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SPEED2000 TDR/TDT Simulation Tutorial

Introduction

This tutorial demonstrates how to use TDR (Time-Domain Reflectometry)/TDT (Time-Domain
Transmission) mode in SPEED2000 to simulate the measurement of TDR/TDT for signal integrity
analysis.

The TDR/TDT mode in SPEED2000 enables user to easily check the signal’s propagation,
reflection and impedance discontinuity by step pulse response. The simulation results can better
show voltage and impedance variation with time, helping user to check the quality of signal
propagation channel. And the impedance discontinuous position on board can be calculated by the
time and signal propagation velocity.

Overview
SPEED2000 provides the following functions in TDR/TDT mode:
o Create TDR/TDT circuits automatically
o Create TDR/TDT circuits manually
« Calculate impedance at TDR/TDT circuits
« Display TDR/TDT voltages

The TDR/TDT workflow leads user to:
« Setup layout
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o Setup TDR/TDT

« Setup other simulation options
o Run simulation

« View simulation results

Sample Case
The original layout file used in this tutorial is:
e SODIMM_TDR_TDT.spd

- ltislocated in: <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\TDR-TDT

Simulation\Examples_PreSetup\

The completed file (with step by step setup introduced in this tutorial) is also provided and located

n:

- <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\TDR-TDT
Simulation\Examples_PostSetup\
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SPEED2000 TDR/TDT Simulation Tutorial

2 Layout Setup

This chapter describes how to setup layout for TDR/TDT simulation.

2.1 Loading Layout File
1. Launch SPEED2000 Generator.
2. Select the TDR/TDT Simulation workflow.

Workflow: SPEED GEMERATOR
DDR-550 Simulation

Power Ground Noise Simulation

EMC,EMI Radiation Simulation
SI Metrics Check

Trace Impedance/Coupling Check
TDR/TDT Simulation

Eo A G G G S B

Layout Setup ':’:‘)

Load Layout File

TDR/TDT setup ®
Select TORJTDT riode

Other simulation setup @

Simulation ':9

IBIS Simulation

“ |

Click Load Layout File to load SODIMM_TDR_TDT.spd.
Click Select TDR/TDT mode in the Workflow pane to enable TDR/TDT simulation mode.

TDR/TDT setup ®
" Select TOR{TDT mode
Setup TORSTDT circuit rmodel
Generake TORTOT ports automatically
Generake TORTDT ports manually
Select TORJTDT ports For simulation

When enabled, a check mark +" appears next to the workflow step.

2.2 Checking Stackup
1.  Click Check Stackup in the Workflow pane.
The Layer Manager -> Stack Up window opens.

July 2013 6 Product Version 16.6



SPEED2000 TDR/TDT Simulation Tutorial

I—La\,rer tanager -» stack Up
Stack Up |
Layer # Color Layer Icon | Layer Mame Thickness(... | Material Conductivity(S... | Fill-in Dielectric Permittivity | Loss T+
1 77 A Flaneni 0.03556 5.8e+007 [1] [0]
|: Mediumg40 1 1 i]
[ Mediumget 0,017 2,25 0.0z
2 B sonaltor 0.033 5.959e+007 [3.175] [0.02]
] Medim$4s 0.102 4.1 0.02
3 Signal§spLITZ 0.033 5.959-+007 [4.1] [0.02]
Medium$45 0.13 i4.1 0.0z
4 Signalfsa 0,033 5.959e-+007 | [4.1] [0.02]|=
Medium$a 7 0.559 4.1 0.0z
5 Signal$s4 0.033 5.9592-+007 | [4.1] [0.02]
Medium$43 0,13 4.1 0.0z
6 Signal§sPLITS 0.033 5.959e+007 | [4.1] [0.02]
Medium$s1 0.102 41 0.0z
7 Signal$BOTTOM 0033 5.959-+007 | [3.175] [0.02]
| Medium$ss 0.017 i2.25 0.0z
; Medium$s4 1 i 0
El | - a DIIITnnm N ECE E falnn? r1 rn
Total Thickness: 3.3261e+000 mm | Yiew Material || Impark |
| Auto Sek Layer Special Yoid || Filcer... |
Unit: |mm | - ” O ” Cancel |

2. Check stackup and click OK when all settings are complete

Selecting Nets
1. Tosetup P/G nets, click Select Nets in the Workflow pane.

Layout Setup 'f‘_‘)
Load Lavaout File

Check Stackup
Selart Met

TDR/TD1 Setup PiG nets ,’,_\;,
~ Seld Skip setup P/ nets

Sk om TRAUTRT i sib Al

2. Click Setup P/G nets from the pop-up menu list.
The P/G nets classification wizard appears and leads you to setup P/G nets step by step.

-

P/G nets classification wizard

Seleck Components

Cornpanent

[ @ 5PORT_RES-150HM_45R_2010-45R_24_1Sohm
a @ GPORT_RES-360OHM_45R_2010-45R_28_36ohm
[ % 9P1M_sPO-LCCE_12_5MA

a @ DOR.3_SODIMM204PIN_JEDEC

O ¢ 0ora_x16_86BALL_YZ_8

O * NewEmptyCktDef

B EEEHE®

Filker companents with number of pins == & Update

Cancel

NOTE! If the P/G nets are setup already (like the example case in this tutorial), ignore
this step or just click SKkip setup P/G nets.
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TDR/TDT Single Ended Simulation

This chapter demonstrates how to setup circuit model, generate ports, run simulation and view

simulation results for TDR/TDT single ended.

Setting Up TDR/TDT Circuit Model

1.

2.

Select and enable the desired nets in Net Manager as the following figure shows.

Mek Manager

|
Net:| |v|

|DeFauIt Mode | - |

et Lisk {3ort enabled first)

O 2 Zdunnamed Met{s)
= #8 PowerNets =
“IvoD
EvTT

£ GroundNets

i
&

Epqo
Epo1
Epqz
Hipqs
Eoqa
Epqs
Eoo6
Hoqr
] B DQson
[ Elpgsop
ﬁ TDQD
ﬁ TDQ1
E 1002z
B 1003
B 1004
B 1005
B 1006
HTDQ7
O B Togson
O 2] E Tpgsop
O2 Eao
O E a1
{1

eneral

[l keep shape enabled when the net is disa
[“IHide Disabled
Gray Disabled

Met Manager

1
EENEEEEEOOREEREEREREE

||

Click Setup TDR/TDT circuit model in the Workflow pane.
The Circuit/Linkage Manager opens.

July 2013
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3.

CircuitfLinkage Manager

| [-][2]

Model Mame S Ckk Type

A 3
| Mew ” Dl ” Edit ”Load | |Filter|ﬁ
Ckt Mode < F‘ngu:ude Laver M
4 il 3

Layer Sele... \EFEUIERRESSS Met Manager |

Click New.
The New window opens.

ey
~Typs
) New Circuit Madel Definitian
() TDR. Single Ended
O TOT Single Ended
) TOR Differential
) TDT Gifferential
(2 Dther Circuit Models
O Mew Circuit
() New Circuit By Selected Modes - Fin Based
) New Circuit By Selecked Nodes - Met Based

(614 | | Cancel

July 2013
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Select TDR Single Ended.

Click OK.

The TDR Single Ended window opens.

rTDR Single Ended

SE Source Amplicude:
Delay:

Rise Tinme0- 100%:):

x

SE Internal Resistance: Chim

O
—
B

ok | | Cancel |

-

Set the parameters for TDR single-ended as desired.

Click OK.

The New Definition window opens, displaying the detailed information of the newly created
circuit model definition.

Mew Definition

- O =
efinition Type —Partial Circuit Type
@) Partial Circuit ) sub-circuit O Madel (3) Speedsp O HsPICE
Local Parameters @ Global Parameter
Mame : |TDR_SE_I
Mame Yalue
External Modes | | pos  gnd td op =
tr 30p
i 0.4
T | M | | Edit | | Celete |
—Model File
rp pos1z0
wp L gnd PLULSE {00 td b br 13 Trpe: | [+]
File Mame ! | |

Header/Footer Info : Read-Only

+ ExtMode =pos gnd
+ td=0p
+ kr=30p E|
+ vwi=0.4
+ 0=50
[ il |

The TDR source is a voltage source with step waveform. By default:

e SE Internal Resistance — 50ohm

e SE Source Amplitude — 0.4v

e Delay - Ops

e Rise Time —30ps
8.  Click OK to quit the New Definition window when all settings are complete.

July 2013
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Generating TDR/TDT Ports Automatically

1. Right-click TDR_SE_1 and click Create TDR Circuit from the pop-up menu list.

Repeat step 3 to 8 to create TDT single ended circuit model definition. Remember to select
TDT Single Ended in the New window.

A= x
—Type
(®) M Cireuit Model Definition
3 TDR. Single Ended
+ TDT Single Ended
) TDR Differential
) TDT Differential
(2 Dther Circuit Models
O Mew Circuit
() Mew Circuit By Selected Nodes - Pin Based
¥ New Circuit By Selected Nodes - Net Based

| oK | | Cancel

CircuitfLinkage Manager

®
| [-][£]

Model Mame Ckt Type
~ @ TOR_SE_1 TDR_SE
“ @B TDT_SE_L  TDT_SE

1]

o e

The newly created circuit model definitions can be viewed in Circuit/Linkage Manager.

July 2013
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) B0 B!

CircuitfLinkage Manager

%
| ][]

" Praodel Mame Pkt Type

Expand All Circuit Definitions

Swikch Ea Cikcuit Wiew

Collapse all Circuit Definitions
Create TOR Circuik

Circuit Yoltage Wiew. ..

Current Yiew, ..

Close Linkage Window

Close Definition window

Tah Linkage Window and Definition Window

nde Lawer Mam

Assign Capacitor Models

Assign Cormponent Tags

The Auto Generate TDR Circuits window opens.

Auto Generate TDR Circuits »

Circuit Madel; TDR_SE_1

Reference circuit:

Laver Circuit Mame Circuit Maodel

Signal§ TOP c1 2PORT_CAP-10,.,
Signal$BOTTOM C1o ZPORT_CAP-10,..
Signal$BOTTOM Ci1 2PORT_CAP-10...
SignalsBOTTOM C12 ZPORT_CAP-10,..
Signal$BOTTOM C13 ZPORT_CAP-10,..
SignalfBOTTOM Cl4 ZPORT CAP-10,..

Reference Met: Fin Groups: I:I w I:I

eference Fins:

| Generate Circuits || Close

2. Set the parameters as following:
« Reference circuit: J1
« Target Layer: Signal$TOP
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SPEED2000 TDR/TDT Simulation Tutorial

Auto Generate TDR Circuits

Circuit Model: TDR_SE_1

Reference circuit:

Lavyer Circuit Mame Circuit Model
Signal$ToP SPD1 APIN_SPD-LCC..,
SignalsBOTTOM T51 9PIN_SPD-LCC...

SignalEBOTTOM

Signal$ToP uo DOR3_X16_96E...
Signal$ToP u1 DOR3_X16_96E... =
SignalfTOP uz DOR3 X16 96E...

Target Layer:

Reference Net: |gionagpoTToM|  Fin Groups: |1 w1
All Layers

eference Pins:
(e} LUse Pin Groups
["] search Distance for Signal nek mm

() Use Reference Cell
() Use Reference Mode

| Generate Circuits || Close |

Description of Auto Generate TDR Circuits Window
e Target Layer — Select the layer pins

o Reference Net — List all the enabled nets in the GroundNets group as well as
GroundNets which include all the ground nets:

- The default selection is GroundNets. If GroundNets is selected, all ground nets in
the list serve as reference nets. The Negative Terminals are the pins of these
reference nets in circuit generation.

- If an individual ground net (not the group name GroundNets) is selected, circuits
are generated in each cell or cell group for signal nets, power nets and other
ground nets. The negative terminals are the pins of the selected reference net.

e Pin Groups — Divide the pins into rectangular cells from which the circuits will be
generated

- Left number — Columns of cells
- Right number — Rows of cells
- Default value — 1x1

o Reference Pins — Rules to determine the negative nodes in the automatic circuit
generation. Three options are available:

- Use Pin Groups
Circuits are generated for each pin of the Power, Ground and Signal nets. If there
is no pin for the reference net, the neighbor cells are searched until the nearest
ground pin is found. The nearest ground pin serves as negative terminals for the
cell, as shown in the example. The aim is that the same reference pins should be
used in as few cells as possible. This approach is called Use Pin Groups.
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The target positive pin node

Two neighbour negative pin nodes found

Pin node belong to Signal/Power net

Pin node belong to referenced Ground net

- Use Reference Cell
- Use Reference Node
3. Click the Generate Circuits button.
The TDR circuits on top layer are automatically generated.
4. To generate TDR circuits on bottom layer, set the parameters as following:
« Reference circuit: J1
« Target Layer: Signal$BOTTOM
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Circuit Model: TDR_SE_1

Reference circuit:

Buto Generate TOR Circuits ®

Laver Circuit Mame Circuit Model

Signalf TOP SPD1 9PIN_SPD-LCC...
Signal$BOTTOM T51 SPIN_SPD-LCC...
SignalBOTTOM 8] »

Siqnalf TOP uo DOR3_%16_96E...

Signalf TOP u1 DDR3_<16_96E... =
Signalf TOP uz DDR3 =16 96E...

Targek Layer:

Reference Met:

SignalsToP
All Lavers

Pin Groups: Y I:l

eference Pins:

(e} LUse Pin Groups
[] search Distance For Signal net I:I M

) Use Reference Cell |

{0 Use Reference Mode |

| Generate Circuits || Close |

The TDR circuits on bottom layer are automatically generated.

Click Close to quit the Auto Generate TDR Circuits window.
View the newly generated TDR circuits in Circuit/Linkage Manager by selecting
Setup > Circuit/Linkage Manager...

CircuitfLinkage Manager

b4
)
|-

F

FModel Name
= @@ TOR_SE_1

10T SE_1 | TDT_SE

Pkt Twpe
TDR_SE

| TEw || Del ” Edit: ||Loac| ||Filter|ﬁ

7. Right-click TDT_SE_1 and click Create TDT Circuit from the pop-up menu list.

July 2013
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P &0 55 7 Circuit/Linkage Manager

X
-2

Switch to Circuit View
Expand Al Circuit Definitions

Callapse all Circuit Definitions
Create TDT Circuit

Circuit Yaolkage Yiew..,

Current Yigw. .,

Close Linkage Window
Close Definition Window
Tah Linkage Windaw and Definition Windaow

Assign Capacitor Models

Assign Component Tags

" Prodel Hame Pk Tvpe
E- @ TOR_SE_l TDR_SE
«+ [A] OGO

< TDR_

]
(1o e 8

e Layer Marm

L]

8. Inthe Auto Generate TDT Circuits window, set the parameters like the following:

« Reference circuit: U0
« Referent Net: GroundNets

-
Auto Generate TDT Circuits
Circuit Model: TDT_SE_1
Reference circuit:
Lavyer Circuit Mame Circuit Model
Signal$BOTTOM RNG6 SPORT_RES-36...
SignalfTOP SPD1 SPIN_SPD-LCC...
SignalsBOTTOM T51 9PIN_SPD-LCC...
SignalfBOTTOM J1 DORS_SCDIMM...
I: |
Signal$ToP ui DDR3 16 92E...
Targek Layer:
Reference Met: Pin Groups: |1 w1
eference Fins:
(#) Use Pin Groups
["] search Distance for Signal nek i
) Use Reference Cell
() Use Reference Mode
| Generate Circuits | | Close |

9. Click the Generate Circuits button.

The TDT circuits are automatically generated. The circuits can be viewed in Circuit/Linkage

Manager.

July 2013
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CircuitfLinkage Manager x
| B
¥ PModel Namne Pkt Type

- @PTOR_SE_1  TDR_SE
«+ [A | -ToR_TDQD
+ [&] 1
+ [A]
+ [A]
+ [&
+ [A] -TOR_TDOS
v B | -ToR_TDOG
+ @ | -ToR_TDOT

> ¢ SRR
+ [a] S TOT_DQO
+ [A] S TDT_DG
+ [A] TOT_DOZ
+ [A] S TOT_DO3
+ [A] S TOT_DO4
+ [A] 10T _DOS
+ [A] 10T _DO6
+ [A] - TOT_DGO7

1

|New || Del ” Edit ||Lnad| |Filter|ﬁ

Generating TDR/TDT Ports Manually

This section introduces how to generate TDR/TDT ports manually if the auto-generated ports do
not meet your requirements or you hope to generate ports manually.

1. In Circuit/Linkage Manager, select TDR_SE_1.
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2.

3.
4,

Circuit/Linkage Manager

| -][2]

¥ PModel Name o Mokt Type
P 4 TDR_SE 1

‘ TDT_E1 TDT_SE
L] Il 4
| Tl || Dl || Edit ||L0ad | |Fi|ter |ﬁ
Ckk Mode Pngu:ude Laver M:
4 Iil 3

ParkialCkt  TOR_SE_1
ExtMode = pos gnd
td=0p

tr = 30p

vO=0.4

20 =50

4

+++++

rp pos 120
wp 1 gnd PIULSE (0 w0 kd b kr 1)
EndPartialCkt

4 i | »

Click New.
The New window opens.

ey

—Type
O Meww Circuit Madel Definition
& TOR Single Ended
O 70T Single Ended
O TOR Differential
O TOT Differential
O Other Circuit Madsls
* Tew Circuit
) New Circuit By Selected Nodes - Pin Based

() New Circuik By Selected Nodes - Net Based

| oK | | Cancel

Select New Circuit.
Click OK.

July 2013
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The New Circuits window opens.

Mew Circuits x ]
Definition Mame : | TOR_SE 1 -]
Circuit Hame - [1op |
Start number : g |
End number : |?| |

[ ok ][ cancel |

Select TDR_SE_1 as the definition name.
Enter a circuit name (TDR in this example).

Enter the start and end number if you want to generate more than one port (0 and 7 in this
example).

8. Click OK.

8 new circuits with the name TDRO-TDRY are generated. The ports can be viewed in
Circuit/Linkage Manager.

CircuitfLinkage Manager

X
| [-][2]

¥ Pmodel Mame Pk Type
E-gPTDR_SE_1  TDR_SE

S
- @RTDT_SE_1  TDT_SE

| Mew ” Dl ” Edit ”Load | |Filter|ﬁ

9. Togenerate TDT ports manually, select TDT_SE_1 in Circuit/Linkage Manager and
repeat step 2 to 8.

All circuits generated can be viewed in Circuit/Linkage Manager.
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Linking TDR/TDT Circuits to Board Manually

CircuitjLinkage Manager

X
(2]

" PModel Mame

R TOT0

2 & TDT_sE_1

Pkt Tvpe

TDT_SE

|New|| Del || Edit ||LDad||FiIter|E

1. Select the desired circuit in Circuit/Linkage Manager, for example, TDRO.
The information of the selected circuit node is listed in the Package Linkage Assignment

pane.

July 2013
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EI |?I lEEI lEII l'IDI |11| |'12I |13I |'14I |15| I1l3I l'l? CircuitiLinkage Manager X
-

P

¥ Prodel Marne Pk Tvpe

E

[l

E

[al

E

[l

E

E

TDT_SE

E

E

E

[al

E

[l

E

[l
. [ il J
$Package Moded047!114::GND f} ool et lomd | [Fier E
Link

Cki: Mode Plg Mode Laver M

== Unlink 11.0DR.3_SODIMMZ204PIN_JEDEC. 14 L v _-

Shaw Connected Circuit: 31 pos

Select Net GND
Disable Met GHD

2. Highlight the circuit node you want to link to the board in the Package Linkage Assignment
pane, for example, gnd.

3. Right-click the desired node on board and click Link from the pop-up menu list.

NOTE! Make sure the package node you want is on the active layer.

4. Repeat step 2 to 3 to link the other circuit node.

When both circuit nodes are successfully linked to package nodes, a green mark *° appears
ahead of the circuit, and the linkage information is listed in the Package Linkage
Assignment pane.
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CircuitfLinkage Manager x
| [-[2
" Piodsl Name ke Tvpe Model

=-@PTOR_SE_1 TDR_SE

EEEEEEEE EHEEEEEEE
%
=
=)
g
Ih—-
-
[}
=
ILﬂ
m

J
#| Mew || Del || Edit || Load | | Fiter E

Ckk MNode Pkg Mode Layer Mame
x gnd Node804711...  Signal$BOTTOM

Node190111... | Signal§EOTTOM

5.  Repeat step 1 to 3 to link all circuits to board. A green mark +* ahead of the active icon [&l
shows it is successfully linked.

Circuit/Linkage Manager x
| [-[P

¥ Pradel Mame Fiok: Twpe Model

- g#TDR_SE_1 TDR_SE
+vB
+ @Bl
v A
v [
v A
v [
v A
v
- gPTOT SEL1 TDT_SE

ey | :
v [
v A
v [
v
v
v [
v A

|
f} T

3.4 Selecting Ports for Simulation

1. Click Select TDR/TDT ports for simulation in the Workflow pane.

The Setup TDR/TDT window opens, displaying all available ports. All TDR ports are
selected by default.

July 2013 22 Product Version 16.6



SPEED2000 TDR/TDT Simulation Tutorial

Setup TOR/TDT O x
TR Met DT
TDR_TDQO OG0
TDR_TDG1 DG
TDR_TDQZ TDG2
TDR_TDQ3 TDO3
TDR_TDQ4 DG4
TDR_TDQS D05
TDR_TDQ6 TOG6
TDR_TDQ7 TDQ7
| [w]'4 | | Cancel |
2. Double-click E under TDT column to select TDT ports for simulation
Setup TOR/TDT O =
TOR Met Fro7
D00
TDR_TDQ1 TOGL 0T Met
TDR_TDQZ G2 [] TOT_DQD DGO
TDR_TDQ3 OGS [] T0T_pQ1  DOL
TDR_TDQ4 oG4 [] ToT_DGz  DOZ
TDR_TDQS DS [] TDT_DQ3  DO3
TDR_TDQ6 TOQE [] TOT_DQ4 Do
TDR_TDQ7 TOG7 [] TDT_DQ5  DOS
| [w]'4 | | Cancel |

A green checkmark ﬂ shows the port is selected. Check the ports as the following figure

shows.
Setup TDR/TOT O x
TDR Met TDT
TDR_TDQOD D0 TDT_DQO
TDR_TDQ1 DG TDT_DQ1
TDR_TDQZ DOz TDT_DQ2Z
TDR_TDQ3 D03 TDT_DO3
TDR_TDQ4 D4 TDT_DQ4
TDR_TDQS TDGQS TDT_DQ5S
TDR_TDQG TDQE TDT_DQ6
TDR_TDQ7 D07 TDT_DO7

oK | | Cancel
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3. Click OK to quit the window.

Running Simulation

1. Click Generate Mesh in the Workflow pane.

The Mesh window opens.

thesh
Change ko Default
Mesh_x &0
Mesh ¥ |37 &0

Automatically Generate Mesh

Package Mame:  $Package

2. Click the Automatically Generate

thesh
Change ko Default
Mesh_% |84 &0
Mesh_¥ |37 60

|Automatically Generate Mesh |

Package Mame:  $Package

Mesh button.

The values of Mesh_X and Mesh_Y are automatically generated.
Click OK to quit the Mesh window.
Click Assign Simulation Time in the Workflow pane.

The Transient window opens.

Transient
Time: n
Timesteps: |576 Time_Interval; |10
"] Enable ideal power-ground made
Time step: P=
Enable plane skin effect
Enable transmission line metal loss
Enable dielectric loss and dispersion
Enable initial DC analysis
| Ok | | Cancel |

Set the simulation parameters as the above figure shows.

Click OK to quit the Transient window.

Click Save the changes in the Workflow pane.

The Save As window opens.
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8.  Browse to the desired folder and enter a name (for example, SODIMM_TDR_TDT_1) if
you want to save as a different file.

-
Save As ? X
Savein | () TOR_TOT -] @2 > @
Y <& SODIMM_TDR_TDT.spd

My Recent
Documents

Desktop

My Documents

by E.nmputer
' File name: [SCCIMM_TOR TO0T spd [«] [ sae |
MyMetwork | Savesslpe: | SPEEDZ000 Fies [".spd) <] | canca |

9. Click Start Simulation in the Workflow pane.
The Run SPDSIM window opens.

Run SPOSIM x

®) Load into SPDSIM and simulation

Pause 30 displays For maximum efficiency

O Load into SPDSIM anly

| QK I | Canicel |

10. Click OK.
SPDSIM starts to simulate. A blue bar appears to show the progress of simulation.

Preprocessing. ..

- 3%

NOTE! Although multiple TDRs are selected while sweeping, SPEED2000 simulates
only one of the TDRs and disconnects other TDRs during each simulation.

3.6 Viewing Result

When simulation is complete, a result window appears to show the simulation results.
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Present Curves
= EC3 TorR

Impedance

3 10T

1M TDT_DQ0.pos:DQ0 ~ TDT_DQ0.gn
@ 3 Others

= ECa TDR

[ TDR_TDQL.pos:TDQL ~ TOR_TDQL.gn

Impedance

TDT

E

Ml TDT_DQ1.pos:DQL ~ TDT_DQl.gn

7 3 Others

TDR

TDR_TDQ2.pos:TDQ2 ~ TOR_TDQ2.gn

Impedance

Ca 10T

. TDT_DQ2.pes:DQ2 ~ TDT_DQ2.gn
= [JC3 Others

= ECa ToR

=M TOR_TDQ3.pos:T0Q3 ~ TOR_TDQ3.gn

Impedance

Ca 10T

- TDT_DQ3.pos:DQ3 ~ TDT_DQ3.gn

[ I | b

. TDR_TDQ0.pos:TDQO ~ TDR_TDQO.gn_

oltage (V)

SODIMM_TDR_TDT.spd

Fesistance|lmpedance (Ohm

0.25 4

015 4

r120

Floo

- 60

&0

r40

Fao

Loaded Curves

V19
V34
Impedance

Time (ps)
V38 V57
V51 V68
Impedance Impedance

V76
vE2
Impedance

The results include:

e Impedance at the TDR Port

e \oltage at the TDR Port

e Voltage at the TDT Port

e  Other Voltages/Currents Views
A folder (for example, SODIMM_TDR_TDT_1_result) with results in is created under the same

location of the case.

\TDR-TDT Tutorial, TOR_TDT
x Mame

A I2)50DIMM_TDR _TOT_1_resul
|Z) Trace_Pad_Library
[Z] execution_time.log
Ej remary_kime, lag
r.:=j prafile_spd.log

@ SODIMM_TDR_TDT_1.spd

SODIMM_TDR_TDT_1_spdsim. ..

Size

15 KB
1 KB

126 KE
3,355 KB
3,350 KB
19KE

v &3

Type Diate Modified

File: Folder 2012-5-1 16124
File: Folder 2012-5-1 16:34
Texk Document 2012-8-1 16:36

Text Docurmnent 2012-5-1 16136
2012-8-1 16:36

2012-7-27 12:51

Text Document
SPEEDZ000 Document

SPEED2000 Document
ERR. File

2012-8-1 18:23
2012-5-1 18:23
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TDR/TDT Differential Simulation

This chapter demonstrates how to setup circuit model, generate ports, run simulation and view
simulation results for TDR/TDT differential.

Selecting Differential Nets
1. Select and enable the desired differential nets in Net Manager as the following figure shows.

Met Manager = |
Mek: |

| Defaulk Mods

Met List{Sort enabled first)
EvTT
= # GroundNets =
El GND
O] Epgo
O Eog1
Ol Epgz
02 Epgs
02 Epo4
O2 Epgs
O Epos
02l Epg?

[ [ pgson |
¥lpgsop
02 EToqo
O2 E1oo1
Ol ETogz
O EToos
O2l EToo4
02 \ETogs
O2 ETogs
O &gz

r K TDQS0n

L B TDQS0p
O Eao
Ol Ea
O Eaz

M1 8 an
11
eneral
Keep shape enabled when the net is disak
[ Hide Disabled
Gray Disabled

Mek Manager

2. Right-click the differential nets and select Classify > Detect Diff Pairs and Polarities.
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3.

4.

O Epos

O Eopo7?
r EipQson
L

Enable Selected Mets
Disable Selected hets 21
Enable &ll Mets 2

Disable All Mets 23
24
As Powerhlets Classify 25
As Groundiets 26
Detect Associated Mets Q7
250N
Mew
P/G nets classification wizard, ., 350p
Delete
Rename
Impart...

Merge Selected Nets
Mot As Diff Pair Split Open Mets
Detect Diff Pairs and Polarities

abled when the net i

Show Objects of Mets
Switch Polarity

30 View Walk Through Tek Mal

Property

By TCL Script

The differential pairs and polarities are detected automatically.

| Mek Manager = |
| ®)

|DeFauIt Mode | - |

Met List{3ort enabled First)

EvrT
| Z4 Groundiets -

r B TDQS0n
=] B TDgso0p

O Eo
Click Show Coupled Line to switch to the coupling mode.
[ Wat Manager x|
e | -][7)

Default Mode -

Default Mode

Show Coupled Line
Show Yolt & Plia

= # GroundNets =
Set the parameters as the following:

« %Coupling: 5
« Rise Time (ps): 100
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Mek Manager
Met: | | - | | Shiow Coupl
Bet List{Sart enabled First) '°.foCol.||:-Iing "Rise Time (ps)
BT
= B Groundmets =
E ene
r EDoson 5 100
EB |.4|posop
B 100son 5 100
EE B T0Gs0p 5 100
O Eao
[ BB

NOTE! Do NOT forget to switch to the coupling mode and set the coefficient of
Coupling and Rise Time, otherwise it would be considered as single ended
during simulation.

4.2 Setting Up TDR/TDT Circuit Model
1. Click Setup TDR/TDT circuit model in the Workflow pane.
The Circuit/Linkage Manager opens.
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CircuitfLinkage Manager

| [-][2]

Model Mame S Ckk Type

4 1] 3
@| Mew ” Dl ” Edit ”Load | |Filter|ﬁ
Ckt Mode < F‘ngu:ude Laver M
4 il 3

Layer Sele... \EFEUIERRESSS Met Manager |

2. Click New.
The New window opens.

(U= »

—Type
) New Circuit Madel Definitian
3 TDR. Single Ended
O TDT Single Ended
+ TCR Differential
O TDT Differential
Other Circuit Models
O Mew Circuit
) New Circuit By Selected Nodes - Pin Based
¥ New Circuit By Selected Nodes - Net Based

(614 | | Cancel
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3. Select TDR Diffe
4. Click OK.

rential.

The TDR Differential window opens.

TODR Differential

Delay:

Rise Tinme0- 100%:):

SE Source Amplicude:

SE Internal Resistance: Chim

I
—
B

x

| ok | | Cancel

Set the parameters for TDR differential as desired.

Click OK.

The New Definition window opens, displaying the detailed information of the newly created
circuit model definition.

Mew Definition

efinition Type
%) partial Circuit

Cr sub-circuit

O Madel

—Partial Circuit Type

%) Speedsp (O HSPICE

Mame : | TDR_DIFF_1

Local Parameters Global Parameter

External Modes: |pos neg gnd

Ceefinitian :

rp pos1z0
wp 1 gnd PULSE {0 w0 bd br br 1)
rn neg 2 z0
wngnd 2 PULSE {0 w0 kd b br 1)

DI

Mame Yalue

td op

tr 30p

i 0.2

| M | | Edit | |Delete|
—Model File

Type: | |v|
File Mame ! | |

Header/Footer Info : Read-Only

Exthode = pos neg gnd

T
+ td=0p
+ kr=30p E|
+ vw1=0.2
+ 0=50
[ 1l |

7.  Click OK to quit the New Definition window when all settings are complete.

8. Repeat step 2 to 7 to create TDT differential circuit model definition. Remember to select
TDT Differential in the New window.
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ey vy
—Type
(2) Mew Circuit Madel Definition
) TDR Single Ended
(70T Single Ended
O TOR Differential
* TDT Differential
O Okher Circuit Modsls
O e Cirewit
¥ New Circuit By Selected Nodes - Fin Based
() New Circuik By Selected Nodes - Net Based
| O | | Cancel |

The newly created circuit model definitions can be viewed in Circuit/Linkage Manager.

CircuitfLinkage Manager x
| [-](~]
¥ Prodel rame Fike Type

----- & TOR_DIFF_1 TDR_DIFF

B8, 4107 _DIFF_1 | TDT_DIFF

| Mew || D&l ” Edit: ”Load ||Filter|ﬁ

4.3 Generating TDR/TDT Ports Automatically
1. Right-click TDR_DIFF_1 and click Create TDR Circuit from the pop-up menu list.
.5.5..|.... |l.3.D..|....|l.3.5..|.. . CircuitfLinkage Manager x
| M
¥ Pmodel Name Fout Tvpe
Swikch to Circuit Yiew ‘Wij TDT_DIFF

Expand all Circuit Definitions

Collapse All Circuit Definitions
Create TOR Circuit

Circuik Waolkage Wiew. ..

Current Yiew, . ﬁ

Close Linkage ‘Window

2] Laver M:
Close Definition Window
Tab Linkage Window and Definition Window
Assign Capacitor Models

Assign Component Tags

The Auto Generate TDR Circuits window opens.
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2.

Auto Generate TDR Circuits

Circuit Model: TDR_DIFF _1

Reference circuit:

Lavyer Circuit Mame Circuit Model

Signal$TOP C1 ZPORT_CAP-10...
Signal$BOTTOM c1o0 ZPORT_CAP-10...
Signal$BOTTOM C11 ZPORT_CAP-10...
Signal$BoTTOM c12 ZPORT_CAP-10...
Signal$BOTTOM C13 ZPORT_CAP-10...
SignalfBOTTOM C14 ZPORT CAP-10...

Reference Met:

Pin Groups: I:l ¥ I:l

eference Pins:

| Generate Circuits || Close

Set the parameters as following:
« Reference circuit: J1
« Target Layer: Signal$BOTTOM

-
Auto Generate TOR Circuits

Circuit Model: TDR,_SE_1

Reference circuit:

Laver Circuit Mame Circuit Model

Signal§ ToP SPD1
Signa$BOTTOM  TS1

SPIN_SPD-LCC...

Signal$ECTTOM

Signal§ TOP uo DDR3_%16_96E...
Signal§ ToP u1 DOR3_%16_96E...
Signal§ ToP uz DOR3 %16 96B...

Targek Layer:

SignalfBOTTOM
Reference het: Signal§ TOR

Pin Groups: ® I:I

all Layers

eference Pins:

() Lse Pin Groups
[] Search Distance For Signal net I:I M

) Use Reference Cell |

() Use Reference Node |

| Generate Circuits || Close |

The TDR circuits on bottom layer are automatically generated.

3. Click Close to

quit the Auto Generate TDR Circuits window.
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4.  View the newly generated TDR circuits Circuit/Linkage Manager by selecting

Setup > Circuit/Linkage Manager...

CircuitfLinkage Manager

Model Mame
= @ TDR_DIFF_1
+ [B | DiffTOR_TDGSO0p_TDGS0N

----- & TDT_DIFF_1

X
-]
CkE Type

TDR_DIFF

TDT_DIFF

[

|
(o | (= ol

5. Right-click TDT_DIFF_1 and click Create TDT Circuit from the pop-up menu list.

Circuit{Linkage Manager

prs
[-(2]

" Piodel Mame Pkt Type
= @ TOR_DIFF_1 TDR_DIFF
+ [Bl | DiffTDR_TDGS0p_TDQSON
[ 4TDT DIFF 1 TOT_DIFF
Switch bo Circuit View
Expand all Circuit Definitions
Callapse All Circuit Definitions
11
Create TDT Circuit
Del || Edik ” Load | | Filter |ﬁ
Circuit Yoltage Yiew.., b e
Current View. .. Mode Layer Marne
Close Linkage Window
Close Definition Wwindow
Tab Linkage Window and Definition Window
Assign Capacitor Models
Assign Component Tags

6. Inthe Auto Generate TDT Circuits window, set the parameters like the following:

« Reference circuit: U0
« Referent Net: GroundNets
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Auto Generate TDT Circuits

Reference Met: | Efamae=e]

x
Circuit Model: TDT_DIFF_1
Reference circuit:
Lavyer Circuit Mame Circuit Model
Signal$BOTTOM RNG& SPORT_RES-36...
Signal$ToP SPD1 9PIN_SPD-LCC...
Signal$BOTTOM 51 SPIN_SPD-LCC,..
SignalfBOTTOM J1 DDRE_SCDIMM. ..
SignalTOR . =
SignalsToOP ui DOR3 X16 96E...
Target Layer:

Pin Groups: I:l ¥ I:l

eference Pins|SMHD
(e} LUse Pin Groups

["] search Distance for Signal nek I:I mm

() Use Reference Cell |

() Use Reference Mode |

Generate Circuits | | Close

7.  Click the Generate Circuits button.
The TDT circuits are automatically generated. The circuits can be viewed in Circuit/Linkage

Manager.

CircuitfLinkage Manager

%
][]

IModel Mame
=) @ TDR_DIFF_1

+[A | DIFFTDR_TDGS0p_TDGS0N
= @ TDT_DIFF_1

+ A “DIFFTDT_DQS0p_DGQS0n

CkE: Type
TDR_DIFF

TDT_DIFF

|

|
[imt | (e i

Generating TDR/TDT Ports Manually
To generate TDR/TDT differential ports manually, refer to Section 3.3 Generate TDR/TDT Ports

Manually.

Selecting Ports for Simulation
1. Click Select TDR/TDT ports for simulation in the Workflow pane.
The Setup TDR/TDT window opens, displaying all available ports. All TDR ports are

selected by default.
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Setup TOR/TOT O x

TCR Met TOT
DIFFTDR_TDQS0p_TDQSOn  T0OS0n TDOS0p

| oK | | Zancel |

2. Double-click E under TDT column to select TDT ports for simulation

Setup TOR/TOT O x

TDR Tk DT

DiFFTDR_TDQS0p_TDOS0n | TDOS0nTDOS0p

DT Het
] DiFFTDT... D500 DOSOp

| ok, | | Cancel |

A green checkmark ﬂ shows the port is selected. Check the ports as the following figure

shows.
Setup TOR/TOT O x
TDR MNet DT
DifFTDR_TDQS0p_TDQS50n  TDOSOn TDGS0p DifFTDT_DQS0p_DQS50n

Ok | | Cancel

3. Click OK to quit the window.
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Running Simulation

1.

Click Generate Mesh in the Workflow pane.

The Mesh window opens.

thesh
Change to Default
Mesh_% &0
Mesh_¥ |37 &0

Automatically Generate Mesh

Package Mame:  $Package

o]

Click the Automatically Generate

thesh
Change to Default
Mesh_% |54 &0
Mesh_¥ |37 60

|Aut0matically Generate Mesh |

Package Mame:  $Package

The values of Mesh_X and Mesh_Y are automatically generated.

Click OK to quit the Mesh window.

Click Assign Simulation Time in the Workflow pane.

The Transient window opens.

Mesh button.

Transient
Time: n
Timesteps: |576 Tirme_Interval: |1

"] Enable ideal power-ground mode
Timne: step: p=
Enable plane skin effect

Enable transmission line metal loss
Enable dielectric loss and dispersion

Enable initial DC analysis

0

| [8]4 || Cancel |

Set the simulation parameters as the above figure shows.

Click OK to quit the Transient window.

Click Save the changes in the Workflow pane.

The Save As window opens.

Browse to the desired folder and enter a name (for example, SODIMM_TDR_TDT_2) if

you want to save as a different file.
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- -
Save As ? x
Savein: | (£ TOR_TOT -] o2 @
- [ S0DIMM_TOR_TOT L _result
i 23 I Trace_Pad_Library
MpFRecent 4@ SODIMM_TOR_TCT.spd
Documents | |4 SODIMM_TDR_TOT_I .spd
G
Desktop
My Documents
by Computer
L File name: [E0D M _TOR_TDT [ mee |
MyMNotwork | Savesstpe: | SPEED2000 Files [*spd) [~] | Cancel ‘

9. Click Start Simulation in the Workflow pane.
The Run SPDSIM window opens.

Run SPDSIM x

(33 Load into SPDSIM and simulation

Pause 30 displays For masxirurn efficiency

O Load into SPOSIM anly

| [0]4 I | Caniel |

10. Click OK.
SPDSIM starts to simulate. A blue bar appears to show the progress of simulation.

Preprocessing. ..

- I3%

4.7 Viewing Results

When simulation is complete, a result window appears to show the simulation results.
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Present Curves

Voltage (v) SODIMM_TDR_TDT .spd Resistance|lmpedance (Ohm
T T T T 160
1 1 1 I
1 1 |
1 | "
| | / k140
n2d- i 0, O WIS S N I
Loaded Curves !
| F120
:
015 1+ e e e e e [P F100
i i i
| i |
1 1 I
: : | -0
014 qmmmmmmmoeos qmmmmmmmmmee pommmmommoo Fommmmmmmo
1 1 1 I
i i i i F 60
1 1 1 I
i i | |
1 1 1 I
01,05 - IS | I —— A Lan
| i i i
1 1 1 I
i i i |
: : ; : s
1 1 1 I
3 e R | s, s
1 1 1 } 1
a 200 400 600 800
Time (ps)
——NI7
—Vi8
Impedance

A folder (for example, SODIMM_TDR_TDT _2_result) with results in is created under the same

location of the case.

WTOR-TOT Tutarish TDR_TOT

w

Go

X Marme
A IC5C0IMM_TDR_TOT

) Trace_Pad_Library

m execution_time, log

= | memory_time, log

I?] profile_spd.log

4 SODIMM_TDR_TDT.spd

< 50DIMM_TDR_TDT_1.spd
SODIMM_TDR_TDT_1_spdsim.err
<« 50DIMM TDR TDT Z.sod

Size

3K
1KE

125 KB
3,355 KB
3,350 KB
19K
3.332 KB

Type

File Folder

File Folder

File Folder

Text Document

Text Document

Text Document
SPEEDZ000 Document
SPEEDZ000 Document
ERR File

SPEEDZ000 Document

Date Modified

2012-5-1 16124
2012-8-3 11138
2012-5-3 11146
2012-5-3 11146
2012-5-3 11146
2012-5-3 11146
2012-7-27 12:5
2012-8-1 16123
2012-8-1 17126
2012-8-3 11137

July 2013

39

Product Version 16.6




	Table of Contents
	1 Introduction
	1.1 Overview
	1.2 Sample Case

	2 Layout Setup
	2.1 Loading Layout File
	2.2 Checking Stackup
	2.3 Selecting Nets

	3 TDR/TDT Single Ended Simulation
	3.1 Setting Up TDR/TDT Circuit Model
	3.2 Generating TDR/TDT Ports Automatically
	3.3 Generating TDR/TDT Ports Manually
	3.3.1 Linking TDR/TDT Circuits to Board Manually

	3.4 Selecting Ports for Simulation
	3.5 Running Simulation
	3.6 Viewing Result

	4 TDR/TDT Differential Simulation
	4.1 Selecting Differential Nets
	4.2 Setting Up TDR/TDT Circuit Model
	4.3 Generating TDR/TDT Ports Automatically
	4.4 Generating TDR/TDT Ports Manually
	4.5 Selecting Ports for Simulation
	4.6 Running Simulation
	4.7 Viewing Results


