+ ] [[open]
Derating Table Extrapolation: [N,wst |v}
| ceneratereport | | concel |

10.9.5.3 Timing Report

The timing report has a comprehensive tabular listing of JEDEC setup and hold measurements.
Raw and slew-rate adjusted (derated) values are listed, with worst-case values highlighted in bold.
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4.3 Timing Report
4.3.1 Data Bus Report

4.3.1.1 C:\SigritySamples'\SpeedXP 12.0\SystemST\Samples'Parallel Bus Analysis\Tutorial'resul

‘Data_Write_Tvp_Tyvp'DiePad
43.1.1.1 Memory

Click on a signal name to see its waveform displayed.
Click on a criteria in a column header to see all its plots.

Max Min Min

Dalta_tDS (pe) 24j_tDS (ps) 1DS_marein (ps)
DQO OOR 766,90
DoL DOR.
DQ2 722177 1491082 OOR 771214
D3 724255 [4.99714, 6.98323] DOR. NMP 771037
DO4 47119 [5.07409, 6.63814] OOR. NMP 75154
DO3 OOR NMP
DO§ OOR. NMP
DO1 OOR. NMP
LDOS NA NA NA NA

TP men — Al. e

4.3.1.2 D:\document update'SST'SSI_15\case_temp9'result

‘Data_Read_Typ_Typ'DiePad

4.31.21 Controller

Click on a signal name to see its waveform displayed.
Click on a criteria m a column header to see all its plots.

margin

MEMC MDQU

113, 11.7243] | 341278 [3.318,5.4501] | OOR NMP 1 OOR NMP 31,4402 384217

MEMC MDQ1 |AE17 | [497115,11.7245] OOR NMP 0.668043 OOR NMP 165086 | 398736
4.3.2 Worst Case Summary
A emarirmre it Max Min Min
SisesutEment rzw_ (D8 (ps Delta_tDS (ps) adj_DS (ps) (DS_marsin (ps)
Worst Value 717218 300.352

Datal Datal
DQi DQs DQ6

Out of Range are typically undefined values (Pink) in the derating tables:

Delta_tDS (ps) - AC200 tDS Derating Values for DDR2-667/800/1066
DQS, DQS# Differential Slew Rate (V/ns)
4.0 Vins 3.0 Vins 2.0 Vins 1.8 Vins 1.6 Vins 1.4V/ns 1.2 Vins 1.0 Vins 0.8 V/ns
Delta_tDS | Delta_tDS | Delta_tDS | Delta_tDS | Delta_tDS | Delta_tDS | Delta_tDS | Delta_tDS | Delta_tDS
15 67 67 67 78
1.0 0 0 0 12 24
DQ | 09 -3 -3 7 19 31

Slew e

Rate | 08 BE 1 1 23 35

(Vi) g7 10 2 14 2% 38
0.6 -10 2 4 26 38
0.5 -24 -12 0 12
0.4 -52 -40 -28
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o If the selection for the Derating Table Extrapolation is Nearest, a note will be added
below the derating table:

Note: Derating Table Extrapolation: Nearest.

o If the selection for the Derating Table Extrapolation is None, a note will be added
below the derating table:

Note: cell contents shaded in red are defined as ot supported’,

Clicking any of the column headers opens a cycle-to-cycle plot in the 2D Curve window, showing
the variation of that parameter for each signal in the bus. This the raw tDS (Setup Time), with the
mouse Autotip showing the data for one of the DQ lines at the first cycle. Time periods where a
data line does not have a transition will not have data for that cycle. Note that the “raw” prefix
indicates that the measurement is taken directly from the raw waveforms that were produced.

)1 ———— T [——————- T——————— T
I
) I
gd0 +----——- i = ———— s e
I
B2l +---—- e
I
I
600 +---- T A AR T
I
780 - - fff-—+—-- : R
.::::. |
o[ L. 5. L Sp———— ) 1__ S
-ﬂ Curve Node Info
4 raw_tD5(resulth 3\ Controller_Memory_typ_typ\DiePad\DDRMeasurerment’,
72 05 -
68231 (ps) '

Clicking the Signal name in the first column of the table opens the Time domain plot for that
signal, with its clock/ strobe signal.
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Timing Report — Strobe and Clock

This report is available only for Data bus Write simulations. In case of Data bus has a clock signal
defined and connected, the timing margin between the clock signal and the data strobe signal is
measured and include in this report.

4.4 Timing Report - Strobe and Clock ~

4.4.1 Data Bus Report

4.4.1.1 D:\sipbatut'dgsclk copy_copy'dgsclk copy_copy'result'l'Data_Write_Typ Typ'\DiePad ™
44111 Memoryl *

Click on a signal name to see its waveform displayed.
Click on a criteria in a column header to see all its plots.

Bu: Tvpe: Data, Cleck: CK-CKEE, Mezsurement Range: [341 z, end]
Rx Specs: Mm Strobe Setup: 312.5ps, M Strobe Hold: 312.5ps, Max Strobe/Clock Skew(+): 312.5ps, Max Strobe/Clock Skew(-): 312.3ps.

Rx Signal Min Min Min Min Maxt Min
Waveform Pin D85 (ps) tDSS_margm (ps) tDEH (ps) tDEH_margm (ps) | tDQSS(ps) | 1DOSS margm (ps)
ELD_SS%B F3,G3 §27.688 515.188 1665.4 13529 420.763 -117.263
DOSU- T BI 17 T2 S1S 40 =3, = 705 05 45
DOSUE C7,B7 §27.742 515242 1665.34 1352.54 417.93 -105.45
CE-CEE 17, K7 NA NA NA NA NA NA

Note: NA = Not Applicable; NMP = No Measurement Possible.

Timing Report - Worst Case Condition

If worst case Timing Reference waveforms exist, the DDR report will have additional Timing
Report tables for those cases. To generate data for these reports, SystemSI simply shifts the
Timing Reference waveform according to the parameters set up in the Timing Budget form, and
re-measures all the report criteria. This enables the worst case timing margins to be determined
from a single comprehensive time domain simulation run, saving significant simulation time. The
shift applied to the Timing Reference signal is documented in each Worst Case report table, and
the appropriate shifted waveforms will appear when cross probed from these tables.

1. Timing Report - Worst Case Setup Condition
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4.4 Timing Report - Worst Case Setup Condition
4.4,1 Data Bus Report

4.4.1.1 C:\SigritySamples'SpeedXP 12.0'SystemSI\Samples'Parallel Bus Analysis\Tutorial'result.l\Data_Write_Typ_Typ'DiePad

£4.1.11 Memory

Click on a signal name to see its waveform displayed.
Click on a criteria in a column header to see all its plots.

p Condition.

3_1DS (3)
DOl
Dol NMP
DQ3 NMP
DO NMP 74.6676
DOs NMP 44.7668
DOs MMP 54368
DQ7 NMEF 040,51
LD NA NA NAa NA
Note: NA = Not Applicable; NI e; OOR = Qut of Range.

4.4.2 Worst Case Summary

[Min, Max]

Miax

Deltz DS (p2)

Cyele 15 13 2

2. Timing Report - Worst Case Hold Condition
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4.5 Timing Report - Worst Case Hold Condition

4.5.1 Data Bus Report
4.5.1.1 D:\My work\Documents for System SIitutorial Examples'\Chapterd_2'result\testqq'Data_Write_Typ_Typ\DiePad
45111 Memory

Click on a signal name to see its waveform displayed.
Click on a criteria in 2 column header to see all its plots.

form
DQL =3 NMP NMP NMP 35,6201
DQ2 G2 NMP NMP MME 55,8887
D3 F NMP NMP MME
DQ4 H7 [4.62188,6.21083] | 10603 NMP NMP NP 50.8831
DG Ho [4.62188, 6.91083] 1030.22 NMP NMP NMP 78.901
DQé G2 [4.62188, 6.91083] 1064.18 NMP NMP NMP 48.0806
DQ7 8 [4.62 047.62 NMP NMP MME
LDOS F7 NA NA NA NA NA NA Na NA NA NA NA
Nara: Nd = Nar domlicahls: NP = Na Monactvomant Paccihla: (R = Ot Af Renen
4.5.2 Worst Case Summary

Simulation Results:
Case 1: D:\My work\Documents for System S\tutorizl\Examples\Chapterd_2\result\testqq\Data_Write_Typ_Typ\DiePad
Case 2: D:\My work\Documents for System Sl\tutorizl\Examples\Chapterd_2\result\testqq\Data_Read_Typ_Typ\DiePad

Measurement

Simulatio:

Eus Growp

3.  Timing Report - Worst Case Transmit Skew (+) Condition
4.6 Timing Report - Worst Case Transmit Skew (+) Condition
4.6.1 Data Bus Report
4.6.1.2 D:\document update'SSIISSI_13\case_temp9iresultliData_Read_Typ_Typ\DiePad

4.6.1.2.1 Controller

Click on a signal name to see its waveform displayed.
Click on a criteria in a column header to see all its plots.

4]

1227 57 P2e3s m AL 12035 4 WD D [

v vmnd | Aty Traos

4. Timing Report - Worst Case Transmit Skew (-) Condition
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4.7 Timing Report - Worst Case Transmit Skew (-) Condition

4.7.1 Data Bus Report

4.7.1.2 D:'document update'SST\SSI_15\case_temp%'result\l'Data_Read_Tvp_Typ'DiePad

4.7.1.2.1 Conrroller

Click on a signal name to see its waveform displayed.

Click on a criteria in a column header to see all its plots.

BothEdgzs, Bus Group: Datal, Timin;

Max R

Condition.

Pux Signal

=]

Waveform Pin

AF16 36.087 NMP NMP 127179 NMP NMP 20772 208.946
MEMC MDD AEL7 E NMP NMP 273.76 NMP NMP -108.241 207423
AHLT 40.206 g 1 NMP NMP NMP NMP -187.661 229.005

You can click any signals or parameter to open the 2D Curve or Criteria, and the shifted value of
Timing reference is shown on the top of the sheet.

Told Condition]

4.6 Timing Report - Worst Case Transmit Skew (+) Condition

4.6.1 Data Bus Report

4.6.1.2 D:'decument update\SSI'SSI_15\case_temp9iresult'l'Data_Read_Tvp_Typ'DiePad

4.6.1.2.1 Controller

Click on a signal name to see its waveform displaved.
Click on a criteria in a column header to see all its plots.

Bus Group: Datal, Tin
Max Rec

4]

the Worst Case Transmit Skev

+) Condition

R Signal

form Pin

i3]

1286.81

[498257, 1

121.379

MERAC WMIN AT17

r100vs7 19 Asesl ez sy

A

A

12035

ESa-1

D 15017 TRE 40T

Right-click Timing Criteria in the 2D Curves (DDR Measurement) window,
and a pop-up menu lists 5 options available for selection.
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O <wershoot Criteria i
O Eye Quality Criteria
=)

v s Simulated
Worst Case Setup Condition
Worst Case Hold Condition
Worst Case Transmit Skew (+) Condition

B tos_ Worst Case Transmit Skew (-) Condition

raw_tDHraw_tIH
SlewR.ateHold
Delta_tDH|Delka_tIS
adj_tDHfadj_tTH
FDH_margin/tTH_margin
Readskew
ReadSkew_mnargin

10.9.5.6 DQ Mask Report

DQ Mask report is generated on Data Write simulations for DDR4 measurements only.
For the DQ Mask to be generated, at least one simulation must have the Stimulus Offset
set to the Default or Ideal.

4.2.1 Data Bus Report »

4.2.1.1 D:\sipbatut'ddrd welem vrm copy'ddrd welem vrm copy'result\l'Data_Write Tvp Tvp'DiePad "

42111 Memoryl ™

Click on a signal name to see the DQ Mask displayed.
Bus Type: Data, Edge Type: BethEdges, Bus Group: lanel, Timing Ref: DQS_t-DQS_c. Stimulus Offset: Defanlt, M essurement Range: [3369 71ps, end], UL 4568 824ps
BxDQ Mask Specs: VAIVW: 136mV, TdIVW: 83.7647ps
Bx Timing Specs: Max tDQS2DQ: 78.7ps, MaxtDQ2DQ: 46.8824ps, Min VIHL_AC: 186mV, Min TAIPW: 271.18ps, Min SlewRate Mask: 1Vns, Max SlewRate_Mask: $Vins, Min SlewRate_AC Swing 0.2Vins, Max
SlewRate AC_Swing 9Vins

Refigal | o 5o DO Min Min Max Max Min Min Min Max Min Max
Dg ] W Compliance | Jitter margn | Noise margm | tDQSIDQ | tDQ2DQ | VIHL AC | TdIPW | SlewRate Mask | SlewRate Mask | SlewRate AC_Swing | SlewRate AC_Swing
Mask | P Mask (ps) (mv) (ps) (ps) (ml) (p) (Vins) (Vins) (Vins) (Vins)

DOo C2 | 0.340947 Pass 150.358 235.379 -37.0391 NA 607.139 431301 | 5.16103 6.30608 5.07802 §.24484
DO1 B7 | 0348423 Pass 141.314 216041 -47.8327 NA 368082 414633 | 2.86127 622312 2.81228 6.17491
D2 D3 | 0545792 Pass 141.967 218575 -42.6519 NA 373151 414.438 | 3.06302 6.15219 293573 6.12392
DQ3 D7 | 0.546247 Pass 142026 218487 -42.8909 NA 372975 414323 | 3.04876 6.17028 283243 6.14046
Do4 D2 | 0.545106 Pass 142526 215.72 -47.1462 NA 567.439 416233 | 2.87398 635205 282383 6.30357
DO3 D8 | 0.343826 Pass 14235 216.13 -46.2637 NA 413737 | 2.91078 631304 283283 $.26928
DO E3 | 0.346363 Pass 142188 220.885 -41.6301 NA 413162 | 5.0793 6.1273 204517 6.10067
DQ7 E7 0.551867 Pass 148 888 241404 -34.6444 NA 618808 430113 | 327011 3.99994 5.1427 394223
‘;Tlglnﬂ__ 0.548487 Pass NA NA NA 13.1884 NA NA NA NA NA NA
DQst |C3, |, i . :
DOSc |B3 NA NA NA NA NA NA NA NA NA NA NA NA

Note: N4 = Not Applicable; NMP = No Measurement Possible.

| resultil “l - walage ) Eye Diagram

[ Data_Write_Tywp_Typ

3 T Contraller

3 Rt Memonyl

3 Die Pad

O3 Power & Ground

i o
Woent_D0 = 0548467 (v) |
[ C

Loaded Curves

Time (ps)

result\ 1y Data_irite_Typ_TypiDiePad\hMemoryl DOS5.cur
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Delay Report

The Delay report includes Rx Signal and Tx Buffer Output information, MeasDealy, BufferDelay,
InterconnectDelay, InterconnectSkew, StrobelnterconnectSkew, FirstSwitch, and FinalSettle. The
worst-case values are highlighted in Bold, and a worst case summary sheet is listed in the
following figure.

The Stimulus offset column is populated for designs that have the WLO/ClkMeasDelay option is

selected in the Analysis options dialog box.
4.8 Delay Report

4.8.1 Data Bus Report

4811 C:\Cadence\SPB_16.6\4ST\Base\SpeedXP\Samples\SystemSTParallel Bus Analysis\Tutorialiresult2\Data_Write_Typ_Typ'DiePad
48.1.1.1 Memory

Click on a signal name to see its waveform displayed.
Click on a criteria in a column header to see all its plots.

Bus Type Data, Edge Trpe: BochEdges, Bus Group: Dital, Turing Ref LDS-LD0S, Stmkes Ot Urknoon, M earuerzers Fange: [3837 881, end]

2 T )

o Mod a -hcu-:[:;xmn M=
Wb | P 10 Medd - Pa | j0na | Sk Offe | BuieDeln | MeDds pr) | IesosseiDuty (o) | lnsssamatsion (i) | RS | EinSwich i)
= pe ipah i

oo B M50 MM 513288 HA arss
D01 " s hhi 514073 Na 38323
(o] E2 a7 M8 544,307 NA 339918
Dai Fi 341036 M 503204 NA sisn0i
] HE HB HuT 1404 WA e
[ HY 31383 21 5378 ¥ 588 38403
[ [ free 357 503 30 HA 5396 84 333988
po7 HT M M0 512568 WA priad o Rk §
frees o K . s s ) ) )
] .G 13_DE3L_ND_ i85 Wi NA ] HA A

Note: NA = Nor Applicable; NMP = No Maasurement Possible.

If the WLO/CIKDelay option is selected in the Analysis Options dialog box, the Stimulus Offset
column includes the WLO values for controller block and and CLKDelay values for memory
block.

4812 C\Cadence'SPB_16.6\ A5 Base'Speed XF Samples'SystemSI\Parallel Bus Analysis\Tutorialresnlt\ 2\ Data_RKead_Typ_Typ'DiePad
481.2.1 Controller

Click on a signal name 1o se its waveform displayed.
Click on a criteria in a column header o see all its ploes,

B Type: Dus, Edge Type: BothEdges, Bua Group: Daead, Taming Ref MEMC_MDGE0
P Sigeal T Buier Oupue M
Waveform ra 10 Model Signal Pin 10 Medel BuffesDelay (g} | MssaDelay (po) i"mm(,n::"new L

! 4402 e | DO H DQ_FULL_ODT_OFF | 701777 123761 38431
ddr?_mandey e | DO M3 DO_FULL_ODT_OFF | 88469 121088 52387
ol masdey | DO G DQ_FULL ODT_OFF | &#2.819 23199 40168
42 made o | DQY Fl DQ_FULL_ODT_OFF | 657.512 519484
dde) mandee | DO H? DQ FULL_ODT_OFF | 65149 M4 NA 421513 N
4402 ndee_is | DY HS DQ_FULL_ODT_OFF | 693.738 533774 NA 583 4244
dar_mander o | DOS [ D_FULL_ODT_OFF | &88 557 s58.5998 20888 1Y Frg) £70.260
02 masdy o | DQ E] DQ_FULL_ODT_OFF | 65,735 530937 220625 NA 49315 4112
il mud o |LDQS | F7 DQ_FULL_ODT_OFF | 681,787 s34 NA ] NA A

NMP = No M Possible.
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Dt Type: Data, Edge Type: BothEdges, Bus Group: Daad, Timing Ref MEMC_MDQS!
P Sigmat Te Bsffer Ousput M -
r— = Tobiaa P = 10 Mo BuffeeDelay (ps) | MsaaDelay (pa) —"'"mfl‘::"nel"' st (pa)
AHIS | sl mode e |DOE M DQ_FULL_ODT_OFF | 701701 122684 MA [T [T
ADIS | d_mumdev o | DOP DI | DQFUiL_ODT_OFF | 8113 120787 NA T w0
il mude i DG | DI DQ_FULL_ODT_OFF | 704.39% 124189 537294 10478 NA a6533 536,493
W mwdr e [DON |2 DQ_FULL_ODT_OFF | 833,815 31754 113369 NA P 5289
dde) mandee | DQI2 ¥ DG FULL_ODT_O 257 s 1753001 NA 463262 56123
44e2_mde o | D Ds | DQFULLLODT O 13007 328661 FYTT) NA 251398 i s
ddr2_mandre | DG4 B DO_FULL_ODT_OFF | 895173 04 1648 Na 209 8233
el e | DU i DQ_FULL_ODT_OFF | 632211 325,003 L1z NA T 543,687
Q51 [AGH |4l mode e |UDOS |87 DQ_FULL_ODT_OFF | €84.29 121871 526417 A [T XA NA

Note: NA = Nor Applicable: NMFP = No Measuramanr Possible.
4,8.2 Worst Case Summary

Simulation Results:

Case 1: C\Cadence\SPE_16.6\A5!\Base\Sp T ¥ 'arallel Bus Analysis\Tutorial\result\2\Data_Write_Typ_Typ\DiePad
Case 2: C\Cadence\SPE_16.6\A5!\Base\Sp T ¥ ‘arallel Bus Analysis\Tutorial\result\2\Data_Read_Typ_Typ\DiePad

Mleasurment EufferDelay (ps) MeasDelay (ps) ]me::ml\;:s:h_v (P o (ps) b o [

Worst Value 33998 ekt 19.483 3.2

Samulation Result Cane Case | Case 1 Case | Came2
Baceiver Contraler Memory Memary Memory Controlier
B Growp Datsd Distal, Datal Distal, Datsd
nf.‘:iﬂi. MEMC MDOS e LDOS DO4 C_MDO
Cyehe 08

The delay measurements are defined as below:
o BufferDelay

The output buffer model used for signal integrity analysis is connected to the Tco test load
and simulated. The delay is measured at the point where the output pin crosses Vmeas. The
corresponding delay is then saved and used in flight time computations.

Internal Yol
Logic not Viass ——F
modeled /

Output J/
Buffer
J- |D Buffer Delay
Buffer R=%q
switches

Load for Tco measurement

at=0 (from databook)
e MeasDelay

Measure delay(MeasDelay) is measured from time 0 in the simulation to when the receiver
waveform crosses the Vmeas threshold.

e InterconnectDelay
InterconnectDelay is measured on each cycle, as:
MeasDelay - BufferDelay
This produces a min and max value.
e InterconnectSkew
InterconnectSkew is measured on each cycle, as:
InterconnectDelay_Signal - InterconnectDelay _TimingRef
The max one of these gets reported in the Delay Report as Max InterconnectSkew.
e StrobelnterconnectSkew
StrobelnterconnectSkew is measured on each cycle, as:
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InterconnectDelay_Strobe - InterconnectDelay_Clock
The max one of these gets reported in the Delay Report as Max StrobelnterconnectSkew.
e FirstSwitch

This is determined by subtracting the associated buffer delay from a simulation measurement.
For example, on a rising (falling) edge, the simulation measurement is from time zero to when
the receiver first crosses its Vil (Vih) DC logic threshold. The associated rising (falling)
buffer delay of the driving 10Cell is subtracted from this measurement value to produce the
reported first switch delay.

e FinalSettle

This is determined by subtracting the associated buffer delay from a simulation measurement.
For example, on a rising (falling) edge, the simulation measurement is from time zero to when
the receiver crosses its Vih (Vil) AC logic threshold the final time and settles into the high
(low) logic state. The associated rising (falling) buffer delay of the driving 10Cell is
subtracted from this measurement value to produce the reported final settle delay.

The following diagram illustrates buffer delay, first switch delay, and final settle delay for a

rising signal.
/-/Dh Heceiver/\ A’_
_,-ff"'fd'r \ ™ | Vih
Input
Switching
Thresholds Vmeasure

_Z Vil

agl——— First Switch ——

-+ & Final Setile
Ad

Rising Buffer Delay

Appendix

This section provides links to the DDR Measurement Definitions and Abbreviations.

5 Appendix »

5.1 JEDEC DDR Measurement Definitions »

5.2 Description of Abbreviations »

Selecting the JEDEC DDR Measurement Definitions link opens another HTML files that explains
each of the measurements included in the generated report.
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DDR Measurement Definitions

Useful Links:

Cadence website: hitp:
DDR1 SDRAM Specification
DDR2 SDRAM Specification:
DDR3 SDRAM Specification:
DDR4 SDRAM Specification:
LPDDR2 SDRAM Specification: hit
LPDDR3 SDRAM Specification: htt

adence. com

e e e e e

jedec.ora/standards documents/docs/jesd209-3

1 Overshoot
Maximum Amplitude Qvershoot Area
VDDQ
Vssa

V iy min

Undershoot Area
Maximum Amplitude

Time (ns)

2 AC and DC Logic Input Levels for Single-Ended Signals (V)

v HOG) min

v REF(DC)

v ILog) Max ——

Vo, Max

Select the Description of Abbreviation link, displays a table containing the Abbreviation and its

meaning.

Description of Abbreviations

ApertwsWidth A pertwrs Width of Eye Disgram
BufferDelay Buffer Delay of the Tx IO hlodel
ClocknterconmectSkew Skew between Strobe and Clock
DDE. Double Data Rate
DDR.SDRAM Double Data Rate Synehronous Dynaric Random-Access Memory
Dl Write Data Iask Signal
DY Data Signal
Dos Data Strobe Signal
FinalSettle Final Settle Delay
First3witch First Switch Delay
IBIS InputfOutpt Buffer Inforrastion Specification
Interconnect Delay MeasDelay - BufferDelay
InterconnectSkew Interconnect Skew between the Signal and TimingRef
JEDEC Joint Electron Devices Enginesring Couneil
WeasDelay Measued Delay at Rx erossing of Vrneas (per [BIS)
Ha Mot Applicable
NMFP Ho Measwrerent Possible
OOR. Out of Range
Orershoot IMax Excwrsion of Sigral over Power Rail
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SystemSI with Other Tools

This chapter covers following topics.
e SystemSlI Integration with Allegro Signal Explorer (SigXplorer)

e SystemSI Integration with Timing Designer
e  Auto Archive SSI Project

SystemSl Integration with Allegro Signal Explorer
(SigXplorer)

SystemSI provides a way to push a topology for a particular signal into SigXplorer for constraint
capture. SigXplorer topologies are then used to drive electrical constraints, including the routing
schedule, into Allegro layout. The topology database becomes an Electrical Constraint Set (ECSet)
within the Allegro database that can be applied to one or many nets.

To export the results of Parallel bus analysis as Electrical constraints, perform the following steps.
1. From the File menu, choose Export Constraint Topology.
Following message box is displayed.

-SystemSI

Sig¥plorer topologies rmap to target nets in the layout design on a pin

! . by pin basis, Certain components, like terminators for example, may be
represented in sub-circuits within blocks in Systern=L These
cormponents will need to be manually added to the extracted topology
in Sigiplarer,

0K

2. Select OK, to close the message box.
The Export Constraint Topology dialog box appears.

I-E><pc-r‘c Constraint Topology

Bus kopalogy requires an AC sweep bo determine the signal connectiviky,

[0 yiou wank ko continue?

# of Frequency Points:

‘fes Mo

Before extracting the topology information, System Sl runs a connectivity check of the
Controller — Memory topology. The connectivity is determined by running the AC Sweep
analysis (involves S parameter extracting of the interconnects) and analyzing the strength of
each connection. For a design or a topology, this is a one-time validation task. The analysis
results are used for all subsequent exports.

3. To continue, click Yes.
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AC sweep analysis starts to determine the signal connectivity.
4‘% - SParamEstraction.sp
File  Miew  Analysis  Options  Help C é dence
A 4

Solving frequency 1000000 +009 Frequency sweeping...

Once the AC Sweep analysis is completed, the connectivity data is displayed in the Signal
Connectivity dialog box as shown in the following figure.

I—Signal Connectivity

Controller Signal Controller Fin IMemory Signal Idemary Fin ol
Controller:: A0 Controller::23 IMernl:iAd Meml::N3 |
Controller:: &1 Controller::20 Meml::al Meml::P7? 1
Controller::az Controller::17 MemliiaZ Meml::P3 .
Controller:: 43 Controller::21 Meml::a3 Meml::N2
Controller:: &4 Controller::22 IMeml g Meml::P8
Caontroller::AS Controller::19 IMernliiAg Meml::P2
Controller:: &6 Controller::18 Meml::as Meml::RE8
Controller: &7 Controller::15 Meml:ia7? Meml::R2
Controller:: CLKOP Controller::52 IMerni i CK Meml::37
Controller:: CLEON Controller::51 Meml:CKa# Meml::K7

Signal: -

Constraint Topology Mame: | YCons_ | Expork Cancel

4. From the signal drop-down list, select the signal for which topology is to be
exported as constraint.

Sighal Connectivity
Controller Signal Controller Pin Memary Signal Memary Pin ol
Contraller:: &0 Controller::23 Meml:ia0 Meml::N3 A
Controller::al Controller::20 Merniiial Meml::P7 I
Controller:: 42 Controller::17 Meml::a2 Meml::P3 _
Contraller: a3 Controller::21 MemliiA3 Meml::N2
Controller:: a4 Controller::22 IMernl:iAd Meml::P8
Controller:: &5 Controller::19 Meml::AS Meml::P2
Controller:: A6 Controller::18 [GED Meml::RE
Controller:: 47 Controller::15 Meml::a7 Meml::R2
Controller:: CLEOP Controller::52 IMeml:CK Meml::37
Controller:: CLEOMN Controller::51 IMeml K Meml::K7
Signal: [ -
. A0
Constraint ' pq b myoons_ Export Cancel
a2
43 ARl
it
it
faa]
CLEON
CLEOP
CLEIN

All blocks connected to that signal are displayed in the Signal Connectivity dialog box. The
Constraint Topology Name field is also populated by default, <design name_signalname>.
If required, you can specify a different name for the constraint topology.
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.
Signal Connectivity
Contraller Signal Contraller Fin Memary Signal Mermoty Pin
Controller: a7 Controller::15 Memnl A7 Meml::R2
Controller:: 47 Controller::15 Memz:: 47 Mem2::R2
Controller::47 Controller::15 Mem3:: 47 Mem3::R2
Controller: a7 Controller::15 Memd: &7 Mem4::R2
Signak |
Constraint Topology Mame: | mycons_A7 | Expart || Canicel

5. Click Export.

Splash screen for Allegro SigXplorer appears, followed by the Product selection dialog box.

6. Select the appropriate license and click OK.
B 16,6 Allegro Sigrity 3 Product Choices

Select a Product:

Allegro PCE S GL [legacy]
Allego PCE 51 L M
Allegro Sigrity Sl

Allegro PCE Multi-Gigabit O plion
Allegro PCE S1 L [legacy]

Allegro PCE 51 Perfarmance [legacy)
Allegro PCE 51 Senal Link [leaacy]

[N | PR o o s N sl WY sl sy [PSpepespuiveruny IpRpuy | g |

4.7

ok,

Cancel

Help

Available Product Options

FCE 5| Perfarmance
PCE 51 Mulb-Gigabit

[T Usge as default [7] Reset license cache

The exported topology is displayed in Allegro SigXplorer.
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Bllegra Sigrity Sk mycans_&7.top 1.0 Praject: Di/sipbatut/mycons/sigxp
File Edit View Setup Anabze Help

e
cadence

bUeEd

ME®RO0O4#xampe Qi EBENMNEYHEZ G

Parameters

3 - x|

Hame

Value

S

autoSalve

atf

tineDelayNode

time

userRevision

1.0

B mycons

B CONMTROLLER

hufferiode!

DDR3_Der3d

ERLE

butterodel

DDR3_DG34

H  MEmz

F WEMZ

Fl  MEM4

H PCB

ENEN

impedance

60 ohn

propDelay

05ns

TaCEGEDMEtry

Wicrostrip

welacity

5600 milins

EEER

impedance

£0 ohm

propDelay

0.5 ns

traceGeometry

Wicrastrip

||Eummand >

welocity

5600 milires

FCE3

Measurements Results

« n

[idie

[ [ 552000, 427550

Similarly, you can export the topology information for other nets as well. On the same SystemSI
design, when you repeat the steps listed above, you will observe that the Export Constraint
Topology dialog box is not displayed. This is because the connectivity information generated in
the first run is used to populate the Signal Connectivity dialog box.

Caution!

Do not use the constraint topologies in SigXplorer for simulations. This is
because during the export process, various SystemSlI blocks — such as S-
Param, PCB, traces, package blocks, and so on —are translated to ideal T-
Lines, so that they are understood by SigXplorer as a constraint topology.
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11.2 SystemSl Integration with TimingDesigner

SystemS| provides support for exporting timing measurements to TimingDesigner, a timing
analysis tool from EMA. To export the bus data from SystemSI to TimingDesigner, perform the

following tasks.

o Enable Integration with TimingDesigner
a) From the Tools menu, choose Option -- Edit Options.
b) From the left pane of the Options dialog box, select Generate Report.
c) Select the Interface to TimingDesigner check box.

r0|:tinrv5

Simulation ':a
General
Result

Measurement Report (2)

{Generate Report]

Change the 'Generate Report' options in Parallel Bus

Generate Report

Loga File! | logo.png

¥ Interface to TimingDesigner

| Deefault | ‘ Apply

| | 0K | ‘ Cancel

d) To close the dialog box and save the changes, click OK.

e Launch Timing Designer
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a) From the work flow, select Generate Report.

Workflowe Systermn Sl

Parallel Bus Analysis

Bus Setup )
Load a MewExisting Waorkspace
Azsign IBIS Models
Edit Bus Models

Simulation Setup (~)
Zet Tirning Budget

Zet Analysis Options

Check Signal Connectivity

Fun Bus Sirmulation
Simulation Results ()

Showe Simulation Curees

Browwse Results

DDR Measurement Report  (~)

I Generate Report I
Export Report

Showe beasurement Results

b) Inthe Timing Designer tab, specify the location of the executable.

HTML Header  TimingDesigner |

td.exe: |D:'l,Cadence'l,SPB_ls.6'|,ASIﬁ,UpdateS'l,timing_designer'l,td.win9253_rel.exe " " Launich |

c) Select Launch to invoke Timing Designer

SystemSI generates the configuration file based on the timing measurements and
launches the TimingDesigner to draw the timing diagram.

By default, Setup and Hold measurements are exported to the TimingDesigner. However,
for Data Read results, you can specify whether the ReadSkew or Setup and Hold
measurements are to be exported.

The SystemSI generated configuration files contain information about
NOTE! simulation setup, bus group definition, and timing measurement results. These
are required by TimingDesigner to generate timing diagrams.
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11.3 Auto Archive SSI Project

1. Choose File > Archive Project....

= File  Edit View Setup Tools W

Euaﬁ:.-ztéﬁﬁf— [Parallel Bus Analysis - D:\12.1%spa
¥t File | Edit  View Setup Tools W

1 Mew Ctrl+M
__Lj Open... Ctrl+0
Close
H Save Ctrl+5
Save Az,

Archive Project...

Print... Ctrl+P
Print Preview
Print Setup...

1 D230 Nbwo_mernory.ssix
2 D712 1 welementwelement.ssix
3 xM21% Nwelement_bus.ssix

4 single_ch_simple.ssix

Exit

The Archive Project window opens.
2. Specify Project Location and Project Name for the copied project.

Project Location: |D:\12,‘1 | .. |Project Name: |wg|emgﬂt_:opy

By default:
e The location of the original project is selected for the copied project location
e <original_project_name>_copy is set for the copied project name
3. Check the files that should be included in the copied project.
By default,

e The files under the original project folder and under the original sub-folders are listed and
checked for archiving, and will be copied to the new project folder

e The files used by the original project but located other than the original project folder are
listed and checked, and they will be copied to a sub-folder named Ref under the new
project folder

e The files under the history, result, result(bat), bufferdelay and Report sub-folders are
not listed

If you want to uncheck a file used by the original project, the following message opens.
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Do you want to continue?

Y¥es MNo

4. To add additional file, click the Add File... button.
5. To add additional folder, click the Add Folder... button.
e The files checked and used by the original project are highlighted in blue

.
Archive Project ] x
Project Location: | D:\12.1 | E Praject Name: | welement_copy
Criginal File Target File
D:\12. 1\models\pch_traces.sp RefiD\12. 1Ymodels\pch_traces.sp
D:\12. 1\welement\pch_traces.sp pcb_traces.sp
D:\12. 1\welement\ssi_pba_ex.ibs zgi_pba_ex.ibs
D:\12. 1\welement\vrm.sp WIrm.sp
D:\12. 1\welement\welement. ssix welement_copy. ssix
| Add File... || Add Faolder... || Uncheck Al | [v] Zip Project | Archive || Cancel |

e The files not used by the original project are not highlighted, and they can be deleted
from the list
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Archive Project =] ®
Project Location: | Di\i2.1 |m Project Mame: [ welement_copy
Criginal File Target File
D:\12. 1\models\pch_traces.sp RefiDY12. 1'\models\pch_traces.sp
pcb_traces.sp
D:\12. 1\welemes = ssi_pba_ex.ibs
D:\12. 1\welement\vrm.sp VISP
D:\12. 1\wel 1tywel . ssix welement_copy,ssix
| Add File... || Add Folder... || Unchedk All | Ep Project | Archive || Cancel |

e The files are highlighted in red if they are used by the original project but do not exist or

are un-checked

Archive Project [m} X
Project Location: | D:\1Z.1 | E Project Mame: [ welement_copy
Criginal File Target File
D:\12. 1\models\pdh_traces.sp RefiD\12. 1'\models\peh_traces.sp
D:\12. 1\welement\pch_traces.sp pcb_traces.sp
[ p:\12. 1\welement\ssi_pba_ex.ibs ssi_pba_ex.ibs
[ p:\12. 1\welement\vrm.sp VI, Sp
D:\12. 1\welement\welement. ssix welement_copy.ssix
AddFie... || AddFolder... || Uncheck Al [¥] zip Project archive || Cancel
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NOTE! If there are any files highlighted in red, the copied project will fail to simulate.

6. Click the Archive button to generate the copied project.
e All the checked files will be copied to the copied project

e Ifthe Zip Project option is checked, a zipped project file will be created. Otherwise, a
new project folder will be created for the copied project

The following messages may appear while archiving:
e If nofiles are checked, the following message displays.

SystemSl x

l L Ma files are selected for archive.

0K

e If the file used by the original project does not exist, the following message opens

1

-5}-'5tem |

3 1 Files highlighted in red are not found. Without them, the archived
' project will fail to simulate.

Do you want to continue?

Yes Mo

o If the designated project folder already has the archived project folder or zipped file, the
following messages open

-

rS;.-'stem 5l

Do you want to replace it?
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rS}rstemSI

\-I The zipped project file 'welerment_copy.zip' already exists at ‘DM 12.1"

Do you want to replace it?

Yes No

o If the archive project process completes successfully, the following messages open

rSystemSI =

“-.I Archive Project has completed successfully and the zipped project file
' 'welement_copy.zip' is located at ‘D21

OK

SystemnSl ®

"‘-.I Archive Project has completed successfully and the copied project
¢ folder 'welement_copy’ is located at ‘D121

OK
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A Appendix: Batch Mode Support

A.l Batch Mode Command

List of the batch mode commands for SystemSI — Parallel Bus Analysis:

<ExeFileFul IPath\SystemSl_exe> -b -sim <workspace file>

\\ for the default SSI simulation. For a PBA workspace, it will generate the DDR report and
export the html file to the default folder

<ExeFileFul IPath\SystemSl.exe> -b -sim:sweep <workspace file>

\\ for the sweep. For a PBA workspace, it will generate the DDR report and export the html
file to the default folder

<ExeFileFulIPath\SystemSl _exe> -b -sim:freq <workspace
file>

\\ for the frequency response

<ExeFileFul IPath\SystemSIl._exe> -b -sim:sparam <workspace
file>

\\ for the S-parameter extraction

Example for Windows OS:

Path\SystemSl.exe -b —sim
“C:\Working\SystemSI\pbs\pbs_ 1\pbs 1.ssix”

Path\SystemSl.exe -b -sim:sweep
“C:\Working\SystemSI\pbs\pbs_ 1\pbs 1.ssix”

Path\SystemSl.exe -b -sim:freq
“C:\Working\SystemSI\pbs\pbs_1\pbs_1.ssix”

Path\SystemSl._exe -b -sim:sparam
“C:\Working\SystemSI\pbs\pbs_1\pbs 1.ssix”

A.2 Run a .bat file

1. Put down the batch mode commands into a - bat file.

Example for Windows OS:

(pbs_1.ssix: a PBA workspace)

Y%systemsi% -b —sim “C:\Working\SystemSI\pbs\pbs 1\pbs 1.ssix”
Y%systemsi% -b -sim:sweep
“C:\Working\SystemSI\pbs\pbs_1\pbs 1.ssix”

Y%systemsi% -b -sim:freq
“C:\Working\SystemSI\pbs\pbs_1\pbs 1.ssix”
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Y%systemsi% -b -sim:sparam
“C:\Working\SystemSI\pbs\pbs_1\pbs 1.ssix”

To run the tests simultaneously, make the following modification in the tested - bat file:
set systemsi=start “the full path of the systemsi.exe”

NOTE! Replace the red font part with the full path of SystemSl.exe file.

2. Double-click the .bat file to run it.

Result Folder for Batch Mode

A new sub-folder result(bat) will be added for all batch mode results. Each batch mode
simulation has its own sub-folder under the result(bat) folder.

For a PBA workspace, each result is located in its responding sub-folder.
Example
v Local Disk (C:) » Working » SystemSI » pbs » pbsl » result(bat) »

brary - Share with Burn Mew folder
-
Mame Date modified Type
J freq 1/28/2013 2:42 PM File folder
J sim 172872013 2:42 PM File folder
J siml 1/28/2013 2242 PM  File folder
J sparam 1/28/2013 2:42 PM File folder
| sweep 1/28/2013 2:42 PM File folder
J sweepl 1/28/2013 2:42 PM File folder

The result(bat) folder is available from Results Browser.

[ Results Browser x
Falder Simulation Name Simulation Type
e D s result
] |:| J history
= |:| | result(bat)
3] D . freq
) D . sim
® [ ) sim1
] D J sparam
=) D . sweep
=201
D . Data_Write_Typ_Typ_Rank1_1 1\Data_Write_Typ Typ_Rank... DataBus Simulation, Write
D . Data_Write_Typ_Typ_Rankl_2 1\Data_Write_Typ Typ_Rank... DataBus Simulation, Write
|:| . Data_Write_Typ_Typ_Rank1_3 1\Data_Write_Typ Typ_Rank... DataBus Simulation, Write
= D J sweepl
=Nl '
|:| . Data_Write_Typ_Typ_Rank1_1 1\Data_Write_Typ Typ_Rank... DataBus Simulation, Write
D . Data_Write_Typ_Typ_Ranki_2 i\Data_Write_Typ Typ_Rank... DataBus Simulation, Write
D . Data_Write_Typ_Typ_Rank1_3 1\Data_Write_Typ Typ_Rank... DataBus Simulation, Write

In Sweep Manager, all the sweep results including those in the result(bat) folder are listed
under the Results > History tab.
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[ Sweep Manager x|

Settings Res.its|
Current  History | Export... || Show Result... |

Tteration Folder Max Overshoot Min Ringback M... = Min Ringback M.
1 result{bat)\sweep1\1\Data_Write_Typ Typ Rankil_1

2 result(bat)\sweep1\1\Data_Write_Typ_ Typ Rankl_2

3 result(bat)\sweep1\1\Data_Write_Typ_Typ_ Rankl_3

1 result(bat)\sweep\1\Data_Write_Typ Typ Rankl 1

2 result(bat)\sweep\1\Data_Write_Typ Typ Rankl 2

3 result(bat)\sweep\1\Data_Write_Typ_Typ Rankl 3

| i |

Click 'Show Result’ button to show the results of the checked iterations, or double dick on an iteration to show the results.

Ok I| Cancel Apply

batch_mode.log File

If a simulation does not run or fails for any reasons, please check the batch_mode.log file located

u

nder the result(bat) folder.

Error messages are added to batch_mode.log for the following failures:

The sweep parameter is not defined for the sweep analysis
The ports are not defined for the S-parameter extraction
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