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CHAPTER 1

Introduction to P-CAD Signal Integrity

Congratulations on your purchase of a high performance simulator to complement your copy of
P-CAD PCB. The applications are paired for fast simulation of reflection effects and are seamlessly
integrated for your ease of use.

Two simulation products are documented in this manual:
e P-CAD Signal Integrity - Reflection Simulator
e P-CAD XTalk — Crosstalk Simulator

The menu structure and user interface is consistent for all P-CAD products. Options specific to
each particular simulation are offered through context-sensitive dialogs, giving you exactly those
options supported by your simulator, but in a familiar environment.

P-CAD Signal Integrity Simulator

When you choose the P-CAD Signal Integrity Simulator its entry screen appears. It lets you select
PCB nets to analyze from your P-CAD PCB database or from SULTAN files. It loads these in the
simulator, display their details and enables interactive modification of parameters. When
parameters are missing, default parameters are used. These are listed in the section discussing the
parameters. P-CAD Signal Integrity also provides access to start and restart the simulation process.

About this Guide

This manual includes information on the use and operation of the following products:

e P-CAD Signal Integrity
e P-CAD Xtalk

The information in this manual is presented in tutorial and reference format. It is designed to get
you started simulating, and to present some advanced features which will be helpful as you gain
more experience of the functionality of the simulators.

P-CAD Signal Integrity User’s Guide 1



Chapter 1: Introduction to P-CAD Signal Integrity Signal Integrity Features

Signal Integrity Features

As Windows based PCB design tools become more and more sophisticated and are used to design
printed circuit boards with high clock speeds and high density, the demand for simulation tools
addressing signal integrity problems has increased dramatically.

P-CAD Signal Integrity has been created specially for PCB designers using the P-CAD PCB tool, and
is tightly coupled to the PCB to provide a simple interactive simulation environment. Using P-CAD
Signal Integrity, design engineers may check their multilayer boards for noise effects like ringing
and crosstalk. When installed, P-CAD Signal Integrity is seamlessly integrated with P-CAD PCB,
giving you the familiarity of P-CAD PCB's Windows™ interface standard and easy access to its
powerful capabilities.

P-CAD Signal Integrity is based on a Fast Reflection and Crosstalk Simulator, which produces very
accurate simulations, (provided that full model information is available), with algorithms proven in
industry.

The P-CAD Signal Integrity simulator uses the characteristic impedance of the traces calculated
through a transmission line calculator and I/0O buffer macro-model information as input for the
simulations. Where model information is not available the system utilizes fallback models.

Features

e  Provides fast simulation of reflection and crosstalk effects.

e Fast screening (pre-analysis) for signal integrity effects (over- and undershoot, delay, etc.) for
entire boards with spreadsheet-like result display.

e Seamlessly integrated with P-CAD PCB, allowing access to simulation options.
e No special expertise is required to use it, due to the simple user interface and tight integration.

e Asthe system utilizes I/O buffer macro-models, no knowledge of SPICE or analogue simulation
is required.

e Oscilloscope type display of simulation results with integrated result measurement facilities.

e Well-proven algorithms for the calculation of the transmission line characteristics and
subsequent simulations.

e  What-if-analysis concerning different termination strategies with parametric values of
resistors/capacitors and through easy substitution of macro-models.

e  What-if-analysis concerning different routing strategies through tight integration with P-CAD
PCB.

Software 1/0 Buffer Modeling
e Macro-model approach for fast and accurate simulation.

e Supplied with a basic IC model library including verified models.

e Automatic model attachment according to Part Number.

2 P-CAD Signal Integrity User’s Guide



Signal Integrity Features Chapter 1: Introduction to P-CAD Signal Integrity

e Supporting the IBIS 3 industry standard sub-set for I/O buffer modeling.

¢ Integrated macro-model-editor allows easy and fast definition of own models using databook
or measurement values.

e P-CAD Signal Integrity utilizes the P-CAD PCB, DBX API interface for interactive
communications.

e P-CAD Signal Integrity can be loaded with complete PCBs or subsets of data (single or multiple
nets, single layers, etc.).

e P-CAD Signal Integrity supports cross highlighting with the layout (nets under analysis).

e P-CAD Signal Integrity can provide an INCASES EMC-WORKBENCH ‘SULTAN" file for extended
EMC analysis.

e P-CAD Signal Integrity can back annotate termination networks onto the board as a DRC
marker.

e P-CAD Signal Integrity and Xtalk are designed for analyzing PCB’s with consistent power and/or
ground planes. Use of the tools on boards without consistent power or ground planes will lead
to untrustworthy results.

User Interface

There are three basic operational screens for P-CAD Signal Integrity: the net screen, the pre-
analysis screen and the result screen. The net screen and the result screen can be utilized
simultaneously.

P-CAD Signal Integrity User’s Guide 3






CHAPTER 2

P-CAD Signal Integrity - Getting Started

This chapter gives information on the required hardware and software needed before installing
P-CAD Signal Integrity products. It also introduces you to the P-CAD Signal Integrity interface.

System Requirements

Make sure that your PC and its software conform to the following P-CAD requirements and
recommendations.

Recommended System
e  Windows NT 4/2000 Professional

e  PCwith Pentium Il Processor

e 128MB RAM (256MB for high component/net count)
e  400MB Hard Disk Space

e Desktop area 1024x768 pixels

e 32-bit Color Palette

e CD-ROM Drive

e Mouse or compatible pointing device

Minimum System
e  Windows 95/98/2000Me

e PCwith Pentium 166MHz
e 64MB RAM
e  200MB Hard Disk Space (without ISO libraries)

e Desktop area 800x600 pixels

P-CAD Signal Integrity User’s Guide 5



Chapter 2: P-CAD Signal Integrity - Getting Started

e 256 Color Palette
. CD-ROM Drive

e Mouse.

Installing P-CAD Products

Installing P-CAD Products

For up-to-date installation information refer to the file Readme . WRI, located on the product CD.
This file can also be found in the application program folder (\Program Files\P-CAD 2002)
after installation. Note that the setup program on the Product CD can also be used to repair or

remove an existing P-CAD Installation.

P-CAD Signal Integrity Interface

You are probably already familiar with the P-CAD PCB interface in addition to being proficient in
the operation of Windows, so every detail of the screen is not provided here.

Accessing P-CAD Signal Integrity

P-CAD Signal Integrity simulator is accessed by choosing Utils » P-CAD Signal Integrity from the
P-CAD PCB menus. This brings up the simulator entry window. You can now choose PCB nets and
analyze them using either commands from the pull-down menu or icons on the tool bar.

#4P-CAD 2001 Signal Integrity H=]1E3
File Edit Simulation Library DOption:  Help
| Bl Bl e e m=] 22w
Al et — Simulation
et Dass: j Mo | Met | Length m]l Averagelwl Commentl
[~
Mo. | Designator I Type | Fin | Direction | Comment |

LI _’l;l {5 it

Edit Buffer...
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Accessing P-CAD Signal Integrity Chapter 2: P-CAD Signal Integrity - Getting Started

Menu Bar

File Edit Simulation Library  Optiohe  Help

P-CAD Signal Integrity menu bar, displayed on the simulator entry screen, provide access to
commands that let you:

e Bringin PCB nets to analyze

e Review/complete/modify PCB design parameters
e Launch simulations

e Produce reports

e Create output files

e Import IBIS files and create Macromodels

e Specify simulator options and preference settings.

Toolbar

| B 88|~ 0 k| @l (23] el

The toolbar consists of graphical display buttons (icons) that correspond to commonly used P-CAD
Signal Integrity commands. These icons appear just below the menu bar on the P-CAD Signal
Integrity entry screen.

Tool Tips explain each of the toolbar buttons. To activate a Tool Tip, place the mouse over the
button. The Tool Tip pops up.

The icon display is context sensitive, so icons not highlighted indicate commands not available at
this stage. The commands linked with each icon are listed below:

Open SULTAN File

Create Report

Get Netlist from P-CAD PCB

Get PCB Selected Nets

Find Coupled Nets

=B | w
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Take Over Selected Nets

Start the Termination Advisor

¥ | lgg

Start Net Screening

Start Reflection Simulation

Set Victim Net

' B ||

Set Aggressor Net

[ ey
L

Start Crosstalk Simulation

oy

The simulation commands Reflection and Crosstalk give access to the Wave Analyzer, which has its
own icons and menu bar.
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CHAPTER 3

P-CAD Signal Integrity Tutorial

This tutorial includes hands-on instructions to help you become familiar with how to use P-CAD
Signal Integrity to analyze and simulate your PCB designs and to investigate remedies to signal
integrity problems.

The following steps indicate what you will accomplish in this tutorial.
1. Starting up P-CAD Signal Integrity
e Import list of PCB nets to analyze
2. Review and complete your PCB design parameters
e Edit Designator specifications
e Edit Supply Nets specifications
e Edit Layer Stack specifications
e Select nets to analyze
e Edit Components specifications
3. Screen the Nets
4. Run Reflection simulation
¢ Modify parameters
e Re-runsimulation
e Produce areport
5.  Run Crosstalk simulation
¢ Modify parameters

e  Re-run Crosstalk simulation

P-CAD Signal Integrity User’s Guide 9



Chapter 3: P-CAD Signal Integrity Tutorial Starting up P-CAD Signal Integrity

e Produce areport
6. Create a Macro Model
e Edit Macro Model
e Create a new Macro Model from an IBIS file
7. Specify simulation options and preference settings.

Each of these steps is discussed in detail in this tutorial. It will be worth your time to go through
the complete tutorial, which is designed to get you going quickly.

If a message is displayed by the system during the tutorial, see Appendix B - System Messages, for a
description of the problem and a possible solution.

For more detailed information about any of the commands and options used in this tutorial, refer
to the relevant Commands Reference chapters.

Please note that the examples do not reflect the current state of the art techniques to avoid and
solve signal integrity problems. The Termination methods used in the different examples are for
tutorial purposes only.

Starting up P-CAD Signal Integrity

In this tutorial we will analyze nets from the demo PCB provided with P-CAD Signal Integrity.
Within P-CAD PCB, open the file \P-CAD 2002\Demo\Signal Integrity\demo.pcb.

Start the Signal Integrity program by choosing Utils » P-CAD Signal Integrity from the P-CAD PCB
menus. This will display the Signal Integrity entry window.

74 P-CAD 2001 Signal Integrity M= E3
File Edit Simulstion Library  Options  Help

= B =l2EE = Bzl 2] =

Al et  Simulation
Met Class:
= Mo | et | Lengthm]l Average Imp. [Oh| | Comment
El
No.l D esignator | Type | Pin | Direction | Comment

4 LILI I <> Out Edit Buffer...
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Review and Complete your PCB Design Parameters Chapter 3: P-CAD Signal Integrity Tutorial

The toolbar display is context sensitive, and only commands available at each stage have their icon
highlighted.
Import list of PCB nets to analyze

e The first step is to import the nets from the PCB into P-CAD Signal Integrity. To do this click on the
All| Get Netlist icon, or choose File in the menu bar and select Get Nets from the pull-down menu.

This will list, on the left of the window in the All Nets column, all the nets in the PCB currently open
in P-CAD PCB.

44 P-CAD 2001 Signal Integrity - demo_pch

Fil= Edit Simulation Library Options Help

= Bl ElalEE] = EEl 2] E

Al Met — Simulation
Met Class:

Iﬁ Mo | MNet | Lengthm]l Average Imp. [Ohm I Commentl

DEMC AD -
DEMC Al
DENC A10

DEMO A1l
DEMO AlZ2
DEMO 413 Mo. | Diesignator | Type | Fin | Direction | Comment |
DEMO Al4d
DEMO A1S
DEMO Alg
DEMO A17
DEMO A1G
DEMO A19

DEMO AZ =
ﬂ--ﬂ ros Ll—l [ <=2 [t Edit Buffer..

|Ready

Review and Complete your PCB Design Parameters

We can now edit and modify:

The electrical component types
The supply nets

1

2

3. The Layer Stack of the whole PCB
4. The choice of nets to analyze

5

The components specifications.

Edit Components

To access the Edit Components dialog, choose Edit in the Menu bar and select Components from
the pull-down menu. The Components list box contains the names of all components in the active
design. You can select individual or multiple components in the list box. Once selected you can
specify the electrical type of a component.
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Chapter 3: P-CAD Signal Integrity Tutorial Review and Complete your PCB Design Parameters

Components Category
c1 Capacitor 4 Celtemmny
o1 Diode IC hd
Dz Diode
J1 Connector To Database |
Rl Resistor
RZ Resistor
bk} Resistor
gl IC
uz IC —
K] IC
14 IC
us Ic ;I
o | (oo ]

Select the component C1 in the Component list. Note that the Category is already set to Capacitor.
If it was not, you would choose the type Capacitor in the Category drop down list. Confirm that all
other capacitors have their Category set to Capacitor.

In the same way confirm that the components D1 and D2 are set to Diode, J1 is set to Connector,
R1, R2 and R3 are set to Resistor, and U1 to U9 are set to IC.

With the button To Database you can save the specified component type back to the PCB currently
open in P-CAD PCB. The information is saved in the PCB as a component attribute.

A second way to specify the component type is to define a component attribute directly in P-CAD
PCB. Define the Component attribute Category, and set the value of the attribute to one of the
following qualifiers. If you now load the design into P-CAD Signal Integrity, the components will
have their Category already defined (as in the demo file).

The following electrical component types are supported:

Component Type Attribute Value
Bipolar Junction Transistor BJT

Capacitor Capacitor, Cap
Connector Connector, Con
Diode Diode, Dio

IC IC

Inductor Inductor, Ind
Resistor Resistor, Res

If you do not set the Category, P-CAD Signal Integrity will use the type IC.
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Review and Complete your PCB Design Parameters Chapter 3: P-CAD Signal Integrity Tutorial

Edit Nets

Although Supply Nets can not be simulated, they are necessary for the correct simulation of nets
with Pull-up or Pull-down components.

To access the Edit Nets dialog, click on Edit on the Menu bar and choose Nets from the pull-down

menu.
Mame Category Yoltage
DENG NETO4 DATA ;I Categon
DENC NETOS DATA Data A
DENC NETOG DATA

DENO _NETO7 DATL -
DEMO_NETOS DATL I

DEMO NETOD DATL

DEMO_MET11 DATA

DEMO NET3Z DATR

GND Supply 0.00 ¥ To Database
VCC Supply 5.00 W

VCCl Supply 5.00 vV

VCCZ Supply E.Q0 v

VCC3 Supply 5.00 V =

(]9 | Cancel |

The Edit Nets dialog contains the names of all nets in the active design. You can select individual or
multiple nets in the list box. Once selected you can specify the category and the voltage of the net.

Select the net VCC in the net list box, choose the category Supply in the Category drop down list,
enter 5V as the Value and click the Apply button for the changes to take place. In the same way set
the category Supply and the value 5V for the nets VCC, VCC1, VCC2 and VCC3.

With the button To Database you can save the specified net category and value to your P-CAD PCB.
The information is saved in the PCB as net attributes.

A second way to specify the net category and value is to define net attributes directly in P-CAD PCB.
Define the net attribute Category and set the value of the attribute to Supply, and the net attribute
Voltage and set the value to the voltage of the net. If you now load the design into P-CAD Signal
Integrity, the nets get the defined category and value.

Edit Layer Stack

For the calculation of the correct electrical behavior of the traces, the layer stack of the PCB must
be specified.

The required parameter definitions and their applicable default values are listed below:

P-CAD Signal Integrity User’s Guide 13
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14

Parameter definition Defaults
The correct sequence of the layers None
The thickness of the different copper 35um
and dielectric planes 0.32mm
The dielectric constant of the substrate et=4.8

The layer stack and all associated transmission line parameters are automatically saved in a layer
stack information file. The file is named as the same as the PCB, with the extension . TDB. It is saved
into a folder with the same name as the PCB, under the Projects folder. For example, for the demo
board itis \P-CAD 2002\Projects\Demo\Demo. tdb.

Before a new transmission line parameter is calculated, the system checks if appropriate
transmission line parameters already exist in the database file.

Whenever the layer stack is changed, the old database file gets deleted and a new one is generated.

Choose Edit on the Menu bar and select Layer Stack from the pull-down menu to access the Layer
Stack Specifications window. The signal and plane layers are displayed in the Layer Stack dialog.

Edit Layer Stack

Layers:
— Dielectri
= ielectric
3 P G Type: IPrepreg 'I
VCCZPLANE P 15 :
VCCIPLANE P 14 Height: |'3-32 mm
GMNDPLANE P 13 Epsh: I—
VCCPLANE P 1z ¢
Bottom &) Z
— Copper
Height: ID_D35 mm
Move Up Move Down |
1% | Cancel

This window shows the layer name, the layer type (Signal or Plane), and the layer number as
defined by the user in P-CAD PCB. Here you can modify the Dielectric and Copper property
definitions for a layer. To do so select a layer and enter the changes required in the available entry
windows.

When you enter the Copper thickness and the Dielectric value, the Dielectric referred to is the one
immediately above the Copper layer. As a result, it is not possible to enter a Dielectric value for the
top layer.
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All the layers except the Top and Bottom layers can be moved up or down, by selecting a layer and

clicking the appropriate button. The Top layer is always number 1, and the Bottom layer which is
always number 2 and at the bottom.

For the purpose of this tutorial, we will leave the layer stack unchanged. Click OK or Cancel to
close the window.

Select nets to Analyze

In the Signal Integrity main entry dialog, choose the nets DEMO_DO0 to DEMO_D?31, by clicking and
holding the left mouse button on DEMO_DO0 and dragging the cursor to select all DEMO_Dx nets.
This will highlight the desired nets.

44 P-CAD 2001 Signal Integrity - demo._pcbh

File Edit Simulation Library Dptions Help

=2 R = e 2
— Al Met — Simulation
Met Class:

m Mo | Met | Lengthm]l Average Imp. [Ohm | Commentl

Mo. | D esignator | Type | Fin | Direction | Comment |

i< Ol Edit: Buifer...

|Ready

To analyze these nets, the simulator must acquire all the required data for simulation. The editor
does this when you do one of the following:

él_|+E| e Click on the Takeover icon or
=

e Choose Edit in the menu bar and select Take Over from the pull-down menu. The simulator
acquires the nets’ data and displays the details in the simulation windows.
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4 P-CAD 2001 Signal Integrity - demo.pch

File Edit Simulation Library Optionz  Help

| B B8~]2 6 4| @] 53] ]

&l Mets

Met Clags:

Jan

=

r Simulation
Mo | Met | Length [r@l Awerage Imp. [Dhm]l Comment |:|
1 DEMO_DO 100.0 79.28 -
2 DEMO_DN 927 79.09
3 DEMO_D10 7.4 7881
4 DEMO_D11 EEE 78.81
B CEMO_D12 707 78.81 ;I
Mo. | [ esignator | Type | Fin | Direction | Comment |
1 uz IC 2 In
2 IC 105 BisOut
[ Mt Edit Bufer...

|Ready

The selected nets are listed in the top window on the right hand side.

For each selected net, the following are displayed:

¢ The Net name (some net names are concatenated).

e The Netlength (the sum of the length of all trace segments).

e The Net characteristic impedance (the average impedance derived by the sum of the
impedance of each trace segment multiplied by the length of the trace segment and divided by
the sum of the length of the traces).

The bottom right hand window displays the connected pins for the net selected in the top

simulation window.

Scroll down and select DEMO_ D5 DEMO NET11 from the top simulation window.

Select Nets by Net Class

Allows you to analyze nets by net classes. Normally, the left list box shows the names of all nets of
the current design. To analyze only a group of nets, define net classes in P-CAD PCB and assign the
affected nets to the class. After pressing the button Get PCB Nets, the drop down list Net Class is
filled with all net classes of the design.
Select a net class and the list below contains only the nets of that class. To see all nets, select the

entry All.
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Edit Components specifications

The Edit Buffer button, located on the Signal Integrity entry window, gives access to the
component’s data dialog. We will look at data windows for IC’s, Resistors and Capacitors. Other
components will display different screens as applicable.

First, on the Signal Integrity bottom right-hand window, select the component: U1.

7y P-CAD 2001 Signal Integrity - demo.pch [_ O] =]
File Edit Simulation Library  Options  Help
b ) = fa=
S| B B 2 |ag] | Ets| |5
L —— — ———  ———— —
&l Net — Simulatior
Mo | Met | Length[m]l Average Imp. [Ohm I Comment ‘|
28 DEMO_DS_DEMO_NET11 120.8 7835
29 DEMO_DE 835 E1.76
a0 DEMO_DY 842 E6.93
31 DEMO_DE 78.0 e
32 DEMO_DH E8.E e j
MNo. | Designator | Type Fin Direction Comment
2 RZ Res 12 68 Ohm
3oz IC 7 In
4 Cap 12 100 pF
I <-> Out Edit Buffer
|Ready

Use the In <-> Out button to modify the direction specification for the selected component, to
change it from the input to output or vice versa. Return the buffer to an Output.

To modify the specifications for components, click on the Edit Buffer button. This displays the
Integrated Circuit dialog. You can change the Model data and the Stimulus used by the simulator
for the highlighted components, in our case UT.
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Model | Stimulus |
— Component
Dresignator: 1 Part: DEMO_CPU

-
Fin

Part Technology: IAET =~ l
T -

Fir: a5 Save to Library |

Technology: AL Direction: Bl =

Input Model: I demao_cpu j
MHone

Output Model: I demo_cpu j

MHone

Cancel |

The Model tab shows the current settings for the IC component selected. Choosing a Technology
and Direction will automatically give a list of input and / or output models as appropriate. For the
purpose of this tutorial, we will leave the Model settings unchanged.

Changes to technology and direction are used locally in the design. If however, you wish to update
the library to reflect changes, then click on Save to Library button. Remember that you are
modifying the library when you do this, so care should be taken to ensure that the library is not
corrupted for future use.

Choose the Stimulus tab. In the Stimulus window you can modify the Stimulus which is applied to
the input of the output I/O buffer for Simulation to:

Constant Level,
Single Pulse or
Periodic Pulses.

Select the Single Pulse or Periodic Pulse option in the Stimulus Type box, and notice that you can
set the Start Level to High or Low in the Start Level box. The wave display will change to reflect your
choices.
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Integrated Circuit

Iodel | Stimulus |

Stimuluz Type: ISing\e Pulze 2

Load

Save

'y

Time

Simulation Time

Start Level: [Low v Total Time: 100 nzec
Start Time: |1 I nsec Time Step: {100 psec
Stop Time: IBU ngec

Cancel |

Chapter 3: P-CAD Signal Integrity Tutorial

You can also specify Start and Stop times of the pulse and the Period time if a periodic pulse is

chosen.

Stimulus details can be saved to a file. This is described in the Edit section of the Command

Reference chapter.

Load Stimulus ..

Loaok jn: Iaslimuli j gl I._ ==
100MHz Clack. stm

10Mhz Clack st

1MHz Clack. stm

EOMhz Clack. st

single.stm

File name: Open I
Files of type: | STIMULI (st =] Cancel |

Stimulus details may also be loaded from a file. To do so, click the Load button. The Load Stimulus
dialog is displayed. Choose the demo stimulus file, single.stm, located in the stimuli sub-
directory and click the Open button. This will update the Stimulus tab with the details of the file.

Click OK to close the Integrated Circuit dialog.

Back in the Signal Integrity window, select component ‘R2’.
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Now click the Edit Buffer button again. This displays the Resistor dialog.

— Compaonent
Designator: B2 Part: RES400
Pin 1 Pin2 Walue
PFin1 1 v Add
Fin 2 2 =z
Remove |
Walue: BB Ohm
Cancel |

You can add or remove pins for connections routed to resistor arrays. For the purpose of this
tutorial, we will make no change to this resistor. Click the Cancel button to close the Resistor
dialog.

Back in the Signal Integrity window, select the component C1 and choose the Edit Buffer button to
display the Capacitor dialog.

~ Component
Designator: C7 Part:  CAPT00
Fin1 Pin 2 Walue
Pin 1: 1 'l Add
Pin 2: 2 'l
Remove |
Value: 100 pF
Cancel |

Again, leave the Capacitor unchanged, and click the Cancel button.
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Screen the Nets

Bl

Screening provides a fast simulation of many nets to enable you to get closer information about the
nets and to identify critical nets for closer examination. Besides geometrical information, it also
provides estimated values for Signal Integrity effects (overshoot, undershoot).

When screening bi-directional nets, both directions are simulated and the worst result of each
effect is displayed.

The Screening commands can be accessed from the Simulation pull-down menu or by clicking the
Screening icon.

Click on the Screening icon to get the Screening window to display details for the currently
selected nets.

3 P-CAD Signal Integrity Screening M= E3
File Edit “iew Help
8| ¥|[F[z]e-[z
MH
bewopo | ool 2| 7] ]
DEMO_D1 82 7 2 5]
DEMO_D10 71.4 2 B
DEMO_D11 EE.6 2 4
DEMO_D12 0.7 2 B
DEMO_D13 E4E 2 4 7881 5.00
DEMO_D14 725 2 B T8 5.00
DEMO_D15 E3.2 2 g T8 5.00
DEMO_D1E 7.5 2 5 7a.81 5.00
DEMO_D17 E3.7 2 7 T8 5.00
DEMO_D18 52.9 2 B T8 5.00
DEMO_D19 59.5 2 E 7a.81 5.00
DEMO_D2 98.0 2 7

I ] ] ] 79.28 500 o
1 | b

1 3

The data displayed when you enter the Screening window shows the information requested on the
last access. We will review each of the screening views and identify nets to analyze in greater detail.

The message in the comment window indicates that nets with Diodes or Transistors cannot be
analyzed by the Screening fast simulation method. These can, however be simulated using the
Reflection and Crosstalk simulation options.

First, click on all of the four results display icons, which are currently highlighted, to switch the
options off.

|2iZleliz

Click on the Net Data View icon. This displays for each net:
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The net name
The length of the trace
The number of components connected to the traces

The number of segments in each trace.

Now click on the Net Data View icon again to switch this view off.

g3l P-CAD Signal Integrity Screening =1 3
File Edit “iew Help
8| ¥ z|e|iz]
[ Length [rm) | Component| Trace#|
DEMO_DO 100.0 2 7
DEMO_C1 927 2 E
DEMO_D10 7.4 2 5
DEMO_D11 EBE.6 2 4
CEMO_D12 0.7 2 [
DEMO_D13 E4.E 2 4
DEMO_D14 725 2 5
DEMO_D1S E3.2 2 B
CEMO_D1E 57.5 2 5
DEMO_D17 E37 2 7
DEMO_D18 529 2 5
DEMO_D13 53.5 2 E
DEMO_D2 38.0 2 7
REMA N0 k] 2 E LI
a4 3

Next, click on the Impedance View icon. This displays for each net:

The net name
The average impedance of the whole trace
The minimum impedance of the whole trace

The maximum impedance of the whole trace.
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32 P-CAD Signal Integnty Screening M= E
File Edit “iew Help
B 3| 27 |z
__ ]
MHets Average [mp. [Ohm] | Min. Imp. [Ohm] | Max. Imp. [Ohm -
DEMO_DO 7328 va.28 7328
DEMO_D1 Fa.09 7Ea 7a.28
DEMO_D10 a8 788 a8
DEMO_D11 Xl a8 Xl
DEMO_D12 Taa e Taa
DEMO_D13 TEE 7B TEE
DEMO_D14 TEE 7B TEE
DEMO_D15 TEE 7Ea TEE LI
4 1 i

Click on the Impedance View icon again to switch this view off.

| &l Now, click the Voltage View icon, and drag the right edge of the Screening window to enlarge it
and display more columns on the screen.

To display all the seven columns at once, you can make the columns narrower by clicking a column
edge on the header line and dragging the column to the desired width.

This displays for each net:

e The net name

e The Top Voltage Value for the Rising Edge

e The Maximum Overshoot for the Rising Edge

e The Maximum Undershoot for the Rising Edge
e The Base Voltage Value for the Falling Edge

e The Maximum Overshoot for the Falling Edge

e The Maximum Undershoot for the Falling Edge.
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23 P-CAD Signal Integrity Screening [ [Of x|
File Edit Miew Help
9| ¥| =|Z]r 2|
Nets Top Value [Risin.. | Max.Overshoot [Rising ... | Max Undershoot [Rising... | Base Value [Faling... | Max. Overshoot... | Max Undershoot ..
DEMO_DO 5.00 348 256 oo 2.95 212
DERMO_D1 5.00 338 253 000 282 207
DEMO_D10 5.00 294 217 000 2.20 1.E0
DEMO_D11 5.00 2.85 204 oon 2.04 1.46
DEMO_D12 5.00 294 215 000 218 1.58
DEMO_D13 5.00 279 2.02 oo 1.95 1.42
DEMO_D14 5.00 296 221 000 222 1.64
DEMO_D1E 5.00 274 1495 000 1.89 1.38
DEMO_D1E 5.00 246 1.80 oon 153 117
DEMO_D17 5.00 276 2m oo 192 1.39
DEMO_D18 5.00 2.29 1.71 0.0 1.37 1.03 ;I
‘ [ »
|

You can select to display only the columns of interest on a view, to ease the identification of
problem nets by defined criteria.

Let’s view the Maximum Overshoot (Rising Edge) and Maximum Undershoot (Falling Edge).
Choose the View command on the screening header menu.
Select the Select Columns command.

In the Select Columns dialog, click the Voltage tab. On the Voltage tab, choose to display only the
Maximum Overshoot on the Rising Edge and Maximum Undershoot on the Falling Edge, by
disabling all other options as displayed below. Click OK.

Selected Columns

MHet | Impedance | Voltage | Timing

Rizing Edge——— Falling Edge

[ TopWalue [T BaseValue

¥ Max Owvershoot ™ Max. Overshact
[ Max Undershoat [ Max. Lndershoot

Ok I Cancel

This will now display only the two chosen columns on the Voltage View.

We can also sort the nets by values within displayed columns.
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From the View menu, select the Arrange Nets By command. The Arrange Nets By menu is displayed

highlighting only the columns currently displayed.

Select Maximum Overshoot (Rising Edge). This displays the nets sorted in order of Maximum

Overshoot.

33 P-CAD Signal Integrity Screening M= 3
File Edit “iew Help
L S e [
Mets Maw Overshoot (Rising Edge]... | Max Undershoot (Falling Edge] ...
DEMO_DS_DEM... 1.74 1.36 J
DEMO_DZ22 22 0.8
DEMO_D24 225 0.96
DEMO_D3 229 1.03
DEMO_D18 229 1.03
DEMO_DZ2E 229 1.04 LI
4 3

Now click on the Voltage View icon again to switch this view off.
Lastly, click on the Timing View icon. This displays for each net:
e Thenetname

e The Slope for the Rising Edge

e The Flight Time for the Rising Edge

e The Slope for the Falling Edge

e The Flight Time for the Falling Edge.

33} P-CAD Signal Integrity Screening
File Edit ‘iew Help

=] x| ¥zl

Mets Slope [Rizing Edgel... | Flight Time [Rising Edge]... | Slope (Falling Edge] ... | Flight Time [Faling Edge] ...
DEMO_DE_DEM... 015 1.3 339 1.88
DEMO_DZ22 013 082 1.40 1.25
DEMO_D24 014 [R:x] 162 1.26
DEMO_D3 014 0.85 167 1.27
DEMO_D18 014 0.85 167 1.27
CEMO_D2E 014 % 0.85 1.67 1.27
MERM_Moe ndd nes 1e7 197 LI
4 »
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You can identify the nets displaying the longest flight time.

Now close the screening window using the X in the top right corner.

Run Reflection Simulation

Ell_'fz' Back on the Signal Integrity main screen, select the net DEMO_A31 in the All Nets column. Click the
| Takeover icon to acquire data for this net.

44 P-CAD 2001 Signal Integrity - demo_pch

Fil=  Edit Simulation Library Options Help
L, 3 [N
=| B B[~ [ ]08] | BlE] 22 ]
L
Al et — Simulation
Met Clags: I I I
m Mo | Net Length [mm] | Awverage [mp. [Qhm | Comrment
1 DEMO_&31 107.7 8.8
DEMO_A29 B
DEMO_A3
DEMC A30
DEMO_id
DEMO_45 Mo. | [Diesignatar | Type | Fin | Diirection | Comment
DEMO_A& 1 W IC 118 Bi/Out
i te) oo 2 U3 IC 3 In
DEMO_4s
DEMO_ 4D
DENMO_DO
DEMO D1
DEMO_ D10 =
li""‘ T _'I_I Ir <=3 Out Edit Buffer...
|Ready

The Reflection simulator calculates voltages at nodes of a net using routing and layer information of
the PCB and associated driver and receiver 1/0O buffer models.

A 2D-field solver automatically calculates the electrical characterization of the lines. Modeling
assumes that DC path losses are small enough to be ignored. The simulator provides you with
detailed and highly accurate information on all signal integrity related aspects, such as overshoot,
undershoot and timing. The results are presented in an oscilloscope-like wave analyzer.

) To start a Reflection simulation, you can either click on the Reflection Simulation icon, or choose
=—*| Simulation in the menu bar and select Reflection from the pull-down menu.

The simulator runs a reflection simulation on the nets displayed in the simulation window.
The results of the Reflection simulation are returned on the WaveAnalyzer screen.

The X and Y specified on the bar under the WaveAnalyzer screen indicate the location of the cursor
on the display.
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The display above shows the wave U9.9 (U9, pin 9 on net DEMO_A31) and wave U1.118 (U1, pin 118

on net DEMO_A31) as the worst for overshoot and undershoot. Let’s look at the range of the

overshoot for each of these waves.

Select the wave U9.9 by clicking on the line beneath its name which is displayed on the right of the

wave display.

The WaveAnalyzer Analyze commands allow you to display the simulation results as waveform
measurements. Click on the Minimum, Maximum, Base Line, Top Line icons.

e[z s i

The calculated measurements are displayed in the Measurements area of the WaveAnalyzer
window. These measurements can also be performed using the pull-down options of the Analyze

menu.

P-CAD WaveAnalyzer
File Edit Analze Options Help

Diz|Els] alal ali| AR [l

“o 010 020 030 040 050 060 070 00 g7 1.00
th —=

Reflection Simulation Result

DEMO_A31

1118

uo.o

~ Measurements

Mirinurn: 1199
t=6313nz
Wrnin = 2,42

b awimum: L19.9
t=1278ns
Wrnaw = 792

Base Line: 119.9
Vbase = 0.01Y

Top Line: U9.9
Viop =500

\ | ¥ 4.73550-003

¥ -2.0184

@\ | Let’s zoom in on the worst overshoot area on the top left of the display. To do so, click the Zoom In

icon then click and hold the mouse button on the top left corner, then drag the cursor toward the
bottom right to define the zoom region. The picture below displays the zoomed area with its

measurements.
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P-CAD WaveAnalyzer |_ (O] =]
File Edit Analyze Options Help

D|@|@|s| [ i) AN [l

=3n) -

DEMO_A31 —Measurements

u1.118 Mirimurn: 9.9
t=350ns
o — Wmin = -0.00Y

W W] —=

=X2)

M awimurm: 119.9
t=1278 ns
VYmax = 7.92%

5.0

Base Line: U3.9
35 Whase = 0.00Y
Top Line: U3.9

Wrop =5.05%
20

0.5

Reflection Simulation Result

| | % 363730008 v:8

Clear the measurement area by selecting Clear Measurement Area on the Edit pull-down menu.
Now reselect Minimum, Maximum, Baseline and Topline.

The measurements are display dependent. The measurements displayed are for the selected wave
within the currently visible area. If you compare the measurements of the zoomed graph with the
measurements of the original chart, you can see that the measurement values are different. They
now show the measurements for the currently displayed waveforms.

To return the display to the original full waves display, select the Origin command from the Edit
pull-down menu.

Let’s save the current wave as DEMO_A31 for subsequent reference.
Do this by selecting Save As on the File pull-down menu.

The File Save dialog is displayed. Here you can specify the directory and filename for the wave file
you want to save.

Enter DEMO A31 in the File Name field and click the Save button.

When saving using the File Save command, the default name result.dia is given. This default can
be changed, by entering a new name, as appropriate. The current file name, displayed on the title
bar, is overwritten each time the File Save command is issued.
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Save File
Save jm IaSignaIIntegrit_l,l j L] IfF EH-

File narne: IDEMD_.&?I .dia ﬂ Save

Save ag tupe: IW’aves [*.dia) j Cancel |
g

Close the Waveform Analyzer by clicking the X in the upper right corner. The file saved can later be
opened using the File Open command.

Having identified the net DEMO_A31 as problematic, let’s go back to the Signal Integrity screen to
select it and try a termination on the component U9 pin 9 to reduce the overshoot.

b_icl To do so, we first select the entry U9 pin 9 in the Signal Integrity window. Click on the Termination
I_1 Advisoricon.

The Termination examples given here are for the purpose of demonstrating the tool only and may
not be appropriate in the electrical sense.

The Termination Advisor dialog is displayed.

Choose Parallel C to GND termination method and click OK.

P-CAD Signal Integrity User’s Guide 29



Chapter 3: P-CAD Signal Integrity Tutorial Run Reflection Simulation

~Methods ———————————

None
Serial R
Parallel B to%WCC ;;:TI>
Parallel B to GND a3

Parallel F's to YCC and GND

Baralel Gl GHD oL
R and C to GND
Parallel Schattky Dindss Send to P-CAD PCE I

a Nie BicNis Nie Nie e Nie

Wl

i C: 47 pF
F2 e

Description:

Sometimes capacitar to GMD is uzed at the receiver input to
reduce signal noise. & disadvantage is that nising and falling
waveforms at the receiver may become too smooth and
increased rise and fall times may cause timing problems

o | [ ]

) Now let’s run the reflection simulation again. Click on the Reflection icon and on the
| WaveAnalyzer display, select the wave U9 pin 9 again by clicking on the line under its name and
click the measurement icons to display the measurements in the Measurements area.

P-CAD WaveAnalyzer =] E3
File Edit Analyze Options Help

D|=|a@|a| alafnli| s sl

DEMO_A31 ~ Measurements
Hinimurn: 119.9

t=EE.74 ns
Wmin = -2 431

v [W]—=

P aimum: 19,9
t=1638 ns
Wmax =711V

Base Line: 9.9
Whase =000

Top Line: U9.9
Wiop = 4.93%

a 010 0z0 030 0.40 050 060 070 080 ={g.7 1.00

Reflection Simulation Result

\ | % a0E0A.008 V72700 |

The overshoot Vmax =7.11V, is a slight reduction on the original 7.92 V before the termination was
added, but it is still significant. Let’s try a different termination.

e Close the WaveAnalyzer window and go back to the Signal Integrity window, click on the
T | Termination Advisor icon again. This time, select the Parallel R to GND Termination with 100 Ohm
resistance and click OK.
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Methads

i Mone

i Senal R

" Parallel R to%CC

(:. R2

" Parallel R's to YCC and GMD

GHD

" Parallel C to GND

" RandCtoGHD

i Parallel Schottky Diodes Send to P-CAD PCB
Wl

FI| o]
Rz [100 Ohm Y |

Description:

\With & parallel resistar connected to GHD receiver inputis &
matched to the transmission line impedance [R2 =21 ).

Thiz is & perfect termination far the line reflections but there
continously flows curent in the termination resistor. This
increases power dissipation and depending on the resistor
value leads to decreased high voltage levels. Perhaps ﬂ

oK | Cancel I

) Now let’s run the reflection simulation again. Click on the Reflection icon. Again, on the
o WaveAnalyzer display, select the wave U9.9 and click on the measurement icons.

e[z s i

P-CAD WaveAnalyzer S [=] E3
File Edit Analyze Options Help

[=|a]s| ala wli] Al [l o]

-

DEMO_ga31 — Measurements

Mirimurn: 9.9
t=6313ns
Wrmin =042

W W] ==

I aximurm: 3.9
t=1283ns
Ymaw = 492V

Base Line: U9.9
Whase = -0.00%

TopLine U39
Vitop = 4.47 Y

-7 S Y I . N T
0 040 020 030 040 050 080 070 080 g7 1.00

Reflection Simulation Result

[ | 952140008 Y: 083437

Now let’s print out these results.

Select Page Setup on the WaveAnalyzer File pull-down menu. This displays the Page Setup dialog,
on which you can specify paper size, source, orientation and margins.
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Page Setup HE

—Paper
See [
Source: IAutomaticaI\y Select j
— Orientation Margins [milimeters)
& Porlrait Left: 254 Right:  |25.4
" Landscape Top: e Bottam: W

ak. I Cancel | Printer... |

Click on the Printer button to specify the printer. On the displayed dialog you can select a printer
and enter the property details for the chosen printer.

Page Setup HE
PFrinter
Mame: Properties |

Status: Ready

Type: Herow DocuPrint CBS PS
Wwhere:  195.37.60.76:PS
Caomment:

Metwork. .. | Cancel |

Click OK to accept the printer selection and again to close the Page Setup dialog. Then click on
Print on the WaveAnalyzer File pull-down menu. This displays the standard Windows print dialog,
and sends the Wave display to the printer.

gl You can also use the Print icon to print the display, when the page setup and the printer details are
already specified.

The introduction of the termination appears to have resolved the ringing noise problem.

You can save this termination solution and send it as a DRC error indicator to the P-CAD PCB
database. First close the WaveAnalyzer window. Return to the Signal Integrity window.

b—i@:l Click on the Termination Advisor icon. Click on the Send to P-CAD PCB button and click OK.

To display the DRC error indicator in P-CAD PCB, restore the P-CAD PCB window. In the P-CAD
PCB window, choose File from the menu line and select Reports. Then enable DRC Error Indicators
in the Reports to Generate list and click the Generate button.
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File Reports

D:A\Progiam FileshP-CAD 20014DematSignal Integritytdemo

Reports ta Generate:

m ~Report Destination—  — Report Origin
[Clattributes (atr)  Sereen w0 IU Omil
IRl of Materiak:  (bom) ' File -

" Printer T IU.Dm\I

[ IComponent Locations  [cpl]
DRC Ermar Ind i
[ 1Glue Dot Locations  [glu)
[ ILibrary Contents  (Ict)
[IPick and Place Locations  [prp]

i~ List S t
[ JRooms [rom] " Separated List st eparator
[]Skatistics  [sta) & PLAD Remot I -
[ |Test Paint [tst] A eporl

i~ Style Format

N I i
DElete | Customize.. | Set Defaults |
Setall | Clear Al |

Gererate i Close I

This produces a report giving the ideal X, Y coordinate location of the termination network on the
board together with the values of the component.

£ demo_dei - Notepad [ O[]
Fle Edit Fomat Help

P-CAD DRC Error Indicators demo. pch ;I

Errorfum LoeationX LocationY Error

1 2874.0 1574.8
RefDes=09 Pin=9
Termination Network: parallel resistor to GND
R=1000hm

=

A DRC marker is placed in P-CAD PCB adjacent to the pin where the termination network should
be applied. If you click on the DRC marker and view its properties (right mouse click and choose
Properties), you get the value and configuration of the termination network.

Run Crosstalk simulation

The Termination examples given here are for the purpose of demonstrating the tool only and may
not be appropriate in the electrical sense.

P-CAD Xtalk, the Crosstalk simulator simulates the coupling between traces with adjacent parallel
segments.
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34

P-CAD Signal Integrity is automatically searching for parallel traces, which may cause crosstalk
problems. To enter the geometrical parameters for this search, select the Configure command from
the Options menu. Enter the following values:

¢ Max. Couple Distance: Tmm

e Min. Couple Length: 1mm

Options Configure

r— Crozstalk Units

Max. Couple Distance: I‘I mm il
o

tdin. Couple Length: I'I mm ' mm

— Met Simplify

lgnore Shubs to |1 mm
¥ Highlight Mets in P-CAD PCB

Ok I Cancel |

Max. Couple Distance specifies the maximum distance, which is used for searching parallel traces.
The larger this distance is specified the more parallel traces will be found. Therefore the simulation
time will increase.

Min. Couple Length specifies the minimum parallel length of a trace, which is still considered to
provide crosstalk. Short parallel segments do not provide much crosstalk, but the simulation time
will increase drastically.

Click on the Get Nets icon in P-CAD Signal Integrity and then select net DEMO D1 in the All Nets
column. After that, click on the Find Coupled Nets button. Now, all nets within the range of the
specification entered in the Options Configure menu will be selected automatically in the All Net
list. In this case, these are DEMO_DO0, DEMO_D1 and DEMO_D2.

Click the Takeover icon.
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44 P-CAD 2001 Signal Integrity M= E3

File Edit Simulation Library Options  Help
L. —= o

2| Bl B8~ |26 | HEl & ]
L
Al Met: — Simulation

et Class:

Al j Ma | Met | Lengthm]l Average [mp. [Oh | Eommentl

1 DEMO_DO 100.0 79.28
DEMO DO 2 DEMO_D1 927 79.09
3 DEMO_D2 98.0 79.25

DENC D10

DEMO D11

DENO Dilz

DEMC_D13 Mo, | [ egignator | Type | Fin | Direction | Comment |

DENO D14 J 1 uz 2 I

i) o) B 2 105 BiOu

DENO D16

DEMO D17

DENO D15

DEMO D19

R _'I_I < Mt Edit Buffer...
|Ready

=

P-CAD WaveAnalyzer
File Edit Analpze Options Help

Now run the Crosstalk simulation by clicking on the Crosstalk button.

JS[=] E3

W ] —=

D|s|@|a| alalali| Fl [l

o 040 0.za 030 040 050 060 orn 080

Crosstalk Simulation Result

DEMD_DO  Measurements
b2z b awirnurm: U2.3
o MR
DEMO_D1
u1.81
uz.3
DEMO_D2
U1.101
uz.g
aqg.7 1.00
tle] —=

#: 9.726e-008 Y: 5.3462
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Next, choose net DEMO_D1 in the simulation window, and click the Set Victim Net button. This will
= set the stimulus for the net DEMO_D1 to constant low level and all other nets will have the default
~ stimulus (single pulse, rising edge at 10ns, falling edge at 60ns). By this, the maximum crosstalk of

all coupled nets onto the victim net is calculated.
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The WaveAnalyzer shows maximum crosstalk of 1.07V measured on net DEMO_DT1 at pin 3 at
component U2. This crosstalk results from the ringing on net DEMO_D0 and DEMO_D2 during the
signal transition from low to high and high to low.

Close the WaveAnalyzer to return to P-CAD Signal Integrity.

Select net DEMO_D1 in the Simulation window on the right. Now press the Set Aggressor Net icon.
By doing this, net DEMO_D1 will get the default stimulus (single pulse, rising edge at 10ns, falling
edge at 60ns) while all other nets will be set to constant low. This will calculate the crosstalk from
the aggressor net to all its neighbor nets. After clicking on the Crosstalk Simulation button, the
WaveAnalyzer displays the results.

LA
R

P-CAD WaveAnalyzer M= &
File Edit Anshze Options Help

u) TN SN Y A SN S S

2.0

DEMD_DO  Measuements
uz.z
6.5

W [V]—=

U1.405

DEMO_B

[-u) SRS U181

uz.z

35 DEMO_D2Z

U1.101

2.0 uz.4

-3 I T Y T Y
0 040 0.za 030 0.40 .50 060 070 080 g7 1.00
tE —=

Crosstalk Simulation Result

*: 3.4566e-008 Y -1.8087

Create a Macromodel

The Macromodel Editor enables you to create your own custom device models. The models are
organized in the library tree.

To open the Macromodel Editor, select the Macromodel Editor command from the Library menu in
P-CAD Signal Integrity screen. The library tree displays as shown.
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Macromodel Editor M[=] E3
File Edit “Window Help
E% M odel-Library

-4 IC(In)
-4 IC (Dut)
-4 IC(Tii)

(@] Connectar(TL)
(@] Connectar(LE)
--f=3 Resistor
--fif] Capacitor
B3 Inductor
- Diode

-8 BT

|Fieady | [

You can navigate through the User Model Library as you do in Windows Explorer.

The library contains a folder for each type of parts and models defined in the database. IC models
folders are also sub-divided into folders for each available technology. The full list of technologies
available is described in the Macromodel Editor commands’ description in chapter 8.

The items in the tree represent user defined custom models.

Let’s add a new Resistor component. To do so, click on the Resistor model folder. This displays the
currently defined Resistor components (there may be none currently defined).

=@ Model-Librany

-4 1T (In)
-4 1T [0ut)
-4 1T [Tr]

~{3] Connectar(TL]
~{3] Connectar(LE]
=7 Resistor
{3 Capacitor
-~ Inductar
-7 Diode

E BJT

Choose Edit from the Macromodel Editor menu bar and select Add from the pull-down menu. This
displays the Modelname Entry dialog.

Enter Res500 as shown below and click OK.
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Modelname Entry Dialog

Set Model Name

[Fres500

Cancel |

The RLC Enter Value dialog is displayed where you can enter the number of pins. In our case, leave
the default value as 2 and click OK.

RLC Enter Yalue E=

Enter Murnber of Fing

|2

The newly created Resistor Res500 is now displayed on the Library tree.

El% b odel-Libram

-4 IC (In)
-4 1C (Out)
-4 1C (T

@ Connectar(TL)

-.{&) Conmector|LE)
=-f=3 Resistor

~[T] Res500
-fiF] Capacitor
- Inductar
-7 Diode

8 BT

The Resistor - Res500 dialog is displayed with the information supplied so far and default values for
the other parameters.
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+ Resistor - Resh00 M=
— Connections
Pin Conn. Walue
Z 1 1 MOhm
Connect Pin |1 Apply |
ta Pin |2 vl
using Walue |1 mOhm
—Comment

Chapter 3: P-CAD Signal Integrity Tutorial

In this dialog you can change the value in the Using Value box and click the Apply button. The

entry on the top window will be modified accordingly.

Some IC models in the Library cannot be edited. These models have been created by the P-CAD
Signal Integrity IBIS converter and contain data that cannot be modified.

Create a new Macromodel from an IBIS file

IBIS stands for ‘Input/Output Buffer Information Specifications’. It is an ANSI/EIA standard for
behavioral specifications of integrated circuit’s input/output analog characteristics.

You can create new custom user models based on input from IBIS files.

The Import IBIS File command enables you to do so. The Import IBIS File command is accessed
from the Library pull-down menu on the Signal Integrity entry screen.

. P-CAD IBIS Converter

File iew Help

[ [O] =]

Gl afs wdl = 4

- Components

- Buffers

Mame Direction acel Mame

Technology

Manutacturer

e —

|Generate and display model report
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Choose the Import IBIS File command from the pull-down menu of the Library command. This
displays the P-CAD IBIS Converter window.

Choose the File command from the menu bar, and select Open on its pull-down menu.

This displays the File Open dialog, choose the \P-CAD 2002\Demo\Signal Integrity folder
which includes an example IBIS file.

Open IBIS File HE
Look in: Ia Signal Integrity j L] Ifi( '

[ be240db. b

File hame: I j Open I
Files of tupe: IIEIS [*ibs] j Cancel
7

Choose the file 1vx240db. ibs as shown above. The information is loaded on the IBIS Converter

window.
. P-CAD IBI5 Converter - D:\Program Files\P-CAD 2001\Demo\5ignal Integrity\lyc240db ibs
File “iew Help
ﬁl hlﬁ) 'Flﬂl | ﬂl
[ ——— — —
— Componerts: —Buffers
Iaime Direction Model Name Technology
Input LWVCz240 IN
L)L Input (Tristate] LWVCZ40 OUT HC
L)L output LwCz40_OUT HC
hanufacturer
|Ph\||psfSem|c:Dnd JLwcza0_m IHC j
|R’eady

We can now choose which model to generate.

The Strong Case Model allows you to test your design performance envelope. The strong case
model represents the fast extreme of IC performance.
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The Typical Case Model lets you get an idea of the typical performance of the design.
Let’s choose these two models. To do so, select these two models from the File pull-down menu.

Let’s produce a report of these models. Select the Report command from the File pull-down menu.
This displays the Generate Model Report dialog, which, by default, allocates for the report the name
of the currently opened file. You can modify this or accept this name.

Generate Model Report EE

Savein Ia Signal [ntegrity j - EF ED-

Filz hame: I-.-::E4I:I.:|I:-.rt

j Save I
j Cancel |

Save as type: IIEIS todel Report [*rtf]
e

Let’s accept the name. This will generate a Word report in the specified directory.

IBIS Model Info Wed Jan 31 19.02:45 2001

Component: lvc240

Buffer: "

Direction: Input

Model LWC240_IM

Characteristics Best Case Typ. Case Worst Case
C_comp typical typical typical

GMD Clamp typical typical typical
Power Clamp typical typical typical

The picture above shows part of the report generated.
Now, let’s add these models to the Library.

n | This is done with the IBIS File Export command. It can be accessed from the File pull-down menu or
by its icon.

When you choose this command, the models are added to the Library. If the models already exist,
in the library, a confirmation window is displayed which gives you the option to over-write the
currently stored models or cancel your export operation.
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42

Component Ivc240 Model Export 1]
@ The fallowing models are already existing in the library:
LWC240_IM_tp LW C240_IM_st LWC240_0UT _tp
LWC240 OUT_ st LVC240 OUT_tp  LVC240 OUT _st

Thiz modelzs will be avenwitten if you continue.
Y'ou may avoid this aborting the export now,
rename the affected models and then export again,

Do piou really want to ovenwrite the existing models?

Otherwise, an export confirmation message is displayed.

Create a Macromodel
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CHAPTER 4

P-CAD Signal Integrity Command Reference

This Reference chapter provides information on each command, dialog and option available during
the simulation process, in the order in which they appear in the menus and dialogs. It also includes
additional information about simulation concepts and procedures.

When you start the P-CAD Signal Integrity, the entry screen is displayed, giving you access to
process specific icons, menus and commands.

File Edit Simulation Library Options  Help

2| B 88|~ o] | mlks| -~]e]

File Commands

The File commands are accessed from the File menu, which appears on the menu bar when you
enter P-CAD Signal Integrity. The File commands allow you to open and save files, get nets to
analyze and produce reports. Each of these commands is discussed below.

File Open

The File Open command imports an existing SULTAN file, as input to the simulator, using the
Windows standard File Open dialog.

A SULTAN file is a representation of the PCB geometry and the required electrical and design
specific information (like value of resistors and component designators). This representation is
used to store PCB databases so that P-CAD Signal Integrity can be used without having P-CAD PCB
open.

[Z| The File Open command can be initiated from the File command pull-down menu or by its icon.

When you choose File Open, P-CAD Signal Integrity displays a dialog from which you can choose
the directory and file name of the file you want to open.

The Look In area displays the current folder; a list of files in the folder appears directly underneath.
The File name area lets you select or enter a SULTAN file, from the list of files displayed with the
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extension .s1t. If a file you want is not in the current directory, you can select another directory
from the Directories list.

Once you have made your selection, click the Open button.

File Get Nets

This command displays a list of all nets of the current P-CAD PCB design in the All Nets column of
the entry screen. Click on the nets you want to select. These will become highlighted. To select
nets, which are not displayed consecutively, press the Ctrl button while selecting.

In order to analyze a PCB, P-CAD PCB must be active and a PCB file must be open.

@ The File Get Nets command can be initiated by choosing Get Nets from the File pull-down menu or
by clicking on its icon.

44 P-CAD 2001 Signal Integrity - demo_pch

File Edit Simulation Library Options  Help

=| B B8~ [elay 2| EE| #e ]

Al Met: — Simulation
Met Class:
m Mo | Met | Lengthm]l Average Imp. [Ohm | Eommentl

Mo. | Designatar | Type | Fin | Direction | Comment |

i Wt Edit Buffer..

File Reports

The File Reports command allows you to output reports with specific output options. These options
are saved when you exit the program.

21 The File Reports command can be initiated by choosing Reports... from the File pull-down menu or
by clicking on its icon. This displays the File Report dialog.
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File Report

Filename. . D:MProgram Files\P-CAD 2001 \projectstdematdemo

Header: IF\ eport Header

Foater: IF\epolt Foater

Fieport Options Page Format — Style Format
™ Laper Stack I™ Use Header £ Comma Separated
[~ MetData I Use Faater 9 il
" Crosstalk ™ Date/Page ~ Report Desstination
™ Pagination  Screen
B @ File
Lines per Page: |62
© Printer

Cloze

Filename

You can specify individual reports (selecting from the list of report options) and choose to output
these all at once or one at a time. Each report type has its own file extension. The file name defaults
to the currently open design.

Reports File extensions

These cannot be changed. The extensions used are as follows:

e LAY for Layer Stack information

e NET for Net Data

e XTK for Crosstalk data.

Each of these reports is displayed under Report Options, in the screen report format, which
displays a Notepad window.

Reports Options
Layer Stack reports the parameters for each layer as listed below.
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&] demo.lay - Notepad
File Edt Femat Help

File Commands

[_ O] ]

P-CAD Layer Stack

deno

SIGNAL LAYER
nurber :
height:

DIELECTRIC LAVER
material:
height:

PLANE LAVER
nurber :
height:

DIELECTRIC LAVER
material:
height:

PLANE LAVER
nunber :
height:

dielestric constant:

dieleetric constant:

Z

0.035 1
core
0.32 nm
4.8

12

0.035 1
Prepreg
0.32 nm
4.8

13

0.035 1

I

Net Data reports the parameters and component details for each selected net as listed below.

4} demo. net - Notepad
Fie Edt Fomat Help

[_ O[]

P-CiD Net Data

demo

Sigmal: DENO DO
Length:
Min. Impedance:
Max. Iwpedance:
Average Impedance:

Component:
Nemme :

Type:
Direction:
Technology:
Hodel:

Component :
Name :
Type:
Direction:

100.045 wra

T9.E277Z Ohm
79.2772 Ohm
79.2772 Ohm

uz,

DENC_EUF

1c

In

LCT

demo_buffer in.mac

u1
DENMC_CPU
Iic
Bi/fOQut

=

Crosstalk Data reports the parameters for each selected net as listed below.

&5} demo. xtk - Notepad
File Edit Fomat Help

[_ O] ]

P-CAD Crosstalk Data

dern

Coupled Zone 1
Length:
Net:

Coupled Zone 2
Lengeh:
Net:

Coupled Zone 3
Lengeh:
Net:

2.96543 mm
DENC DO
DENC_DZ

53.7621 mm
DENC_D1
DENC_DO
DENC_DZ

32.5972 mm
DENC_DZ
DENC_DO
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Page Format
These options, when enabled, are output with whatever report type you have chosen to use.

Use Header and Use Footer include the text you have specified in the header and footer fields.
Date/Page includes the current date and page number.

Pagination allows you to create your own pagination (lines per page) when you generate the report
to the printer or to a file (see Report Destination section below). When you generate the report to
the screen, the report is displayed on the Notepad. In this case, use the print command available in
the Notepad File command to print the report.

Style Format
This enables you to specify the format of the report contents.

Comma Separated puts all information in comma separated format, which is a spreadsheet-
loadable format.

Report is a readable format with columns and spaces, etc.

Report Destination
This enables you to specify where to send the output.

Screen sends the output to a file and invokes Notepad to display the file. To print this file, use the
Notepad File/Print command.

File sends the output to a file. The name of the file defaults to the name of the currently open
design. You can specify a name of your choice by clicking the Filename button. This will display the
Reports File Save dialog on which you can enter a file name. The file extension will be automatically
assigned depending on the type of the report to be generated.

Reports File Save EHE
Save jr Ia demo j | I‘:Fl et
8| demo.|ay
Q demo.net

El demo.tdb
9 demo.xtk.

File name: I Save I
Save az type: I Repaort Files [*.%) j Cancel |

Printer sends the output directly to the printer without creating files.

Lines per Page
This enables you to specify the number of lines per page in your output.
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Edit Commands

File SULTAN Out

This command enables you to save the entire current P-CAD PCB design in a SULTAN file. Similar
to the File Get Nets command, P-CAD PCB must be active and a PCB database must be open. This

command enables the user to load the database later on without any interaction with P-CAD PCB
(see command File Open).

SULTAN File Name

2] ]
Save jn: Iﬁ stimuli j - 5 B
File hame: I j Save I
Saveastpe  [SULTAN [*sh =] Earee]
Z

When you choose SULTAN Out from the File pull-down menu, the SULTAN File Name dialog is
displayed and you can specify the directory and filename for the file you want to save.

Enter the file name for the nets. The . s1t file type identifying SULTAN files is automatically
assigned.

File Exit

This command exits the P-CAD Signal Integrity Simulator. Before exiting, P-CAD Signal Integrity
saves the settings of supply nets, designators and the layer stack as well as the latest simulation
options. These will be re-used the next time P-CAD Signal Integrity is started.

Edit Commands

48

The Edit commands are accessed from the Edit menu, which appears on the menu bar when you

enter P-CAD Signal Integrity. They deal with obtaining and modifying the Nets data for the
simulation process.

Each of these commands is discussed below.
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Edit Take Over

The Take Over command acquires the geometric and part data for the nets selected in the left All
Nets column from the current P-CAD PCB database. After successful data transfer, these will be
displayed in the Simulation windows.

#4P-CAD 2001 Signal Integrity - demo_pch [_ o] =]
File Edit Simulation Library Optionz  Help
L, = IE
&| B B~ (g o] k| |2 ]
L
—Al Met: r— Simulation
Met Clags I I I =
m Mo | Met Length [mm] | Average Imp. [Ohm I Commentl |
1 DEMO_DO 100.0 79.28
) u] [4] 2 DEMO_D1 927 73.09
2 DEMO_DI0 714 bcxdl
4 DEMO_D11 EEE 7am
5 DEMO_D12 70.7 78.81 =l
Mo, | [rezignator | Type | Fin | Diirection | Comment |
10z IC 2 In
2 IC 105 BirOut
[Fi<=5 Mt Edit Buffer...
|Ready

= | The Edit Take Over command can be initiated from the Edit pull-down menu or by its icon.
The upper window lists the length and average characteristic impedance for each selected net.
The Net Length is the sum of the length of the traces in the net.

The Net Characteristic Impedance is the mean value of the impedance. It is derived from the sum
of the impedance of each trace segment multiplied by the length of the trace and divided by the
sum of the length of the trace segments.

The lower window displays the components connected to the net selected in the upper window
and their characteristics.

Edit Get PCB Selected Nets

The Get PCB Selected Nets command selects those nets in the All Nets column that are currently
¢y | selected on the PCB in P-CAD PCB.

To use this command first select the net(s) in P-CAD PCB, then chose Edit » Get PCB Selected Nets,
or click the Get PCB Selected Nets icon.

Edit Find Coupled Nets

The Find Coupled Nets command analyses the PCB to identify coupled nets, and then selects any
-a‘|£— coupled nets in the All Nets column.
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Coupled nets are identified according to the settings in the Options Configure dialog, which
defines how close the nets are (couple distance), and the distance that the nets run in parallel
(couple length) for them to be considered coupled. Select Options » Configure from the menus to
set up the coupling properties.

To use this command select a net in the All Nets column, then chose Edit » Find Coupled Nets, or
click the Find Coupled Nets icon. Any coupled nets will be selected in the All Nets column.

Edit Layer Stack

This command enables you to enter or modify the Layer Stack specifications.

The Layer Stack of the PCB must be specified for the calculation of the electrical behavior
(characteristic impedance and phase velocity) of the traces.

The required parameters and their default value are listed below:

Parameter details Default Value

The correct sequence of the layers None

The thickness of the different copper 35 um

layers

The thickness of the dielectric 0.32mm
planes

The dielectric constant of the £ = 4.8
substrate

The Layer Stack and all the calculated transmission line parameters are automatically saved as a
. tdb file. This database is stored together with the current PCB project name. It is automatically re-
used if the same PCB is analyzed in multiple P-CAD Signal Integrity sessions.

Rather than always re-calculating the transmission line characteristics before a new transmission
line parameter is calculated, P-CAD Signal Integrity will search its database for an existing set,
which matches its current parameters. Whenever the Layer Stack is changed, the old database file
gets deleted and a new one is generated.

Choose Layer Stack from the Edit pull-down menu and the Layer Stack dialog is displayed listing all
existing layers in your selected design in their current sequence.
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Edit Layer Stack

Type: I Prepreg = I

0.32 mm

13
12 Epsh: |4.8

Height: ID_DSE mm

Layers:
~ Dielectric
Top 3 1
FICC3 D P
VCCZPLAME P 15
VCCIPLAME P 14 Height:
GMNDFPLANE P
WCCFLANE P
Bottom 3 Z
— Copper
Move Up | Move Down |
oK I Cancel |

This window shows the layer name, the layer type (Signal or Plane) and the layer number as defined

by the user in P-CAD PCB.

Here you can modify the Dielectric and Copper property definitions for a layer. To do so, select a
layer and enter the changes required in the available entry windows.

When you enter the Copper thickness and the Dielectric value, the Dielectric referred to is the one
immediately above the Copper layer. As a result, it is not possible to enter a Dielectric value for the

top layer.

All the layers, except the Top and Bottom layers, can be moved up or down by selecting a layer and
clicking the appropriate button. The Top layer is always number 1 and the Bottom layer is always

number 2 and at the bottom.

Enter changes and click on OK for these to take effect.

Edit Components

This command enables you to specify the electrical type of components.
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Components Categary
c1 Capacitor | Category:
Dl Diode IC -
0z Diode
J1 Connector Tao Databasel
Bl Resistor
Bz Resistor
B3 Resistor
Ui IC
Uz IC =
U3 IC
U4 IC
s IC LI
0k, | Cancel I

Edit Commands

The Components list box contains the names of all components in the active design. You can select
individual or multiple components in the list box. Once selected you can specify the electrical type
of the components in the Category drop down list.

With the button To Database you can save the specified component types to your P-CAD PCB
database. The information is saved in the database by a component attribute.

A second way to specify the component type is to define a component attribute directly in P-CAD
PCB. Define the Component attribute Category and set the value of the attribute to one of the
following qualifier. If you now load the design into P-CAD Signal Integrity, the components get the
defined electrical types.

The following electrical component types are supported:

Component Type

Attribute Value

Bipolar Junction Transistor

BJT

Capacitor Capacitor, Cap
Connector Connector, Con
Diode Diode, Dio

IC IC

Inductor Inductor, Ind
Resistor Resistor, Res

The default component type is IC.
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Edit Nets

This command allows you to specify the name of Supply Nets and their voltage.

Mame Category Yoltage

DENC NETO4 DATA ;I Cateqgory:
DENC NETOS DATA IDda VI
DEMC NETOG DATA

DENO_NETO7 DATL L
DENC_NETOS DATA I
DENC_NHETOZ DT

DENO NET11 DATA
DENC_NET32 DATA

GND Supply oo To Databaze |

u] v
ViCC Supply 5.00 WV
VCC1 Supply 5.00 vV
VCCZ2 Supply 5.00 v
VCC3 Supply 5.00 V &
ak. | Cancel |

Although the Supply Nets cannot be simulated they are necessary for the correct simulation of nets
with Pull-up or Pull-down components.

The list box contains the names of all nets in the active design. You can select individual or multiple
nets in the list box. Once selected you can specify the category and the voltage of the net.

With the button To Database you can save the specified net category and value to your P-CAD PCB
database. The information is saved in the database by net attributes.

A second way to specify the net category and value is to define net attributes directly in P-CAD PCB.
Define the net attribute Category and set the value of the attribute to SUPPLY and the net attribute
Voltage and set the value to the voltage of the net. If you now load the design into P-CAD Signal
Integrity, the nets get the defined category and value.

Edit components specifications

You can only modify components that are attached to a specific net. Therefore you must select nets
from the All Nets column (see display below) and click the Takeover icon. P-CAD Signal Integrity
then extracts all the required data for these nets and displays these in the simulation windows. You
can now select a net in the upper window and select the respective component in the lower
window. You can now proceed with the editing as described below.
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49 P-CAD 2001 Signal Integrity
File Edit Simulation Library Dptions  Help

Edit Commands

=1 E3

B I R = e Y e ol

— Al Met — Simulation

Met Class:

all = Mo | Met | Length@]l Average Imp. [Ohm | Commentl
1 DEMO_D10 1.4 78.81
2 DEMO_D11 EE.6 7881
3 DEMO_D12 07 8.8
Mo | D esignatar | Type | Fin | Direction | Comment |
1 N IC 54 Bi/Out
2 U3 IC 4 In

I e | Edi Buffer.. |

To modify specifications of components, click on the Edit Buffer button under the simulation
windows. This displays the relevant component dialog.

Integrated Circuit

Model | Stimulus |
i Companent
Designatar: u3 Part: DEMO_BUF

P
Pin

Fir: 4

Save to Library

Direction: IN =

Part Technalagy: IAET
T

Technology: AL

=
-
Input Maodel:

[Htput i ad el j

bufer

ok |

Cancel I

You can change the component Model data and the Stimulus pattern.

The Model tab shows the selected component parameters and its current settings. The Part
Technology, Input Model and Output Model boxes are context sensitive. When you choose a part
technology the default models of the part are taken from this technology. Similarly, choosing a
Technology and a direction will automatically display a list of relevant input and/or output models

to select from.
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Select a model and click OK to apply the changes. To save these changes to the library, click the
Save to Library button.

Integrated Circuit

hodel | Stimulus |

Stimulus Type: IS\ngIe Fulze 'I
Load...

Save.

di

Time

Simulation Time:

Start Level:  |Low b Tatal Time: |1 00 nsec
Start Time: |1D nsec Tirne Step: |1 00 psec

Stop Time: IBD nsec

Ok | Cancel I

On the Stimulus tab you can modify the Stimulus pattern to one of the following: Constant Level,
Single pulse or Periodic pulses, and the Stimulus level to: High or Low. The wave display will
change to reflect your choices. The number of parameters displayed is context sensitive with the
stimulus type chosen. You can also specify Start and Stop times for the pulse and the Period time if
a periodic pulse is chosen.

Stimulus details may also be loaded from a file. To do so, click on the Load button. This will display
the Load Stimulus dialog, with the files contained in the current folder. If the file you want is not
displayed, you can browse through other directories.

Load Stimulus ... EHE

Look in: Iastimuli j gl IE_

| 100kHz Clack. st
[#] 10Mhz Clack. stm
] 1MHz Clack.stm
[#] 50Mhz Clack. stm
9 zingle. stm

File hame:

Open I
Files of type:  [STIMLILI - stm) =l Cancel |
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Select the file you want to use and click the Open button. This will update the Stimulus with the file
data.

Stimulus details can be saved to a file. This is done by clicking the Save button, which displays the
Stimulus Save dialog.

Save Stimulus .. EE

Save in: I £ stimuli

3| 100mMHz Clock. st
] 10Mhz Clack. stm
[#] 1MHz Clack.stm
] 50Mhz Clack. stm
Q] gingle. stm

File name: || Save I
Save as ype: [STIMLILI .stm) =l Canedl |

Enter a name for the Stimulus file. The file type .stm is automatically assigned.
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P-CAD Signal Integrity Screening Commands

P-CAD Signal Integrity’s screening capability allows you to quickly screen a number of nets for
signal integrity and timing effects. It utilizes a very fast 2D-reflection simulator that uses a linear
representation of the IC pin behavior to achieve the high speed. It provides you with an overview
of the characteristics of the nets that are screened. Besides geometrical information it provides also
estimated values for signal integrity effects (overshoot, undershoot).

P-CAD Signal Integrity Screening should be used to determine which nets may be critical and
therefore require inspection in greater details using the Reflection simulator.

When screening bi-directional nets, both directions are simulated and the worst result of each
effect is displayed.

P-CAD Signal Integrity Screening commands can be accessed by choosing Screening from the
Simulation pull-down menu or by clicking on its icon.

When you start the Screening command, the Screening window is displayed, giving you access to
process specific icons, menus and commands.

B ¥| 2zl

File Commands

The File commands are accessed from the Screening File menu, which appears on the menu bar
when you initiate the Screening command. The File commands allow you to print and save files in
different formats. Each of these commands is discussed below.

File Report

The File Reports command allows you to output reports with specific output options. These options
are saved when you exit the program.
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Filename... | C:\Pragrarn FilesP-CAD 20014DematSignal Inkegrity',

Header: IHeport Header

Faoter: IFleport Faater

Feport Optionz Page Format — Shyle Format
¥ Met Data ¥ UseHeadsr | | Comma Separated
W |Impedance ¥ Usze Footer & Report
o e I Date/Page — Report Destination
¥ Timing v Pagination | Sereen
& Fil
Lines per Page: |B2 e
" Printer
Generate | Close
Filename

When choosing a file as the destination for the report, you can specify a file name. The file name
defaults to the currently open design. The file extension is automatically assigned depending on
the report option chosen.

Report File extensions

These cannot be changed. The extensions used are as follows:
e NDT for Net Data

e IMP for Impedance Data

e VOL for Voltage Data

e TIM for Timing Data

Report Options

You can specify individual reports (selecting from the list of report options) and choose to output
these all at once or one at a time. Each report type has its own file extension. The file name defaults
to the currently open design.

The following report examples have been produced choosing the screen as report destination.

Net Data reports the data for each selected net as listed below.
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:j demo.ndt - Notepad [_To] =]
File Edit Fomat Help
P-CAD 3creening Net Data demo o

Report Header

Units used = cmw

Net Names Length Component# Segment#
DENG D10 7.14 z 5
DENC D11 6.66 2 4
DEMO_ D12 .07 b4 1]
DEMO D13 6.46 2 4
DEMO D14 T.25 2 5

|

Impedance Data reports the impedance readings for each selected net as listed below.

a demo_imp - Notepad [_ o] <]
File Edit Faomat Help
P-CAD Screening Impedance detmo A
Report Header
Units used = Ohm
Net Names Lverage Impedance Min. Impedance Max. Iwpedance
DENG_D1o 7E.81 78.81 78.81
DENC D11 7B.81 78.81 78.81
DEMO D12 7E.81 78.81 73.81
DENG_D13 7E.81 78.81 78.81
DENC D14 TE.81 78.81 7E.81
=

Voltage Data reports the voltage readings for the Rising and Falling edges of each selected net as
listed below.
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:j demo.vol - Notepad [_To] ]
File Edit Fomat Help
P-CAD Screening Voltage demo o

Report Header

Units used = Volt
Rising Edge
Net Names Top Values Max. Cwershoot Max. Undershoot

DENO_D10
DENO D11
DEMO D12
DENO D13
DEND D14

tntn o
o
o

z
z
2.94
z
z

(S SIS S 5
-
tn

=

Timing Data reports the Slope and Flight Time on the Rising and Falling edges for each selected net
as listed below.

&% demo_tim - Notepad [_1O] %]

File Edit Faomat Help

F*CAD Screening Timing detmo A

Report Header

Units used = ns

Rising Edge Falling Edge
Net Names Slope Flight Time Slope Flight Time
DENG_ D10 0.10 0.9z 4.90 1.39
DEMO D11 o.19 1.01 3.58 1.36
DENO_ D1z 0.10 0.91 4.81 1.39
DENC D13 0.18 0.98 2.86 1.35
DENO D14 0.11 0.9z 4.94 1.40

Page Format
These options, when enabled, are output with whatever report type you have chosen to use.

Use Header and Use Footer include the text you have specified in the header and footer fields.
Date/Page includes the current date and page number.

Pagination allows you to create your own pagination (lines per page) when you generate the report
to the printer or to a file (see Report Destination section below). When you generate the report to
the screen, the report is displayed on the Notepad. In this case, use the DOS print command
available in the Notepad File command to print the report.
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Style Format
This enables you to specify the format of the report contents.

Comma Separated puts all information in comma separated format, which is a spreadsheet-
loadable format.

Report is a human-readable format with columns and spaces, etc.

Report Destination
This enables you to specify where to send the output.

Screen sends the output to a file and invokes Notepad to display the file. To print this file, use the
Notepad File/Print command.

File sends the output to a file. The name of the file defaults to the name of the currently open
design. You can specify a name of your choice by clicking the Filename button. This will display the
Reports File Save dialog on which you can enter a file name. The file extension will be automatically
assigned depending on the report option chosen.

Printer sends the output directly to the printer without creating files.

Lines per Page
This enables you to specify the number of lines per page in your output.

File SDF Out

This command enables you to save the details on interconnect delays between the different pins of
a signal into a SDF file.

The SDF (an abbreviation for Standard Delay Format) file is an ASCII text file that stores the timing
data generated by EDA tools. With the SDF intrinsic delays, interconnect delays, loading delays,
timing checks and timing constraints are represented using an abstract, tool-independent delay
model which is applicable to a variety of tools. The major purpose of the delay file is to facilitate the
distribution and control of design delay information between different EDA tools.

| ] | The File SDF Out command can be initiated by choosing SDF Out ... from the File pull-down menu
or by clicking on its icon. The Save File dialog is displayed, and you can specify the directory and
filename for the file you want to save.
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Save File ___ EHE

Save it |ademo j gl Ig

File name: I Save I
Save a3 twpe: IStandard Delay Format [*.5df) j Cancel |

Enter a name for your SDF file in the File name box. The SDF file type is automatically assigned.

File Close

This command exits the Net Screening process.

On exit from the Screening program, Signal Integrity saves the last settings used during the
screening session.

Edit Commands

The Screening Edit commands are accessed from the Edit menu, which appears on the menu bar
when you initiate the Screening command. They deal with modifying the Screening display.

Each of these commands is discussed below.
Edit Delete
The Edit Delete command removes the selected nets from the display.

M The Edit Delete command can be initiated by choosing Delete from the Edit pull-down menu or by
clicking on its icon.

Edit Select All

The Select All command selects all the nets displayed. The Edit Select All command is initiated by
choosing Select All from the Edit pull-down menu.

Edit Invert Selection

The Invert Selection command redefines the nets selected by substituting the currently selected
nets with the currently not-selected nets.

The Edit Invert Selection command is initiated by choosing Invert Selection from the Edit pull-down
menu.
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View Commands

The Screening View commands are accessed from the View menu, which appears on the menu bar
when you initiate the Screening command. They deal with selecting and organizing what is
displayed on the Screening window and displaying the nets' characteristics.

Each of these commands is discussed below.
Net Data View
The Net Data View displays for each net:
e The netlength. This is the sum of the length of the traces
e The number of IC’s connected to the traces

e The number of segments for each trace.

32§ P-CAD Signal Integnty Screening =] E3
File Edit “iew Help

8] ¥|[v z|p|iz]

hets Length [mm] | Componenttt Tracelt -
DEMO_DD 100.0 2 7
DEMO_D1 927 2 5
DEMO_D10 7.4 2 B
DEMO_D11 GE.E 2 4
DEMO_D12 0.7 2 5
DEMO_DZ2 38.0 2 7
NERO M720 £ 2 E LI
< | »

I .T_'I'T The Net Data View command can be initiated by choosing Net Data View from the View pull-down
menu or by clicking on its icon.

You can expand or restrict the columns size by dragging-in or out, at the column separation vertical
line on the column header.

Impedance View
The Impedance View displays for each net:

e The average impedance of the trace. It is derived from. The sum of the impedance of the
traces multiplied by the length of the traces and divided by the sum of the length of the traces.

e The minimum impedance of the trace.
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e The maximum impedance of the trace.

il P-CAD Signal Integrity Screening = (O]
File Edit “iew Help

] %] 2z g

Mets Average Imp. [Ohm . Imp. Max. [mp. [Ohm -
DEMO_D0 79.28 7928 79.28

DEMO_D1 78.09 7a.81 79.28
DEMO_D10 7881 h:x 788

DEMO_D11 7881 h:x 788
DEMO_D12 78.81 7a.8 7a.81
DEMO_D13 7881 h:x 788
DEMO_D14 8.8 788 7.8
DEMO_D15 7881 88 788 LI
4 3

The View Impedance View command can be initiated by choosing Impedance View from the View
pull-down menu or by clicking on its icon.

Voltage View
The Voltage View displays for each net:
e The Top value of the Rising edge
e The Maximum Overshoot of the Rising edge
e The Maximum Undershoot of the Rising edge
e The Base value of the Falling edge
e The Maximum Overshoot of the Rising edge

e The Maximum Undershoot of the Rising edge
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23 P-CAD Signal Integrity Screening
File Edit View Help
Bl x| = 2]e |

Max Undershoot (Rising... | BaseValue [Falling... | Max.Overshoot... | MaxUndershoat ...
DEMO_DO 5.00 348 256 0.00 295 212
DEMO_D1 5.00 339 253 -0.00 282 207
DEMO_D10 5.00 294 217 -0.00 220 1.60
DEMO_D11 5.00 288 204 0.00 2.04 1.46
DEMO_D12 5.00 294 218 -0.00 218 1.58
DEMO_D13 5.00 27 202 0.00 195 142
DEMO_D14 5.00 2596 221 -0.00 222 1.64
DEMO_D15 5.00 274 199 -0.00 189 138
DEMO_D16 5.00 246 1.80 0.00 159 117
DEMO_D17 5.00 276 20 0.00 1.92 139
DEMO_D18 5.00 229 1.71 0.00 137 1.0 ;I
1 [ »
|

| &l The Voltage View command can be initiated by choosing Voltage View from the View pull-down
menu or by clicking on its icon.

These voltages help you identify the critical nets that will require further investigation with the
Reflection Simulator.

Timing View
The Timing View displays for each net:

e The Slope of the Rising edge

The Flight Time of the Rising edge
e The Slope of the Falling edge
e The Flight Time of the Falling edge

33l P-CAD Signal Integiity Screening |_ (O] x|
Fle Edit “iew Help

B 3| = z|e]e

Nets Slope [Rising Edge)... | Flight Time [Rising Edge]... | Slope (Falling Edge] ... | Flight Time (Falling Edge] ..
DEMO_DS_DEM... 015 1.3 339 1.88
DEMO_D22 013 0.82 1.40 1.25
DEMO_D24 014 0.83 1.62 1.26
DEMO_D31 014 0.85 167 1.27
DEMO_D18 014 0.85 167 1.27
DEMO_D26 014 % 0.85 1.67 1.27
NELN_M728 nid nas 1R7 197 LI
4 »
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L{Z The Timing View command can be initiated by choosing Timing View from the View pull-down
menu or by clicking on its icon.
Arrange Nets

The Arrange Nets command enables you to sort the nets displayed by the value in any of the view
columns. The Arrange Nets command is initiated by choosing Arrange Nets from the View pull-
down menu. This displays the Arrange Nets selection menu. The menu displays in highlight the
choices currently available. This corresponds to the view displayed.

Select the sorting parameter and the nets displayed will be sorted by the values of that parameter,
and displayed in the new sequence.

Select Columns

The Select Columns command enables you to define what columns should be displayed in each of
the Screening views. The Select Columns command is initiated by choosing Select Columns from

the View pull-down menu. This displays the Select Columns dialog, which has a tab for each of the
Screening views.

The columns currently displayed are ticked. Click on the column(s) to select or de-select.
The dialog below enables you to specify what columns to display on each data view.
Het | Impedance | Yoltage | Timing

Met————
¥ Length

¥ Component Count

¥ Segment Count

Cancel |

Selected Columns

Met |Impedance| YWoltage | Timing

Impedance
¥ Char. Impedance

¥ Min. Impedance

¥ Max. Impedance

Cancel
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Selected Columns
MHet | Impedance | Voltage | Timing
Rizing Edge Faling Edge
¥ TopWalue V¥ BazeValue
¥ Max Overshoot V¥ Max Overshoot
¥ Max Undershoot ¥ Max Undershoot

Cancel |
Selected Columns
MHet | Impedance | Yoltage | Timing
Rizing Edge Falling Edge
¥ Slope v Slope
IV Flight Time I Flight Time
Cancel

Help Commands

The Screening Help commands are accessed from the Help menu. They allow you to access all the
Help messages.

Help Topics
Displays the P-CAD Signal Integrity online help including the Contents tab which is structured to

match the order of commands as they appear in the product, and the Index tab which lets you look
up a specific concept or keyword.

About Help

Connects you to the Windows help system, where instructions on how to use the help system are
provided.
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P-CAD Signal Integrity Simulation Commands

The Simulator is designed to analyze the behavior of complex transmission line systems on printed
circuit boards. You can analyze reflections and crosstalk by simulating nets process takes into
account the characteristic impedance and phase velocity of the different segments of a net, which
is calculated from the cross-section of the PCB, as well as the input and output characteristics of the
buffers connected to this net. For Crosstalk analysis the mutual capacitance and inductance
between parallel segments of different nets are considered additionally.

The Simulation commands are accessed from the Simulation menu, which appears on the menu
bar when you enter P-CAD Signal Integrity. They deal with reviewing parameters, running
simulations and producing outputs.

The Screening command is described in Chapter 5: P-CAD Signal Integrity Screening Commands.

All other Simulation commands are discussed in this chapter.

Termination Advisor

Sometimes termination networks are a good way to prevent reflections, which become prevalent at
higher frequencies. These reflections cause noise, which degrade signal integrity and lead to
malfunction in the worst case.

Terminations are used to minimize reflection and achieve the signal integrity necessary for
successful data integrity.

The Termination Advisor allows you to test termination strategies without making physical changes
to your board, by inserting ‘virtual terminations’ into the net at the location you define.

You can select from a variety of termination options to achieve an optimal PCB electrical
performance.

The Termination Advisor command can be accessed from the Simulation menu or by clicking on its
icon.

Select a Termination method out of the eight choices available. These are described below:
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1. None

-~ Methods
' Nong
" Serial R
" Parallel R ta VCC m_l>
£ Paraliel B to GND

€ Parallel F's to VCT and GND

€ Parallel C to GMD

£ R and C ta GND

€ Parallel Schatthy Diodes Send to P-CAD PCR |

I~ Valus

Description:

| Cancel |

No termination is applied. This is the default.

2. SerialR

~Methads

£ Naone

& Genal

€ Paralll R to VT D,.&,_.f_:
€ Parallel R ta GND

£ Parallel B's to YCC and GND

€ Parallel C to GND

" R and C to GND

€~ Parallel Schattky Diodes Sendta P-CAD PCB |

—Valu

Description;

i senies resistor located at the driver output is 3 very j

effective termination techniques far point-to-point

connections. The value of the amplitude of the incident
woltage wave is decreased. The comectly terminated line [
FR1=2L - Rout: Rout output resistance of the buffer |

shows no overshoot at the receiver. The seiies termination ;I

0K I Cancel |

This is the serial impedance termination method.

A series resistor located at the driver output is a very effective termination technique for point-to-
point connections. The value of the amplitude of the incident voltage wave is decreased. The
correctly terminated line (R1 = ZL - Rout; (ZL characteristic impedance, Rout output resistance of the
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buffer) shows no overshoot at the receiver. The series termination is best suited for CMOS
technologies.

The value displayed is the default value for the parameter.

3. ParallelRto VCC

Methods————————

" Mong Llié

" Senal R R

@ Paralelfi lovn

€ Parallel R ta GND

" Parallel B's to YT and GND

£ Parallel C to GHD

€ R and C ta GND

" Parallel Schottky Diodes Gendto P-CAD PCE
—Walu

At: [1000hm e
Rz | YCL: [BY

Description;

["with a parallel resistor connected to VCC receiver input iz | &
malched to the transmission line impedance [R1 =2L ).

This is a perfect termination for the line reflections but there
continously flows curent in the termination registor. This
increases power dissipation and depending on the resistor
value leads to increased low voltage levels. Perhaps ;I

Ok I Cancel |

With a parallel resistor connected to VCC at the receiver (Pull-up resistor), the input is matched to
the transmission line impedance (R1 =Z1). This is a perfect termination for effects due to line
reflections, but there is a continuous flow of current through the termination resistor. This
increases power dissipation and, depending on the resistor value, leads to increased low voltage
levels, which may conflict with ‘operation conditions’ specified in the component data sheets.

The values displayed are the default values for the parameters.

4. Parallel R to GND

With a parallel resistor connected to GND at the receiver (Pull-down resistor), the receiver input is
matched to the transmission line impedance. (R2 = Z1). This is a perfect termination regarding line
reflections but there is a continuous current drain through the termination resistor. This increases
power dissipation and, depending on the resistor value, leads to decreased high voltage levels,
which may conflict with ‘operation conditions’ specified in the component data sheets.
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72

~Methads————————

None

Serial R

Parallel R to VLT
sl i GHD
Parallel B's to VLT and GND
Parallel C to GND

R and C to GND

Parallel Schattky Diodes Sendto P-CAD PCB |

GHD

8 (e i) e 0T ie e e

[~ Vale!

GHE [
F2: |100 Ohm YEE

Drescription,

[wiith a parallel resistor connected to GMD receiver input is j

matched to the transmission ine impedance [R2=2ZL ).

This is a perfect termination for the line reflections but there
continously flows current in the termination resistar. This
increases power dizsipation and depending on the resistor
value leads to decreased high volkage levels. Perthaps 2

k. I Cancel |

The value displayed is the default value for the parameter.

5. Parallel R’s to VCC and GND

Termination Advisor

This kind of termination, also called ‘Thevenin termination’ or ‘split termination’, can be used for
TTL bus systems. With R1|| R2 = Z1 the termination network is well dimensioned for eliminating
transmission line reflections. However the disadvantage of this termination is the large DC current
through the resistor divider. In order to avoid violations of datasheet specifications, resistor values
should be derived carefully. In most cases a compromise between perfect match and acceptably

low current can be achieved.

[ Methads

None e

Serial B Rl

Parallel R to VLT

Parallel A to GND
Paraliel s to VET and GRDE
Parallel C to GND

R and C to GHD

Parallel Schottky Diodes Send to P-CAD PCB |

GHD

i Nie Nie o Nie Nie Nie N

[~ Walug

R1: [220 Ohm (2
R2: |330 Ohm WCC: |9

Descriptian;

This kind of termination. sometimes called thevenin j

termination’ or 'split termination’, is acceptable for TTL bus
spsteme. With A1 |R2 =2ZL the termination network is

well dimensioned for eleminating transmission line

reflections. However the dizadvantage of this termination is

the large DC current through the resistor devider, In order ﬂ

119 I Cancel |
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The values displayed are the default values for the parameters.

6. Parallel C to GND

Sometimes a capacitor to GND is used at the receiver input to reduce signal noise. A disadvantage
is that rising and falling waveforms at the receiver may become too smooth and these increases in
rise and fall times may cause timing problems.

Termination Advisor

~Methads————————

£ Naone

" Gerial R

" Paraliel R to'WCC g

€ Parallel R ta GND

4
£ Parallel B's to YCC and GND
p 3 aHD

& Parglel 1o GND

" R and C to GND

€~ Parallel Schattky Diodes Sendta P-CAD PCB |
—Valu

Al | 0 [47eF
Az | Y |

Description;

Sometimes capacitor to GMD is used at the receiver input to

reduce signal noise. A disadvantage is that rising and falling

wavefoms at the receiver may become tao smooth and

increased rise and fall imes may cause timing problems.

0K I Cancel |

The value displayed is the default value for the parameter.

7. Parallel R and C to GND

RC termination at the receiver input has the advantage that no DC current flows in the termination
network. When the time constant R x C is about four times the propagation delay of the
connection, the line is almost sufficiently terminated. For this rule of thumb the value of the
resistor is assumed to be equal to the characteristic impedance of the line (R2 = Z1).
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Methods—————————————

Mone

Serial B

Parallel R to VLT B
Parallel B to GND R2
Parallel B's to YCC and GND
Parallel C to GHD

C
aHD T

8 BiCHie e Nie Sie Bie N

Parallel Schattky Diodes Sendto P-CAD PCB |

—Walu

Al C [tooeF
F2: [63 0hm I

Description:

R L termination at the receiver input has the advantage, that
rio D curtent flows in the temination netwark. \when the time:
constant B2 x C s about four imes the propagation delay of
the connection, the line it almost sufficiently terminated. For
this rule of thumb the value of the resistor iz assumed to be
equal to the characteristic impedance of the line [R2 =2L ).

0K I Cancel |

The values displayed are the default values for the parameters.

8. Parallel Schottky Diodes

Termination Advisor

Schottky clamping diodes at the end of the transmission line connected to GND and / or VCC
reduce under- and overshoot at the receiver. Most input circuits of standard logic ICs contain

Schottky clamping diodes.

~ Methads
Hione Ll
Serial A o
Parallel i to YT

Parallel R to GND

Parallel B's to VLT and GND
Parallel C to GHD

R and C to GND

GHD

0 Nie Nie Nie Nie N Nie Nis

Sendto P-CAD PCE |

e |
Rz [ vee [sv

Drescription;

Shattky clamping diodes at the end of the transmission line
connected bo GHD and/or VCC reduce under- and overshoot
at the receive. Maost input circuits of standard logic IC contain
shottky clamping diodes.

Ok I Cancel |

The value displayed is the default value for the parameter.
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Set Victim Net

This command is active only for Crosstalk simulations.

To set a victim net select a net from the list in the Simulation window on the Signal Integrity entry
screen and click the Set Victim Net icon, or select Set Victim Net from the Simulation menu.

A net which is a victim net will have its driving stimulus set to a constant level ‘0’ while all other nets
have the stimulus defined in the Stimulus tab of the Integrated Circuit dialog.

Set Aggressor Net

This command is active only for Crosstalk simulations.

== JOsetan aggressor netselecta net from the list in the Simulation window on the Signal Integrity
=3 entry screen and click the Set Aggressor Net icon or select Set Aggressor Net from the Simulation
menu.

A net which is an aggressor net will have its stimulus defined in the Stimulus tab of the Integrated
Circuit dialog while all other nets are assigned a constant level ‘0’ stimulus.

Reflection

With high-speed logic design it is becoming increasingly important to ensure that the topology of
the PCB interconnect is designed to minimize reflection and crosstalk effects.

Reflection effects are caused by impedance mismatching between components and traces as well
as individual trace segments. When traces go from layer to layer impedance discontinuities can
occur. Changes in topology such as T-junctions can also cause reflection.

The Reflection simulator calculates voltages at nodes of a net using routing and layer information of
the PCB and associated driver and receiver circuits.

The electrical characterization of the lines is automatically calculated by a 2D-field solver. Modeling
initially assumes that path losses are small enough to be disregarded.

The simulator provides you with detailed and highly accurate information on all signal integrity
related aspects like over- / undershoot, voltage and timing.

i~ | The Reflection simulator can be accessed either from the Simulation menu by choosing Reflection
=—"| from the pull-down menu or by clicking the mouse button on its icon. This initiates the Reflection
simulation for the selected nets.

The results of the Reflection simulation are returned presented in an oscilloscope-like wave
analyzer. The WaveAnalyzer commands are described in Chapter 7.
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The P-CAD Xtalk simulator enables you to analyze crosstalk by simulating coupled nets extracted
from PC board circuit layouts.

Crosstalk is a type of interference caused by the electromagnetic waves transmitted from one trace
into adjacent traces.

P-CAD Xtalk simulator can be accessed either from the Simulation menu by selecting Crosstalk
from the pull-down menu, or by clicking the mouse button on its icon. This initiates the Crosstalk
simulation for the selected nets.

The output of the Crosstalk simulation is displayed by the Wave Analyzer on completion of the
simulation.

The time taken to simulate is related to the complexity of the problem being solved. The simulation

preparation involves the creation of a n? matrix of capacitance and inductance per unit length
where n is the number of traces being analyzed.
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P-CAD Signal Integrity Wave Analyzer

P-CAD Signal Integrity Wave Analyzer displays the results of the P-CAD Signal Integrity Reflection

or P-CAD Signal Integrity Xtalk simulations in an oscilloscope-like format.

P-CAD WaveAnalyzer
File Edit Analyze Options Help

[_[O]x]

Dig|@|a] alafnll] Fls vl

z0 1 T I Y O
0 040 020 031 040 040 080 070 080 g7 1.00
tE —=

Reflection Simulation Result

DEMO_D11
U126

uza

DEMO_D12Z
U171

_| uzs

- Measurements

[ | % 43750008

¥: -0.56816

The picture above shows the results of a Reflection simulation. On the right of the wave display

wave names are listed under the name of their respective net.

The Wave Analyzer calculates performance parameters like overshoot, rise time, etc. of the nets
analyzed. It provides facilities to file, edit and print the results, as well as options to modify the
display and zoom-in on areas of interest. The actual values of the parameters can be displayed in

the measurement area.

The Wave Analyzer commands are accessed through menus and icons as pictured below. Each

command is described in this section.

File Edit Analyze Options Help

D|=(d|a] &[] [k AN ]|k
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Wave Analyzer File Commands

The Wave Analyzer File commands deal with opening, saving and printing wave files.

File Open
The File Open command enables you to load a wave file onto the display.

[Z| The File Open command can be initiated from the File command pull-down menu or by its icon.
When you choose the File Open command, P-CAD Signal Integrity displays the Open File dialog
from which you can choose the directory and filename of the file you want to open.

Open File HE
Look jn: Ia Signal Integrity j - Ei‘ '
s8] DEMO_a31. dia

File nare: I j Open I
Files af tpe: Iwaves [*.dia) j Cancel |

7

Select the wave file you want to use from the files listed. The selection will be shown in the file
name box, with the file type .dia. Click the Open button and the waves from the file will be added
to the current display.

File Save
Use the File Save command to keep waves details in a file.

| = | The File Save command can be initiated from the File command pull-down menu or by its icon.

When you choose the File Save command, P-CAD Signal Integrity saves the displayed waves and
their parameters in the currently open file. If none is opened yet the Save File dialog is displayed,
on which you can enter a file name. The extension .dia is automatically assigned. This file will be
over-written every time you issue a File Save command. If you want to save a wave file with a new
file name, use the File Save As command.
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File Save As

The File Save As command saves waves details in a new file with a name and location of your
choice.

The File Save As command is initiated from the File command pull-down menu.

When you choose File Save As, the Save File dialog is displayed. Here you can specify the directory
and filename for the wave file you want to save.

Save File HE
Save in: Ia Sighal Integrity j = EF '

DEMO_431 dia

File name: IHesuIt.dia ﬂ Save I
Save as tupe: IWaves [*.dia) j Cancel |

7

Enter the file name in the File name box, and click the Save button. The File type .dia is
automatically assigned and the next time you look in the file list the wave file will appear in the file
list window with the extension added to the name.

File Print

The File Print command prints the current content of the Wave Analyser display.
&5 | The File Print command can be initiated from the File command pull-down menu or by its icon.

When you choose the File Print, the Print dialog is displayed. Here you can specify the printer and
print details.
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Print H
— Pririker
Marme: A0 DE FARK Properties |

Status: Fieady
Type: #Herox DocuPrink CB5 PS
Where:  195.37.60.76:PS

Comment; ™ Prirt ta file
— Prink range Copie
Al Murnber of copies: m
& Pages [rom:|1— lic) I'I— I
) Selection Iﬂ ,

ak I Cancel

File Page Setup

Wave Analyzer File Commands

The File Page Setup command enables you to define the page layout details for the printer. It deals
with page orientation, margin size and paper size.

The File Page Setup command is initiated from the File command pull-down menu, and displays the

Page Setup dialog.

You can specify the paper size and source, and the orientation and margins of the printed page.
You can check your layout specification on the page model in the top of the window.

— Paper
Size:
Source: IAutomaticaIly Select j
— Orientation arging [millimeters)
& Portrait Left: |25.4mm FRight: |25.4mm
 Landscape Top: |31.Bmm Bottom: |31.8mm

o]

Cancel |

Prirter... |

P-CAD Signal Integrity User’s Guide



Edit Commands Chapter 7: P-CAD Signal Integrity Wave Analyzer

Clicking the Printer button displays the following dialog.

Page Setup 2]

Frirter

Mame: \WALDE RAMIM <erox DocuPrink C55 PS Properties |
Statuz Feady

Type: #erox DocuPrint C55 PS
where:  195.37.60.76:P5

Comment:
MNetwark... | Ok, I Cancel

File Exit

The File Exit command closes the Wave Analyzer and returns to the P-CAD Signal Integrity screen.

Edit Commands

The Wave Analyzer Edit commands deal with managing the Wave Analyzer display.

Edit Copy

The Edit Copy command is initiated from the Edit command pull-down menu. The Edit Copy
command copies the displayed waves to the clipboard so that you can load them to another
program such as Word. The picture below shows a wave display copied from the Wave Analyzer.

I DEMO_D11
L1 36
-l UEs

DEMO_D12
7

o LEE

Refection Simulation Result
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Edit Rescale

The Edit Rescale command rescales the display so that all the full waves fit into the diagram. If you
issue the Edit Rescale command when the display is zoomed-in, the display reverts to the original
size and scale, ignoring any range options specified for the X and Y axes.

The Edit Rescale command is initiated from the Edit command pull-down menu.

Edit Redraw

The Edit Redraw command redraws the display. The Edit Redraw command is initiated from the Edit
command pull-down menu.

Edit Delete Selected Wave

The Edit Delete Selected Wave command deletes the selected wave. A wave can be selected or de-
selected by clicking with the mouse on the wave name (on the right of the waves display). The Edit
Delete Selected Wave command is initiated from the Edit command pull-down menu.

Edit Delete all Waves

The Edit Delete all Waves command deletes all the displayed waves. The Edit Delete all Waves
command can be initiated from the Edit command pull-down menu.

Edit Clear Measurement Area

The Edit Clear Measurement Area clears the measurements box which is located on the right of the
waves display area. The Edit Clear Measurement Area command is initiated from the Edit command
pull-down menu.

Edit Zoom In

The Edit Zoom In command enables you to zoom-in on sections of the display. Click and hold the
mouse button on the top left corner of the area you want to zoom-in on, then move the cursor to
the lower right corner of the area and release the mouse button.

@kl The Edit Zoom In command can be initiated from the Edit command pull-down menu or by its icon.

82

The picture below shows a zoomed-in wave area.
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P-CAD WaveAnalyzer
File Edt Analyze Options Help
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Reflection Simulation Result
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Edit Zoom Out

Use the Edit Zoom Out command to undo the last Zoom In. The Edit Zoom Out command can be
| Ql initiated from the Edit command pull-down menu or by its icon.

Edit Origin

Use the Edit Origin command to undo all the Zoom Ins and restore the original waves display. The
Edit Origin command maintains the range definitions for the X and Y-axis (set in the Options
menu). The Edit Origin command is initiated from the Edit command pull-down menu.

Analyze Commands

The Wave Analyzer Analyze commands are used to switch between time domain and frequency
domain display and to analyze performance parameters of the signal behavior.

Analyze Cartes
The Analyze Cartes command switches the waves display to a Cartesian coordinate system view.

The picture below shows a wave display in Cartesian coordinate system view, which represents the
time domain behavior of the signals.

EQ The Analyze Cartes command can be initiated from the Analyze command pull-down menu or by
its icon.
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P-CAD WaveAnalyzer [_ O] %]
File Edit Amalyze Options Help

D@8 &la| ali bl kim] i

DEMO_D11  Measurements
U136

v V] —=

u3.5

DEMO_D12
U171
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Reflection Simulation Result

| A 2.1891e-008 i -1.9037

Analyze FFT

The Analyze FFT command switches a wave display to the frequency domain view which is
calculated using Fast Fourier Transformation (FFT).

The picture below shows this display method which can be used to analyze the frequency

spectrum of the signals. By this, frequencies that may be radiated from the trace with high energy
can be detected.

l"]lu. The Analyze FFT command can be initiated from the Analyze command pull-down menu or by its
icon. You must select a wave before you initiate the Analyze FFT command.

P-CAD WaveAnalyzer [_[O]x]
File Edit Analvze Options Help

M I TRENEN T I (AN B

20

- Measuiements

W] V] —=
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Fast Fourier Transformation U1.38
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Click the Analyze Cartes icon to revert to the Cartesian coordinate system.

Analyze Rise Time
The Analyze Rise Time command displays the rise time of the selected wave in the measurement
area. The picture below shows this display.

}h The Analyze Rise Time command can be initiated from the Analyze command pull-down menu or
by its icon.

teasurements

Rize Time: U3.5
tr=0E3 nz

This displays the Rise Time for wave U3.5.

Analyze Fall Time
The Analyze Fall Time command displays the fall time of the selected wave in the measurement
area. The picture below shows this display.

_\-. The Analyze Fall Time command can be initiated from the Analyze command pull-down menu or by
its icon.

Measurements

Fall Time: U3.5
tf = 0.9E ns

This displays the Fall Time for wave U3.5.

Analyze Minimum
The Analyze Minimum command determines the minimum of the selected wave within the
currently visible area (zoomed or unzoomed) and displays it in the measurement area.
If there are several minima with the same Y value, the one with the lowest X value is displayed.

|'L'_’ The Analyze Minimum command can be initiated from the Analyze command pull-down menu or
by its icon.

Meazurements

Finimum; U35
t=62.60ns
Wmin = -1.47 %

This displays the minimum for wave U3.5.
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Analyze Maximum
The Analyze Maximum command determines the maximum of the selected wave within the
currently visible area (zoomed or unzoomed) and displays it in the measurement area.
£ The Analyze Maximum command can be initiated from the Analyze command pull-down menu or
by its icon.

If there are several maxima with the same Y value, the one with the lowest X value is displayed.

Meazurements

b Eirniarn: L35
t=1223ns
Wnaw = 7.04%

This displays the maximum for wave U3.5.

Analyze Baseline

The Analyze Baseline command determines the values of the base line for the selected wave and
displays these in the measurement area.

These values are the basis for the calculation of the rise and fall times of the slopes of a signal.

In order to calculate the values for the base line a grid is superimposed on the coordinate system
and the frequency with which the coordinates occur within the discrete grid cells (events) is
evaluated with the aid of a histogram. The lower maximum values of the histogram are the values
for the base line. Due to this type of analysis the section in which the slope to be analyzed is
displayed is significant. This means the results depend on the zooming.

| l—- The Analyze Baseline command can be initiated from the Analyze command pull-down menu or by

86

its icon.

heazurements

Baze Line: 3.5
YWhaze = -0.00V

This displays the base line for wave U3.5.

Analyze Topline

The Analyze Topline command determines the values of the top line for the selected wave and
displays these in the measurement area.

These values are the basis for the calculation of the rise and fall times of the slopes of a signal.

In order to calculate the values for the top line a grid is superimposed on the coordinate system
and the frequency with which the coordinates occur within the discrete grid cells (events) is
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evaluated with the aid of a histogram. The higher maximum values of the histogram are the values
for the top line. Due to this type of analysis the section in which the slope to be analyzed is
displayed is significant. This means the results depend on the zooming.

T The Analyze Topline command can be initiated from the Analyze command pull-down menu or by
its icon.

heazurements

Top Line: U3.5
YWiop = 5.00%

This displays the top line for wave U3.5.

Options Commands

The Wave Analyzer Options commands deal with modifying the waves display attributes.

Options Measurement Area
The Options Measurement Area command toggles the display of the measurement area. The

Options Measurement Area command is initiated from the Options command pull-down menu.
Options Wave Names
The Options Wave Names command toggles the display of the wave names. The Options Wave

Names command is initiated from the Options command pull-down menu.

Options Display
The Options Display command enables you to set the fonts and colors for the Title, Axis, Wave
Names as well as the Background, Foreground and Highlight on the simulation result display area.

The Options Display command is initiated from the Options command pull-down menu.

Options Dizplay E

Fonts——  Colors
e | Backgowd | ]
mis | Foregiound |

Wave Names | Highlight |

Canicel |
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Options Commands

Clicking any of the buttons in the Fonts column of the Options Display dialog displays the Font
dialog. This enables you to specify the font characteristics. These take effect when you click the OK

button.
Font [ 2]

Font: Font ghyle:

Im IHeguIar ok I
Al Black Italc Cancel_|
Comic Sans M5 Bold

B Courier Mew Bold ltalic

B Impact

B Lucida Conzale
B Lucida Sans Unicode LI

— Effects —Sample

LCalor:

[™ Shikeout
[ Underline AaB vaZZ

I- Black LI Script:

IWestem

=

Clicking any of the buttons in the Colors column of the Options Display dialog displays the Color
dialog. This enables you to specify the background, foreground and highlight colors. They take

effect when you click the OK button.

Color H

Basic colors:

EEEET
IHEENET

Custom colors:

NN NN
B I

Define Cugtom Colors » > |

Ok I Cancel |
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Options Coordinate System

The Options Coordinate System command enables you to select the type and line style of the grid
and the title of the diagram displayed in the simulation result display area.

Coordinate System E I

Grid
Type: |Wide vl
Line Style: [t -

Title: IFleeru:ticun Sirulation Result

Cancel |

The Options Coordinate System command is initiated from the Options command pull-down
menu.

Options X-Axis

The Options X-Axis command enables you to set the range* of the diagram, the scaling of the X-axis
(linear or logarithmic) and the tick density on the axis. The tick density defines also the density of
the grid. You can also set the title for the X-axis.

* Limits for the range: All values (minimum, maximum and step width) must be higher than 1.0e-30
and lower than 1.0e30.

The initial Minimum, Maximum and Step Width values are by default, the values required to fitin
all the full waves on the Wave Analyzer display. These are the values that will be restored when
issuing the Edit Rescale command.

The Options X-Axis command is initiated from the Options command pull-down menu.

Axiz

Range Scale

M inimum; IEI Tupe: I Linear hd l
M awimum: |1 e007 Tic Density: I Middle 2 l
Step Width: IEB-DDS

Title: |t [5]

Cancel
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Options Y-Axis
The Options Y-Axis command enables you to set the range* of the diagram, the scaling of the Y-axis
(linear or logarithmic) and the tick density on the axis. You can also set the title for the Y-axis.

* Limits for the range: All values (minimum, maximum and step width) must be higher than 1.0e-30
and lower than 1.0e30.

The Options Y-Axis command is initiated from the Options command pull-down menu.
The maximum must be higher than the minimum. All the values are rounded automatically to the

next possible value.

Options Wave

The Options Wave command enables you to set the line style, the line thickness and color and title
for the selected wave.

Line Calaor

Shyle: Isoﬁd vl W ave | .
Thickness: Isma" vl

Title: [U3.5

Cancel |

This command operates only when a wave is selected.

The Options Wave command is initiated from the Options command pull-down menu.

Help Commands

The Wave Analyzer Help commands provide access to the Help messages for all Wave Analyzer
commands.

WaveAnalyser Help Topics

The Help WaveAnalyzer Help Topics command is initiated from the Help menu.

The Help WaveAnalyzer Help Topics command displays the Wave Analyzer online help including
the Contents tab which is structured to match the order of commands as they appear in the
product, and the index tab which lets you look-up a specific concept or keyword.

How to Use Help

The How to Use Help command is initiated from the Help menu.

90 P-CAD Signal Integrity User’s Guide



Help Commands Chapter 7: P-CAD Signal Integrity Wave Analyzer

The How to Use Help command connects you to the Windows help system where instructions on
how to use the help system are provided.

About WaveAnalyzer

The Help About WaveAnalyzer command is initiated from the Help menu. It displays a window with
details of the product and the version number.

About WaveAnalyzer E

p-cad 2001

SPECIALIZED DESIGN TQOLS FOR PCE PROFESSIONALS ™

Copyti

P-CAD "W avednalyzer

Version 16.00 [16.00.58)

Copyright @ 1983-2001 ACCEL Technologies, Inc,
1994-1939 INCASES Engineering GmbH

warning: This computer program is protected by copyright law and intemational
treaties.

Unauthorized reproduction or distribution of this program, or any portion of it, may result
in severe civil and criminal penalties, and will be prosecuted to the mazimum extent
possible under law.
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CHAPTER 8

General Commands

Library Commands

P-CAD Signal Integrity simulation results depend on parts and macromodel specifications. These
specifications are looked-up in a database — the model library. This library is split into two sections:

e Basiclibrary
e User library
The Basic library is an integral part of P-CAD Signal Integrity and cannot be modified.

The User library is initially empty and the user can use the Macromodel editor to insert custom
models and parts into the model library.

When the simulator looks-up a model or a part (searching is done by name) it first searches the
User library. If the desired model or part is not found in the User library, the simulator tries to find
in the Basic library. If the model or part is not found in the Basic library either, the simulator uses a
fallback model: Fallback model Technology HC.

The Library commands are accessed from the Library menu, which appears on the menu bar on the
P-CAD Signal Integrity screen. They deal with editing Macromodels and importing IBIS files.

Each of these commands is discussed below.

Macromodel Editor

Choosing Macromodel Editor from the Library pull-down menu displays the Macromodel Editor
window which is similar in appearance and functionality to the Microsoft Windows’ Windows
Explorer display.
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Macromodel Editor
Fil= Edit ‘wWindomw Help
- ModelLibramy

-4 |C(In]
-4 |C[Out]
-4 |C[Tri]

{3 ConnectorTL)
~{&]) Connector[LE]
-7 Resistor
-.fif] Capacitar
-3 Inductor
7 Diode

3 BT

|Feady | |

The editor window is divided into two areas:
e Alibrary tree on the left
¢ Adocumentarea on the right

The custom user models are organized in the library tree. You can navigate through the files system
as you do in the Windows Explorer.

Description of the library tree

The User library is the root of the tree. It contains a folder for each type of parts and models. Each
folder holds the list of user custom models defined in the database.

IC models are also sub-divided into available technology folders, as shown in the picture below.
Each technology folder holds the custom defined IC buffer models.

=% Model-Librany
-4 1T
-7 48T
3 a0
27 4cT
L demo_butfer
. E demo_cpu
73 aHC
7 &HC_80
-7 AHCT
7 &HCT_E0
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The full list of available technologies is in the table below:

Alias Description

ABT Advanced Bipolar CMOS Technology

AC Advanced CMOS

ACT Advanced CMOS with TTL inputs

AHC Advanced High Speed CMOS

AHC_50 Advanced High Speed CMOS 5.0V

AHCT Advanced High Speed CMOS with TTL inputs
AHCT_50 Advanced High Speed CMOS 5.0V with TTL inputs
ALS Advanced Low Power Schottky

ALVC Advanced Low Voltage CMOS

AS Advanced Schottky

BCT Bipolar CMOS Technology

BTL Backplane Transceiver Logic/Futurebus+
CMOS CMOS

F FAST

FCT FAST CMOS Technology

GTL Gunning Transceiver Logic

GTL_LVT Gunning Transceiver Logic Low Voltage

HC High Speed CMOS

HCT High Speed CMOS with TTL inputs

HLL High Speed Low Power Low Voltage CMOS
LS Low Power Schottky

(AY Low Voltage High Speed CMOS

LvC Low Voltage CMOS

LVT Low Voltage BICMOS Technology

S Schottky

STD_TTL Standard TTL

TTL TTL

Unknown technologies (UK) are mapped to HC - (High Speed CMOS).

The items in the tree folders represent user’s custom models.
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Depending on the type of model you create, view or edit, the appropriate dialog is launched in the
area on the right of the library tree.

To view or modify the model parameters you can:
1. Double-click on the model name.

2. Choose the model name, click the right mouse button and select Open from the pop-up
menu.

3. Click once on a model name and choose the Open command from the Edit pull-down menu.

On the dialog that displays you can view or modify the model parameters.

Macromodel Editor =]
File Edit “Window Help

=4 IC(IN)
-7 4BT
-7 ac
=-£0 ACT
:g 2:5_50 +IC Input - ALS_123 M= B
-7 AHCT Clamping
7 &HCT_50 Technology Resistance, Capacitance
=3 L8
-] ALs 123 Resistance [Twonm
-7 ALV :
-7 25 Capacitance | 4 pF
-~ BCT
-E3BTL
-7 cMos
D F
~EaFCT
-E3GTL
-7 GTL_LVT
D HC
£ HCT
-E3HLL
~EaLs
D Ly

-3 LvC
T

IC Models

To create a new model, select a model type or choose a technology for the model, e.g. ‘ALS’ or
‘CMOS’ in the appropriate IC folder in the model library, and then select Add from the Edit menu.
After supplying a model name, an IC custom model dialog displays in the area on the right of the
Macromodel Editor window. The dialogs vary depending on the model type. There are three tabs to
describe the parameters of IC models. Each tab shows the default values for the parameters. You
can modify these as required to create your new model.
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IC Input, IC Tristate

IC Input and Tristate dialogs are the same. You can modify parameters by entering them on the
relevant tab as described below.

1. The Technology tab. On it you can specify the Supply Voltage for the model.

{IC Input - ALS_123 M=l E3
Clamping ]
Technalogy ] Fesistance, Capacitance ]
Technolooy ALS
Supnly Voltage ISV
—Comment

2. The Resistance and Capacitance tab. On it you specify the Resistance and Capacitance values.

+IC Input - ALS_123 =] E3

Clamping
Technaology Resistance, Capacitance

Resistance |1 M Chim
Capacitance |4 nF

3. The Clamping tab. On this tab you specify the clamping voltage and the differential resistance
of the power.

+IC Input - ALS_123 [ (O] %]
Technology ] Resistance, Capacitance
Clamping
- Power
Voltage | 5y
dvirdl I 50 Ohrn
~GHND
Vaoltage | oy
dvirdl I a0 Ohm
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You can save your new model by selecting Save on the Edit pull-down menu.

Some IC models in the library cannot be edited and some commands are disabled when any of
these models are selected. The models have been created and inserted into the library by the
P-CAD Signal Integrity IBIS Converter and they contain data that cannot be modified. They are
shown in the library to make it complete and to draw your attention to their presence because you
cannot create a model with a name already used by an IBIS model. When you double-click an IBIS
model, the warning message below is displayed.

This iz an [BIS model.
You cannot edit [BIS models!

You can remove a model by selecting it and doing one of the following:
e Choosing Delete for the Edit pull-down menu.

e Clicking the right button of your mouse and choosing Delete from the pop-up menu.

IC Output Models

IC output dialogs have some additional parameters. The Technology and Clamping tabs are the
same as for IC Input.

1 IC Dutput - A5123 =] E3

Wolkage, Timing ] Clamping ]
Technalogy ] Resistance, Capacitance, Pull-up ]

Technolooy IAS
Supply Yoltage |5 ks

—Comment
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Technaology ] Resistance, Capacitance, Pull-up
oltage, Timing Clamping

—Power

Yoltage | 5y

dvidl I 50 Ohm
—GND

Yoltage | 0y

dvidl I 50 Ohm

The Resistance and Capacitance tab is different and the Voltage and Timing tab is additional.

On this tab you can specify the output resistance values for low and high states and the capacitance
value. Additionally, you can choose between ‘push-pull” and ‘open-sink’ output stages.

For Open Sink output, you must specify the typical Pull-up Resistance and Pull-up Voltage values.

Woltage, Timing ]

Technology

Clamping
Resistance, Capacitance, Pull-up

Resistance Low
Resistance High
Capacitance

I 746 Ohm
| 571 Ohm
10 pF

™ Cpen Sink

Pull-up Voltage

Pull-up Resistance | 220 ahm

lev—

The Voltage and Timing tab is additional. On this tab, you can specify the output voltage values for
low and high states and the rise and fall times.

1 IC Dutput - AS123 M=l E3

Technology

] Reszistance, Capacitance, Pull-up ]

“oltage, Timing Clarmping
Voltage Low |U Y
Yoltage High |5 Y
Rise Time |3 ns
Fall Tirme |3.6 ns

I
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Resistors, Inductors, Capacitors Models
The view/edit dialog for Resistor, Inductors and Capacitors shows a list of pin connections and their

value.

+ Resistor - RES500

I[=] E3

- Connections
Fin Conn.

Z 1

Yalue

5 kOhm

Connect Pin [

to Pin |2 'I
using Yalue | 4 kOhm

Apply I

—Comment

Macromodel Editor

When you create a new Resistor, Inductor or Capacitor you are prompted to specify how many pins
the new part will have. For simple resistors, you will use two, and for arrays (several resistors within
a part) you will use a number larger than two.

The Resistor Res500 shown below is a simple 2-pin.

~fzrom |-

Below is an example of a resistor array with 8 pins:

1— 220 Ohm

2—1 220 Ohm 220 Ohm
3—] 220 Ohm 220 Ohm
4 220 Ohm

This will show as displayed below:

100
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+ Resistor - RES2000 =] 3
—Connections
Pin_Conn. Walue
1 8 220 Ohm -
2 8 220 Ohm
3 8 220 Ohm
4 5,6,7
5 4 220 Ohm
5 4 220 Ohm = |
Connect Pin |? Apply |
to Pin |4 'l
using Yalue 220
~Comment

Chapter 8: General Commands

The picture below shows the default Resistor creation dialog. When you create a new resistor array

of 8 pins, the dialog displays no connections.

i Resistor - RES2000 M=l &=
— Connections
Fin Caonn. alue
Z none
3 none
4 none
5 none
& none LI
Connect Pin [1 Annly I
ta Pin Inone vl
using Value |220 Chm
— Comment

To assign values to connections, select a pin from the list (this highlights the chosen pin line) and
choose a pin to connect to (from the box below the list). Then edit the value of the connection and

click the Apply button for the assignment to take place.

To delete a connection, select the pin you want to disconnect (the pin line will be highlighted),
then choose None for the connected pin and click the Apply button for the change to take place.

You cannot reduce the number of connections to less than one.

When establishing new connections, you can connect to pins, which already have other pins
connected, only when the pins already connected to your target pin do not have any other
connections established.
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For example, you cannot generate the following connections:

1——110 Ohm 4

220 Ohm

2 330 Ohm ——3

Because you would have to do the following connections:
e Connectpin1to pin4 (110 Ohm) =2 OK

e Connect pin 2 to pin 4 (220 Ohm) = OK

e Connect pin 3 to pin 2 (330 Ohm) = INVALID !

You cannot connect pin 3 to pin 2 because pin 2 is connected to pin 4 and pin 4 has already got
connections (connected to pin 1).

The edit dialog for Inductors and Capacitors is similar to the Resistor dialog but the dialog captions
are different and other units are used.

i Inductor - L20 M= &3
—Connections
Fin_Conn. Walue
4 1 10 nH

Connect Pin |1 Apply |

to Pin |2 'l
using Yalue |1D nH

—Comment

Diode Models

The Diode Model dialog has five tabs. When you add a new Diode model, the tabs are filled with
default values.
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i Diode - Diode =1
Cormmerit ]
Temperature E ffect ] Moize ]
Junction DC ] Junction Capacitance |
Reverse Saturation Current (15) W
Path Resistance (RS} | 0 Ohm

Emission Coefficient (M) |1

Reverse Breakdown Voltage (BY) | 1 kW

Current at BY {1BY) |1 e
i Diode - Diode M=l E3
Cormmerit ]
Temperature Effect ] Moise
Junction DC Junction Capacitance
Transit Time (TT) IDS
Zero-Junction Capacitance (CJ0Y | 0F
Junction Patential (413 | 14

Grading Coefficient (W) | 0.5

Cj Coeff. in forw. bias region (FCY | 0.5

i Diode - Diode M=l E3
Cormmerit ]

Junction DC ] Junction Capacitance ]
Temperature Effect ] Noize ]

Eneroy Gap Potential (EG) | 1414
1S Temperature Exponent (<TM | 3
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i Diode - Diode - [O] =]

Commnert ]
Junction DC ] Junction Capacitance
Temperature Effect Muoise

Flicker Moise Coefiicient (KF) | a
Flicker Moise Exponent (AF) | 1

i Diode - Diode = B3

Temperature Effect ] Moize ]
Junction DC ] Junction Capacitance
Comment
- Commaent

=] You can modify the parameter fields as required and when you click the File Close button, the
following dialog is displayed.

Confirm
The model Diode has been modified!
Do you want to zave the changes?
Mo | Eancell

Click Yes to save the changes you have made.

BJT Transistor
Here the Edit window has six tabs. When you add a new BJT model, the tabs are filled with default
values.

] You can modify the parameters as required and when you click the File Close button the following
dialog is displayed.
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The maodel BJT_demo has been modified!
Do you want ko zave the changes?

Mo | l:anc:ell

1 BJT - BJT_demo H[=] E3

Parasitic Resistor, Temperature ] Junction Capacity ] Tranzit Time, Noise ]

Basic DL, Base \Width ] Current BETA Degradation | Comment |
~ Type

Transistar Type MPM =

—Basic DC Saturation
Transport Saturation Current (153 | 0.1 14

—Basic DC Forward
Ideal maximum forward BETA (BF) |1DU
Forward Current Emission Coefficient (MNF) |1

—Basic DG Reverse
Ideal maximum reverse BETA (BRY |1
Reverse Current Emission Coefficient (NR) |1

—Base Width
Forward early Voltaoe (WAF) | 1 kY
Reverse early Voltage (VAR | 1 kY

{BJT - BJT_demo H[=] B3

Parasitic Resistor, Temperature ] Junction Capacity ] Transit Time, Moise ]
Basic DL, Base \Width Curent BETA Degradation ] Comment |

—Carner
Corner for foreard BETA high Current Roll-off (IKF) | 1 kA
Carner for reverse BETA high Current Rall-off (IR | 1 kA

—Emitter Leakage
Base-Emitter Leakane Saturation Current (ISE) | 0A
Base-Emitter Leakaue Emission Coefiicient (NE) | 1.5

—Collector Leakage
Base-Collector Leakaoe Saturation Current (15 | 0A
Base-Collector Leakage Emission Coeflicient (NC) | 2

—Base Current

Farward Base Current at low Current (IBFL) |DA
Reverse Base Current at low Current {((BRL) |DA
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i BJT - BIT_demo H[=] B3

|

Basic DC, Base Width ] Current BETA Degradation ] Comment

Parasitic Resistor, Temperature ] Junction Capacity | Transit Time, Moise |
—Base

Resistance (RB) IW

Current, where Resistance halfto RBM (IRB} |1kA—

Minirnurm high Current Resistance (RBM) IW
r~ Emitter, Collectar

Emitter Resistance (RE) IW

Callector Resistance (RC) IW
- Temperatures

Forwardireverse BETA Temperature Coeff. (<TH) ID—

Eneray Gap for pn Junction (EG) W

Saturation Current Temperature Caoeff. (4T
Temp. at Parameter Determination (T MNOM)

i BJT - BJT_demo (O] x|

|

Basic DC. Baze Width ] Current BET4 Degradation ] Comment

Parasitic Resistor, Temperature Junction Capacity ] Transit Time, Moise ]
~ Emitter

Base-Emitter Zero-Bias Denletion Cap. (CJE) IDF—

Base-Emitter builtin Potential fJE)
Base-Emitter Junction Expanent (MJE)

I?SD i
ID.33

Substrate Junction builtin Potential f45)
Sunstrate Junction Exponent (MJS)

— Collector
Base-Collector Zero-Bias Depletion Cap. (CJC) IDF—
Base-Collector huiltin Potential (JCh [7s0mv |
Base-Collectar Junction Exponent (MJCY |DS3—
Intern Base Fraction of Base-Call. Denl. Cap. (KCJC) |1—
Substrate
Zero-Bias Collector-Substrate Cap. (CJ5) IDF—

I?SDmV
IU

Coeff. forw. Bias Depl. Cap. Formula DCAP=1 (FC)

fos ——
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i BJT - BIT_demo H[=] B3

Basic DC, Baze Width ] Current BETA Degradation ] Comment

Parasitic Resistar, Temperature | Junction Capacity | Transit Time, Moise
—Time Forward

Base forward Transit Time (TF} IDS—

TF Bias Dependence Coeflicient (<TF) IU—

TF Base-Collector Voltage Dependence Coeff. (WTF) IW

TF high Current Parameter (ITF} IDA—

Fregency Multiplier to deter. Excess Phase (PTF) | 0"

—Time Reverse

Base reverse Transmit Time (TR | Os

—Moise
Flicker Noise Coefficient (KF) |D
Flicker Moise Exponent (AF) |1

1 BJT - BJT_demo I =] B3 |

Parasitic Resistor, Temperature ] Junction Capacity ] Transit Time, Moise
Basic DC, Base'Width |  Curment BETA Degradation Camment
- Comment
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Connector (Transmission line)
When you add a connector TL model, the Connector dialog is filled with default values.

i Connector TL - CONNECTOR_TL M=l E3

T
I I

Capacitance €1 |1 nF
Capacitance C2 |1 nF

Impedance ZL |5? Chm
Delaytime td |125 ns
Linelendth | |18 [ulul

— Comment

]| You can modify the parameter fields as required and when you click the File Close button, the
following dialog is displayed.

Confirm

The model Conkector TL has been modified!
Do you want to zave the changes?

Ho | Cancel |

Click the Yes button to save the changes you have made.

Connector (Lumped Element)

This kind of Connector model allows you to modify the number of cascades, Capacitor — Inductor —
Capacitor.
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i Connector LE - CONMECTOR_LE =] B3

i CAi Li CHi

1 &00 fF 700 pH LS00 £F

3.3 nH
3 nH 600 £F

a00 £F

i [3— Apply |

Capacitance CAl  [BO0TF [ e |
-Add
Inductivity Li |3.3 nH

Capacitance CBi | 600F _Remove |
_w |
B |

—Gomment

You can add or remove cascades by using the Add or Remove buttons.

When you add a new Connector LE, the Connector LE dialog is displayed with default values. You
can change the values of the cascade currently selected in the list and assign them by clicking the
Apply button. When removing cascades at least one cascade must remain.

File Commands

File Exit

The Macromodel Editor File Exit command exits the Macromodel Editor program.

Edit Commands

The Macromodel Editor Edit commands are accessed from the Macromodel Editor menu. They
allow you to view, add and make changes to objects in the library.

The Edit menu is context sensitive and is described below in context.

Edit Open

This command is available only when you point to a model component (inside a folder). It opens
the model component dialog in the Macromodel Editor right hand side of the display.
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Edit Add

This command is available only when you point on a folder. It lets you add an item in the current
model. When you click the Add command, a component model dialog is displayed with default
values for the parameters. You can then modify these as required. Further details on adding a
component model are listed in each model section above.

Once you are displaying a component model, more Edit commands become available. These
commands are described below.

Edit Save

The Edit Save command lets you save the component model displayed with its current name.

Edit Save As

The Edit Save As command lets you save the model component displayed as a new component with
a different name which you are prompted to enter on the Input Text dialog.

Input Text

Model Mame:

(1§ Eancell

Edit Close

The Edit Close command closes the currently displayed component model.

Edit Delete

The Edit Delete command deletes the currently displayed (or currently pointed at) component
model.

Window Commands

The Macromodel Editor Window commands are accessed from the Macromodel Editor menu. They
allow you to manage multiple windows displayed in the right area of the Macromodel Editor. The
title of all the open windows are listed on the Window menu box under the menu options.

The window you are working on is the active window and it is shown with a tick on the window
titles list. You can move from one window to another by selecting it.

Each of these commands is discussed below.
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Window Cascade

The Window Cascade command displays all the open windows within the right area of the
Macromodel Editor screen so that each window's title is visible.

Window Arrange Icons

The Window Arrange Icons command arranges minimized windows in the main application
window. To minimize a window, click the Minimize button in the upper-right corner of the
window. You can open one of these minimized icons by double clicking it.

Window Next

The Window Next command makes the window next to the currently active window on the right
area of the Macromodel Editor screen to become the currently active window and displays it on top
of all other windows.

Import IBIS File

IBIS stands for ‘Input/Output’ Buffer Information Specifications. It is an ANSI/EIA standard for
behavioral specifications of integrated circuit’s input/output analog characteristics.

The IBIS Standard is maintained by the IBIS Open Forum which meets monthly via teleconference
to discuss updates to the IBIS Standard.

In general IBIS defines the static input and output characteristics as well as values for slew rates for
Low/High and High/Low transition. Additionally, the IBIS v3.2 allows the specification of rising and
falling waveforms at the output. In IBIS, a reference load is used that consists of lumped elements
(resistance, capacitance, inductance and voltage source). Capacitance values for input and output
buffers are also specified in IBIS.

The complete IBIS specification and other information about IBIS are available on the IBIS home
page:
http://www.eia.org/eig/ibis/ibis.htm

The Import IBIS File command is accessed from the Library pull-down menu on the Signal Integrity
entry screen. When you choose Import IBIS File, the P-CAD IBIS Converter window is displayed
giving access to its menus and icons.

File “iew Help
2| &[> »|8] B &

The icons and menu items are context sensitive; therefore only the commands available at any
stage are fully displayed.
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.. P-CAD IBIS Converter [ (O] x]
File View Help

| = #[5] = 4

- Componerts [ Buffers
Matme Direction Modlel hiame: Technology

Manufacturer
[ [re =

|F!eady

Each of these commands is discussed below.

IBIS File

The IBIS File commands are accessed from the menu bar of the IBIS Converter display.

They deal with opening IBIS file creating case models to test IC designs, exporting models and
printing reports.

File Open
The IBIS File Open command lets you open an IBIS file. It is accessed from the File pull-down menu
| or by its icon. When you select this command the Open IBIS File dialog is displayed.
DOpen IBIS File [ 2] %]
Look in: Ia Signal Integrity j L] ﬁi‘ '

[

File name:; I ﬂ DOpen I
Files of type: [IBIS (7ibs] =l Cancel |

i

Click on the file you want to open. The information is then loaded on the IBIS Converter window.
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. P-CAD IBI5 Converter - D:A\Program Files\P-CAD 2001\Demo\5ignal Integrity\lvc240db_ibs

File iew Help
2| &> #|0| B 4
L
— Components - Buffers
Matme Direction Model Mame Technology
Input LVCzZ40 IN
L]l Input (Tristate] LWVCzZ40_ OUT HC
L)L Jutput Lvcz40 OUT HC
ManLfacturer
[Fhifs_Semicond Jovezao_m frc =l

|Ready

The next three commands deal with models generation. By creating these models you can test the
performance of your IC design. These commands are accessed from the File pull-down menu or by

their icons.
Strong Case Model Generation

B | Choosing this model allows you to test your design performance envelope. The Strong Case Model
represents the extreme of IC fast performance.

Typical Case Model Generation

In most cases, Typical model is chosen to get an idea of the typical performance of the design.

Weak Case Model Generation

Choosing this model allows you to test your design performance envelope. The Weak Case Model
represents the extreme of 1C slow performance.

4 |V

Export

The IBIS File Export command allows you to add the current models to the Library. It can be
accessed from the File pull-down menu or by its icon.

When you choose this command the models are added to the Library. If the models already exist in
the Library, a confirmation window is displayed which gives you the option to over-write the
currently stored models or cancel your export operation.
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Component lvc240 Model Export 1]
@ The following models are already existing in the library:
LWVC240_[N_tp LWC240 OUT_tp  LWC240 OUT_tp
This madels will be ovenwaritten if you continue.

“ou may avoid this aborting the export now,
rename the affected models and then export again.

Do pou really want to ovenarite the existing models™?

DRAM_IO_tp
SDRAM_I0_st
SDRAM_IO_tp
SDRAM_I0_wk

Report

The IBIS File Report command lets you generate a report as a Word document. When you choose
this command, the Generate Model Report dialog is displayed.

Save jn: Ialbis j il IEE_

File name:

Save I
Save as type: IIBIS Model Repart [*.rtf] j Cancel |

You can enter a name for the report in the File name box. By default, the name of the currently
opened IBIS file is displayed.
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IBIS Model Info

Wed Jan 31 19:02:45 2001

Component: lvc240

Buffer: "

Direction: Input

Model LwiC240 1IN

Characteristics Best Case Typ. Case Worst Case
C_comp typical typical typical

GMND Clamp typical typical typical
Power Clarmp typical typical typical
Component: lvc240

Buffer: "3

Direction: (Input) Tristate

Model LwiC240_0UT

Characteristics Best Case Typ. Case Worst Case
C_comp typical typical typical

GND Clamp typical typical typical
Fower Clamp typical typical typical

The picture above shows part of the report generated.

Exit

This command closes the IBIS Converter program.

Options Commands

Chapter 8: General Commands

Signal Integrity Options commands deal with specifying net attributes, simulation parameters and

configuration details.

The Options commands are accessed from the Options menu in P-CAD Signal Integrity.

Each of these commands is discussed below.

Configure

When you select this command, the Options Configure dialog appears.
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Options Configure

r— Crozstalk Uitz
Maw. Couple Distance: I‘IDD mm " mil
i
Min. Couple Length: ID.‘I i mm

— Met Sirmplify

Igniore Stubs ta |1 mm

IV {Highiight Hets in P-CAD PCE

Ok | Cancel |

Crosstalk

You can set the parameter used for search of parallel traces for the crosstalk simulation. Max.
Couple Distance specifies the maximum distance, which is used for searching parallel traces. The
larger this distance is specified, the more parallel traces will be found. Therefore the simulation
time will increase. Min. Couple Length specifies the minimum parallel length of a trace, which is
still considered to provide crosstalk. Short parallel segments do not provide much crosstalk, but
the simulation time will increase drastically.

Net Simplify
You can define the length of stubs (short open traces) to exclude from the simulation. Short stubs

will increase the simulation time drastically.

Units

You can alter your display units between mils and milllimeter with this option. Dimensions are not
altered, only the unit of measurements of dimension. A mil equals 0.001 inch or 0.0254 mm. A mm
equals 0.001 meter.

Highlight Nets in P-CAD PCB

If you choose the Highlight Nets in P-CAD PCB option, any nets selected in the All Nets column of
the Signal Integrity screen are automatically highlighted in P-CAD PCB.

The settings are saved when you exit the Signal Integrity program.

Simulator

This command enables you to specify the Simulator options. All the Simulator option settings are
saved when you exit the Signal Integrity program.

To choose this command, select Simulator from the Options pull-down menu. This displays a three
tab dialog.
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Simulator Integration

Click on the Integration tab to choose one of the four different numerical integration algorithms
for the simulator.

Options Simulator Dptions

Integration | Accuracy | DL Analysiz I

' Trapezaidal

" Gear's Method 1st Order
" Gear's Method 2nd Order
" Gear's Methad 3rd Order

Defaults |

Cancel |

Trapezoidal Integration is the default integration algorithm.

Choose the algorithm you require and click OK.

Simulator Accuracy
Click on the Accuracy tab to enter values for:

Keyword Default Description
RELTOL 1.0e-3 Relative Tolerance for calculating current voltage values
ABSTOL 1.02-12 Absolute tolerance for calculating current values
VNTOL 1.0e-6 Absolute tolerance for calculating voltage values
\%
TRTOL 10 Factor of estimating error of integration
NRVABS 1.0e-3 Truncation error bound using Newton-Raphson algorithm
DTMIN 1.0e-15 Minimum permitted time step size
ITL 100 Maximum number of iterations using Newton-Raphson algorithm
LIMPTS 1000 Maximum number of value pairs in output file for each voltage curve
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Options Simulator Options

Integration I Accuracy | DC Analyziz |

RELTOL:  [oomr | mRvess: oo
BSTOL:  [ips | DTMIN [ifec |
vtk e L floo
RTOL [io | LMPTS: flooo ]

Defaults |

Cancel |

Simulator DC Analysis
Click on the DC Analysis tab to enter values for:
Keyword Default Description
RAMP_FACT 80 Control of ramp’s length during the DC-analysis
DELTA_DC 1.0e-9 Time-step width used for DC-analysis
ZLINE_DC 100 Ohm Transmission line impedance of the lines during the DC-
analysis
ITL_DC 10000 Maximum number of iterations during the DC-analysis
DELTAV_DC 1.0e-4V Absolute tolerance of voltages between two time-steps
during the DC-analysis
DELTA_DC 1.0e-6 A Absolute tolerance of currents between two time-steps
during the DC-analysis
DV_ITERAT_DC 0.1V Abslolute tolerance of voltages per iteration during the DC-
analysis

Enter the values on the relevant window and click OK for these to be applied.

Options Simulator Options

Integration | ACCuUracy I DC Analysis |

RaMP_FALCT: IBD DELT&Y DC: 100 uy
DELTA_DC: |1 hees DELTAI_DC: I‘I ud
ZLIME_DC: |1DD Ohim D _ITERAT_DC: |1UD it

ITL_DC: |1DDDD
Defaults |

Cancel I
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Help Commands Chapter 8: General Commands

Help Commands

Signal Integrity includes online reference help but differs from the manuals in its format and
accessibility.

The main advantages of online help are the availability of hypertext links between related subjects
(an electronic cross-reference utility) and the keyword search function (an electronic index).

Signal Integrity Help Topics
Displays the P-CAD Signal Integrity online help including Contents tab which is structured to

match the order of the commands as they appear in the product, and the Index tab which lets you
look-up a specific concept or keyword.

How to use Help

Connects you to the Windows help system where instructions on how to use the help system are
provided.

About P-CAD Signal Integrity

Displays a dialog that contains information such as the product version number, release date,
memory used, memory available and license details.

P-CAD 2001 Signal Integrity

p-cad 2001

SPECIALIZED DESIGN TOOLS FOR PCB PROFESSIONALS ™

F5, =

Copyright 01 Accel Technologies Inc. All rights reserved.
P-CAD 2001 Signal Integrity
“ersion 16.00 [16.00.56)
Copyright © 1923-2001 ACCEL Techhologies, Inc.

‘warning: This computer program is protected by copyright law and international
treaties.

Unautharized reproduction or distribution of this program, or any portion of it, may result
in severe civil and criminal penalties, and will be prozecuted to the maximum extent
pozsible under law
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APPENDIX A

List of Signal Integrity Digital Integrated Circuits

This appendix lists all the Digital Integrated Circuits included in P-CAD Signal Integrity and explains
the process of searching the Signal Integrity Device Library.

Signal Integrity Device Library

The P-CAD Signal Integrity Device Library consists of two major parts:
1. ABasearea

It contains electrical oriented device descriptions and simulation models. This data cannot be
modified by the user.

2. A Userarea

Initially this area is empty. It is used to store any user driven extension or modification of
Signal Integrity Library contents.

Signal Integrity Device Handling/Search

When P-CAD Signal Integrity is searching PCB data initially the library module is called to get the
necessary electrical parameters and simulation models.

The following classes of devices are considered:
e Digital Integrated Circuits

e Connectors

e Capacitors

e Coils

e  Resistors
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Devices, which could not be assigned to one of the named classes, are handled as Digital
Integrated Circuits.

The primary Signal Integrity library access key is the device name used inside the design data. If a
design device exactly matches a Signal Integrity library device, the latter’s electrical parameters and
simulation models will be used to perform the analysis.

When there is no direct match in a second search step for each not already found device, the first
more or less similar named device of the Signal Integrity library is used as reference. Example:

e design name '74ABT244' matches Signal Integrity library device 'SN74ABT244DB',
e design name 'ALVC16240' matches Signal Integrity library device '74ALVC16240DGG'.

If the second step search fails to find a nearly similar named device, the device type and associated
technology fallbacks are used to guarantee the proper functioning of the simulators.

In all cases of searching data, the pin count and the device type are taken into account.

All search operations start on the user area.

Digital Integrated Circuits included in P-CAD Signal Integrity

122

There are 4474 Digital Integrated Circuit components in the library. These are listed here in
alphabetical order.

4SN74ACT534PW 74ALVC16652DL 74LV04D
4SN74LVC257DW 74ALVC16952DGG 74LVO04N
74ALVC16240DGG 74ALVC16952DL 74LV08D
74ALVC16240DL 74HL33240D 74LVO8N
74ALVC16241DGG 74HL33240DB 74LV123D
74ALVC16241DL 74HL33241D 74LV123N
74ALVC16244DGG 74HL33241DB 74LV125D
74ALVC16244DL 74HL33244D 74LV125N
74ALVC16245DGG 74HL33244DB 74LV132D
74ALVC16245DL 74HL33245D 74LV132N
74ALVC16373DGG 74HL33245DB 74LV138D
74ALVC16373DL 74HL33373D 74LV138N
74ALVC16374DGG 74HL33373DB 74LV139D
74ALVC16374DL 74HL33374D 74LV139N
74ALVC164245DGG 74HL33374DB 74LV14D
74ALVC164245DL 74HL33533D 74LV14N
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74ALVC16500DGG 74HL33533DB 74LV157D
74ALVC16500DL 74HL33534D 74LV157N
74ALVC16501DGG 74HL33534DB 74LV161D
74ALVC16501DL 74HL33620D 74LV161N
74ALVC16540DGG 74HL33620DB 74LV163D
74ALVC16540DL 74HL33623D 74LV163N
74ALVC16541DGG 74HL33623DB 74LV164D
74ALVC16541DL 74HL33640D 74LV164N
74ALVC16543DGG 74HL33640DB 74LV174D
74ALVC16543DL 74HL33646D 74LV174N
74ALVC16600DGG 74HL33646DB 74LV240D
74ALVC16600DL 74HL33652D 74LV240DB
74ALVC16601DGG 74HL33652DB 74LV240N
74ALVC16601DL 74HL33952D 74LV244D
74ALVC16623DGG 74HL33952DB 74LV244DB
74ALVC16623DL 74LV0O0OD 74LV244N
74ALVC16646DGG 74LVOON 74LV245D
74ALVC16646DL 74LV02D 741LV245DB
74ALVC16652DGG 74LVO2N 74LV245N
74LV259D 74LVCO02PW 74LVC2952DB
74LV259N 74LVC04D 74LVC2952PW
74LV273D 74LVC04DB 74LVC32D
74LV273DB 74LVC04PW 74LVC32DB
74LV273N 74LVC08D 74LVC32PW
74LV32D 74LVC08DB 74LVC373D
74LV32N 74LVCO08PW 74LVC373DB
74LV365D 74LVC109D 74LVC373PW
74LV365N 74LVC109DB 74LVC374D
74LV368D 74LVC109PW 74LVC374DB
74LV368N 74LVC125D 74LVC374PW
74LV373D 74LVC125DB 74LVC38D
74LV373DB 74LVC125PW 74LVC38DB
74LV373N 74LVC137D 74LVC38PW
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74LV374D 74LVC137N 74LVC4245D
74LV374DB 74LVC138D 74LVC4245DB
74LV374N 74LVC138DB 74LVC4245PW
74LV377D 74LVC138PW 74LVC543D
74LV377DB 74LVC139D 74LVC543DB
74LV377N 74LVC139DB 74LVC543PW
74LV541D 74LVC139PW 74LVC544D
74LV541DB 74LVC157D 74LVC544DB
74LV541N 74LVC157DB 74LVC544PW
74LV573D 74LVC157PW 74LVC573D
74LV573DB 74LVC240D 74LVC573DB
74LV573N 74LVC240DB 74LVC573PW
74LV574D 74LVC240PW 74LVC574D
74LV574DB 74LVC241D 74LVC574DB
74LV574N 74LVC241DB 74LVC574PW
74LV595D 74LVC241PW 74LVC623D
74LV595N 74LVC244D 74LVC623DB
74LV74D 74LVC244DB 74LVC623PW
74LV74N 74LVC244PW 74LVC646D
74LV86D 74LVC245D 74LVC646DB
74LV86N 74LVC245DB 74LVC646PW
74LVC00D 74LVC245PW 74LVC652D
74LVCO00DB 74LVC257D 74LVC652DB
74LVCO0PW 74LVC257DB 74LVC652PW
74LVC02D 74LVC257PW 74LVC74D
74LVC02DB 74LVC2952D 74LVC74DB
74LVC74PW MACH110-12)C PAL16R4DCJ
74LVC821D MACH110-15CQFPC PAL16R4DCN
74LVC821DB MACH110-15JC PAL16R4DCNL
74LVC821PW MACH120-15CQFPC PAL16R6-5)C
74LVC823D MACH120-15)C PAL16R6-5PC
74LVC823DB MACH130-15CQFPC PALT6R6A-2C]
74LVC823PW MACH130-15JC PAL16R6A-2CN
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74LVC827D MACH210-12CQFPC PAL16R6A-2CNL
74LVC827DB MACH210-12)C PAL16R6B-2C]
74LVC827PW MACH210-15CQFPC PAL16R6B-2CN
74LVC841D MACH210-15JC PAL16R6B-2CNL
74LVC841DB MACH220-15CQFPC PAL16R6B-4C]
74LVC841PW MACH220-15)C PAL16R6B-4CN
74LVC86D MACH230-15CQFPC PAL16R6B-4CNL
74LVC86DB MACH230-15JC PAL16R6DCJ
74LVC86PW PAL16L8-5JC PAL16R6DCN
74LVU04D PAL16L8-5PC PAL16R6DCNL
74LVUO04N PAL16L8A-2C]) PAL16R8-5)C
AmPAL22V10/ADC PALT6L8A-2CN PAL16R8-5PC
AmPAL22V10/AJC PAL16L8A-2CNL PAL16R8A-2C]
AmPAL22V10/APC PAL16L8B-2C]) PAL16R8A-2CN
CDC209-7DW PAL16L8B-2CN PALT6R8A-2CNL
CDC209-7N PAL16L8B-2CNL PAL16R8B-2C]
CDC209DW PAL16L8B-4C]) PAL16R8B-2CN
CDC209N PAL16L8B-4CN PAL16R8B-2CNL
CDC337DB PAL16L8B-4CNL PAL16R8B-4C]
CDC337DW PAL16L8DCJ PAL16R8B-4CN
CDC340DB PAL16L8DCN PAL16R8B-4CNL
CDC340DW PALT16L8DCNL PAL16R8DC]
CDC341DB PAL16R4-5)C PAL16R8DCN
CDC341DW PAL16R4-5PC PAL16R8DCNL
GAL16V8B-7) PAL16R4A-2C]) PAL20L8-5)C

GAL16V8B-7P

PAL16R4A-2CN

PAL20L8-5PC

GAL16V8H-152C

PALT6R4A-2CNL

PAL20L8A-2C]JS

GAL16V8H-15)C

PAL16R4B-2CJ

PAL20L8A-2CNL

GAL16V8H-15PC

PAL16R4B-2CN

PAL20L8A-2CNS

GAL16V8H-15RC

PAL16R4B-2CNL

PAL20L8B-2CFN

GAL20V8B-7]

PAL16R4B-4C]

PAL20L8B-2CJS

GAL20V8B-7P

PAL16R4B-4CN

PAL20L8B-2CNS

MACH110-12CQFPC

PAL16R4B-4CNL

PAL20R4-5)C
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PAL20R4-5PC SN7403) SN7412)
PAL20R4A-2CJS SN7403N SN7412N
PAL20R4A-2CNL SN7404) SN74130)
PAL20R4A-2CNS SN7404N SN74130N
PAL20R4B-2CFN SN7405) SN74132)
PAL20R4B-2CJS SN7405N SN74132N
PAL20R4B-2CNS SN7406) SN74136)
PAL20R6-5)C SN7406N SN74136N
PAL20R6-5PC SN7407) SN7413)
PAL20R6A-2CJS SN7407N SN7413N
PAL20R6A-2CNL SN7408) SN74141)
PAL20R6A-2CNS SN7408N SN74141N
PAL20R6B-2CFN SN7409J SN74143)
PAL20R6B-2CJS SN7409N SN74143N
PAL20R6B-2CNS SN74100) SN74144)
PAL20R8-5)C SN74100N SN74144N
PAL20R8-5PC SN74107) SN74145)
PAL20R8A-2CJS SN74107N SN74145N
PAL20R8A-2CNL SN74109) SN74147)
PAL20R8A-2CNS SN74109N SN74147N
PAL20R8B-2CFN SN7410J SN74148)
PAL20R8B-2C]JS SN7410N SN74148N
PAL20R8B-2CNS SN74111) SN7414)
PAL22V10-153C SN7411T1IN SN7414N
PAL22V10-15)C SN74116) SN74150)
PAL22V10-15KC SN74116N SN74150N
PAL22V10-15LC SN74120) SN74151A)
PAL22V10-15PC SN74120N SN74151AN
PALC22V10-25)C SN74121) SN74153)
PALC22V10-25PC SN74121N SN74153N
PALC22V10-25WC SN74122) SN74154)
PALC22V10B-15)C SN74122N SN74154N
PALC22V10B-15PC SN74123) SN74155)
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PALC22V10B-15WC SN74123N SN74155N
SN7400) SN74125) SN74156)
SN7400N SN74125N SN74156N
SN7401)J SN74126) SN74157)
SN7401N SN74126N SN74157N
SN7402) SN74128) SN74159)
SN7402N SN74128N SN74159N
SN74160) SN74181) SN74259N
SN74160N SN74181N SN7425]
SN74161) SN74182) SN7425N
SN74161N SN74182N SN74265)
SN74162) SN74184) SN74265N
SN74162N SN74184N SN7426)
SN74163) SN74185A) SN7426N
SN74163N SN74185AN SN74273)
SN74164) SN74190) SN74273N
SN74164N SN74191) SN74276)
SN74165) SN74191N SN74276N
SN74165N SN74192) SN74278)
SN74166) SN74192N SN74278N
SN74166N SN74193) SN74279)
SN74167) SN74193N SN74279N
SN74167N SN74194) SN7427)
SN7416) SN74194N SN7427N
SN7416N SN74195) SN74283)
SN74170) SN74195N SN74283N
SN74170N SN74196) SN74284)
SN74172) SN74196N SN74284N
SN74172N SN74197) SN74285)
SN74173) SN74197N SN74285N
SN74173N SN74198) SN7428)
SN74174) SN74198N SN7428N
SN74174N SN74199) SN74290)
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SN74175) SN74199N SN74290N

SN74175N SN7420) SN74293)

SN74176) SN7420N SN74293N

SN74176N SN74221) SN74298)

SN74177) SN74221N SN74298N

SN74177N SN7422]) SN7430J

SN74178) SN7422N SN7430N

SN74178N SN7423) SN7432

SN74179) SN7423N SN7432N

SN74179N SN74247) SN7433)

SN7417) SN74247N SN7433N

SN7417N SN74251) SN74365A)

SN74180) SN74251N SN74365AN
SN74180N SN74259) SN74366A)
SN74366AN SN7454N SN74ABT162240DGG
SN74367A) SN7470) SN74ABT162240DL
SN74367AN SN7470N SN74ABT162244DGG
SN74368A) SN7472) SN74ABT162244DL
SN74368AN SN7472N SN74ABT162245DGG
SN74376) SN7473] SN74ABT162245DL
SN74376N SN7473N SN74ABT162260DL
SN7437] SN7474) SN74ABT16240DGG
SN7437N SN7474N SN74ABT16240DL
SN7438) SN7475] SN74ABT16241DGG
SN7438N SN7475N SN74ABT16241DL
SN74390) SN7476) SN74ABT16244DGG
SN74390N SN7476N SN74ABT16244DL
SN74393) SN7482) SN74ABT16245DGG
SN74393N SN7482N SN74ABT16245DL
SN7439J SN7483A] SN74ABT162500DGG
SN7439N SN7483AN SN74ABT162500DL
SN7440] SN7485] SN74ABT162501DGG
SN7440N SN7485N SN74ABT162501DL
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SN74425) SN7486) SN74ABT162600DGG
SN74425N SN7486N SN74ABT162600DL
SN7442A] SN7490A] SN74ABT162601DGG
SN7442AN SN7490AN SN74ABT162601DL
SN7445] SN7492A] SN74ABT16260DL
SN7445N SN7492AN SN74ABT16373DGG
SN7446A] SN7493A] SN74ABT16373DL
SN7446AN SN7493AN SN74ABT16374DGG
SN7447A] SN7495A] SN74ABT16374DL
SN7447AN SN7495AN SN74ABT16377DGG
SN7448) SN7496) SN74ABT16377DL
SN7448N SN7496N SN74ABT16460DGG
SN74490) SN7497] SN74ABT16460DL
SN74490N SN7497N SN74ABT16470DGG
SN7450] SN74ABT125D SN74ABT16470DL
SN7450N SN74ABT125DB SN74ABT16500ADGG
SN7451) SN74ABT125N SN74ABT16500ADL
SN7451N SN74ABT125PW SN74ABT16501DGG
SN7453) SN74ABT126D SN74ABT16501DL
SN7453N SN74ABT126DB SN74ABT16540DGG
SN7454) SN74ABT126N SN74ABT16540DL
SN74ABT16541DGG SN74ABT2240DB SN74ABT273PW
SN74ABT16541DL SN74ABT2240DW SN74ABT2952ADB
SN74ABT16543DGG SN74ABT2240N SN74ABT2952ADW
SN74ABT16543DL SN74ABT2240PW SN74ABT2952ANT
SN74ABT16600DGG SN74ABT2241DB SN74ABT2952APW
SN74ABT16600DL SN74ABT2241DW SN74ABT2953DB
SN74ABT16601DGG SN74ABT2241N SN74ABT2953DW
SN74ABT16601DL SN74ABT2241PW SN74ABT2953NT
SN74ABT16623DGG SN74ABT2244DB SN74ABT2953PW
SN74ABT16623DL SN74ABT2244DW SN74ABT32245PZ
SN74ABT16640DGG SN74ABT2244N SN74ABT32316PN
SN74ABT16640DL SN74ABT2244PW SN74ABT32318PN
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SN74ABT16646DGG SN74ABT2245DB SN74ABT32373PZ
SN74ABT16646DL SN74ABT2245DW SN74ABT32374PZ
SN74ABT16648DGG SN74ABT2245N SN74ABT32500PZ
SN74ABT16648DL SN74ABT240DB SN74ABT32501PZ
SN74ABT16651DL SN74ABT240DW SN74ABT32543PZ
SN74ABT16652DL SN74ABT240N SN74ABT32952PZ
SN74ABT16657DGG SN74ABT240PW SN74ABT373DB
SN74ABT16657DL SN74ABT241DB SN74ABT373DW
SN74ABT16821DGG SN74ABT241DW SN74ABT373N
SN74ABT16821DL SN74ABT241N SN74ABT373PW
SN74ABT16823DGG SN74ABT241PW SN74ABT374DB
SN74ABT16823DL SN74ABT244DB SN74ABT374DW
SN74ABT16825DGG SN74ABT244DW SN74ABT374N
SN74ABT16825DL SN74ABT244N SN74ABT374PW
SN74ABT16826DGG SN74ABT244PW SN74ABT377DB
SN74ABT16826DL SN74ABT245DB SN74ABT377DW
SN74ABT16827DL SN74ABT245DW SN74ABT377N
SN74ABT16828DL SN74ABT245N SN74ABT377PW
SN74ABT16833DGG SN74ABT245PW SN74ABT533DB
SN74ABT16833DL SN74ABT25241DW SN74ABT533DW
SN74ABT16841DL SN74ABT25241NT SN74ABT533N
SN74ABT16843DGG SN74ABT25244DW SN74ABT533PW
SN74ABT16843DL SN74ABT25244NT SN74ABT534DB
SN74ABT16853DL SN74ABT25245DW SN74ABT534DW
SN74ABT16862DL SN74ABT25245NT SN74ABT534N
SN74ABT16863DL SN74ABT273DB SN74ABT534PW
SN74ABT16952DGG SN74ABT273DW SN74ABT5400DW
SN74ABT16952DL SN74ABT273N SN74ABT5401DW
SN74ABT5402DW SN74ABT646APW SN74ABT853NT
SN74ABT5403DW SN74ABT651DB SN74ABT853PW
SN74ABT540DB SN74ABT651DW SN74ABT861DB
SN74ABT540DW SN74ABT65TNT SN74ABT861DW
SN74ABT540N SN74ABT651PW SN74ABT86TINT
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SN74ABT541DB SN74ABT652ADB SN74ABT862DB
SN74ABT541DW SN74ABT652ADW SN74ABT862DW
SN74ABT541N SN74ABT652ANT SN74ABT862NT
SN74ABT541PW SN74ABT652APW SN74ABT863DB
SN74ABT543DB SN74ABT657DB SN74ABT863DW
SN74ABT543DW SN74ABT657DW SN74ABT863NT
SN74ABT543NT SN74ABT657NT SN74AC00D
SN74ABT543PW SN74ABT821DB SN74AC00DB
SN74ABT544DB SN74ABT821DW SN74ACO0ON
SN74ABT544DW SN74ABT821INT SN74AC00PW
SN74ABT544NT SN74ABT821PW SN74AC04D
SN74ABT544PW SN74ABT823DB SN74AC04DB
SN74ABT573DB SN74ABT823DW SN74AC04N
SN74ABT573DW SN74ABT823NT SN74AC04PW
SN74ABT573N SN74ABT823PW SN74AC08D
SN74ABT573PW SN74ABT827DB SN74AC08DB
SN74ABT574DB SN74ABT827DW SN74AC08N
SN74ABT574DW SN74ABT827NT SN74AC08PW
SN74ABT574N SN74ABT827PW SN74AC10D
SN74ABT574PW SN74ABT828DB SN74AC10DB
SN74ABT620DB SN74ABT828DW SN74AC10N
SN74ABT620DW SN74ABT828NT SN74AC10PW
SN74ABT620N SN74ABT828PW SN74AC11000D
SN74ABT620PW SN74ABT833DB SN74AC11000N
SN74ABT623DB SN74ABT833DW SN74AC11002D
SN74ABT623DW SN74ABT833NT SN74AC11002N
SN74ABT623N SN74ABT841DB SN74AC11004DB
SN74ABT623PW SN74ABT841DW SN74AC11004DW
SN74ABT640DB SN74ABT841NT SN74AC11004N
SN74ABT640DW SN74ABT841PW SN74AC11008D
SN74ABT640N SN74ABT843DB SN74AC11008N
SN74ABT640PW SN74ABT843DW SN74AC11010D
SN74ABT646ADB SN74ABT843NT SN74ACT1010N
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SN74ABT646ADW SN74ABT853DB SN74AC11011D
SN74ABT646ANT SN74ABT853DW SN74ACT10T1IN
SN74AC11014DW SN74AC11174DW SN74AC11520N
SN74ACT11014N SN74AC11174N SN74AC11521DB
SN74AC11020D SN74AC11175DW SN74AC11521DW
SN74AC11020N SN74AC11175N SN74ACT11521N
SN74AC11021D SN74AC11181DW SN74AC11533DW
SN74ACT1021N SN74AC11238D SN74ACT1533NT
SN74AC11027D SN74AC11238N SN74AC11534DW
SN74AC11027N SN74AC11240DB SN74ACT1534NT
SN74AC11030D SN74AC11240DW SN74AC11590DW
SN74AC11030N SN74ACT1240NT SN74ACT11590N
SN74AC11032D SN74AC11241DB SN74AC11593DW
SN74AC11032DB SN74AC11241DW SN74ACT1593NT
SN74AC11032N SN74ACT1241INT SN74AC11646DW
SN74AC11034DW SN74AC11244DB SN74AC11648DW
SN74ACT11034N SN74AC11244DW SN74ACT1648NT
SN74AC11074D SN74ACT1244NT SN74AC11652DW
SN74AC11074N SN74AC11244PW SN74ACT1652NT
SN74AC11074PW SN74AC11245DB SN74AC11800DW
SN74AC11086D SN74AC11245DW SN74AC11827DW
SN74AC11086N SN74ACT1245NT SN74AC11873DW
SN74AC11109D SN74AC11245PW SN74AC11898DW
SN74ACT1109N SN74AC11253D SN74AC11898N
SN74AC11112D SN74AC11253N SN74AC11D
SN74ACT1112N SN74AC11257DW SN74AC11DB
SN74AC11132D SN74AC11257N SN74ACTIN
SN74ACT1132N SN74AC11273DW SN74ACT1PW
SN74AC11138D SN74ACT1273NT SN74AC14AD
SN74ACT1138N SN74AC11280D SN74AC14ADB
SN74AC11138PW SN74AC11280N SN74AC14AN
SN74AC11139D SN74AC11286D SN74ACT4APW
SN74ACT1139N SN74AC11286N SN74AC16240DL
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SN74AC11139PW SN74AC11373DB SN74AC16244DGG
SN74AC11151D SN74AC11373DW SN74AC16244DL
SN74ACT1151N SN74ACT1373NT SN74AC16245DGG
SN74AC11153D SN74AC11374DB SN74AC16245DL
SN74ACT1153N SN74AC11374DW SN74AC16373DL
SN74AC11157DW SN74ACT1374NT SN74AC16374DL
SN74ACT1157N SN74AC11377DW SN74AC16472DL
SN74AC11158DW SN74ACT1377NT SN74AC16543DL
SN74AC11158N SN74AC11520DW SN74AC16620DL
SN74AC16623DL SN74AC534PW SN74ACT10PW
SN74AC16640DL SN74AC563DB SN74ACT11000D
SN74AC16646DL SN74AC563DW SN74ACT11000N
SN74AC16652DL SN74AC563N SN74ACT11002D
SN74AC16823DL SN74AC563PW SN74ACT11002N
SN74AC240DB SN74AC564DB SN74ACT11004DB
SN74AC240DW SN74AC564DW SN74ACT11004DW
SN74AC240N SN74AC564N SN74ACT11004N
SN74AC240PW SN74AC564PW SN74ACT11008D
SN74AC241DB SN74AC573DB SN74ACT11008N
SN74AC241DW SN74AC573DW SN74ACT11008PW
SN74AC241N SN74AC573N SN74ACT11010D
SN74AC241PW SN74AC573PW SN74ACT11010N
SN74AC244DB SN74AC574DB SN74ACT11011D
SN74AC244DW SN74AC574DW SN74ACT11011N
SN74AC244N SN74AC574N SN74ACT11014DW
SN74AC244PW SN74AC574PW SN74ACT11014N
SN74AC245DB SN74AC74D SN74ACT11020D
SN74AC245DW SN74AC74DB SN74ACT11020N
SN74AC245N SN74AC74N SN74ACT11021D
SN74AC245PW SN74AC74PW SN74ACT11021N
SN74AC32D SN74AC86D SN74ACT11027D
SN74AC32DB SN74AC86DB SN74ACT11027N
SN74AC32N SN74AC86N SN74ACT11030D
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SN74AC32PW SN74AC86PW SN74ACT11030N
SN74AC373DB SN74ACT00D SN74ACT11032D
SN74AC373DW SN74ACT00DB SN74ACT11032DB
SN74AC373N SN74ACTOON SN74ACT11032N
SN74AC373PW SN74ACTOOPW SN74ACT11032PW
SN74AC374DB SN74ACT04D SN74ACT11034DW
SN74AC374DW SN74ACT04DB SN74ACT11034N
SN74AC374N SN74ACTO04N SN74ACT11074D
SN74AC374PW SN74ACT04PW SN74ACT11074DB
SN74AC533DB SN74ACT08D SN74ACT11074N
SN74AC533DW SN74ACT08DB SN74ACT11086D
SN74AC533N SN74ACTO08N SN74ACT11086N
SN74AC533PW SN74ACT08PW SN74ACT11109D
SN74AC534DB SN74ACT10D SN74ACT11109N
SN74AC534DW SN74ACT10DB SN74ACT11112D
SN74AC534N SN74ACT10N SN74ACT11112N
SN74ACT11132D SN74ACT11245PW SN74ACT11623DW
SN74ACT11132N SN74ACT11253D SN74ACT11623NT
SN74ACT11138D SN74ACT11253N SN74ACT11640DW
SN74ACT11138N SN74ACT11257DW SN74ACT11640NT
SN74ACT11138PW SN74ACT11257N SN74ACT11646DW
SN74ACT11139D SN74ACT11258DW SN74ACT11648DW
SN74ACT11139N SN74ACT11258N SN74ACT11652DW
SN74ACT11139PW SN74ACT11273DW SN74ACT11652NT
SN74ACT11151D SN74ACTT11273NT SN74ACT11657DW
SN74ACT11151N SN74ACT11280D SN74ACT11802DW
SN74ACT11153D SN74ACT11280N SN74ACT11802NT
SN74ACT11153N SN74ACT11286D SN74ACT11821DW
SN74ACT11157DW SN74ACT11286N SN74ACT11825DW
SN74ACT11157N SN74ACT11353D SN74ACT11827DW
SN74ACT11158DW SN74ACT11353N SN74ACT11828DW
SN74ACT11158N SN74ACT11373DB SN74ACT11867DW
SN74ACT11174DW SN74ACT11373DW SN74ACT11874DW
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SN74ACT11174N SN74ACT11373NT SN74ACT11898DW
SN74ACT11175DW SN74ACT11374DB SN74ACT11898N
SN74ACT11175N SN74ACT11374DW SN74ACT11D
SN74ACT11181DW SN74ACT11374NT SN74ACT11DB
SN74ACT11191DW SN74ACT11377DB SN74ACTTIN
SN74ACT11191N SN74ACT11377DW SN74ACT11PW
SN74ACT11194DW SN74ACT11377NT SN74ACT14AD
SN74ACT11194N SN74ACT11470DW SN74ACT14ADB
SN74ACT11238D SN74ACT11520DW SN74ACT14AN
SN74ACT11238N SN74ACT11520N SN74ACT14APW
SN74ACT11240DB SN74ACT11521DB SN74ACT16240DL
SN74ACT11240DW SN74ACT11521DW SN74ACT16241DL
SN74ACT11240NT SN74ACT11521N SN74ACT16244DGG
SN74ACT11241DB SN74ACT11533DW SN74ACT16244DL
SN74ACT11241DW SN74ACTT1533NT SN74ACT16245DGG
SN74ACTT1241NT SN74ACT11534DW SN74ACT16245DL
SN74ACT11244DB SN74ACT11534NT SN74ACT16373DL
SN74ACT11244DW SN74ACT11543DW SN74ACT16374DL
SN74ACT11244NT SN74ACT11544DW SN74ACT16470DL
SN74ACT11244PW SN74ACT11590DW SN74ACT16474DL
SN74ACT11245DB SN74ACT11590N SN74ACT16475DL
SN74ACT11245DW SN74ACT11593DW SN74ACT16540DL
SN74ACT11245NT SN74ACTT11593NT SN74ACT16541DL
SN74ACT16543DL SN74ACT373DB SN74AHC00DB
SN74ACT16544DL SN74ACT373DW SN74AHCOON
SN74ACT16620DL SN74ACT373N SN74AHCO0PW
SN74ACT16623DL SN74ACT373PW SN74AHC02D
SN74ACT16640DL SN74ACT374DB SN74AHC02DB
SN74ACT16646DL SN74ACT374DW SN74AHCO02N
SN74ACT16648DL SN74ACT374N SN74AHC02PW
SN74ACT16651DL SN74ACT374PW SN74AHC04D
SN74ACT16652DL SN74ACT533DB SN74AHC04DB
SN74ACT16657DL SN74ACT533DW SN74AHCO04N
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SN74ACT16821DL SN74ACT533N SN74AHC04PW
SN74ACT16823DL SN74ACT533PW SN74AHCO08D
SN74ACT16825DL SN74ACT534DB SN74AHC08DB
SN74ACT16827DL SN74ACT534DW SN74AHCO8N
SN74ACT16833DL SN74ACT534N SN74AHC08PW
SN74ACT16841DL SN74ACT563DB SN74AHC125D
SN74ACT16861DL SN74ACT563DW SN74AHC125DB
SN74ACT16863DL SN74ACT563N SN74AHC125N
SN74ACT16864DL SN74ACT563PW SN74AHC125PW
SN74ACT16952DL SN74ACT564DB SN74AHC126D
SN74ACT240DB SN74ACT564DW SN74AHC126DB
SN74ACT240DW SN74ACT564N SN74AHC126N
SN74ACT240N SN74ACT564PW SN74AHC126PW
SN74ACT240PW SN74ACT573DB SN74AHC138D
SN74ACT241DB SN74ACT573DW SN74AHC138DB
SN74ACT241DW SN74ACT573N SN74AHC138N
SN74ACT241N SN74ACT573PW SN74AHC138PW
SN74ACT241PW SN74ACT574DB SN74AHC139D
SN74ACT244DB SN74ACT574DW SN74AHC139DB
SN74ACT244DW SN74ACT574N SN74AHC139N
SN74ACT244N SN74ACT574PW SN74AHC139PW
SN74ACT244PW SN74ACT74D SN74AHC14D
SN74ACT245DB SN74ACT74DB SN74AHC14DB
SN74ACT245DW SN74ACT74N SN74AHC14N
SN74ACT245N SN74ACT74PW SN74AHC14PW
SN74ACT245PW SN74ACT86D SN74AHC240DB
SN74ACT32D SN74ACT86DB SN74AHC240DW
SN74ACT32DB SN74ACT86N SN74AHC240N
SN74ACT32N SN74ACT86PW SN74AHC240PW
SN74ACT32PW SN74AHC00D SN74AHC244DB
SN74AHC244DW SN74AHC86DB SN74AHCT240DW
SN74AHC244N SN74AHC86N SN74AHCT240N
SN74AHC244PW SN74AHC86PW SN74AHCT240PW
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SN74AHC245DB SN74AHCTO00D SN74AHCT244DB
SN74AHC245DW SN74AHCTO0DB SN74AHCT244DW
SN74AHC245N SN74AHCTOON SN74AHCT244N
SN74AHC245PW SN74AHCTO0PW SN74AHCT244PW
SN74AHC32D SN74AHCT02D SN74AHCT245DB
SN74AHC32DB SN74AHCT02DB SN74AHCT245DW
SN74AHC32N SN74AHCTO2N SN74AHCT245N
SN74AHC32PW SN74AHCTO02PW SN74AHCT245PW
SN74AHC373DB SN74AHCT04D SN74AHCT32D
SN74AHC373DW SN74AHCT04DB SN74AHCT32DB
SN74AHC373N SN74AHCTO04N SN74AHCT32N
SN74AHC373PW SN74AHCT04PW SN74AHCT32PW
SN74AHC374DB SN74AHCTO08D SN74AHCT373DB
SN74AHC374DW SN74AHCT08DB SN74AHCT373DW
SN74AHC374N SN74AHCTO8N SN74AHCT373N
SN74AHC374PW SN74AHCT08PW SN74AHCT373PW
SN74AHC540DB SN74AHCT125D SN74AHCT374DB
SN74AHC540DW SN74AHCT125DB SN74AHCT374DW
SN74AHC540N SN74AHCT125N SN74AHCT374N
SN74AHC540PW SN74AHCT125PW SN74AHCT374PW
SN74AHC541DB SN74AHCT126D SN74AHCT540DB
SN74AHC541DW SN74AHCT126DB SN74AHCT540DW
SN74AHC541N SN74AHCT126N SN74AHCT540N
SN74AHC541PW SN74AHCT126PW SN74AHCT540PW
SN74AHC573DB SN74AHCT138D SN74AHCT541DB
SN74AHC573DW SN74AHCT138DB SN74AHCT541DW
SN74AHC573N SN74AHCT138N SN74AHCT541N
SN74AHC573PW SN74AHCT138PW SN74AHCT541PW
SN74AHC574DB SN74AHCT139D SN74AHCT573DB
SN74AHC574DW SN74AHCT139DB SN74AHCT573DW
SN74AHC574N SN74AHCT139N SN74AHCT573N
SN74AHC574PW SN74AHCT139PW SN74AHCT573PW
SN74AHC74D SN74AHCT14D SN74AHCT574DB
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SN74AHC74DB SN74AHCT14DB SN74AHCT574DW
SN74AHC74N SN74AHCT14N SN74AHCT574N
SN74AHC74PW SN74AHCT14PW SN74AHCT574PW
SN74AHC86D SN74AHCT240DB SN74AHCT74D
SN74AHCT74DB SN74ALS1010AD SN74ALS139D
SN74AHCT74N SN74ALS1010AN SN74ALS139N
SN74AHCT74PW SN74ALS1020AD SN74ALS151D
SN74AHCT86D SN74ALS1020AN SN74ALS151N
SN74AHCT86DB SN74ALS1032AD SN74ALS153D
SN74AHCT86N SN74ALS1032AN SN74ALS153N
SN74AHCT86PW SN74ALS1034D SN74ALS154DW
SN74AHCU04D SN74ALS1034N SN74ALS154NT
SN74AHCU04DB SN74ALS1035D SN74ALS156D
SN74AHCUO04N SN74ALST1035N SN74ALS156N
SN74AHCU04PW SN74ALS109AD SN74ALS157AD
SN74ALS00AD SN74ALST09AN SN74ALS157AN
SN74ALS00AN SN74ALST10AD SN74ALS158D
SN74ALSO1D SN74ALST0AN SN74ALS158N
SN74ALSO1TN SN74ALS112AD SN74ALS15AD
SN74ALS02D SN74ALST12AN SN74ALS15AN
SN74ALS02N SN74ALST13AD SN74ALS160BD
SN74ALS03BD SN74ALST13AN SN74ALS160BN
SN74ALS03BN SN74ALS114AD SN74ALS161BD
SN74ALS04BD SN74ALST14AN SN74ALS161BN
SN74ALS04BDB SN74ALS11AD SN74ALS162BD
SN74ALS04BN SN74ALST1AN SN74ALS162BN
SN74ALS05AD SN74ALS1240-1DW SN74ALS163BD
SN74ALS05AN SN74ALS1240-1N SN74ALS163BN
SN74ALS08D SN74ALS1244-1ADW SN74ALS1640-1ADW
SN74ALSO08N SN74ALS1244-1AN SN74ALS1640-1AN
SN74ALS09D SN74ALS1245-1ADW SN74ALS1645-1ADW
SN74ALSO9N SN74ALS1245-1AN SN74ALS1645-1AN
SN74ALS1000AD SN74ALS12AD SN74ALS164AD
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SN74ALS1000AN SN74ALS12AN SN74ALS164AN
SN74ALS1002AD SN74ALS131D SN74ALS165D
SN74ALS1002AN SN74ALS131N SN74ALS165N
SN74ALS1003AD SN74ALS133D SN74ALS166D
SN74ALS1003AN SN74ALS133N SN74ALS166N
SN74ALS1004D SN74ALS136D SN74ALS168BD
SN74ALS1004N SN74ALS136N SN74ALS168BN
SN74ALS1005D SN74ALS137AD SN74ALS169BD
SN74ALST005N SN74ALS137AN SN74ALS169BN
SN74ALS1008AD SN74ALS138AD SN74ALS174D
SN74ALS1008AN SN74ALS138AN SN74ALS174N
SN74ALS175D SN74ALS235N SN74ALS29821DW
SN74ALS175N SN74ALS236DW SN74ALS2982TNT
SN74ALS1804ADW SN74ALS236N SN74ALS29822DW
SN74ALS1804AN SN74ALS240ADW SN74ALS29822NT
SN74ALS190D SN74ALS240AN SN74ALS29823DW
SN74ALST90N SN74ALS241CD SN74ALS29823NT
SN74ALS191AD SN74ALS241CN SN74ALS29824DW
SN74ALST91AN SN74ALS242BD SN74ALS29824NT
SN74ALS192D SN74ALS242BN SN74ALS29825DW
SN74ALS192N SN74ALS243AD SN74ALS29825NT
SN74ALS193AD SN74ALS243AN SN74ALS29826DW
SN74ALST193AN SN74ALS244CDW SN74ALS29826NT
SN74ALS194D SN74ALS244CN SN74ALS29827DW
SN74ALS194N SN74ALS245ABD SN74ALS29827NT
SN74ALS20AD SN74ALS245ADW SN74ALS29828DW
SN74ALS20AN SN74ALS245AN SN74ALS29828NT
SN74ALS21AD SN74ALS251D SN74ALS29833DW
SN74ALS21AN SN74ALS251N SN74ALS29833NT
SN74ALS2232ANT SN74ALS253D SN74ALS29841DW
SN74ALS2233ANT SN74ALS253N SN74ALS2984TNT
SN74ALS2238N SN74ALS2540DW SN74ALS29842DW
SN74ALS2239D SN74ALS2540N SN74ALS29842NT
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SN74ALS2239N SN74ALS2541DW SN74ALS29843DW
SN74ALS2240DW SN74ALS2541N SN74ALS29843NT
SN74ALS2240N SN74ALS257AD SN74ALS29844DW
SN74ALS2241DW SN74ALS257AN SN74ALS29844NT
SN74ALS2241N SN74ALS258AD SN74ALS29845DW
SN74ALS2244DW SN74ALS258AN SN74ALS29845NT
SN74ALS2244N SN74ALS259D SN74ALS29846DW
SN74ALS229BDW SN74ALS259N SN74ALS29846NT
SN74ALS229BN SN74ALS273DW SN74ALS29853DW
SN74ALS22BD SN74ALS273N SN74ALS29853NT
SN74ALS22BN SN74ALS27AD SN74ALS29854DW
SN74ALS232BDW SN74ALS27AN SN74ALS29854NT
SN74ALS232BN SN74ALS280D SN74ALS29861DW
SN74ALS233BDW SN74ALS280N SN74ALS2986TNT
SN74ALS233BN SN74ALS28AD SN74ALS29862DW
SN74ALS234DW SN74ALS28AN SN74ALS29862NT
SN74ALS234N SN74ALS29818DW SN74ALS29863DW
SN74ALS235DW SN74ALS29818NT SN74ALS29863NT
SN74ALS29864DW SN74ALS521DW SN74ALS577AN
SN74ALS29864NT SN74ALS521N SN74ALS580BDW
SN74ALS299DW SN74ALS522DW SN74ALS580BN
SN74ALS299N SN74ALS522N SN74ALS620ADW
SN74ALS30AD SN74ALS526DW SN74ALS620AN
SN74ALS30AN SN74ALS526N SN74ALS621ADW
SN74ALS323DW SN74ALS527DW SN74ALS621AN
SN74ALS323N SN74ALS527N SN74ALS622ADW
SN74ALS32AD SN74ALS528DW SN74ALS622AN
SN74ALS32AN SN74ALS528N SN74ALS623ADW
SN74ALS33AD SN74ALS533ADW SN74ALS623AN
SN74ALS33AN SN74ALS533AN SN74ALS638ADW
SN74ALS34D SN74ALS534ADW SN74ALS638AN
SN74ALS34N SN74ALS534AN SN74ALS639ADW
SN74ALS352D SN74ALS540DW SN74ALS639AN

P-CAD Signal Integrity User’s Guide




Appendix A: Digital Integrated Circuits included in P-CAD Signal Integrity

SN74ALS352N SN74ALS540N SN74ALS640BDW
SN74ALS353D SN74ALS541DW SN74ALS640BN
SN74ALS353N SN74ALS541N SN74ALS641ADW
SN74ALS35AD SN74ALS560ADW SN74ALS641AN
SN74ALS35AN SN74ALS560AN SN74ALS642ADW
SN74ALS373ADW SN74ALS561ADW SN74ALS642AN
SN74ALS373AN SN74ALS561AN SN74ALS643ADW
SN74ALS374ADW SN74ALS563BDW SN74ALS643AN
SN74ALS374AN SN74ALS563BN SN74ALS645ADW
SN74ALS37AD SN74ALS564BDW SN74ALS645AN
SN74ALS37AN SN74ALS564BN SN74ALS646ADW
SN74ALS38BD SN74ALS568ADW SN74ALS646ANT
SN74ALS38BN SN74ALS568AN SN74ALS647DW
SN74ALS40AD SN74ALS569ADW SN74ALS647NT
SN74ALS40AN SN74ALS569AN SN74ALS648ADW
SN74ALS465ADW SN74ALS573CDB SN74ALS648ANT
SN74ALS465AN SN74ALS573CDW SN74ALS651ADW
SN74ALS466ADW SN74ALS573CN SN74ALS65TANT
SN74ALS466AN SN74ALS574BDW SN74ALS652ADW
SN74ALS518DW SN74ALS574BN SN74ALS652ANT
SN74ALS518N SN74ALS575ADW SN74ALS653DW
SN74ALS519DW SN74ALS575AN SN74ALS653NT
SN74ALS519N SN74ALS576BDW SN74ALS654DW
SN74ALS520DW SN74ALS576BN SN74ALS654NT
SN74ALS520N SN74ALS577ADW SN74ALS666DW
SN74ALS666NT SN74ALS810N SN74ALS994DW
SN74ALS667DW SN74ALS811D SN74ALS994NT
SN74ALS667NT SN74ALS81T1N SN74ALS996DW
SN74ALS677ADW SN74ALS8169N SN74ALS996NT
SN74ALS677ANT SN74ALS832ADW SN74ALVC16240DGG
SN74ALS678DW SN74ALS832AN SN74ALVC16240DL
SN74ALS678NT SN74ALS857DW SN74ALVC16244DGG
SN74ALS679DW SN74ALS857NT SN74ALVC16244DL
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SN74ALS679N SN74ALS867ADW SN74ALVC16245DGG
SN74ALS680DW SN74ALS867ANT SN74ALVC16245DL
SN74ALS680N SN74ALS869DW SN74ALVC16260DGG
SN74ALS688DW SN74ALS869NT SN74ALVC16260DL
SN74ALS688N SN74ALS86D SN74ALVC16269DGG
SN74ALS689DW SN74ALS86N SN74ALVC16269DL
SN74ALS689N SN74ALS870DW SN74ALVC16270DGG
SN74ALS746DW SN74ALS870NT SN74ALVC16270DL
SN74ALS746N SN74ALS873BDW SN74ALVC16271DGG
SN74ALS747DW SN74ALS873BNT SN74ALVC16271DL
SN74ALS747N SN74ALS874BDW SN74ALVC16272DGG
SN74ALS74AD SN74ALS874BNT SN74ALVC16272DL
SN74ALS74AN SN74ALS876 ADW SN74ALVC16373DGG
SN74ALS756DW SN74ALS876ANT SN74ALVC16373DL
SN74ALS756N SN74ALS878ADW SN74ALVC16374DGG
SN74ALS757DW SN74ALS878ANT SN74ALVC16374DL
SN74ALS757N SN74ALS879ADW SN74ALVC164245DGG
SN74ALS758D SN74ALS879ANT SN74ALVC164245DL
SN74ALS758N SN74ALS880ADW SN74ALVC16500DGG
SN74ALS760DW SN74ALS880ANT SN74ALVC16500DL
SN74ALS760N SN74ALS963DW SN74ALVC16501DGG
SN74ALS762DW SN74ALS963N SN74ALVC16501DL
SN74ALS762N SN74ALS964DW SN74ALVC16540DGG
SN74ALS763DW SN74ALS964N SN74ALVC16540DL
SN74ALS763N SN74ALS990DW SN74ALVC16541DGG
SN74ALS8003AD SN74ALS990N SN74ALVC16541DL
SN74ALS8003AP SN74ALS991DW SN74ALVC16543DGG
SN74ALS804ADW SN74ALS991N SN74ALVC16543DL
SN74ALS804AN SN74ALS992DW SN74ALVC16600DGG
SN74ALS805ADW SN74ALS992NT SN74ALVC16600DL
SN74ALS805AN SN74ALS993DW SN74ALVC16601DGG
SN74ALS810D SN74ALS993NT SN74ALVC16601DL
SN74ALVC16646DGG SN74AS1034AD SN74AS175AD
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SN74ALVC16646DL SN74AS1034AN SN74AS175AN
SN74ALVC16652DGG SN74AS1036AD SN74AS51804DW
SN74ALVC16652DL SN74AS1036AN SN74AS1804N
SN74ALVC16721DGG SN74AS109D SN74AS1805DW
SN74ALVC16721DL SN74AS109N SN74AS1805N
SN74ALVC16820DGG SN74AS10D SN74AS1808DW
SN74ALVC16820DL SN74AS10N SN74AS1808N
SN74ALVC16821DGG SN74AS1181DW SN74AS181ADW
SN74ALVC16821DL SN74AST181INT SN74AS181ANT
SN74ALVC16823DGG SN74AS11D SN74AS181ANW
SN74ALVC16823DL SN74AST1IN SN74AS181BN
SN74ALVC16825DGG SN74AS131AD SN74AS181BNT
SN74ALVC16825DL SN74AS131AN SN74AS1821NT
SN74ALVC16827DGG SN74AS136D SN74AS1832N
SN74ALVC16827DL SN74AS136N SN74AS5194D
SN74ALVC16828DGG SN74AS137D SN74AS194N
SN74ALVC16828DL SN74AS137N SN74AS195D
SN74ALVC16841DGG SN74AS138D SN74AS195N
SN74ALVC16841DL SN74AS138N SN74AS20D
SN74ALVC16843DGG SN74AS151D SN74AS20N
SN74ALVC16843DL SN74AS151N SN74AS21D
SN74ALVC16952DGG SN74AS153D SN74AS21N
SN74ALVC16952DL SN74AS153N SN74AS230DW
SN74AS00D SN74AS157D SN74AS230N
SN74AS00N SN74AS157N SN74AS240DW
SN74AS02D SN74AS158D SN74AS240N
SN74AS02N SN74AS158N SN74AS241D
SN74AS04D SN74AS160D SN74AS241N
SN74AS04N SN74AS160N SN74AS242D
SN74AS08D SN74AS161D SN74AS242N
SN74AS08N SN74AS161N SN74AS243AD
SN74AS1000AD SN74AS162D SN74AS243AN
SN74AS1000AN SN74AS162N SN74AS244DW
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SN74AS1004AD SN74AS163D SN74AS244N
SN74AS1004AN SN74AS163N SN74AS245DW
SN74AS1008AD SN74AS169AD SN74AS245N
SN74AS1008AN SN74AS169AN SN74AS250ADW
SN74AS1032AD SN74AS174D SN74AS250ANT
SN74AS1032AN SN74AS174N SN74AS251D
SN74AS251N SN74AS353AN SN74AS644N
SN74AS253D SN74AS373DW SN74AS645DW
SN74AS253N SN74AS373N SN74AS645N
SN74AS257D SN74AS374DW SN74AS646DW
SN74AS257N SN74AS374N SN74AS646NT
SN74AS258D SN74AS4374BDW SN74AS648DW
SN74AS258N SN74AS4374BN SN74AS648NT
SN74AS2623DW SN74AS533DW SN74AS651DW
SN74AS2623N SN74AS533N SN74AS65TNT
SN74AS2640DW SN74AS534DW SN74AS652DW
SN74AS2640N SN74AS534N SN74AS652NT
SN74AS2645DW SN74AS573ADW SN74AS74D
SN74AS2645N SN74AS573AN SN74AS74N
SN74AS27D SN74AS574DW SN74AS756DW
SN74AS27N SN74AS574N SN74AS756N
SN74AS280D SN74AS575DW SN74AS757DW
SN74AS280N SN74AS575NT SN74AS757N
SN74AS286D SN74AS576DW SN74AS759D
SN74AS286N SN74AS576N SN74AS759N
SN74AS298D SN74AS577DW SN74AS760DW
SN74AS298N SN74AS577NT SN74AS760N
SN74AS299DW SN74AS580DW SN74AS762DW
SN74AS299N SN74AS580N SN74AS762N
SN74AS303D SN74AS620DW SN74AS763DW
SN74AS303N SN74AS620N SN74AS763N
SN74AS304D SN74AS623DW SN74AS804BDW
SN74AS304N SN74AS623N SN74AS804BN
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SN74AS305D SN74AS638ADW SN74AS805BDW
SN74AS305N SN74AS638AN SN74AS805BN
SN74AS30D SN74AS639DW SN74AS808BDW
SN74AS30N SN74AS639N SN74AS808BN
SN74AS323DW SN74AS640DW SN74AS810D
SN74AS323N SN74AS640N SN74AS810N
SN74AS32D SN74AS641DW SN74AS811D
SN74AS32N SN74AS641N SN74AS8T1N
SN74AS34D SN74AS642DW SN74AS821DW
SN74AS34N SN74AS642N SN74AS821NT
SN74AS352D SN74AS643DW SN74AS822DW
SN74AS352N SN74AS643N SN74AS822NT
SN74AS353AD SN74AS644DW SN74AS823DW
SN74AS823NT SN74AS885NT SN74BCT29841NT
SN74AS824DW SN74BCT2240DB SN74BCT29843DW
SN74AS824NT SN74BCT2240DW SN74BCT29843NT
SN74AS825DW SN74BCT2240N SN74BCT29854DW
SN74AS825NT SN74BCT2241DB SN74BCT29854NT
SN74AS826DW SN74BCT2241DW SN74BCT29863ADW
SN74AS826NT SN74BCT2241N SN74BCT29863ANT
SN74AS832BDW SN74BCT2244DW SN74BCT373DB
SN74AS832BN SN74BCT2244N SN74BCT373DW
SN74AS856DW SN74BCT240DB SN74BCT373N
SN74AS856NT SN74BCT240DW SN74BCT374DB
SN74AS857ADW SN74BCT240N SN74BCT374DW
SN74AS857ANT SN74BCT241DB SN74BCT374N
SN74AS867DW SN74BCT241DW SN74BCT540ADW
SN74AS867NT SN74BCT241N SN74BCT540AN
SN74AS869DW SN74BCT244DB SN74BCT541ADW
SN74AS869NT SN74BCT244DW SN74BCT541AN
SN74AS86AD SN74BCT244N SN74BCT543DW
SN74AS86AN SN74BCT245DB SN74BCT543NT
SN74AS870DW SN74BCT245DW SN74BCT620ADW
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SN74AS870NT SN74BCT245N SN74BCT620AN
SN74AS873ADW SN74BCT25244DW SN74BCT623DW
SN74AS873ANT SN74BCT25244NT SN74BCT623N
SN74AS874DW SN74BCT25245DW SN74BCT640DW
SN74AS874NT SN74BCT25245NT SN74BCT640N
SN74AS876DW SN74BCT2827CDW SN74BCT646DW
SN74AS876NT SN74BCT2827CNT SN74BCT646NT
SN74AS877DW SN74BCT2828BDW SN74BCT756DW
SN74AS877NT SN74BCT2828BNT SN74BCT756N
SN74AS878DW SN74BCT29821DW SN74BCT757DW
SN74AS878NT SN74BCT29821NT SN74BCT757N
SN74AS879DW SN74BCT29823DW SN74BCT760DW
SN74AS879NT SN74BCT29823NT SN74BCT760N
SN74AS880DW SN74BCT29827BDW SN74BCT8244DW
SN74AS880NT SN74BCT29827BNT SN74BCT8244NT
SN74AS881ADW SN74BCT29828BDW SN74F00D
SN74AS88TANT SN74BCT29828BNT SN74F00N
SN74AS882ADW SN74BCT29834DW SN74F02D
SN74AS882ANT SN74BCT29834NT SN74F02N
SN74AS885DW SN74BCT29841DW SN74F04D
SN74F04N SN74F166N SN74F27D
SN74F08D SN74F168D SN74F27N
SN74F08N SN74F168N SN74F280BD
SN74F09D SN74F169D SN74F280BN
SN74F09N SN74F169N SN74F283D
SN74F109D SN74F174D SN74F283N
SN74F109N SN74F174N SN74F286D
SN74F10D SN74F175D SN74F286N
SN74F10N SN74F175N SN74F299DW
SN74F112D SN74F20D SN74F299N
SN74F112N SN74F20N SN74F30D
SN74F113D SN74F21D SN74F30N
SN74F113N SN74F21N SN74F323DW
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SN74F114D SN74F240DB SN74F323N
SN74F114N SN74F240DW SN74F32D
SN74F11D SN74F240N SN74F32N
SN74F11N SN74F241DW SN74F350D
SN74F125D SN74F241N SN74F350N
SN74F125N SN74F242D SN74F352D
SN74F126D SN74F242N SN74F352N
SN74F126N SN74F243D SN74F353D
SN74F138D SN74F243N SN74F353N
SN74F138N SN74F244DB SN74F36D
SN74F151AD SN74F244DW SN74F36N
SN74F151AN SN74F244N SN74F373DB
SN74F153D SN74F245DB SN74F373DW
SN74F153N SN74F245DW SN74F373N
SN74F157AD SN74F245N SN74F374DB
SN74F157AN SN74F251D SN74F374DW
SN74F158AD SN74F251N SN74F374N
SN74F158AN SN74F253D SN74F377D
SN74F160AD SN74F253N SN74F377N
SN74F160AN SN74F257D SN74F378D
SN74F161AD SN74F257N SN74F378N
SN74F161AN SN74F258D SN74F379D
SN74F162AD SN74F258N SN74F379N
SN74F162AN SN74F260D SN74F37D
SN74F163AD SN74F260N SN74F37N
SN74F163AN SN74F273DW SN74F381DW
SN74F166D SN74F273N SN74F381N
SN74F382DW SN74F574N SN74HCO5N
SN74F382N SN74F620DW SN74HC08D
SN74F38D SN74F620N SN74HC08DB
SN74F38N SN74F621DW SN74HCO08N
SN74F40D SN74F621N SN74HC109D
SN74F40N SN74F622DW SN74HC109DB
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SN74F518DW SN74F622N SN74HC109N
SN74F518N SN74F623DW SN74HC10D
SN74F519DW SN74F623N SN74HC10DB
SN74F519N SN74F64D SN74HC10N
SN74F51D SN74F64N SN74HC112D
SN74F51N SN74F657DW SN74HC112DB
SN74F520DW SN74F657N SN74HC112N
SN74F520N SN74F74D SN74HC11D
SN74F521DW SN74F74N SN74HC11DB
SN74F521N SN74F86D SN74HCT1N
SN74F533DW SN74F86N SN74HC125D
SN74F533N SN74FB1650PCA SN74HC125DB
SN74F534DW SN74FB1651PCA SN74HC125N
SN74F534N SN74FB2031RC SN74HC126D
SN74F540DW SN74FB2032RC SN74HC126DB
SN74F540N SN74FB2033ARC SN74HC126N
SN74F541DW SN74FB2040RC SN74HC132D
SN74F541N SN74FB2041RC SN74HC132DB
SN74F543DB SN74GTL16612DGG SN74HC132N
SN74F543DW SN74GTL16612DL SN74HC138D
SN74F543N SN74HC00D SN74HC138DB
SN74F544DW SN74HC00DB SN74HC138N
SN74F544N SN74HCOON SN74HC139D
SN74F563DW SN74HC02D SN74HC139DB
SN74F563N SN74HC02DB SN74HC139N
SN74F564DW SN74HCO02N SN74HC148N
SN74F564N SN74HC03D SN74HC14D
SN74F568DW SN74HC03DB SN74HC14DB
SN74F568N SN74HCO3N SN74HC14N
SN74F569DW SN74HC04D SN74HC151D
SN74F569N SN74HC04DB SN74HC151DB
SN74F573DW SN74HCO04N SN74HC151N
SN74F573N SN74HCO05D SN74HC153D
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SN74F574DW SN74HC05DB SN74HC153DB
SN74HC153N SN74HC240N SN74HC367D
SN74HC157D SN74HC241DB SN74HC367DB
SN74HC157DB SN74HC241DW SN74HC367N
SN74HC157N SN74HC241N SN74HC368D
SN74HC158D SN74HC244DB SN74HC368DB
SN74HC158DB SN74HC244DW SN74HC368N
SN74HC158N SN74HC244N SN74HC373DB
SN74HC161D SN74HC245DB SN74HC373DW
SN74HC161DB SN74HC245DW SN74HC373N
SN74HC161N SN74HC245N SN74HC374DB
SN74HC163D SN74HC251D SN74HC374DW
SN74HC163DB SN74HC251DB SN74HC374N
SN74HC163N SN74HC251N SN74HC377DB
SN74HC164D SN74HC253D SN74HC377DW
SN74HC164DB SN74HC253DB SN74HC377N
SN74HC164N SN74HC253N SN74HC393D
SN74HC165D SN74HC257D SN74HC393DB
SN74HC165DB SN74HC257DB SN74HC393N
SN74HC165N SN74HC257N SN74HC4020D
SN74HC166D SN74HC258D SN74HC4020DB
SN74HC166DB SN74HC258DB SN74HC4020N
SN74HC166N SN74HC258N SN74HC4040D
SN74HC174D SN74HC259D SN74HC4040DB
SN74HC174DB SN74HC259DB SN74HC4040N
SN74HC174N SN74HC259N SN74HC4060D
SN74HC175D SN74HC266D SN74HC4060DB
SN74HC175DB SN74HC266DB SN74HC4060N
SN74HC175N SN74HC266N SN74HC42N
SN74HC191N SN74HC273DB SN74HC534DW
SN74HC193D SN74HC273DW SN74HC534N
SN74HC193DB SN74HC273N SN74HC540DB
SN74HC193N SN74HC27D SN74HC540DW
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SN74HC20D SN74HC27DB SN74HC540N
SN74HC20DB SN74HC27N SN74HC541DB
SN74HC20N SN74HC32D SN74HC541DW
SN74HC21D SN74HC32DB SN74HC541N
SN74HC21DB SN74HC32N SN74HC563DW
SN74HC21N SN74HC365D SN74HC563N
SN74HC240DB SN74HC365DB SN74HC573ADB
SN74HC240DW SN74HC365N SN74HC573ADW
SN74HC573AN SN74HC7032D SN74HCT245N
SN74HC573DB SN74HC7032DB SN74HCT257D
SN74HC573DW SN74HC7032N SN74HCT257N
SN74HC573N SN74HC74D SN74HCT273DB
SN74HC574DB SN74HC74DB SN74HCT273DW
SN74HC574DW SN74HC74N SN74HCT273N
SN74HC574N SN74HC86D SN74HCT32D
SN74HC590D SN74HC86DB SN74HCT32DB
SN74HC590N SN74HC86N SN74HCT32N
SN74HC594DW SN74HCT00D SN74HCT373DB
SN74HC594N SN74HCT00DB SN74HCT373DW
SN74HC595DB SN74HCTOON SN74HCT373N
SN74HC595DW SN74HCT02D SN74HCT374DB
SN74HC595N SN74HCT02DB SN74HCT374DW
SN74HC623DW SN74HCTO2N SN74HCT374N
SN74HC623N SN74HCT04D SN74HCT377DB
SN74HC640DB SN74HCT04DB SN74HCT377DW
SN74HC640DW SN74HCTO04N SN74HCT377N
SN74HC640N SN74HCT08D SN74HCT540DB
SN74HC645DB SN74HCT08DB SN74HCT540DW
SN74HC645DW SN74HCTO8N SN74HCT540N
SN74HC645N SN74HCT125D SN74HCT541DB
SN74HC646DW SN74HCT125N SN74HCT541DW
SN74HC646NT SN74HCT138D SN74HCT541N
SN74HC652DW SN74HCT138DB SN74HCT573DB
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SN74HC652NT SN74HCT138N SN74HCT573DW
SN74HC682DW SN74HCT139D SN74HCT573N
SN74HC682N SN74HCT139DB SN74HCT574DB
SN74HC684DW SN74HCT139N SN74HCT574DW
SN74HC684N SN74HCT157D SN74HCT574N
SN74HC688DB SN74HCT157DB SN74HCT623DW
SN74HC688DW SN74HCT157N SN74HCT623N
SN74HC688N SN74HCT240DB SN74HCT640DB
SN74HC688PW SN74HCT240DW SN74HCTe40DW
SN74HC7001D SN74HCT240N SN74HCT640N
SN74HC7001DB SN74HCT244DB SN74HCTe45DB
SN74HC7001N SN74HCT244DW SN74HCT645DW
SN74HC7002D SN74HCT244N SN74HCT645N
SN74HC7002DB SN74HCT245DB SN74HCTe46DW
SN74HC7002N SN74HCT245DW SN74HCT646NT
SN74HCT652DW SN74LS107AD SN74LS126AD
SN74HCT652NT SN74LS107AFK SN74LS126AFK
SN74HCT74D SN74LS107A) SN74LS126A)
SN74HCT74DB SN74LS107AN SN74LS126AN
SN74HCT74N SN74LS109AD SN74LS12D
SN74HCU04D SN74LST09AFK SN74LS12FK
SN74HCU04DB SN74LS109A) SN74LS12)
SN74HCUO04N SN74LS109AN SN74LS12N
SN74LS00D SN74LS10D SN74LS5132D
SN74LSO00FK SN74LS10FK SN74LS132FK
SN74LS00) SN74LS10) SN74LS5132)
SN74LSO00N SN74LST10N SN74LS132N
SN74LS01D SN74LS112AD SN74LS136D
SN74LSO1FK SN74LST12AFK SN74LS136FK
SN74LS01) SN74LS112A) SN74LS136)
SN74LSOTN SN74LS112AN SN74LS136N
SN74LS02D SN74LS113AD SN74LS137D
SN74LS02FK SN74LST13AFK SN74LS137FK
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SN74LS02) SN74LS113A]) SN74LS5137)
SN74LS02N SN74LS113AN SN74LS137N
SN74LS03D SN74LS114AD SN74LS138D
SN74LS03FK SN74LST14AFK SN74LS138FK
SN74LS03) SN74LS114A) SN74LS138)
SN74LS03N SN74LS114AN SN74LS138N
SN74LS04D SN74LS11D SN74LS139AD
SN74LS04FK SN74LST1FK SN74LS139AFK
SN74LS04) SN74LS11) SN74LS139A)
SN74LS04N SN74LSTIN SN74LS139AN
SN74LS05D SN74LS122D SN74LS13D
SN74LS05FK SN74LS122FK SN74LS13FK
SN74LS05) SN74L5122) SN74LS13)
SN74LS05N SN74LS122N SN74LS13N
SN74LS08D SN74LS123D SN74LS14D
SN74LS08FK SN74LS123FK SN74LS14FK
SN74LS08) SN74LS5123) SN74LS14)
SN74LS08N SN74LS123N SN74LS14N
SN74LS09D SN74LS125AD SN74LS151D
SN74LS09FK SN74LS125AFK SN74LS151FK
SN74LS09) SN74LS125A]) SN74LS151)
SN74LSO09N SN74LS125AN SN74LS151N
SN74LS153D SN74LS164D SN74L5183D
SN74LS153FK SN74LS164FK SN74LS183FK
SN74LS153) SN74LS164) SN74LS183)
SN74LS153N SN74LS164N SN74LS183N
SN74LS155AD SN74LS165AD SN74LS18D
SN74LS155AFK SN74LS165AFK SN74LS18)
SN74LS155A]) SN74LS165A) SN74LS18N
SN74LS155AN SN74LS165AN SN74LS190D
SN74LS156D SN74LS166AD SN74LS190FK
SN74LS156FK SN74LS166AFK SN74LS190)
SN74LS156) SN74LS166A) SN74LST90N
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SN74LS156N SN74LS166AN SN74LS191D
SN74LS157D SN74LS169BD SN74LS191FK
SN74LS157FK SN74LS169BFK SN74LS191)
SN74LS157) SN74LS169B)J SN74LS191N
SN74LS157N SN74LS169BN SN74LS192D
SN74LS158D SN74LS170D SN74LS192FK
SN74LS158FK SN74LS170FK SN74LS5192)
SN74LS158) SN74LS5170) SN74LS192N
SN74LS158N SN74LS170N SN74LS193D
SN74LS15D SN74LS171D SN74LS193FK
SN74LS15FK SN74LS171FK SN74LS193)
SN74LS15) SN74LS171) SN74LS193N
SN74LS15N SN74LS171N SN74LS194AD
SN74LS160AD SN74LS173AD SN74LS194AFK
SN74LS160AFK SN74LS173AFK SN74LS194A)
SN74LS160A) SN74LS173A]) SN74LS194AN
SN74LS160AN SN74LS173AN SN74LS195AD
SN74LS161AD SN74L5174D SN74LS195AFK
SN74LS161AFK SN74LS174FK SN74LS195A])
SN74LS161A) SN74LS5174) SN74LS195AN
SN74LS161AN SN74LS174N SN74LS196D
SN74LS162AD SN74LS175D SN74LS196FK
SN74LS162AFK SN74LS175FK SN74LS196)
SN74LS162A) SN74LS5175) SN74LS196N
SN74LS162AN SN74LS175N SN74LS197D
SN74LS163AD SN74LS181DW SN74LS197FK
SN74LS163AFK SN74LS181FK SN74LS197])
SN74LS163A) SN74LS5181) SN74LS197N
SN74LS163AN SN74LS181N SN74LS19D
SN74LS19) SN74LS5245] SN74LS261N
SN74LST9N SN74LS245N SN74LS266D
SN74LS20D SN74LS247D SN74LS266FK
SN74LS20FK SN74LS247FK SN74LS266)
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SN74LS20) SN74LS5247) SN74LS266N
SN74LS20N SN74LS247N SN74LS26D
SN74LS21D SN74L5248D SN74LS26FK
SN74LS21FK SN74LS248FK SN74LS26)
SN74LS21) SN74LS248) SN74LS26N
SN74LS21N SN74LS248N SN74LS273DW
SN74LS221D SN74L5249D SN74LS273FK
SN74LS221FK SN74LS249FK SN74LS273)
SN74LS221) SN74LS5249]) SN74LS273N
SN74LS221N SN74LS249N SN74LS279AD
SN74LS22D SN74LS24D SN74LS279AFK
SN74LS22FK SN74LS24) SN74LS279A)
SN74LS22) SN74LS24N SN74LS279AN
SN74LS22N SN74LS251D SN74LS27D
SN74LS240DW SN74LS251FK SN74LS27FK
SN74LS240FK SN74LS251) SN74LS27)
SN74LS5240]) SN74LS251N SN74LS27N
SN74LS240N SN74LS253D SN74LS280D
SN74LS241 SN74LS253FK SN74LS280FK
SN74LS241DW SN74LS253] SN74LS5280])
SN74LS241FK SN74LS253N SN74LS280N
SN74LS241N SN74LS257BD SN74LS283D
SN74LS242D SN74LS257BFK SN74LS283FK
SN74LS242FK SN74LS257B) SN74LS283)
SN74LS242) SN74LS257BN SN74LS283N
SN74LS242N SN74LS258BD SN74LS28D
SN74L5243D SN74LS258BFK SN74LS28FK
SN74LS243FK SN74LS258B) SN74LS28)
SN74LS5243) SN74LS258BN SN74LS28N
SN74LS243N SN74LS259BD SN74LS290D
SN74L5244DW SN74LS259BFK SN74LS290FK
SN74LS244FK SN74LS259B]) SN74LS290)
SN74LS5244]) SN74LS259BN SN74LS290N
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SN74LS244N SN74LS261D SN74LS292FK
SN74LS245DW SN74LS261FK SN74LS292)
SN74LS245FK SN74LS261) SN74LS292N
SN74LS293D SN74LS32FK SN74LS365AFK
SN74LS293FK SN74LS32) SN74LS365A)
SN74LS5293) SN74LS32N SN74LS365AN
SN74LS293N SN74LS33D SN74LS366AD
SN74LS294FK SN74LS33FK SN74LS366AFK
SN74LS5294) SN74LS33) SN74LS366A)
SN74LS294N SN74LS33N SN74LS366AN
SN74LS295BD SN74LS347D SN74LS367AD
SN74LS295BFK SN74LS347FK SN74LS367AFK
SN74LS295B) SN74LS347]) SN74LS367A)
SN74LS295BN SN74LS347N SN74LS367AN
SN74LS297D SN74LS348D SN74LS368AD
SN74LS297FK SN74LS348FK SN74LS368AFK
SN74LS297]) SN74LS348) SN74LS368A])
SN74LS297N SN74LS348N SN74LS368AN
SN74LS298D SN74LS352D SN74LS373DW
SN74LS298FK SN74LS352FK SN74LS373FK
SN74LS5298) SN74LS352) SN74LS373)
SN74LS298N SN74LS352N SN74LS373N
SN74LS299DW SN74LS353D SN74LS374DW
SN74LS299FK SN74LS353FK SN74LS374FK
SN74LS299) SN74LS353) SN74LS374)
SN74LS299N SN74LS353N SN74LS374N
SN74LS30D SN74LS354DW SN74LS375D
SN74LS30FK SN74LS354FK SN74LS375FK
SN74LS30) SN74LS354) SN74LS375]
SN74LS30N SN74LS354N SN74LS375N
SN74LS31D SN74LS355DW SN74LS377DW
SN74LS31FK SN74LS355FK SN74LS377FK
SN74LS31) SN74LS355] SN74LS377])
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SN74LS31N SN74LS355N SN74LS377N
SN74LS322ADW SN74LS356DW SN74LS378D
SN74LS322AFK SN74LS356FK SN74LS378FK
SN74LS322A]) SN74LS356) SN74LS378)
SN74LS322AN SN74LS356N SN74LS378N
SN74LS323DW SN74LS357DW SN74LS379D
SN74LS323FK SN74LS357FK SN74LS379FK
SN74LS323) SN74LS357]) SN74LS379])
SN74LS323N SN74LS357N SN74LS379N
SN74LS32D SN74LS365AD SN74LS37D
SN74LS37FK SN74LS396FK SN74LS443FK
SN74LS37) SN74LS396) SN74LS443)
SN74LS37N SN74LS396N SN74LS443N
SN74LS381ADW SN74LS398DW SN74L5444DW
SN74LS381AFK SN74LS398FK SN74LS444FK
SN74LS381A]) SN74LS398) SN74L5444)
SN74LS381AN SN74LS398N SN74LS444N
SN74LS382ADW SN74LS399D SN74L5445D
SN74LS382AFK SN74LS399FK SN74LS445FK
SN74LS382A]) SN74LS399] SN74LS5445]
SN74LS382AN SN74LS399N SN74LS445N
SN74LS384D SN74LS40D SN74LS446D
SN74LS384FK SN74LS40FK SN74LS446FK
SN74LS384) SN74LS40) SN74LS5446)
SN74LS384N SN74LS40N SN74LS446N
SN74LS385DW SN74LS422D SN74L5447D
SN74LS385FK SN74LS422FK SN74LS447FK
SN74LS385) SN74L5422) SN74LS447])
SN74LS385N SN74LS422N SN74LS447N
SN74LS386AD SN74L5423D SN74L5448DW
SN74LS386AFK SN74LS423FK SN74LS448FK
SN74LS386A) SN74LS423) SN74LS448)
SN74LS386AN SN74LS423N SN74LS448N
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SN74LS38D SN74LS42D SN74L5449D
SN74LS38FK SN74LS42FK SN74LS449FK
SN74LS38) SN74L542) SN74L5449]
SN74LS38N SN74LS42N SN74LS449N
SN74LS390D SN74LS440DW SN74LS465DW
SN74LS390FK SN74LS440FK SN74LS465FK
SN74LS390) SN74L5440]) SN74LS465)
SN74LS390N SN74LS440N SN74LS465N
SN74LS393D SN74LS441DW SN74LS466DW
SN74LS393FK SN74LS441FK SN74LS466FK
SN74LS393) SN74L5441) SN74LS5466)
SN74LS393N SN74LS441N SN74LS466N
SN74LS395AD SN74L5442DW SN74LS467DW
SN74LS395AFK SN74LS442FK SN74LS467FK
SN74LS395A) SN74LS442) SN74LS467])
SN74LS395AN SN74LS442N SN74LS467N
SN74LS396D SN74LS443DW SN74LS468DW
SN74LS468FK SN74LS56P SN74LS600AN
SN74L5468) SN74LS57)G SN74LS601ADW
SN74LS468N SN74LS57P SN74LS601A)
SN74LS47D SN74LS589FK SN74LS601AN
SN74LS47FK SN74LS589) SN74LS602ADW
SN74LS47) SN74LS589N SN74LS602A)
SN74LS47N SN74LS590FK SN74LS602AN
SN74LS48D SN74LS590) SN74LS603ADW
SN74LS48FK SN74LS590N SN74LS603A)
SN74L548) SN74LS591FK SN74LS603AN
SN74LS48N SN74LS591) SN74LS604FK
SN74LS490D SN74LS591N SN74LS604)D
SN74LS490FK SN74LS592FK SN74LS604N
SN74L5490) SN74LS592) SN74LS605FK
SN74LS490N SN74LS592N SN74LS605)D
SN74LS49D SN74LS593DW SN74LS605N
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SN74LS49FK SN74LS593FK SN74LS606FK
SN74LS49) SN74LS593) SN74LS606)D
SN74LS49N SN74LS593N SN74LS606N
SN74LS51D SN74LS594FK SN74LS607FK
SN74LS51FK SN74LS594) SN74LS607)D
SN74LS51) SN74LS594N SN74LS607N
SN74LS51N SN74LS595FK SN74LS608D
SN74LS540DW SN74LS595) SN74LS608FK
SN74LS540FK SN74LS595N SN74LS608)
SN74LS540]) SN74LS596FK SN74LS608N
SN74LS540N SN74LS596) SN74LS610)D
SN74LS541DW SN74LS596N SN74LS610N
SN74LS541FK SN74LS597FK SN74LS611)D
SN74LS541) SN74LS597) SN74LS6T1N
SN74LS541N SN74LS597N SN74LS612)D
SN74LS54D SN74LS598DW SN74LS612N
SN74LS54FK SN74LS598FK SN74LS613)D
SN74LS54) SN74LS598) SN74LS613N
SN74LS54N SN74LS598N SN74LS620DW
SN74LS55D SN74LS599FK SN74LS620FK
SN74LS55FK SN74LS599) SN74LS620])
SN74LS55) SN74LS599N SN74LS620N
SN74LS55N SN74LS600ADW SN74LS621DW
SN74LS56)G SN74LS600A) SN74LS621FK
SN74LS621) SN74LS641DW SN74LS652DW
SN74LS621N SN74LS641FK SN74LS652FK
SN74LS622DW SN74LS641]) SN74LS652)T
SN74LS622FK SN74LS641N SN74LS652NT
SN74LS622) SN74LS642DW SN74LS653DW
SN74LS622N SN74LS642FK SN74LS653FK
SN74LS623DW SN74LS642) SN74LS653)T
SN74LS623FK SN74LS642N SN74LS653NT
SN74LS623] SN74LS643DW SN74LS654DW
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SN74LS623N SN74LS643FK SN74LS654FK
SN74LS630Fk SN74LS643) SN74LS654)T
SN74LS630)D SN74LS643N SN74LS654NT
SN74LS630N SN74LS644DW SN74LS668D
SN74LS631FK SN74LS644FK SN74LS668FK
SN74LS631)D SN74LS644) SN74LS668)
SN74LS631N SN74LS644N SN74LS668N
SN74LS636DW SN74LS645DW SN74LS669D
SN74LS636FK SN74LS645FK SN74LS669FK
SN74LS636) SN74LS645] SN74LS669]
SN74LS636N SN74LS645N SN74LS669N
SN74LS637DW SN74LS646DW SN74LS670D
SN74LS637FK SN74LS646FK SN74LS670FK
SN74LS637]) SN74LS646]T SN74LS670]
SN74LS637N SN74LS646NT SN74LS670N
SN74LS638DW SN74LS647DW SN74LS671DW
SN74LS638FK SN74LS647FK SN74LS671FK
SN74LS638) SN74LS647)T SN74LS671)
SN74LS638N SN74LS647NT SN74LS671N
SN74LS639DW SN74LS648DW SN74LS672DW
SN74LS639FK SN74LS648FK SN74LS672FK
SN74LS639) SN74LS648)T SN74LS672)
SN74LS639N SN74LS648NT SN74LS672N
SN74LS63D SN74LS649DW SN74LS673DW
SN74LS63FK SN74LS649FK SN74LS673FK
SN74LS63) SN74LS649]T SN74LS673]
SN74LS63N SN74LS649NT SN74LS673N
SN74LS640DW SN74LS651DW SN74LS674DW
SN74LS640FK SN74LS651FK SN74LS674FK
SN74LS640] SN74LS651)T SN74LS674)
SN74LS640N SN74LS65TNT SN74LS674N
SN74LS681DW SN74LS690DW SN74LS74AFK
SN74LS681FK SN74LS690FK SN74LS74A)
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SN74LS681) SN74LS690) SN74LS74AN
SN74LS681N SN74LS690N SN74LS75D
SN74LS682DW SN74LS691DW SN74LS75)
SN74LS682FK SN74LS691FK SN74LS75N
SN74LS682) SN74LS691) SN74LS76AD
SN74LS682N SN74LS691N SN74LS76A)
SN74LS683DW SN74LS692DW SN74LS76AN
SN74LS683FK SN74LS692FK SN74LS78AD
SN74LS683) SN74LS692) SN74LS78A)
SN74LS683N SN74LS692N SN74LS78AN
SN74LS684DW SN74LS693DW SN74LS83AD
SN74LS684FK SN74LS693FK SN74LS83AFK
SN74LS684) SN74LS693) SN74LS83A)
SN74LS684N SN74LS693N SN74LS83AN
SN74LS685DW SN74LS696DW SN74LS85D
SN74LS685FK SN74LS696FK SN74LS85FK
SN74LS685) SN74LS696) SN74LS85)
SN74LS685N SN74LS696N SN74LS85N
SN74LS686DW SN74LS697DW SN74LS86AD
SN74LS686FK SN74LS697FK SN74LS86AFK
SN74LS686JT SN74LS697) SN74LS86A)
SN74LS686NT SN74LS697N SN74LS86AN
SN74LS687DW SN74LS698DW SN74LS90D
SN74LS687FK SN74LS698FK SN74LS90)
SN74LS687)T SN74LS698) SN74LS90N
SN74LS687NT SN74LS698N SN74LS91D
SN74LS688DW SN74LS699DW SN74LS91)
SN74LS688FK SN74LS699FK SN74LS91IN
SN74LS688) SN74LS699) SN74LS92D
SN74LS688N SN74LS699N SN74LS92)
SN74LS689DW SN74LS69D SN74LS92N
SN74LS689FK SN74LS69FK SN74LS93D
SN74LS689) SN74LS69) SN74LS93)

P-CAD Signal Integrity User’s Guide




SN74LS689N SN74LS69N SN74LS93N
SN74LS68D SN74LS73AD SN74LS95BD
SN74LS68FK SN74LS73A) SN74LS95BFK
SN74LS68) SN74LS73AN SN74LS95B)
SN74LS68N SN74LS74AD SN74LS95BN
SN74LS96D SN74LV273DW SN74LVC125PW
SN74LS96) SN74LV273PW SN74LVC126D
SN74LS96N SN74LV32D SN74LVC126DB
SN74LV00D SN74LV32DB SN74LVC126PW
SN74LV00DB SN74LV32PW SN74LVC137DB
SN74LV0O0PW SN74LV373DB SN74LVC137DW
SN74LV02D SN74LV373DW SN74LVC137PW
SN74LV02DB SN74LV373PW SN74LVC138DB
SN74LV02PW SN74LV374DB SN74LVC138DW
SN74LV04D SN74LV374DW SN74LVC138PW
SN74LV04DB SN74LV374PW SN74LVC139DB
SN74LV04PW SN74LV573DB SN74LVC139DW
SN74LV08D SN74LV573DW SN74LVC139PW
SN74LV08DB SN74LV573PW SN74LVC14D
SN74LV08PW SN74LV574DB SN74LVC14DB
SN74LV125D SN74LV574DW SN74LVC14PW
SN74LV125DB SN74LV574PW SN74LVC157DB
SN74LV125PW SN74LV74D SN74LVC157DW
SN74LV138D SN74LV74DB SN74LVC157PW
SN74LV138DB SN74LV74PW SN74LVC158DB
SN74LV138PW SN74LVC00D SN74LVC158DW
SN74LV14D SN74LVC00DB SN74LVC158PW
SN74LV14DB SN74LVC00PW SN74LVC16240DGG
SN74LV14PW SN74LVC02D SN74LVC16240DL
SN74LV164D SN74LVC02DB SN74LVC16241DGG
SN74LV164DB SN74LVC02PW SN74LVC16241DL
SN74LV164PW SN74LVC04D SN74LVC16244DGG
SN74LV174D SN74LVC04DB SN74LVC16244DL
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SN74LV174DB SN74LVC04PW SN74LVC16245DGG
SN74LV174PW SN74LVC08D SN74LVC16245DL
SN74LV240DB SN74LVC08DB SN74LVC16373DGG
SN74LV240DW SN74LVC08PW SN74LVC16373DL
SN74LV240PW SN74LVC10D SN74LVC16374DGG
SN74LV244DB SN74LVC10DB SN74LVC16374DL
SN74LV244DW SN74LVC10PW SN74LVC16540DGG
SN74LV244PW SN74LVC112DB SN74LVC16540DL
SN74LV245DB SN74LVC112DW SN74LVC16541DGG
SN74LV245DW SN74LVC112PW SN74LVC16541DL
SN74LV245PW SN74LVC125D SN74LVC16543DGG
SN74LV273DB SN74LVC125DB SN74LVC16543DL
SN74LVC16646DGG SN74LVC540PW SN74LVC843DB
SN74LVC16646DL SN74LVC541DB SN74LVC843DW
SN74LVC16652DGG SN74LVC541DW SN74LVC843PW
SN74LVC16652DL SN74LVC541PW SN74LVC861DB
SN74LVC16952DGG SN74LVC543DB SN74LVC861DW
SN74LVC16952DL SN74LVC543DW SN74LVC861PW
SN74LVC240DB SN74LVC543PW SN74LVC863DB
SN74LVC240DW SN74LVC544DB SN74LVC863DW
SN74LVC240PW SN74LVC544DW SN74LVC863PW
SN74LVC241DB SN74LVC544PW SN74LVC86D
SN74LVC241DW SN74LVC573DB SN74LVC86DB
SN74LVC241PW SN74LVC573DW SN74LVC86PW
SN74LVC244DB SN74LVC573PW SN74LVCU04D
SN74LVC244DW SN74LVC574DB SN74LVCU04DB
SN74LVC244PW SN74LVC574DW SN74LVCU04PW
SN74LVC245DB SN74LVC574PW SN74LVT125DB
SN74LVC245DW SN74LVC646DB SN74LVT125DW
SN74LVC245PW SN74LVC646DW SN74LVT125PW
SN74LVC257DB SN74LVC646PW SN74LVT162244DGG
SN74LVC257PW SN74LVC652DB SN74LVT162244DL
SN74LVC258DB SN74LVC652DW SN74LVT162245DGG
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SN74LVC258DW SN74LVC652PW SN74LVT162245DL
SN74LVC258PW SN74LVC74D SN74LVT162373DGG
SN74LVC2952DB SN74LVC74DB SN74LVT162373DL
SN74LVC2952DW SN74LVC74PW SN74LVT162374DGG
SN74LVC2952PW SN74LVC821DB SN74LVT162374DL
SN74LVC32D SN74LVC821DW SN74LVT16244ADGG
SN74LVC32DB SN74LVC821PW SN74LVT16244ADL
SN74LVC32PW SN74LVC823DB SN74LVT16245DGG
SN74LVC373DB SN74LVC823DW SN74LVT16245DL
SN74LVC373DW SN74LVC823PW SN74LVT16373DGG
SN74LVC373PW SN74LVC827DB SN74LVT16373DL
SN74LVC374DB SN74LVC827DW SN74LVT16374DGG
SN74LVC374DW SN74LVC827PW SN74LVT16374DL
SN74LVC374PW SN74LVC828DB SN74LVT16500DGG
SN74LVC4245DB SN74LVC828DW SN74LVT16500DL
SN74LVC4245DW SN74LVC828PW SN74LVT16501DGG
SN74LVC4245PW SN74LVC841DB SN74LVT16501DL
SN74LVC540DB SN74LVC841DW SN74LVT16543DGG
SN74LVC540DW SN74LVC841PW SN74LVT16543DL
SN74LVT16646DGG SN74LVT652DW SN74S09)
SN74LVT16646DL SN74LVT652PW SN74S09N
SN74LVT16652DGG SN74LVTZ240DB SN74S10D
SN74LVT16652DL SN74LVTZ240DW SN74S10FK
SN74LVT16952DGG SN74LVTZ240PW SN74510)
SN74LVT18245DGG SN74LVTZ244DB SN74S10N
SN74LVT18245DL SN74LVTZ244DW SN745112AD
SN74LVT18502PM SN74LVTZ244PW SN74S112AFK
SN74LVT18504PM SN74LVTZ245DB SN74S112A)
SN74LVT240DB SN74LVTZ245DW SN74S112AN
SN74LVT240DW SN74LVTZ245PW SN74S113AD
SN74LVT240PW SN74LVU04D SN74S113AFK
SN74LVT241DB SN74LVU04DB SN74S113A)
SN74LVT241DW SN74LVU04PW SN74S113AN
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SN74LVT241PW SN74500D SN74S114AD
SN74LVT244ADB SN74S00FK SN74S114AFK
SN74LVT244ADW SN74500) SN74S5114A)
SN74LVT244APW SN74S00N SN74S114AN
SN74LVT245DB SN74S02D SN74S11D
SN74LVT245DW SN74S02FK SN74S11FK
SN74LVT245PW SN74502) SN74511)
SN74LVT273DB SN74S02N SN74ST1IN
SN74LVT273DW SN74S03D SN745132D
SN74LVT273PW SN74S03FK SN74S5132FK
SN74LVT2952DB SN74S03) SN745132)
SN74LVT2952DW SN74S03N SN74S5132N
SN74LVT2952PW SN74S04D SN74S5133D
SN74LVT543DB SN74S04FK SN74S5133FK
SN74LVT543DW SN74S504) SN745133)
SN74LVT543PW SN74S04N SN74S133N
SN74LVT573DB SN74S05D SN745134D
SN74LVT573DW SN74S05FK SN745134FK
SN74LVT573PW SN74S05) SN745134)
SN74LVT574DB SN74S05N SN74S5134N
SN74LVT574DW SN74508D SN745135D
SN74LVT574PW SN74S08FK SN74S5135FK
SN74LVT646DB SN74508) SN745135)
SN74LVT646DW SN74S08N SN74S5135N
SN74LVT646PW SN74S09D SN74S138AD
SN74LVT652DB SN74S09FK SN74S138AFK
SN74S5138A) SN745168) SN74520)
SN74S138AN SN745168N SN74S20N
SN74S139AD SN745169D SN74S822D
SN74S139AFK SN74S5169FK SN74S22FK
SN74S5139A) SN745169) SN74S22)
SN74S5139AN SN74S169N SN74S22N
SN745140D SN745174D SN745240DW
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SN745140FK SN745174FK SN74S5240FK
SN745140) SN745174) SN74S5240)
SN74S140N SN74S5174N SN74S240N
SN745151D SN745175D SN745241DW
SN74S151FK SN745175FK SN74S241FK
SN745151) SN745175) SN745241)
SN74S151N SN74S5175N SN74S241N
SN745153D SN745181DW SN745244DW
SN74S153FK SN74S181FK SN74S244FK
SN745153) SN745181) SN745244)
SN74S5153N SN74S5181N SN745244N
SN745157D SN745182D SN74S251D
SN74S157FK SN74S182FK SN74S251FK
SN745157) SN745182) SN745251)
SN74S157N SN74S5182N SN74S251N
SN745158D SN745194D SN74S253D
SN74S158FK SN74S5194FK SN74S253FK
SN745158) SN745194) SN745253)
SN74S158N SN74S5194N SN74S253N
SN74515D SN745195D SN74S5257D
SN74S15FK SN74S5195FK SN74S5257FK
SN74515) SN745195) SN74S257)
SN74S15N SN74S195N SN74S257N
SN745162D SN745196D SN745258D
SN745162FK SN74S5196FK SN74S258FK
SN745162) SN745196) SN745258)
SN74S5162N SN74S5196N SN74S258N
SN745163D SN745197D SN745260D
SN74S163FK SN74S197FK SN74S260FK
SN745163) SN745197) SN745260)
SN745163N SN745197N SN74S5260N
SN745168D SN74S20D SN745280D
SN74S168FK SN74S20FK SN74S280FK
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SN745280) SN74540) TIBPAL16R4-10C]J
SN74S280N SN74S40N TIBPAL16R4-10CN
SN74S5283D SN745412DW TIBPAL16R4-15CFN
SN74S5283FK SN745412FK TIBPAL16R4-15C]
SN74S5283) SN745412) TIBPAL16R4-15CN
SN74S283N SN74S412N TIBPAL16R4-7CFN
SN745299DW SN74S51D TIBPAL16R4-7C]
SN74S5299FK SN74S51FK TIBPAL16R4-7CN
SN745299) SN74S51) TIBPAL16R6-10CFN
SN74S299N SN74S51N TIBPAL16R6-10C])
SN74S30D SN74564D TIBPAL16R6-10CN
SN74S30FK SN74S64FK TIBPAL16R6-15CFN
SN74S30) SN74564) TIBPAL16R6-15C]
SN74S30N SN74S64N TIBPAL16R6-15CN
SN74S32D SN74S65D TIBPAL16R6-7CFN
SN74S32FK SN74S65FK TIBPAL16R6-7CJ
SN74S32) SN74S65) TIBPAL1T6R6-7CN
SN74S32N SN74S65N TIBPAL16R8-10CFN
SN74S373DW SN74S74D TIBPAL16R8-10C]
SN74S373FK SN74S74FK TIBPAL16R8-10CN
SN74S373) SN74S74) TIBPAL16R8-15CFN
SN74S373N SN74S74N TIBPAL16R8-15C]
SN74S374DW SN74S85D TIBPAL16R8-15CN
SN74S374FK SN74S85FK TIBPAL16R8-7CFN
SN74S374) SN74S585) TIBPAL16R8-7C])
SN74S374N SN74S85N TIBPAL16R8-7CN
SN74S37D SN74586D TIBPAL20L8-10CFN
SN74S37FK SN74S86FK TIBPAL20L8-10CJT
SN74S37) SN74586) TIBPAL20L8-10CNT
SN74S37N SN74S86N TIBPAL20L8-15CFN
SN74S381DW TIBPAL16L8-10CFN TIBPAL20L8-15CJT
SN74S381FK TIBPAL16L8-10C]) TIBPAL20L8-15CNT
SN74S381) TIBPAL16L8-10CN TIBPAL20L8-7CFN
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SN74S381N TIBPAL16L8-15CFN TIBPAL20L8-7CJT

SN74S38D TIBPAL16L8-15C]) TIBPAL20L8-7CNT

SN74S38FK TIBPAL16L8-15CN TIBPAL20R4-10CFN
SN74S38) TIBPAL16L8-7CFN TIBPAL20R4-10CJT
SN74S38N TIBPAL16L8-7C] TIBPAL20R4-10CNT
SN74S540D TIBPAL16L8-7CN TIBPAL20R4-15CFN
SN74S40FK TIBPAL16R4-10CFN TIBPAL20R4-15CJT

TIBPAL20R4-15CNT

TIBPAL20R6-15CJT

TIBPAL20R8-10CNT

TIBPAL20R4-7CFN

TIBPAL20R6-15CNT

TIBPAL20R8-15CFN

TIBPAL20R4-7CJT

TIBPAL20R6-7CFN

TIBPAL20R8-15CJT

TIBPAL20R4-7CNT

TIBPAL20R6-7CJT

TIBPAL20R8-15CNT

TIBPAL20R6-10CFN

TIBPAL20R6-7CNT

TIBPAL20R8-7CFN

TIBPAL20R6-10C]T

TIBPAL20R8-10CFN

TIBPAL20R8-7CJT

TIBPAL20R6-10CNT

TIBPAL20R8-10CJT

TIBPAL20R8-7CNT

TIBPAL20R6-15CFN
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APPENDIX

B

List of Signal Integrity System Messages

This appendix documents the messages that you might encounter when you use P-CAD Signal

Integrity.

The messages are organized in three sections:

1. Signal Integrity System Messages

2. Wave Analyzer System Messages

3. P-CAD IBIS Converter System Messages

Signal Integrity System Messages

Message

Cause

Solution

Cannot create project
directory

This could mean that the P-CAD
Signal Integrity directory is read-
only.

Make sure that the P-CAD
Signal Integrity directory is
not read-only.

Error reading file:
<filename>

A syntax error was encountered
during the load of a SULTAN file.

Check the file that it is a
correct SULTAN file.

Cannot load licensing
information. Please re-run
SETUP.EXE

The license is not installed
correctly.

Re-run the SETUP.EXE
located on the P-CAD Signal
Integrity installation CD.

Cannot locate program
<program name>. Please re-
run SETUP.EXE

The application cannot find a
program that is necessary for the
correct functionality.

Re-run the SETUP.EXE
located on the P-CAD Signal
Integrity installation CD.

Cannot initialize library
module. Please re-run
SETUP.EXE

This could mean that the library
is deleted or the P-CAD Signal
Integrity directory is read-only.

Re-run the SETUP.EXE
located on the P-CAD-Signal
Integrity installation CD.

DC Operation point not
found. Check the nets and
the simulator options and

Unmatched line terminations
produce a lot of ringing.

Change the Simulator
options for DC Analysis.
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Message Cause Solution
try again.
Equation for the calculation Transmission line loop in the Re-design the net without
of the line currents cannot net. any transmission line loop.
be solved.
Internal time step too small. Numerical problems in solve the Reduce the accuracy of the
Check the nets and the network equations. solution.
simulator options and try
again.
Simulation Error. Check the The simulator generates an error Check the nets.
nets and try again. message.

Wave Analyzer Messages List

Message Cause Solution
Cannot open file The input file does not exist. Check for an existing input
<filename> file.
Invalid input file <filename> A syntax error was encountered Check the file that it is a
during the load of the input file. correct input file.
Value out of bounds One of the values is out of the Enter appropriate value.
range -1.0e-30 ... 1.0e30
Cannot calculate the base The program cannot calculate Change display to include
line for a horizontal wave. the base line for the current the base horizontal section
visible range of the selected of the wave.
wave.
Cannot calculate the top The program cannot calculate Change display to include
line for a horizontal wave. the top line for the current the top horizontal section of
visible range of the selected the wave.
wave.
Cannot find values for top- The program cannot calculate Inappropriate measurement
and base-line. the top- and base-line. tool has been chosen.
No ascending wave flank in Cannot calculate the rise time, Inappropriate measurement
the given range. because the selected wave has tool has been chosen.
no ascending wave flank.
No descending wave flank Cannot calculate the fall time, Inappropriate measurement
in the given range. because the selected wave has tool has been chosen.
no descending wave flank.
Cannot open file for output: The system is trying to open for Make sure that the specified
<filename> writing a read-only file. file is not a read-only file.
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P-CAD IBIS Converter System Messages

Message

Model library could not be initialized!

You will not be able to generate any models!

Possible reasons

e Model library non-existent/accessible or in wrong place
¢ Model library damaged

Type Warning

Occurrence Converter Program Start

Cause The converter program could not find the Model library. This may be
reasoned by:

e passing an invalid library path to the converter on startup
e the model library is not existent or in wrong place
e the model library is damaged

Consequence You cannot generate any models because there is no library to write them
to.

Solution If you started P-CAD IBIS Converter from outside P-CAD Signal Integrity,
ensure that the parameter -lib </libpath> was passed where </ibpath> is the
path to the Signal Integrity library, which is: \P-CAD 2002\Lib.

If you started P-CAD IBIS Converter from inside P-CAD Signal Integrity or if
you could not fix this problem for the case described above, you must re-
install P-CAD Signal Integrity.

Message Loading IBIS File failed!

Type Error

Occurrence Loading an IBIS file

Cause The IBIS file to be opened was not existent or could not be parsed correctly.

Consequence You cannot use the IBIS file.

Solution Contact device manufacturer for updated IBIS model.

Message Invalid Model Name Syntax!

Type Error

Occurrence Editing the model name of a buffer

Cause Syntax of model name was invalid. You may only use standard identifier
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syntax for model names, which is:

[}

e name must with an alphabetic character or a

¢ name may only contain alphanumeric characters or

Consequence The model name has not been changed.

Solution Retry and enter a valid model name.

Message Model Name too long (20-char. max.)!

Type Error

Occurrence Editing the model name of a buffer

Cause Model name was too long.

Consequence The model name has not been changed.

Solution Retry and enter a model name using a maximum of 20 characters.

Message The following models already exist in the library: [..model name list...]
These models will be overwritten if you continue. You may avoid this by
aborting the export now, re-name the affected models and then export
again.
Do you really want to overwrite the existing models?

Type Warning

Occurrence Exporting models to the library

Cause The models listed already exist in the library.
Reasons for this can be that you exported the same models or other models
with the same names before or that other non-1BIS models in the library,
which were created with the macromodel editor already use that names.

Consequence You must decide between aborting your action or overwriting the existing
models in the library.

Solution If you are sure that you want to overwrite the listed models (e.g. because

you exported them before, changed some parameters now and want to re-
write the models to the library) press the Yes button.

If you are unsure and do not know anything about the models you would
over-write, press the No button, re-name the affected models and retry
exporting.
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APPENDIX C

Units and Default Values

This appendix explains the units of measure used and their range and lists the default values used
throughout P-CAD Signal Integrity.

Units Representation

When you edit values for resistance, capacitance, time, length, temperature or whatever you may
specify as follows:

Value type Example (Voltage) Result
Integer 13 13V
Pointed decimal 3.65 3.65V
Exponential form 4.2e-2 42 mV
Unit factor char. 8k 8 kv
Unit factor char. and 5300 mV 53V
unit

Common Unit Factor Characters

Character Name Factor
f fento 10e-15
p pico 10e-12
n nano 10e-9
u micro 10e-6
m milli 10e-3

- - 1
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Character Name Factor
k kilo 10e+3
M mega 10e+6
G giga 10e+9
T terra 10e+12

You cannot use unit factor characters where it is unusual, e.g. on temperature, time, angle.

Common Units

Description Unit Unit name
Length m Meter
Time s Second
Voltage \% Volt
Current A Ampere
Resistance Ohm Ohm
Inductance H Henry
Capacitance F Farad
Angle Degree
Temperature C Degree Celsius
Temperature F Farenheit
Temperature K Kelvin

Editor Parameter Descriptions

| Infinite Values (+inf) have been substituted by a value of 1000 within the application.

Resistor(arrays) By default there is one connection (pin 1-pin2) using a value of 1 MOhm.
Inductor(arrays) By default there is one connection (pin 1-pin2) using a value of 10 nH.
Capacitor(arrays) By default there is one connection (pin 1-pin2) using a value of 10 pF.
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Appendix C: Editor Parameter Descriptions

Name Default Description
Technology - technology
Supply Voltage 5V supply voltage
Resistance 1 Mohm resistance
Capacitance 4 pF capacitance

IC - INPUT, TRISTATE - Clamping

Name Default Description

Power Voltage 5V power clamping voltage
Power dv/dl 50 Ohm power clamping characteristic
GND Voltage ov GND clamping voltage

GND dv/dl 50 Ohm GND clamping characteristic

IC — OUTPUT - Basic

Name Default

Description

Technology

technology

Supply Voltage 5V

supply voltage

Resistance Low 74.6 Ohm resistance when signal is at a low level
Resistance High 57.1 Ohm resistance when signal is at a high level
Capacitance 10 pF capacitance

IC — OUTPUT - Clamping

Name Default Description

Power Voltage 5V power clamping voltage
Power dv/dl 50 Ohm power clamping characteristic
GND Voltage ov GND clamping voltage

GND dv/dl 50 Ohm GND clamping characteristic

IC — OUTPUT - Voltage/Timing

Name Default Description
Voltage High 5V high level voltage
Voltage Low ov low level voltage
Rise Time 3ns rising flank time
Fall Time 3.6 ns falling flank time
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Checking the Open Sink Box enables these parameters but disables Voltage Hi from the
Voltage/Timing parameters!

IC — OUTPUT - Open Sink

Name Default Description
Pull-up 220 Ohm Pull-up resistance used for parameter determination
Resistance

Pull-up Voltage 5V

Pull-up voltage used for parameter determination

CONNECTOR - TRANSMISSION LINE

Alias Default Description

C1 1pF line capacitance 1
C2 1pF line capacitance 2
ZL 57 Ohm line impedance
td 125 ps line delay time

[ 18 mm line length

By default there is a connector consisting of three lumped elements.

CONNECTOR - LUMPED ELEMENT

Alias Default Description
CA1 600 fF element capacitance A1
L1 700 pH element inductance 1
CB1 500 fF element capacitance B1
CA2 500 fF element capacitance A2
L2 33 nH element inductance 2
CB2 500 fF element capacitance B2
CA3 600 fF element capacitance A3
L3 33 nH element inductance 3
CB3 600 fF element capacitance B3
DIODE
For more information on diode parameters please consult a SPICE reference.
Junction DC
Alias Default Description
IS 10 fA reverse saturation current
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Alias Default Description

RS 0 Ohm path resistance (ohmic series resistance)
N 1 emission coefficient

BV +infV reverse breakdown voltage

IBV 1kA current at breakdown voltage

Junction Capacitance

Alias Default Description

T 0s transit time

CJO OF zero-bias junction capacitance per unit function bottom wall
V] 1V area junction contact potential

M 0.5 area junction grading coefficient

Temperature Effect

Alias Default Description

EG 111V energy gap for p-n junction diode

XTI 3 saturation current temperature exponent
Noise

Alias Default Description

KF 0 flicker noise coefficient

AF 1 flicker noise exponent

Bipolar Junction Transistor (BJT) - NPN, PNP
For more information on BJT parameters, please consult a SPICE reference.

Basic DC Model

Alias Default Description

IS 0.1 fA transport saturation current

BF 100 ideal maximum forward BETA

NF 1 forward current emission coefficient
BR 1 ideal maximum reverse BETA

NR 1 reverse current emission coefficient

Base Width Modulation

Alias

Default

Description

VAF

+infV

forward early voltage
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Alias

Default

Description

VAR

+infV

reverse early voltage

High Current BETA Degradation Effect

Alias Default Description
IKF +inf A corner forward BETA high current roll-off
IKR +inf A corner for reverse BETA high current roll-off

Low Current

BETA Degradation Effect

Alias Default Description

ISE 0A base-emitter saturation current

NE 1.5 base-emitter leakage saturation coefficient
ISC 0A base-collector leakage saturation current
NC 2 base-collector leakage emission coefficient
IBFL 0A forward base current at low level

IBRL 0A reverse base current at low level

Parasitic Resistor

Alias Default Description

RB 0 Ohm base resistance

IRB +inf A base current, where base resistance falls half way to RBM
RBM RB minimum high current base resistance

RE 0 Ohm emitter resistance

RC 0 Ohm collector resistance

Junction Capacitor

Alias Default Description

CJE OF base-emitter zero-bias depletion capacitance

VJE 750 mV base-emitter built-in potential

MIJE 0.33 base-emitter junction exponent (grading factor)

CJC OF base-collector zero-bias depletion capacitance

V]C 750 mV base-collector built-in potential

MJC 0.33 base-collector junction exponent (grading factor)

XCJC 1 internal base fraction of base-collector depletion capacitance
CJS OF zero-bias collector-substrate capacitance
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Alias Default Description
VJS 750 mV substrate junction built-in potential
MJS 0 substrate junction exponent (grading factor)
FC 0.5 coefficient for forward-bias depletion periphery capacitance
formula
Transit Time
Alias Default Description
TF 0s base forward transit time
XTF 0 TF bias dependence coefficient
VTF +inf TF base-collector voltage dependence coefficient
ITF 0A TF high current parameter
PTF 0 Degree frequency multiplier to determine excess phase
TR 0s base reverse transit time

Temperature Effect

Alias Default Description
XTB 0 forward and reverse BETA temperature coefficient
EG 111V energy gap for p-n junction
XTI 3 saturation current temperature coefficient
T_NOM 27 Celsius temperature at parameter determination
Noise
Alias Default Description
KF 0 flicker noise coefficient
AF 1 flicker noise exponent
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