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Introduction

This tutorial introduces how to perform simulation with SPEED2000 General Sl Simulation (Ideal
PIG) workflow.

Overview

The SPEED2000 General SI Simulation (Ideal PIG) workflow is for general purpose signal integrity
simulations without considering the non-ideal power/ground effects. Specifically,

® Level 1 — Trace and via couplings not considered, ideal P/G
s |Level 2 — Trace and via couplings considered, ideal P/G

In General SI Simulation (Ideal/P/G) workflow, you can firstly enable signal nets to be simulated, which
are referred as primary nets. In order to better simulate xtalk effects, a new feature - to select which
aggressor nets to be included in simulation (optional) - is added to find all the aggressor nets through
trace coupling and/or via coupling to primary nets. The primary nets and selected aggressor nets are
allincluded in the subsequent model setup, simulation option setup and simulations. By default, only
waveforms at IC components for primary nets are saved.

The main steps for simulation setup are shown in the following block diagram.
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Tutorial Summary

The sample case used in this tutorial contains one controller and four DRAMs as shown below.
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The topology is as the following figure shows.
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In this tutorial, only nets BAO and DQ1 are included in analysis as primary nets. Aggressors to these
primary nets are automatically shown with user-defined coupling criteria.

The following three original files are used in this tutorial:

= Tutorial_GSl.spd — layout file

= dram_lO.ibs — IBIS file containing DRAM buffer models

s ctrl_I0.ibs — IBIS file containing Ctrl buffer models

= They are all located in: <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\General
SI Simulation\Examples_PreSetup\

The completed sample and IBIS files (with step by step setup introduced in this tutorial) are also
provided and located in:

s <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\General SI Simulation
\Examples_PostSetup\Tutorial-2\

General Sl Simulation (Ideal P/G) workflow will lead user to:

= Setup simulation parameters
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= Run simulation
= View simulation results
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Layout Setup

This chapter describes how to load layout file and check stackup.

1. Launch SPEED2000 Generator ,and choose the General Sl Simulation (Ideal PIG)

workflow.

‘ General 5I Simulation (Ideal P/G)

¥

Layout Setup

Lead Layout File
Check Stackup

Simulation Setup

Select/Enable Signal Mets

Assign/Show DC Voltages

Set up Probes
Save File

Simulation

Enable General 51 Simulation Maode

(Optional)Show/Select Aggressor Nets

Assign/Show Component Models
Set up SI Simulation Options

Start Simulation

Results and Report

Load Results

2. Click Load Layout File to load tutorial GSl.spd.
The workflow step Check Stackup is enabled.

Layout Setup
Load Layvouwt File
Check Sackup

3. Click Check Stackup to open the Layer manager -> Stack Up window.
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4. Check the stackup and edit as desired (no changes in this example).
5. Click OK to quit the window.
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Simulation Setup

This chapter introduces how to set up simulation parameters for general Sl simulation.
Click Enable General SI Simulation Mode to enable General Sl simulation mode.

Simulation Setup '.‘5,;'

+" Enable General 51 Simulation Mode
Select/Enable Signal Mets
(Optional)Show/Select Aggressor Mets
Assign/Show DC Voltages
Assign/Show Component Models
Set up 5l Simulation Options
Set up Probes
Save File

When enabled, a check mark ¥ appears ahead the workflow step. And all other related steps are
enabled.

Enabling Simulation Nets

To perform general Sl simulation with SPEED2000, you'll need to select simulation nets first and
define the differential pair property.

1. Click Select/Enable Signal Nets in the Workflow pane.
The Net Manager appears in the right side of the window.
2. Click to enable power net VTT and signal nets BAO and DQ1.
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The diff-pair and polarity are guessed out automatically.

» [f the diff-pair is not guessed out, choose both positive and negative nets, right-click and
choose Classify as diff pair to define it manually.

» [f the polarity is not guessed out, right-click the positive net and choose Switch Polarity to
define it manually.

Showing Aggressor Nets

This step is to identify potential aggressors for BAO and DQ1 based on trace coupling and via
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coupling. You can manually choose the desired aggressor signal nets to be included in simulation.

1. Click Showl/Select Aggressor Nets in the Workflow pane.
The Search/Select Aggressor Nets Wizard opens.
2. Input the following values to each field:
= Coupling(%): 2
= Rise time(ps): 50
®s Search Distance: 1 (mm)

—Trace Coupling Parameters

Coupling(%&): |;3 |

Rise time(ps): | 50 |

—Via Coupling Parameters

Serach Distance: |1

mm

3. Click Next .

« Back

Mext = || Cancel

SPDGEN starts to enable nets and analyze aggressor nets. The time it takes depends on the
size and settings of the specific case. When the process is completed, the Search/Select
Aggresssor Nets Wizard displays all aggressors nets.
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Aggressors | Enabled Victims | Max Trace Coupling(%e;mm) | Min Via Separation{mm)

O oMo DQ1 = 0.8
O pgs DQ1 = 0.8
O pg7 DQ1 = 0.8
O pgso_P DQ1 = 0.8
O a BAO 2.08803;298.427

O a3 BAD = 0.8
O ea1 BAD = 0.8
[ Baz BAD 2.09276;1271.2 0.8
Ocs B BAD = 0.8

I
| < Back I Finizh | | Cancel |

4. Click to enable all nets in this sample and click Finish .
The Search/Select Aggressor Nets Wizard exists and the corresponding nets are enabled
in Net Manager .
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Assignhing DC Voltage
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Simulation Setup

If power or ground nets are enabled as simulation nets, the DC voltage should be assigned before

simulation.

1. Click Assign/Show DC Voltages in the Workflow pane.

The Assign/Show DC Voltages window opens.
2. Input 0.75V for VTT net like the following figure shows.

3. Click OK..

Assighing Component Models

This section introduces how to assign models to all components.
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Assigning IBIS Model to IC Component U0

1. Click Assign/Show Component Models in the Workflow pane.

The Set up Component Models window opens.
Set Up Component Models =] x

Comp Name 'Comp Type Part Mame

L e £

U4 (o Dram
U1 (o Dram ) |
uz IC Dram 1
u3 (o Dram

+ R326 R R_0402_40_2

+ R333 R R_0402_40_2

+' R334 R R_D402_40_2

+ R337 R R_0402_40_2

- e

Note: Comp Type is editable.
—Assign models:

@ Assign IBIS models O Assign simple termination models O Assign SPICE models Value D -
—IBIS models:
IBIS File: | Edit Model Component: |

Copy IBIS Model to

| oK | | Cancel | | Apply

2. Select to highlight component U0 and click the Edit Model button.
The Assign IBIS models window opens.
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rAssign IBIS models (] »

Layout Comp Mame: |U0

IBIS Model File: ‘23$peedxP\SamplesGPEEDZOOO\General 51 Simulah’on\Example_PreSemp\ctrl_IO.ibs| I:I

IEIS Component: |DDR3_ [~

LayoutPinName / IBISModelPinName / Model Name
MNetMame (SortBy . | SignalMName
Net)

M5 f AL
L4 [ A3

L7 [ BAO
L6 [ BAL
M6 [ BA2
P6 [ C5_B
B1 [ DMO
c3/DQ1
D1/DQ3
D3 [ DQ7
D2 [ DQSO_N
C2 [ DQS0_P

Package Model : (®)None (JPinRLC () Package Modsl:

Clear all | | Recover | | oK | | Cancel

3. Browse to load the IBIS file ctrl_IO.ibs.
The IBIS file is loaded.
4. Use Shift and Ctrl keys to select multiple nets A1— CS_B .
5. Click the icon [ in the field of Model Name column and select cmd_ctrl from the pop-up

window.
LayoutPinName [ IBISModelFinMame | Phiodel Name
NetMame (SortBy | SignalName

Pin Name Signal Name Model Mame
Mot Connected
data
BL/ j“:lﬁ_d:tlﬂﬂ
€3 /DQ1 i
D1/ GI'E‘:II:ZI_0
D3/ DQ7 POWER
D2/ DQS0_N
C2 | DQS0_P
Package Model : (®)None  (JJPinRLC ()
QK | | Cancel | Model Selector name is italic and underlined.

6. Click OK .
The selected nets are assigned with the model cmd_ctrl .
Repeat the above steps to assign nets DM0 — DQSO0_P with the model data .
All nets are assigned with IBIS models.
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LayoutPinMame | IBISModelPinMame [ Model Name

MetMame (Sort By SignalMame

Met)
M5 f AL M5 [ A1 and_ctrl
L4/ A3 L4/ A3 and_ctrl
L7 / BAD L7 /BAD ond_ctrl
L6 [ BA1 L6 /BAL and_ctrl
M6 f BAZ MG [ BAZ and_ctrl
PG [ CS_B PE /(S B and_ctrl
B1/ DMO B1/DM0 data
C3/DQ1 C3/DQ1 data
D1/ DQ3 D1/0Q3 data
D3 DQ7 D3/0Q7 data
D2 f DQSO_N D2 /DQ50_N data
C2 | DQS0_P C2 /DQs0_P data

7. Check the newly generated models and click OK .
The Update IBIS File dialog box opens to confirm the changes.

"

[ELS s has bt changsd,

T sawe changes o a new e, dick COPY

Copy Cancsl

8. Click Copy .
A dialog box opens to confirm the location where the IBIS file is copied to.

The 18I file is copied to
l CACadence! SPE_16.5050 Lipdetel | Speedidf Samyples' 5P EED 2 Gene
ral Sl Sirrvulation JBEISUUD_cted 10, ibs

oK |

9. Click OK to create a new IBIS model.
The Assign IBIS models window quits and a pin matched component IBIS model for
controller U0 is generated, located in the sub-folder named IBIS under the project folder.

SpeedXP » Samples ¥ SPEED2000 » General 3l Simulation » IEIS -

orary = Share with - Eum Piews folder
.l":""f - r..:._..!-'_-! -:.-

U0_ctrl_ICLibs

A green check mark appears ahead U0 in the Set up Component Models window.
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Assigning IBIS Model to IC Component Ul
1. Select to highlight component Ul and click the Edit Model button.

The Assign IBIS models window opens.
2. Browse to load the IBIS file dram_IO.ibs.
The IBIS file is loaded.
3. Repeat the steps described in the above section to assign nets A1— CS_B with the model
INPUT .

4. Assign nets DM0 — DQ7 with the model DQ .
5. Assign net DQSO0_N and DQSO0_P with the model DQS .

All nets are assigned with the IBIS models.

LayoutPinMame [

IBISModelFinMName [ Model Mame

6. Check the newly generated models and click OK .
The Update IBIS File dialog box opens to confirm changes.

MetMame (Sort By SignalMame

Met)

L7 f Al L7/ Al INPUT
K2 [ A3 K2 /A3 INPUT
12 | BAD 12 [BAD INPUT
K8 [ BAl K8 /BA1 INPUT
13 / BA2 13 /BA2 INPUT
H2 | CS_B H2 /CS_B INPUT
B7 | DMO B7 /DMO Do
C7 / DQ1 C7 /D01 Do
CB | DQ3 Ca/003 DO

E7 | DQ7 E7 /DQ7 DO
D3 / DQSO_N D3 /DQS0_N DOS
C3 / DQS0_P C3 /0050 P DOS

[ELS s has bt changsd,

T sarwe changes o a new file, dick COPY

Cancel

7. Click Copy .

A dialog box opens to confirm the location where the IBIS file is copied to.

The 18I file is copied to
I CACadence SPE_16.5U450 Lipd stel |5 peedP, S rryples' 5P EED 20 Gene
ral Sl Sirrvulation" JEISU_dram B0k

QK

8. Click OK to create a new IBIS model.
The Assign IBIS models window quits and a pin matched component IBIS model for
controller Ul is generated, located in the sub-folder named IBIS under the project folder.

July 2014
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SpeediP & Samples + SPEEDZOO0 + General 5 Simulation & TBIS e E

rary Share with + Bum Wew fodder

Hame Date modifed Type
L | W_ctrl_}D.ibs 117370013 1:56 PFM IRS File
L) s DOk 1173713 216 P IBS File
A green check mark appears ahead Ul in the Set up Component Models window.
Comphame 'ComoType | Porthisme -
U K Controlier H
LM i Do
4 < o=
[1-4 K Dram
[Lx) K Drami
" REAIE R R_{-402_40_2
+ R R R_0402_40_2
" REIT R R_D402_a0_2
-/_ REH R B_0402_30_32 -
Kl [T | k
gmagn modeks
{5 g 105 o () smign smpie termansson madels () emign SPICE modsls Oivake [0 ] E
.—M--w-'-
R | [Esemoss ] S
[ Copy 1815 Moded bo ]
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Copying IBIS Model to U2, U3 and U4 from Ul

1. Click the Copy IBIS Model to button.
The IBIS Copy window opens.
2. Select to check the components U4, U2 and U3 (uncheck U0 ).

ol o

pEED 4 L

3. Click OK .
» All nets for component U2 , U3 and U4 are assigned with IBIS models. .

F.
Lamp Mame Lomp Type Part Hame

¢ LD Ic Controller
L IC Dirami

uz I Dvam
« Uy IC Dram
« RIS = R_0-02_40_2

R33N = R_O-902 40 3

R327 -] R_0403_ a0 3
¢RI 3 R_D402_a0_2
Aemmgn models
) Azsign THIS modeks Besmgr sampls brrmirabion models Bissgn SPICE modek:
TS et

[EIS Fie! .|E|‘_\-'J_I|_+un_|l'_: ] Bt Pl Comporent drsm1fed

Copy [BIS Hodel tn

A green check mark appears ahead components U4 , U2 and U3 in the Set up
Component Models window. If the assigned IBIS models are not as desired, you can
choose the corresponding component and click Edit Model button to change the IBIS
model.

» The value of passive component is generated automatically by default.
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Set Up Component Models O X
f a
Comp Mame Comp Type Part Mame
+ U1 c Dram_U1
Vv U2 Ic Dram_U2
+ U3 IC

Dram
\Rr326 R [RO04w02402
v EE I L X S,

v N L
v A N X
\drsss R [Ro®20> 0000000000000 ]
\dr37 = ______|RO®0Z2%02 ___________________________________________________|=

1 il ] »
MNote: Comp Type is editable.
—Assign models

) Assign IBIS models () Assign simple termination models () Assign SPICE models (®) Value

The value is editable (no change in this example).

4. Click OK to exit the Set up Component Models window.

S| Simulation Options Setup

This section introduces how to set up Sl simulation options.

Click Set up SI Simulation Options in the Workflow pane.

The GeneralSI simulation setup -> GeneralSI Options pane appears at the bottom of the window.

| GeneralSI simulation setup -> GeneralS] Options x|
GeneralSI Options | Set up Probes |
s
—Simulation Configuration — Models and Data Patterns
[P/ and Coupling Options rCorner Data Rate: Ghps Clock Period: T = ns  #ofBits: E Tmax: 2.67819
®Typ
® Level-1: Single Line, Ideal P/G ComPiniame/Netiame | IjO Selection | Transmitter IO | Receiver IO Model stimulus Pattern | Stimulus UI{ns)
Model Offset(ns)
o Fast
O Level-2: Coupled Lines, Ideal P/G = [IC] uo
B1/oMO Un-assigned  data_odtoff data_odtoff 1010101010, o i =
O Slow C2/DQS0_P Un-assigned data_odtoff  data_odtoff 1010101010 [ i
Ideal PG Option Simulation C3/og1 Un-assigned  data_odtoff data_odtoff 1010101010.. (] 1T
Time Step(ps): D1/DQ3 Un-assigned data_odtoff data_odtoff 1010101010, [+] jig
ime step{ps): El D3/DQ7 Un-assigned data_odtoff  data_odtoff 1010101010.. [} iy
T L4/A3 Un-assigned  cmd_ctrl and_ctrl 1010101010 [ i
L6/BA1 Un-assigned  cmd_ctrl amd_ctrl 1010101010.. [ i
Rise Time(ps): L7/BA0 Un-assigned _cmd_ctr and_ctrl 1010101010..  © g
| Export Options ‘ ‘ Import Options | g
-

The pane contains two tabs: GeneralSI Options and Set up Probes .
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General Sl Options

1. Choose Level-2: Coupled Lines, Ideal P/G , and set the following parameters:
= Time Step(ps): 20
s Coupling (%): 2
= Rise Time(ps): 50
s Corner: Typ

—Simulation Configuration

—P/G and Coupling Options——— —Corner
®Typ
O Level-1: Single Line, Ideal PG
o Fast
® | evel-2: Coupled Lines, Ideal PJG
O Slow

Ideal PG Option Simulation

e s [
e
S

2. Input the following models and data parameters:
= Data Rate : 1.333Gbps
s #ofBits: 10
= Tmax :15ns

Models and Dala patberns

Diats Rabe: .]_:|:|:| | Ghps Clock Period: T = |1, 800375 ns & of Bits: |10 Tmax: 15 e -
3. Click the column titte CompPinName/Netname to reorder the nets alphabetically.

CompPintame Methz 10 Selection Transmitter IO | Receiver IO Model Stimulus Pattern Stimulus UI{ns)

MetMame) Model Offset{ns)

= [c]uo
M5/A1 Un-assigned cond_ctrl and_ctrl 1010101010, 0 T
L4/A3 Un-assigned cond_ctrl and_ctrl 1010101010, 0 T
L7/BAD Un-assigned cond_ctrl and_ctrl 1010101010, 0 T
L&/BAL Un-assigned cond_ctrl and_ctrl 1010101010, 0 T
M6/BAZ Un-assigned cond_ctrl and_ctrl 1010101010, 0 T
PE/CS B Un-assigned cond_ctrl and_ctrl 1010101010, 0 T
B1/DMO0 Un-assigned data_odtoff  data_odtoff 1010101010, 0 T
C3D01 Un-assigned  data_odtoff data_odtoff 1010101010.. 0 1T
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UO Parameters Setup
1. Choose to highlight all nets A1— DQSO0_0 under U0 .
2. Click the icon [E in the field of IO Selection column and select Output from the drop-down

list.

CompPinName/MNethame: P10 Selection Prransmitter 10 [PReceiver 10 Model Potimulus Pattern "Stmulus FUL{ns)
Nethame) - Madel Offset{ns)

=

m—_ i

|:|'||l:| C t|'|

R o
—

3. Select to highlight nets DMO — DQSO0_P .

4. Click the icon [E in the field of Ul column and input 0.5T in the field.
CompPinName Nethame: |"m5e|ecﬁm PTransmitter 10 |'Receivermmde| |'5tiuhspat|an |'srnuus Fll(ns)
Model

NetName) Offset{ns)
L7/540 Output emd_ctrd . nwoow. o T
Le/BA1 Output cmd_ctrl I 1ww1010. 0 b}
M/BA2 Dulput amd _ctrl . wwownom. 0
PEICS_B cmd _ctrl 1010101010.. 0
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Ul Parameters Setup

1. Selectto highlight nets DMO - DQSO0_P under U1.

2. Click the icon [E in the field of IO Selection column and select Input from the drop-down list.
CompPinNiame Nethiame: | "’[#]Sdectim P Transmitter 10 "Rfca'va 10 Model "smspau;m |"5|iuius "Lll(ns]

MetMame) Model Offsetins)
L D2/DQS0_N Output data_odtoff 0101010101., 1] 0.5T
2 [IC]u1
L7fa1 Input
K2/a3 Input
J2/BA0 Input
K3/BAl Input
Input
Input
10
DI(LB‘I- 1333 1010101010..
& _
- oowowL. o |7 |

3. Assign the nets DM0 - DQ7 with the Receiver |10 Model DQ_34_ODT60_1333 from the
drop-down list.
4. Assign the nets DQS0_P and DQSO0_N with Receiver IO Model DQS_34_ODT60_1333

from the drop-down list.
CompPiname/Nethame: P10 Selection P rransmitter 10 "cha'va' 10 Madel
Model

"Sti'rlj.lsPattﬂn ".’Stinj.ls "Llllhs]

Netiame) Offset{ns)
L 02/DQS0_N Output data_odtoff 0101010101, 0 0,57
=] [Iclui

L7/al Input

K2/a3 Input

12/BAD Input

KB/BA1 Input

13/BA2 Input

Input

I
mput P oo 3acomeo 1333 L
N NN T s N O S ——
I ooasooreo 1333 [
I Iooa3soomeo 1333 [
L oos3eooreotzzs [l
I

pgs3sopteo 1333 [

5. Click OK to save all settings.
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Probes Setup

1. Click Set up Probes in the Workflow pane.

The GeneralSl simulation setup -> Setup Probes pane appears at the bottom of the

window.

Generalsl simulation setup -> Set up Probes

Generalsl Options | Set up Probes
RefDes

= HE

i

= HE

=

==

—

000 O0008O OO0O08O00RO0O0OO0

[1c] uo

[Ic] u4

[1c] U1

FinMame MetMName

B1/DMO
C2/DQS0_P
D2/DOQS0_N
D1/DQ3
C3/DQ1
D3/DQ7
L4/A3
LG6/BA1
L7/BAD
M5/A1
MG/BAZ
P6/CS_B

H2/CS B
12{BAO
J13/BAZ
K2/A3
KB/BAL
L7/A1

B7/DMO
C3/DQS0_P
D3/DQS0_N

You can also open the pane by clicking the Setup Probes tab in the above section.
In this example, BAO and DQ1 are primary nets. You can add the other probes of aggressor

nets as desired.
2. Go back to the GeneralSI simulation setup -> GeneralSI Options pane.

3. Check all models and click OK to quit the pane.

Saving File

When all settings are complete, you can:

1. Click Save File in the Workflow pane to save the .spd files.
A message window opens for you to confirm the selections.
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SPEED GENERATOR File Seving O
[#] Shascee Froccessing
[+] Error Chedang

[ b wimrriengs in Eres Log Fie
[ ovabeter Dozl s vt Lines:

O Carel

2. Click OK with the default settings.
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Simulation and Results

Click Start Simulation in the Workflow pane to perform simulation.

When the simulation is completed, the result waveforms are shown below.

Pregent Curves
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