4 Module 1: Introduction to ADE 5.0

Topics in this module
= Course objectives
= Course outline
m Class schedule
s Getting help, technical support, and documentation
= The Design Framework Il Design Environment
= Accessing design tools
= Creating a library
= Creating cells and cell views
= Schematic capture
= Analog simulation
= Analyses

= Summary




Terms and Definitions

CDSDoc Cadence® online help tool that uses a Netscape browser interface.

CIwW Command interpreter window. Interface used to access DFI | applications.
command line A linebuffer in the CIW that accepts SKILL-based commands.

text field An area on atool window where the user provides data.

cyclic field Set of selectable options in atool window, denoted by a small rectangle.
library A set of design directoriesthat includes ‘cells' and ‘cellviews'.

Library Manager A Cadence tool that allows user to browse and edit adesign library.

Composer Schematic editor and symbol generation tool in DFII.

cell A basic unit of adesign hierarchy described by cell views.

cell view A specific view of acell that includes schematic, symbol, or layout.
Instance A uniquely named placement of a symbol onto a schematic.

pin A connection point on a schematic and symbol used for accessing signals.
bindkey A predefined key on the keyboard that invokes a preselected command.
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Course Objectives

Learn how to create schematics, symbols, and a design hierarchy

Set up and run analog simulations

Analyze simulation results

Evaluate sensitivities and mismatches to improve circuit performance.
Run Corners, Monte Carlo, and Optimization tools to improve yield
Create and use OCEAN scripts and SKILL to set up and run simulations
Understand the Component Description Format (CDF)

Create configurations with the Hierarchy Editor (HED)

Use subcircuits and macromodels

Run the parasitic simulation flow

Use advanced tools to solve special problems




Course Objectives

The objective of this classisto provide both instruction and materials on using the Cadence
Analog Design Environment. The objectivefor thiscourse of instruction isthat the student can
utilize the entire front-to-back design flow of the Analog Design Environment software.
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Course Outline
1 Introduction to ADE 5.0 11 Component Description Format (CDF)
2 Schematic Entry 12 Macromodels, Subcircuits, and Inline
3 Analog Simulation Subeircuits
: : : 13 Inherited Connections
4 Simulation Results Display Tools
: : : 14  The Hierarchy Editor
5 Analyzing Simulation Results ! y=d
6 SKILL and OCEAN 15 Overview of Parasitic Simulation
: : 16  Assura Parasitic Simulation Flow
7 Parametric Analysis
: Appendixes:
8  Corners Analysis A Diva Parasitic Simulation Flow
9  Monte Carlo Analysis B WaveScan Display Tools
o _ C Spectre MDL
10  Optimization Analysis D Match Analysis, dcmatch
11  Circuit Surfer E Advanced Topics in ADE
- /




Course Outline

The Analog Design Environment classroom seriesis an intensive, fast-paced, 4-day class on
using Cadence design software to run analog circuit ssimulations.

This Analog Design Environment course comprises 17 modules, including both lectures and
corresponding lab activities.

Module 15 provides an overview of the Parasitic Simulation theory and flow, followed by
Module 16, Assura Parasitic Simulation Flow. Appendix A, Diva Parasitic Simulation Flow,
will be taught when conditions require this flow to be used. The selection of Diva or Assura
will be based on the specific classroom and work site circumstances.

The Appendixes B, C, and D discuss other tools and features of the Analog Design
Environment. Finally, Appendix E, Advanced Topicsin ADE, provides a brief overview of
Verilog-A and Mixed Signal Design Environment.
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Class Schedule
Day 1 Day 3
1 Introduction to ADE 5.0 10 Optimization Analysis
2 Schematic Entry 11  Circuit Surfer
3 Analog Simulation 11 Component Description Format (CDF)
4 Simulation Results Display Tools 12 Macromodels, Subcircuits, and Inline
Subcircuits
Day 2 Day 4
5 Analyzing Simulation Results 13 Inherited Connections
6 SKILL and OCEAN 14  The Hierarchy Editor
7 Parametric Analysis 15 Overview of Parasitic Simulation
8 Corners Analysis 16  Assura Parasitic Simulation Flow
9 Monte Carlo Analysis Class Evaluations




Class Schedule

Theclassschedulelisted aboveisthe recommended schedul efor the standard 4-day classroom
series of ADE 5.0. Private classes taught at customer facilities may require adjustments or
modifications to this schedule.

The class scheduleisintended to adequately cover all topics of the ADE course. Assuch, each
day covers 4 to 5 modules. Each module requires 1 to 2 hours to complete both the lecture
presentation and the lab activity.

To ensure adequate coverage of the lecture material, the instructor may elect to defer answers
to detailed questions that are asked during the lecture. The instructor may also deviate from
course schedule due to conditions that cause unexpected delays or other circumstances. In any
case, the instructor will attempt to answer relative questions in atimely manner or obtain the
answer for the student as soon as possible.
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Getting Help

You can get help with Cadence software from the following sources:

Help button on forms and windows
Cadence online documentation (CDSDoc)
Education Services training manuals
SourceLink® online customer support

Customer Response Center (CRC)




Getting Help

Online Help

Cadence reference manuals and online help files for each product are installed automatically
when installing the product. Hard copies of the reference manuals are available from Cadence.
All these online documents are part of the online help system, which can be accessed as
follows:

= View relevant product information by clicking the help button on windows and forms.
Use this information to complete aform or what can be done in the window.

n  Start the CDSDoc documentation from a UNIX shell by typing cdsdoc& at the
command line and search through all Cadence reference manuals and online help
systems installed with each product. Also, use CDSDoc to print the reference manuals
entirely or just the relevant material.

Other Means of Getting I nformation

= With a software maintenance agreement, subscribe to the SourcelLink online support
system and view known problems and solutions or communicate with other users. The
Sourcel.ink system is accessible viathe internet. To open an account, send email to
crc_customers@cadence.com.

= Training manuals, like this one, can supplement reference manuals.
=  When the above information is insufficient, call the Customer Response Center.
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Overview of Analog Design Environment

Analog Design Environment is a software tool set within Design Framework Il that
IS used to set up and run analog simulations. The Analog Design Environment
also accesses and views the simulation results.

The Analog Design Environment allows you to:
» Choose the simulator host
= Choose the type of analysis: ac, dc, transient, parametric, sensitivity, etc.
= Set design variables: VVdd, frequency, Cout, etc.
= Append model files and include files
= Netlist and run simulations
»  Quickly alter the simulation setup and rerun the simulation
= Plot simulation results in the Waveform display tool
= Evaluate simulation results using waveform expressions
= Run multiple simulation tools: Corners, Monte Carlo, Optimizer, etc.

= Automatically set up, save, and run OCEAN scripts




Overview of Analog Design Environment

The Analog Design Environment is a set of software design tools used to set up, control, and
run circuit ssmulations. ADE allows you to choose the simulator host, set design variables,
select model files, and to select analyses to add, modify, or delete from next ssmulation run.

The Analog Design Environment provides a user-friendly graphical interface that includes
pull-down menus and icons for making fast and easy changes.

The Analog Design Environment also provides control for accessing the simulation resultsand
displaying theresultsto the Waveform Display tool. Theresults can be entered into other tools
for waveform processing or to obtain specific data using expressions.

The Analog Design Environment provides access to multiple ssmulation tools. ADE can be
used to start Corners, Monte Carlo, and the Circuit Optimizer. ADE also alows you to
automatically set up, save, and run OCEAN scripts.
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Design System Initialization Files

Operating
System
Environment

Window
System

Window
Manager

Design
Framework Il
(IC-50)

Analog Design Environment,

schematic capture tools,
layout, and verification
software.

.cdsenv

.cdsinit
cds.lib




Design System Initialization Files

There are some design system initialization files that configure the operating system
environment. For example, the .cshrc and .login files configure the UNIX environment when
you log in and start a UNIX application.

Theinitialization file, .cdsinit, customizes the Analog Design Environment. The cds.lib file
sets the paths to the libraries. These files, along with the .cdsenv file, are discussed later.

For more information on configuring your operating system environment for the Analog
Design Environment, consult the Cadence Design Framework |1 Configuration Information
guide.
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Overview of the Design Framework |1 Environment

The Cadence Analog Design Environment is a set of design tools that operate within Design
Framework Il. Design Framework |1 is the underlying structure for Cadence design tools for
schematic capture, analog simulation, and layout. It provides a single integrated environment
for accessing all tools and design data, including the ability to:

= Accessto the Command Interrupter Window (CIW) using icfb, icms, or msfb.
» Usethe Library Manager Tool to browse design libraries and open cell views.
m Create new libraries, cells, and cell views.

m  Start or edit a schematic view or symbol view.

= Start or edit alayout design.

= Run layout verification.

» Start the Analog Design Environment and run simulations.

m Access simulation results directly using the Results Browser.

= Run OCEAN scripts.
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Advantages of Using Design Framework Il

Common software environment for using schematic capture, simulation,
layout, and design verification

Easy-to-learn, consistent user interface

Similar appearance between most forms and windows
Communication between software tools within the DFIl environment
Tool windows remain open while running other applications

Data can be “back annotated”
— From layout to schematic

— From simulation to schematic
— From simulation to layout

— efc.

Applications may be customized or automated using SKILL or the OCEAN
command language




Advantages of Using Design Framework |1

The Cadence Design Framework I environment is an integrated design environment. An
integrated environment means that numerous tools and applications operate together. For
Design Framework Il the environment provides schematic capture, simulation control, netlist
generator, circuit ssmulator, waveform display, layout and verification tools.

For the design software tools, DFII provides:

0/24/03

Consistent user interface

Analog applicationsin the design framework havethe same“look and feel.” Menu items
are often in the same place in every application.

Consistent database

A consistent database stores all design information. Tools sharedatainreal time solong
formalized tranglations between tools are not needed. The DFII environment also saves
time during schematic to layout verification, because it updateslayout geometries asthe
schematic component parameters change.

Cooperating tools

Applications run concurrently, with results available to all other tools, eliminating the
need to open and close applications when changing tool contexts. For example, update
and simulate a schematic without restarting the ssimulation environment. Updates are
known to the simulation window as soon as they are made in the schematic entry
window.
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The Command Interpreter Window (CIW)

Enter: icfb &, icms &, or msfb &

This Is Your Control Panel for DFIl Applications!

Pull down menus
4

————

Mouse Button Cues

Prompt Line

)




The Command Interpreter Window (CIW)

The Command Interpreter Window (CIW) is at the heart of the framework system. Use this
window to access framework-based applications. System and error messages from
applications are reported in this window.
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Output Area

The output area displays arunning history of the commands used with their results. For
example, it issues a status message when a cell library is opened. Thisdatais saved in
the Log File whose path appears as the application title of the CIW. Use scroll barsto

view previous output pane data without having to resize the CIW.

Text Entry Field

Enter Cadence SKILL commandsin this area. Every pull-down menu command in the
Design Framework |1 environment has an equivalent SKILL command. Advanced users
can define and execute their own SKILL commands by entering them here.

Prompt Line

The prompt line at the bottom of the CIW indicates the next step when carrying out a
command executed in any Design Framework |1 application window.

M ouse Button Cues

Tells which mouse button to push to execute acommand in a Design Framework ||
window.
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Using a Form

A Sample Form
OK Cancel |Defaults| Apply Help
Template File Load| [Save
Library Browser
Run Directory
Library Name classLib
Top Cell Name
View Name mux2
Output File | ayout
Output ¢ Stream DB & ASCIlI Dump L
Show Messages —H Text|entry
. . area
Library Version 5.0 O3
Toggle Button Radio Button
Cyclic Field
- /




Usinga Form

Forms provide a place to enter the information required by a command.

Thetop of the form has atitle bar and a set of banner buttons. The body of the form contains
prompts that indicate which option is being set. Next to the prompt is one of the following:

= radio button, for choosing one of severa options
= text entry area, for typing information
= toggle button, for turning options on or off

m cyclicfield, for choosing one of many options. Initially only one option is shown. Move
the pointer to the field and hold down the left mouse button, the other options appear.

The form might also have buttons such as Browse, which shows a browser window, or More
Options, which displays another form.

Change of an entry on aform is disabled when the name appearsin gray instead of black, and
the text entry areais shaded.

s Pressthe Tab key or mouse to move to the next text entry field.

s Usetheleft and right arrows on the keyboard to move the cursor in atext entry field.

Press Control-ato go to the beginning of aline; Control-eto go to the end of aline;
Control-u to erase to the beginning of aline.
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Initializing the Design Framework |l Environment

The Design Framework |l software reads your .cdsinit file at startup to set up your
environment. The .cdsinit file:

s Sets user-defined bindkeys when the Design Framework Il environment is
started.

» Redefines system-wide defaults.

m  Contains SKILL commands.

The search order for the .cdsinit file is:
= <install_dir>/tools/dfll/local
= the current directory

= the home directory

Here is the path to a sample .cdsinit file:

<install _dir>/tools/dfll/sanples/artist/cdsinit




Initializing the Design Framework || Environment

Start the Design Framework Il environment, it reads the .cdsinit file to set up your
configuration. The search order for the .cdsinit fileis <install _dir>/tools/dfll/local, the
current directory, and finally the home directory. When a..cdsinit fileisfound, the search stops
unless acommand in a.cdsinit file reads other user files.

The .cdsinit fileisatext filewritten in SKILL. A statement in a.cdsinit file can load
user-defined bindkeys. Another statement might set Waveform Window defaults.

A sample .cdsinit file included with the software contains examples of statementsto copy into
your own .cdsinit files. It has very detailed comments about command usage. This sample s
located at <install_dir>/tools/dfll/cdsuser/.cdsinit. An additional sample .cdsinit file exists
for analog designers at <install _dir>/toolg/dflI/samples/artist/cdsinit.

The Installation Path

The Design Framework Il software product hierarchy is discussed in detail in the Cadence
Design Framework 11 Configuration Information guide.
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| C Design Flow, Front to Back

The graphical flow above shows a Front to Back design flow for integrated circuits or related
system design. The blocks show the mgjor steps or design categories. The text below each
block shows the software tools used in the corresponding design steps.
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At the front end, the product, device or system is defined. The system-level
specifications are used for behavioral simulation of the system.

A fabrication process or technology is selected.
A schematic of a specific block is captured.

The design of the circuit issimulated. If needed, the circuit is redesigned to achieve
specified goals.

The circuit isintegrated into a hierarchy. The hierarchy isthen ssmulated.

Physical design or layout capture of the circuit iscompleted. Thelayout of the hierarchy
IS then compl eted.

Back end verification of the layout includes design rule checks, layout versus schematic
checks, and parasitic extraction. The extracted parasitics are “ backannotated” to the
schematic for parasitic ssmulation using the circuit ssmulation software.
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The Library Manager

The Library Manager is a graphical data management tool.
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TheLibrary Manager

The Library Manager provides a convenient way to browse libraries containing cells and cell
views. The most common use isto display the contents of libraries graphically. Other
functionality includes renaming, copying, specifying permissionsfor, creating categoriesfor,
deleting, and viewing properties of design data. Use the Library Manager to create cells and
views, to edit or read a design, and to access the design manager.

Theillustration above showsafully expanded library. Initially, the Library Manager listsonly
thelibrary namesthat are set inthe cds.lib file. Thisfile containsthe pathsto thelibraries used
Inthe design session, including examplelibraries provided by Cadence, such asanalogLib and
basic.

Expand design data with Object Sensitive Menus (OSM) or with the mouse. To expand data,
point at the word that represents the data in the Library Manager and choose the appropriate
mouse button or menu command.
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The Library Structure
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ThelLibrary Structure
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Library

A library isacollection of cells. The library also contains al the different views
associated with each of the cells. Reference libraries typically contain
well-characterized cellsthat can beinstantiated in many different designs. Examplesare
the analogLib and basic libraries. Design libraries contain cells currently under
development by a particular user, group, or for a particular design project.

Cdls

A cell isalogical component in your library. It can be a building block such asaVVCO
or amplifier. It can also be the top level chip name.

Views

A view isaparticular representation of acell such asalayout, symbol, or schematic. An
application tool, such as Composer-Schematic, creates aview. Although a chip can
include many levels of cell hierarchy, none of the hierarchical complexity isreflected in
the libraries.

A library isaflat collection of cells. Detailsof the design hierarchy existinsidetheviews
that contain instances of other cells. Thelibrary treats all cells the same.
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g Creating a New Library

In the CIW or the Library Manager, select File—New—Library.

— New Library
OK | Cancel ‘ Defaults| Apply | Help
Lihrary Technology File
Hame myli If you will be creating mask layout or
Directury#nun—lihrary directories) other physical data in this library, you

— | will need a technology file. If you plan
IE:IEIHHEHS ] to use only schematic or HDL data, a
LR technology file is not reguired.
MOL Lak
Models __ Compile a new techfile
OCEAN - || _Attach to an existing techfile
JfusrlftinfadeS00/ade labicT '@ Don’t need a techfile

| Design Manager Mo DM

s Specify the library name and path.
= Specify the design manager to use.

= For Physical Design and Verification, specify the ASCII technology file or
technology file library to be attached to the new library.

The new library is entered into the cds.lib file.




Creatinga New Library

When creating library, use aform to specify the library name and path, the design manager to
use, and the technology file to attach to the library.

= Technology File Contents

The technology file isalarge datafile that specifies all of the technol ogy-dependent
parameters associated with that particular library. Design rules, symbolic device
definitions, and parasitic values are some of the technol ogy-specific parameters
common to all cellsin alibrary.

m cdslibFile

The software automatically updates the cds.lib file when creating alibrary through the
CIW’ sFile—New—L ibrary command, when copying one library to another name, or
renaming alibrary. Thisfile contains the paths to all of the libraries used in the design
session, and can be accessed through CIW’s Tools—L ibrary Path Editor command.
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Shared Technology Library

This example shows several libraries sharing the same technology file library.

Technology
Library

| cellTechLib |

divaDRC.rul |

mvaERCJuII

divaEXT.rul |

divaLVS.rul |

Design Library| Pcells I

|
ntransistor I

layout I

ptransistor I

layout I

| techfile.cds I

| symbolic devicesl

Design Library

master I

mux2 I

| |
symbol I layout I




Shared Technology Library

Share technology file information between different libraries. Create atechnology file library
and attach your design libraries to the technology file library. Use the Technology
File—Attach To command in the CIW to attach the design library to the technology file
library. Sharing atechnology filelibrary with other libraries share the same Diva rules, layer
Information, and symbolic devicesamongst agroup of libraries. Sharing atechnology file can
help reduce the size of the design libraries, because the technology information is stored at
only one location.

m techfile.cdsfile

The techfile.cds file contains the binary technology file. Thisfile name must be called
techfile.cds.

s DivaRules

The Divarules are stored as separate ASCI| files. For each type of rule (DRC,
Extraction, ERC, and LVYS), thereisaDivarulesfile.

»  Symbolic Devices

The symbolic devices such as contacts, pins, transistors, and wire information can be
shared between libraries.
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Technology File Stored in the Design Library A

This example shows a technology file being stored inside a design library and not
being shared with other libraries.

Design Library

‘ master I
divaDRC.rul ‘ techfile.cds I mux2

divaERC.rul

symbolicdevicesl ‘ symbol I‘ layout I

divaEXT.rul

divaLVS.rul

UL




Technology File Stored in the Design Library

A library can have its own technology file information that is stored inside of the library.
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Design Data Management
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Access control

Release process




Design Data M anagement

Manage your design data using a suitable data management system. The following are some
of the benefits of design management:

Maintaining multiple versions of design data

Releasing correct versions of designs

Preventing accidental deletion of someone else’ s design in ateam environment
Tracking or monitoring design status

|solating “what-if” design scenarios

Effectively sharing stable design data

Easily rolling back to a previous state of adesign

The Cadence Team Design Manager (TDM) is our design data management system. Y our
system administrator or CAD support group must decide what data management system (if
any) your projects will use.

0/24/03
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Overview of Schematic Entry Flow

Open Design
Add Component Instances
Add or Edit Component Parameters

Add Pins
Add and Name Wires

Check Schematic




Overview of Schematic Entry Flow

Perform the following steps when creating a schematic:
1. Open the design.

Add component instances by placing cellviews from libraries.
Add or modify component parameters.

Add pins to indicate connections outside of this schematic.

o &~ w0 DN

Connect the components and pins.

Use wiresto do this. This step also includes giving meaningful namesto signalsin the
design.

6. Check the design to ensurethat it is correct.
7. Savethedesign.

Note: These steps shall be discussed in detail in the next module.
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Overview of Circuit Simulation

The block diagram above shows an overview of the circuit simulation process.
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The circuit schematic is captured or edited.
A symbol of the schematic is placed in a hierarchy or test circuit schematic.
The Analog Design Environment is started.

The user provides input to the Analog Design Environment to set up and control what
information is netlisted and then sent to the circuit simulator.

The user used the Analog Design Environment to run the circuit ssmulator.
The user selects the information to be printed, plotted, or to be analyzed.

The user modifies the setup or edits the schematic for the next simulation.
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Types of Circuit Simulation Analyses
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Types of Circuit Simulation Analyses

The diagram shows the variety of analyses available with analog circuit ssmulation.

Single-point analyses often include the steady state dc solution of the circuit. The operating
point dcop solves the operating point device parameters and low frequency gain of the circuit.

Single-sweep analyses often include ac and transient analysis. The ac analysisisafrequency
sweep of the circuit. The transient analysisis atime sweep of the circuit operation to atime
domain stimulus. A dc sweep analysisis amultiple point dc analysis performed while
stepping a parameter such as temperature, design variable, or amodel parameter. Solving the
dc gain of an amplifier as afunction of temperature is often called atemper atur e sweep.
Solving the gain of an amplifier as a function of a model parameter is called a parametric
sweep. It isalso possible to sweep the ac gain of an amplifier at a specified frequency of the
amplifier over temperature. Thisis called an ac temper atur e sweep.

Multiple sweep analyses refer to sweeping one variable and then stepping another variable
between successive sweeps. In parametric analysis, the two or more variables are altered at
specified intervals. In the Corners analysis, variables are specified at named corners. In the
Monte Carlo analysis, the parameters are altered using random number generators and a
specified distribution. In optimization analysis, the parameter are altered using the results of
the previous simulation and a search algorithm.

The Analog Design Environment and the Spectre circuit ssmulator are capable of performing
the analyses shown above. In addition, the Spectre circuit simulator can perform special steady
state ac spectral analysis on RF waveforms. These analyses are discussed in the Spectre RF
classes.
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g Summary

In this module we discussed:
= Course objectives
= Course outline
m Class schedule
m Getting Help, including CDSDoc
= Design Framework Il environment
= Using forms
= Creating a library
= Creating cells and cell views
= Overview of schematic capture
= Overview of circuit simulation in the Analog Design Environment

= Types of simulation analyses




Summary

In this module we provided an introduction to the class, including:
» Class objectives

m Class schedule

x  Online documentation

This module also provided discussion on the Design Framework |l environment, including:
n Starting DFII with icfb, icms, or msfb.

= The Command Interpreter Window (CIW)

» Useof forms

= Front to Back design flow using Design Framework ||

= Overview of schematic capture

= Overview of circuit simulation in the Analog Design Environment

= Typesof smulation analyses
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4 Labs

Lab 1-1 Getting Started

Lab 1-2 Top-Down System Modeling




L abs
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g Module 2: Schematic Entry

Topics in this module
= The schematic capture flow
= Creating a schematic view
= Contents of a schematic
= Adding component instances
= Adding pins
= Adding wires
= Editing object properties

» Using Accelerator keys (also known as bindkeys) and schematic window
icons

s Checking the schematic for errors
= Symbol generation and editing

= Using a design hierarchy




Terms and Definitions

library

A set of design directoriesthat includes ‘cells’ and ‘cellviews'.

Library Manager A Cadence tool that allows user to browse and edit adesign library.

Composer Schematic editor and symbol generation tool in DFII.

cell A basic unit of adesign hierarchy described by cell views.

cell view A specific view of acell that includes schematic, symbol or layout.
Instance A uniquely named placement of a symbol onto a schematic.

pin A connection point on a schematic and symbol used for accessing signals.
bindkey A predefined key on the keyboard that invokes a presel ected command.
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Schematic Entry

Schematic Entry Flow

Open Design
Add Component Instances
Add or Edit Component Parameters

Add Pins
Add and Name Wires

Check Schematic




Schematic Entry Flow

Perform the following steps when creating a schematic:
1. Open the design. Use the CIW or Library Manager tool.

Add component instances by placing cellviews from libraries.
Add or modify component parameters.

Add pins to indicate connections outside of this schematic.

o &~ w0 DN

Connect the components and pins.

Use wiresto do this. This step also includes giving meaningful namesto signalsin the
design.

6. Check the design to ensurethat it is correct.
7. Savethedesign.
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Contents of a Schematic
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Contents of a Schematic

0/24/03

Component instances represent instantiations of other cellviews in this cellview.
Instance labels display component information in the design entry window.

Pins can be inputs and outputs of a schematic or connection point when an instance is
placed in another cellview.

Wires can be drawn between pins to connect them.
Wire labels provide meaningful signal identifiers for ssimulation results analysis.

Analog taps and sources can be included directly in the design.
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/

Creating a New Cellview

In the CIW or Library Manager, select File—New—Cellview.

Create New File

Library Mame mylib =
lifi .
Cell Name el Default View Name
View Name schematic ~®&— subject to override.
Tool Composer- 3chematic — — Select:
Library path file Composer-Schematic

U |me/aztec/ 445 /aads/Art iztd445,/cd=, L1ik| H

s Specify the Library Name, Cell Name, View Name, and Tool to use. The
path to the cds.lib file will appear in the form and is not editable.

= Modify the Tool field to create a layout, verilog, symbol, schematic, vhdl, or
ahdl| view.

For an ADE schematic, select Composer-Schematic from the Tool cyclic field




Creating a New Cédllview

Create anew cell views from the Library Manager or CIW.

Specify the Library Name, Cell Name, View Name, and Tool to use. The path to the cds.lib
file will appear in the form and is not editable.

Modify the Tool field to create alayout, verilog, symbol, schematic, vhdl, or ahdl view. For a
schematic, use Composer-Schematic. Thiswill automatically enter schematic into the View
Name text field.

/ Important

Although schematic is automatically entered into the View Name text field by default, you have the
option to name the view anything you want. For example, the View Name may be altered to scheml, and
the process repeated for schem2. As such, there are two or more schematic viewsfor the same cell name.
This allows parallel circuit designs within the same cell name. A common symbol for both schematics
isthen used withinthe hierarchy, until thefinal schematicisselected. Thisfeatureisuseful in exploratory
designs where the final circuit topology has not yet been finalized.
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Adding Component Instances

Select Add—Instance or press the i key to display the Add Instance form.

= Attach multipliers to values. Enter 1k (not 1 k) so that k is not mistaken as a
variable.

= Parameter units, such as ohms, are implicit.

= Add Instance

Hide Cancel (|Defaults Help
Library ‘anangLiﬁ_ | | Browse | 3
cell |red |

view  |sunbol |

Hames |Rd

frray Rowrs Columns
Use these buttons— ™ s ]

while placing
components to | |
control orientation.

Resistance | 1K Ohmsg,

Temperature coefficient 1

Temperature coefficient 2

A Length

L
7
Model name l




Adding Component | nstances

Design components are generally instances of a symbol cellview and might be design
primitives. Here are some properties associated with design component instances:

Parameter Example Value

Library Name analogLib

Cell Name res
View Name symbol
Instance Name R2

The Instance Name is assigned automatically, unless explicitly specified.

Find analog design primitivesin the analogLib library. Thislibrary isincluded wherever the
Analog Design Environment software isinstalled in the path
<install_dir>/tools/dfll/etc/cddlib/artist. Include this path in your library search path to use
analogLib components.

The system prompts for component parameters when instantiating the components. Attach
multiplier suffixes, such ask for 1000, to numerical quantities.

Use the Rotate, Upsidedown, and Sideways buttons to change the orientation of your
components as they are placed in the schematic.
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Updating Design Objects

s Select Edit—Properties—Objects or bindkey ¢ to start the form.
The Next and Previous buttons highlight single objects in a selected set.

» Use Desigh—Renumber Instances to renumber instances in a design.

= Edit Object Properties
OK |[Cancel || Apply || Defaults|| Previous||Hext Help
Apply To ||Jnl'_g|r current— ||instan[:e:| | ]
Show (] system [l user [l CDF
| Browse | Reset Instance Labels Display |
Property Value Display .
Library Mame  |analogl if |[off = =| Renumber Instances
cell Hame |Pe§_ | off = 0K Cancel || Defaults (|Help
View Hame |SHmeE. | off = verbose [l
instance Name |Rd Lot =] H Scope
Audd Delete Modity — L
CDF Parameter Value Display
Resistance 1K Ohnd
Temperature coefficient 1 L |
rempersure coefient2 | - = Design—Renumber Instances
Model name L |
H | Length L | =
=] I




Updating Design Objects

Y ou can either update single or multiple objects in a selected set. Use the Next and Previous
buttons on the Edit Object Propertiesform to scroll through aset of sel ected objectsand update
them. Only one object at atimewill highlight inthe schematic window. It ispossibleto modify
most gquantities that appear on the form.

The most common changes concern components parameters, pin name, and pin direction.

In addition, usethe Stretch, Copy, Move, Delete, and Rotate commandsto update your design.
These commands are located under the Edit menu in the schematic window. To display an
options form that is associated with any of these commands, use the Cmd Optionsicon or
press the F3 key while these commands are active.

Use the Renumber Instances form to renumber instances. This form renumbers component
namesin sequential order to make it easier to track component totals. In addition, adding and
deleting components in a schematic during the design process can leave components labeled
improperly.

Note: The renumber sequence depends on the order that the symbols were added to the schematic.
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g Adding Sources and Ground

Sources, taps, and grounds are instances of cells.

Sample source cells are in the analogLlib library.

= Choose from independent, dependent, and piece-wise linear (PWL)
sources.

= Choose tap and ground cells, which are used to establish global nets.

vCCa

SR "
gnda gnda V
gnda gnda V gnd

= An instance of the cell gnd is required in the design for DC convergence.




Adding Sour ces and Ground

0/24/03

Ground

Always include the symbol gnd (found in the analogLib library). Analog simulators
require that all nodes in the circuit must have a DC path ground. This would be
represented as node O in the Cadence SPICE circuit ssmulator, for example. Use other
ground symbols, such as gnda, for a ground that is connected to the reference ground
through an analog circuit.

Voltage Sources

Include all of your DC and transient voltage and current sourcesin the schematic. There
are many types of voltage sourcesin analogLib. For example, some of the independent
voltage sources are vdc, vsin, vpulse, vexp, vpwl, and vpwif. Each source has a current
equivalent that begins with the letter i. There are also equivalent dependent sources.

All sources generate input waveforms except for pwif sources, which stimulate acircuit
using atext file of datatables. It is not necessary to include sources in the schematic,
although thisis often convenient. Attaching astimulus file to the final netlist is
discussed in the analog simulation section of this course.

Voltage Taps

Use tap symbolsto transfer voltages and currents throughout the design without using
wires. Voltage tap symbols, such as vcc, vdd, veea, and veed, are in the analogLib
library.
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Offsheet Pin

_|>

Pins are one of three types:

Symbol Pin

SN S S
) IN OT'JT

Pins

= Schematic pins provide ports to a schematic.

>

1

Pins have a user-defined Name and a Direction (input, output, or input/Output).

= Symbol pins provide ports to a symbol representing a schematic, and are
connection points to the symbol in a hierarchical design.

m Offsheet pins are used in large designs without hierarchy.

Pin names and directions must match in all cellviews of a cell.

Schematic Pin
K

%

[ O ouT




Pins
For analog designers, pins have two primary functions:

= Pinsrepresent connection points between different cell views such as schematic,
symbol, and layout representations. Using named pins identifies equivalent input,
output, and 1/0O ports throughout the design environment.

= Pins provide connection points for objects that are hierarchically instantiated.

Pin Properties

Pins have apin name, pin type, and pin direction. These should be consistent throughout your
design.

Multiple Sheet Design with Offsheet Pins

The Virtuoso Schematic Composer User Guide manual includes a section on multiple sheet
design methodology and information on the offsheet pin type. Y ou can get other help for the
Composer software in the Cadence online help.

Pins (ipin, opin, iopin, sympin) now come from “basic” library.
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Wires and Wire Labels

Automatic routing is the default mode.

Wire Label \
R\
§ ........ % § | sigl
Route Entered The System Routes

When not labeling a wire, the system names the net formed by the wires.

If the router cannot find a path between two points,

= A dotted “flight line” is placed to establish connectivity only.

= Click on intermediate points to guide the router to yield a solid line of

connectivity.

»  Use the Cmd Options icon or F3 key to modify the wiring options.




Wiresand WireLabds

Draw wires between the instance pins and schematic pins to connect them. Use wide wiresto
indicate multiple signals on awire, the system does not force or check this. Draw wires at any
angle, but most designers frequently restrain wires to orthogonal lines.

0/24/03

Using Route M ethodol ogy

The route draw mode chooses two pointsin your design and then it automatically routes
awirearound components. If arouted net remainsdotted, it isbecausetherewasno clear
routing channel. This can happen if the instances are too close or overlap the selection
boxes. To solve this, move the components further apart to give arouting channel.

Route method options exist to wire together two points immediately (the default) or
indicate many points to route together later in a single step. More information on route
methods is included in the design entry reference documentation.

Wire Labels

L abeling wires gives the corresponding net a meaningful namein the simulation results
data. Otherwise nets are system named. There is some control over the automatically
generated names, but these may not be as meaningful as custom names.

Click the Cmd Optionsicon in the schematic window or pressthe F3 key to change the
default wiring setup.
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Wire to Wire

N
)

Wire to Pm~>

IN

module.

[>—=}

Interconnecting Components

~

!

Pin to Pin

IN OUT
Avoid this when possible.

T Voo
booX

Design Global Net

Adoption
IN
INC>——m

By Name (local) = |N

Schematic pins and global symbol pins name wires by adoption.
Note: Inherited connections, not shown, are discussed in the Advanced Topics in ADE




| nter connecting Components

Note:

0/24/03

Physical Connectivity

All physical connections are made by wire-to-pin, wire-to-wire, or pin-to-pin
connections.

Connectivity by Name

If two wires have been labeled with the same name, they become part of the same net
when connectivity is established.

System-Assigned Names

If anet is unnamed, the system generates a name such as net100 or net7. Optionally
change the base name from net to something else. If awireis connected to a schematic
pin, then the pin name is used to name the net by adoption when connectivity is
established.

Global Nets

Any net or pin name that ends in an exclamation point will be part of aglobal net when
connectivity is established. Global nets are automatically connected through the
hierarchy without the use of wires. For example, voltage taps have symbol pin names
that end in an exclamation point. If awire is connected to a pin that has a global name,
the pin nameisused to namethe net by adoption. Thisishow voltage and ground signals
are propagated throughout a design.

A net named net! is not connected to a net named net.
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Schematic Checking

During schematic checking, all of the following are performed by default:
= Update Connectivity
This process associates wires and pins with logical connections called nets.

= Schematic Rules Check
— Logical checks
— Physical checks
— Name checks

m  Cross-View Checker

This option checks for pin name and direction consistency between
cellviews.

Select Check — Rules Setup from a schematic window to edit the rules. Disable
any or all of these schematic checking features, if not needed.




Schematic Checking

Schematic checking isacritical step in the design process.

Either check asingle cellview or descend through the hierarchy to check all cellviewsin your
design.

Checking a schematic accomplishes the following:

= Update Connectivity—When connectivity is established, wires and pinsin the design
entry window become associated with logical connections called nets. It is necessary to
correct connectivity problems prior to going on to the next design phase.

» Schematic Rules Check— This process checks the schematic with a set of rules. Access
them with the Check—Rules Setup command from the schematic window.

The checksinclude:

— Logical checks, such as Floating Input Pins and Shorted Output Pins.
— Physical checks, such as Unconnected Wires and Overlapping Instances.
— Name checks, such as Instance Name Syntax.

» Cross-View Checker— This option checks the pin consistency between different views
of the cell. Pin names and directions must match between cellviews.
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Schematic Checking Rules

The system sets the default schematic checking rules.

The following set and selections are logical types of rules:

—_—

Setup Schematic Rules Checks

Packaged Checks

Logical Physical Name

OK Cancel | Defaults | Apply

Hone

Inherited

Help

Connection

Floating Mets ignored @ waming _ eror
Floating Input Fins ignored vraming @ error
Floating Output Fins ignored @ waming _ ' eror
Floating 110 Pins ignored @ waming _ enor
Floating Switch Pins ignored @ waming eror
Shorted Qutput Pins ignored @ waming eror
Offsheet Connectors @ ignored warming enor

Note: Ignored means do not check for a condition. It is permitted to generate a netlist
and run a simulation with warnings, but not with errors.

Note:

There are four sets of Rules
Checks as indicated by

the tabs.

- Logical

- Physical

- Name

- Inherited Connections




Schematic Checking Rules

The Schematic Rule Checker (SRC) performs schematic syntax checks. Select and override
the default values of schematic rule checks. The defaults are acceptabl e for most applications.
Select and set the severity level for SRCs. There are three levels for each check:

Ignored

SRC does not perform the check.

warning

Warnings do not need to be corrected before continuing. SRC
treats schematic connectivity asvalid. The netlist program can
still read the schematic.

error

Problems must be corrected before continuing. SRC treats
schematic connectivity asinvalid. The netlist program refuses to
read the schematic.

The checks are done for three different areas:;

Logical checks

These checks consist of component connections that could affect
the functionality of the circuit.

Physical checks

These checks consist of problems dealing with overlapping
components, unconnected wires, and solder dots.

Name checks

These checks consist of problems associated with name syntax,
behavioral model syntax, etc.

A description of the rulesisin the Virtuoso Schematic Composer User Guide.

0/24/03
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Component Parameter Types

Use user-defined functions to describe parameters.

L = nlen Variable L =10u
_| W = nwid —| W=5U  gtatic constant

L =0.9u
W=2*iPar(“L")

SKILL function in an expression

L = nlen*2
_| W = (nlen*2)/5

Any mathematical expression using the above

Note: iPar is only used on the same sheet of the schematic, and not for hierarchy.




Component Parameter Types

Some basic types are static constants, global variables, and dependent variables. Use thesein
combination with a mathematical expression to create parameters.

To change avalue during ssimulation, assign a variable name. Before running simulation, set
design variables. All quantities assigned the same variable name will get the same value.

Hierarchical variables, user-defined functions, and user-defined constants are discussed | ater.

SKILL Functions

Use built-in SKILL functionsthat return design parameter values and use them in expressions
to set component parameters. For example, to make the width of aMOS device a function of
itslength. In this example, if the length of a component is defined as L, then the width can be
set as

w= 2 * iPar(“L")
to make the width of the device twice the length.

In general, the SKILL function
| Par (“paraneter nane”)

returns the value of a component parameter of the local cell.

More information on pPar and iPar isfound in CDSDoc.
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Passing Parameters Through the Hierarchy

L=pPar(“Ip”)
W=pPar(“wp”)

Hierarchical variables

L=pPar(“In”)
W=pPar(“wn")

In

IN ouT wn Cell parameters created
Ip During ASG
wp

|; OUT {>¢ OUT IN
In= 10u In=20u

wn=5u wn=8u
lp=5u lp=15u
wp=10u wp=30u

During Automatic Symbol Generation (ASG), hierarchical variables are scanned.
The system creates component parameters for the symbol from these variables.

I: In=25u

wn=12u
Ip=12u
wp=30u

Parameters become editable when the instances are selected.




Passing Parameters Through the Hierarchy

Y ou can place the same symbol many times and alter its schematic component parameter
values at the instance level.

To accomplish this, assign expressions to schematic components using the following syntax:
pPar (“vari abl e”)

Thevalue of the variablewill be passed from the symbol level inthe hierarchy to acomponent
parameter in the schematic. Set the value of the variable when placing the symbol that was
automatically generated from a schematic with hierarchical variables. During Automatic
Symbol Generation (ASG), the system analyzes the hierarchical variables to determine what
component parameters to prompt for when placing a symbol in another cellview.

Automatic Symbol Generation (ASG)

Automatic symbol generation assists in the creation of symbols. The quickest way to
automatically create a symbol isfrom another cellview. Creating a symbol from an existing
cellview also ensures that the pin properties will match between the cellviews. Other
advantages to ASG are the automatic creation of symbol parameters from hierarchical
variables in the schematic and the creation of CDF for the cell.
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Symbol Generation

Design—Create Cellview—From Cellview

(=]

Cellviewy From Cellview

Select Apply or OK

From View Hame

0K Cancel ||Defaulis| Apply Help
Library Name I mylib I | Browse |
cell Hame [anpLif ier] |

To View Name | sunbol |

Tool f Data Type | Composer- Symbol — |

Display Cellview

Edit Options

This form opens with only the top
portion, press these buttons to
extend the symbol generation

capabilities of the form. —

Select a symbol generation template, =
other than the.cdsinit entry.

Select symbol generation attributes
to control the symbol drawing.

_»

\

|

Symbol Generation Options

Help

| 0K HCancel” prly‘

Cell Hame
| |ampli-Fierf_

View Name
| | sumbof

Library Hame
| mulif

Pin Specifications Attributes

|[st
|[ List
|[ st

|| ust |

Left Fins |inm inp !

Right Fins  [out [

Toppins [

Bottom Fins | iref |

Loadrsave Edit attributes 1l Edit Labels [] Edit Properties []

Load/Save Symbol Template Configuration

analog — | :ec/445,to0ls , sundy faf 11/ sanples/sunbalGen/art ist ;tsg¥,|

TSG File [ |

| Load Template Data From Symbol |

Library Name Cell Name view Mame

[ | | | [sunbok |
Symbol Attributes

Pin Spacing Height Fin Connector

Origin

Stub Length Width

Reverse Pin Order O

topleftFin —




Symbol Generation

Bring up ASG from the schematic window. A template file will be used for the symbol
creation. There are different symbol template files for different toolsin the Design
Framework Il environment.

To make sure the analog symbol generation templateisused in your design, put the following
command in your .cdsinit file:

schSet Env( "tsgTenpl at eType" "anal 0g" )
Note: Failureto set thiswill result in adigital symbol generation.

Notice that the From View Name and To View Name fields can be modified in the Cellview
from Cellview form. This provides away to create other views, such as behavioral or ahdl

from your schematics.

0/24/03 Anaog Design Environment 2-30



Schematic Entry

2-31

Selection Box

N

Interpreted Labels

/\ cdsName()

cdsTerm{"inm'")

cdsTerm("inp’)

Iref

y
cdsParam(1) _
dsTerm(
+ cdsParam({2) “
T " cdsParam(3) YT
inp

cdsTerm("iref’) \

the symbol template used.

These features are controlled by

N\

Instance Shape

= cdsName() labels display the instance or cell name.

s cdsTerm() labels display pin names or the net names.

m cdsParam() labels display parameters of an instance.

Characteristics of an Automatically Generated Symbol

”OUJ[”)

Pin

Interpreted labels on the symbol act as “placeholders” for different types of
iInformation to be displayed in the schematic.




Characteristics of an Automatically Generated Symbol

An automatically generated symbol cellview includes pins, a rectangular graphic and labels.
It can be modified using the symbol editor.

Note: The generation depends on the symbol template selected either in .cdsinit or by the symbol
generation form.

Thereis some control over how automatically generated symbols are drawn. By default, pins
are placed at theleft side of the symbol if their direction isinput, at the right side of the symbol
if their direction is output, and on top of the symbol if the direction is InputOutput. Options
exist to change the pin appearance and order of the pins.

Interpreted Labels allow information to appear near the symbol after it is placed in another
cellview. For the label generation template, the three label types are:

m cdsTerm() labels display pin names or the net names pins connect to.

»n Each cdsParam() label can display a parameter of the instance. There can be multiples
of thislabel.

= cdsName() labels display the instance or cell name.

All placeholder |abels can be rearranged so that labels on instantiated instances are moved
accordingly. These three labels have meaning in the Analog Design Environment. They
display certain attributes, which are discussed | ater.

A selection box is drawn around the symbol and can be edited. It defines the symbol’s
selectable region after it is placed in another cellview.
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Schematic Window Icons and Accelerator Keys

The Composer Schematic software provides both icons and “Accelerator” keys to
simplify schematic capture. The icons and Accelerator keys also reduce the time
needed to capture and edit schematics.

= The icons appear on the left-hand side of the schematic editing window.
= Anicon is activated by using a left click over the icon.
= Accelerator keys are activated by pressing specified keys on the keyboard.

= Accelerator keys are sometimes referred to as bindkeys.




Schematic Window Icons and Accelerator Keys
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Composer Command Summary

COMMAND:
Add Component

Select Component(s)

Copy

Delete

Move

Stretch

Rotate

Repeat

Modify Properties
Add Wire

Add Wire Name
Add Pin

Undo

Redo

bindkey

[
LMB
C
Del

< 3

o)

Mouse Sequence:
Add — Instance
left click, or drag LMB

Edit — Copy

Edit — Delete

Edit — Move

Edit — Stretch

Edit — Rotate

RMB

Edit — Properties — Objects...
Add — Wire

Add — Wire — Name...
Add — Pin

Edit — Undo

Edit — Redo

icon?

yes

yes
yes

yes

yes
yes
yes
yes
yes
yes




Composer Command Summary

COMMAND: bindkey Mouse sequence: icon?
Zoom in by 2 ] Window — Zoom — zoom in by 2 yes
Zoom out by 2 [ Window — Zoom — zoom out by 2 yes
Zoom in V4 Window — Zoom — Zoom in

Zoom out Z shift — RMB

Fit f Window — Fit

Redraw f6 Window — Redraw

Check and Save X Design — Check and Save yes
Save As s Design — Save As

Delete Marker Ng Check — Delete Marker

Descend Edit E Design — Hierarchy — Descend Edit

Return e Design — Hierarchy — Return

Delete All Edits Design — Discard Edits

Close Window — Close
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Many of the schematic capture commands have alternative ways to be invoked.
1. A command sequence such as: Edit—Properties—ODbjects
2. Anicon such as: i/

3. A bindkey such as q

Bindkeys include the following features:

Bindkeys A

ars

Speed up schematic capture flow
Default set of functions with installation
Functions may be customized

Full set of may be viewed or changed using Options—Bindkeys in the CIW




Bindkeys

Bindkeys simplify the schematic capture flow. A default set of Accelerator keysis provided;
however, the keys are programmable. To view the key settings and the corresponding SKILL
syntax, select in the CIW: Options—Bindkeys. A “Key or Mouse Binding Window”
appears. Thiswindow shows bindkeys for the schematic editor and other tools. In the
Application Type Prefix cyclic field select schematic.

Then select the Show Bind Keys button. The Schematic Bindkeys window will appear.

Note: Thisisapartial list. To view all bindkeys use scroll bar.\

— Schematics Bindkeys N = ||
ﬁle[f\} Help 11
list ("<key:>&8" "schHiHilitelabel (W instancey” %" on'")™)
li=t {"<key>9" "oefddHetPrabe ™)
list (" <key>BackSpace™ "schHileleta ()™
"deletePoint (™) iEF
list ("<key>Delete” "schHilelete ()™
li=t {"<key>Down™ PopScrollinil Vs ndil) ™)
list {"<key>Ezcape” =
"cancelEnterFfun)™) iEF
list {"<key>F1"” "hiHelp( window deGetAppInfo{deGetEditVienType(hiGetCurrentkindow ) —>appHane)™
list ("<Key>F3" nil
"hiToggleEnterForm ™) SEF
list {"<key>F4” "oeTogelePartialSelect (™)
list {"<key>FE" "hiRedraw ™)
list ("<Key>Left” "eeboroll{nil N'wh" nild™)
list {"<key>Right” "oefScrollinil A\'e\T nill™)
list {"<key:Up” "oeforollinil \'ahT niln ™)
list ("<key: [ "hifoomRelat iveScale{getCurrentindow () 0,80
list{"<key:]" "hiZoonRelat iveScale (getCurrentHindow ) 1.,250™)
list {"<key>a” "getSingleSelectPoint )
1 list (" <key=h” "schHiCreateBlockInst ™)
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Schematic Entry 2-39
Usi Hi h h
sing a Hierarchy
Inv1x
- nmos Inv1x
wn=4u
In=0.5u IN ouT
(symbol of primitive “nmos”) ouT ™
LEVEL - Primitive IN
N (symbol of Inv1x)
LEVEL - Schematic using primitives
(requires symbol to use in a hierarchy)
ringosc
oscout
IN ouT IN ouT IN ouT rin oSC
_ E:>c —=n ::>o == J "
(symbol of rngosc)
IN OUT IN OUT IN ouT
l i i
oscout
LEVEL - Schematic with Hierarchy
(schematic uses symbols of other schematics and primitives)
/




Using a Hierarchy

A hierarchy isthe design data of acomplex system organized into simple and manageabl e data
at different levels. A hierarchy simplifies the complex structure of a system. It often reduces
the storage requirements for the data. It also simplifies and reduces the time to design the
system.

Primitives are the basic design elements and exist at the bottom of the hierarchy. The design
does not descend below thislevel. A schematic may consist entirely of primitives. Such a
schematic is also referred to as aflat schematic or aprimitive-level schematic. For large
systems, for example a 16-bit anal og-to-digital converter, it isdifficult capture the design with
aflat schematic.

A design of acomplex system can consist entirely of a single schematic. The flat schematic
can be ssmulated by including sources for power and stimulus. A design using only aflat
schematic (without hierarchy) isinefficient when repeated structures are used. Such a
schematic becomes difficult to manage as the circuit complexity increases.

A schematic can use symbols of primitives and symbols for other schematics. Such a
schematic is more efficient to design repeated structures and complex systems. This use of
symbols to represent schematics continues to higher and higher levels of hierarchy until the
TOP level of the design is reached.

A symbol for aschematic view isonly required when that schematicisused withinahierarchy.
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4 Labs

Lab 2-1 Schematic Entry
Lab 2-2 Symbol Creation
Lab 2-3 Building the Supply Circuit

Lab 2-4 Building the ampTest Design




L abs
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_eft Mouse Button—Sealect and Desel ect

Lab Reference Material: Mouse Buttons

Control-click Deselect point

Draw through Select box or Direct

Middle Mouse Button

_ _ Pop-Up Menus
Click Select point
: Click
Double click Extend select
EF
Shift-click Select point (add) (EP

Pop-up menus

Pop-up menus

Right Mouse Button
Repeat, Zoom, Options

Edit* Click
Shift draw Select box (add) or Draw through
‘hrough Direct Edit* Shift draw
control draw Desealect box or through
‘hrough Direct Edit* (EF)
(EF) Add point

Repeat last command
Zoomin

Z00m out

Command options
(command-specific
bindings)

Note: EF (Enter Function) bindkeys used within an active command.
*Direct Edit applies only when over object.




L ab Reference M aterial: Mouse Buttons
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Module 3: Analog Simulation

Topics in this module

Overview of the simulation environment

Setting up the simulation environment

Model files

Design variables

Choosing analyses

Netlisting

Running simulation

Viewing simulation results with the Waveform display tool

Saving simulator sessions




Terms and Definitions

simulation window The ADE user interface to control and view simulations.

analyses field
output field
Spectre
simulator host
model library
stimulus template
netlist

Waveform Window

A text field in the ssmulation widow indicating selected analyses.

A text field in the ssmulation widow indicating selected output.

A Cadence ssmulation tool for simulating analog circuits.

Software tool such as Spectre, cdsSpice, etc. to be used for simulation.
A text file having model description used by the simulator host.

A user interface used to establish signals used in simulation.

A textual description of a schematic used by the ssmulator host.

A graphical interface used to plot ssmulation data.

direct plot User command used for ‘ specia’ plots to the Waveform Window.
annotating Process of displaying data back to another window or schematic.
label display A label attached to a component for displaying information.
snapshot A command to the Waveform Window to update intermediate results.
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Overview of the Analog Design Environment A

The Analog Design Environment is a user-friendly graphical interface tool to set
up, run, and evaluate analog circuit simulations:

4 Design Hierarchy or Test Circuit )

(schematic view)

/Stimulus: Transistor Level)  ( Load )

analogLib: vpulse Schematic analogLib: cap
-or- (symbol view) res
St'fnéjrhfs file Symbol for schematic of - or -
Kschematic W, Cmpllfler ) GChematic )

t NOTE: THIS IS YOUR CONTROL PANEL!

/ANALOG DESIGN ENVIRONMENT\<J KCircuit Simulator )

User > _ (ADE ) 5'0) Spectre (used in this class),
Inputs Set up simulator - or - Spectre/Verilog,

Modify design variables cdsSpice,

Choose analyses etc.

Select model files / include files _ :

Netlist and run simulation OouUT: P IN: Netlist, temperature, ...

Plot simulation results IN: |[<—— OUT: .psf, .log, ...

View waveforms

\_ Evaluate expressions W, \ .




Overview of the Analog Design Environment

The Analog Design Environment is a software design tool the provides an easy way to set up,
run, and evaluate analog circuit ssimulations. It provides a simple way to change the input file
to run the next simulation. It provides accessto the simulation output filesto view waveforms,
make waveform measurements, and evaluate expressions. Think of the Analog Design
Environment as your “control panel”.

Use the Analog Design Environment to:
m  Setup simulations

m Naetlist the circuit
» Runthe smulation

s Evauate the ssmulation results

/ Important

The Analog Design Environment is often referred to as the “ simulation environment” or the
“simulation window” .

Note: It wasasoknownin prior releases as“Anaog Artist” and sometimes as “Artist”.
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Important Features of the Simulation Window
— Cadence® Analog Design Environment (1) |
Status: Ready T=27 C Simulator: spectre 4
session Setup Analyses Variables Outputs Simulation Results Tools | Menu
Design The “Analyses” Field \Hnalyses “E_{ ECllill
_ : ¥ Tupe =0 T=Ta ) =S Erahle | |
Library mulib “men | f— Analyses
J0C
Cell anpTest 1 de L HE= Choose
2?2 ac 3 100 150M 20 Loga.. yes ,lr | T
View  schematic 3  tran 0 Ju yes XY 2
_ _ W
Design Variables Outputs I:EJ j— Outputs
#  HMame Value #  Mame/Signal/Expr Value Plot Save March ,
3 |[®— Delete
1 CAHP a0+ 1 wvin yes ally no
?  out yes allv no la— Netlist
and Run
— Run
2
7 = Results in fusrl ftimfaded46fade500/simulatio i L W | Qn ap
T Shot
Command Prompt The “Outputs” Field
Icons




| mportant Features of the Simulation Window

The diagram shows the Analog Design Environment window. The simulation window is
annotated with notes used to describe the important features.

The are four regions identified by numbered boxes 1, 2, 3, and 4.

= Region listhe“Design Field”. It indicates the library, cell, and cell view to be
simulated.

» Region 2isthe“Design Variables Field’. It shows the design variables and set values.
» Region 3isthe“Anayses Field”. It shows the status, ranges, and types of analyses.
= Region 4 isthe “Outputs Field”. It indicates the selected outputs and expressions.

/ Important

The entries within Regions 2, 3, and 4 are accessible by executing a left mouse click. It is sometimes
easier and faster to make changes within these fields than using the menu banner.

Thesimulation window also hasaM enu Banner used to select analyses, model s, outputs, and
other ssmulation controls. The Menu Banner also has a Tools menu used to set up advanced
simulation tools such as Corners, Monte Carlo, and Optimization.

The simulation window also has a set of iconsfor along the right-hand side for quick selection
of specific commands.
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Analog Simulation Flow

dc sweep

Choose analyses for simulation

transient

Set simulator options
Select signals for output
Netlist and run simulation




Analog Simulation Flow

This diagram shows the mgjor steps required to set up and run an analog circuit ssmulation in
the simulation environment. To set up the simulation the first time, most of these steps are
required. However, on all subsequent simulations, perhaps only one or two steps are needed.

Each of the steps numbered above shall be discussed within this module.

/ Important

If you are unfamiliar with the flow, this may appear to be alarge amount of work to set up the simulation.
However, after the initial setup is completed, the flow is greatly simplified. Once you are familiar with
the flow, al of these steps are performed within afew minutes, or less.

0/24/03 Anaog Design Environment 3-8



Analog Simulation 39
4 )

Starting the Simulation Environment

STEP 1. Select Tools—Analog Environment from the schematic menu banner,
or select Tools—Analog Environment—Simulation from the CIW.

Then the Analog Design Environment “Simulation Window” appears.

REMEMBER: This is your Control Panel.




Starting the Simulation Environment

STEP 1.

In this class, use the Spectre ssimulator that is integrated directly into the Analog Design
Environment.

Start the simulation environment from the schematic window or the CIW. If the simulation
environment is started from the design window, the design in the window is understood to be
the target of the analysis. Start the simulation environment from the CIW to simulate any
design without viewing it.

Commands on pull-down menusin the Simulation window establish asimulation flow if used
In order, starting at the top and left and ending with the last command on the right most
pull-down menu.

For analog analysis, include this statement in your .cshrc file before starting the Cadence
Design Framework |1 environment:

setenv CDS Netlisting Mde “Anal og”
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Setting the Simulator h

STEP 2. Select: Setup—Simulator/Directory/Host
Select the simulator to

be used.

Simulator/Directory /Host ...
Model Libraries ...

Temperature ...
Stimuli ...
Simulation Files ...
Environment ...

For this class select
spectre in the cyclic field.




Setting the Simulator

STEP 2.

The second step of the Analog Simulation Flow isto set the target simulator and Project
Directory. The Project Directory isthe location where the ssmulator puts al of the data,
including netlists, waveforms, include files, and mapping information.

Set the ssimulator to spectre to start direct simulation with the Spectre tool. Note that acyclic
field appears that allows other host simulator choices, such as spectreVerilog.

The Choosing Simulator/Directory/Host form has a button that provides away to choose the
distributed Host Mode. When this button is pressed, there are two additional fields added to
your form: Auto Job Submit, and E-Mail Notify. This function uses multiple machines to
handle large or computationally intensive jobs. Jobs are sent to the default qgueue named in
your .cdsenv file or to the last setting in the Job Submit form. When Auto Job Submit is not
sel ected, the Job Submit form appears whenever asimulationisrun. More information can be
found in CDSDoc.

Note: Inthe 4.4.2 and older releases, the Cadence analog design environment depended on socket
interfacesto analog simulators. These socket interfaces used Cadence SPI CE to compensate for
simulator limitations. The most important of these limitations was the lack of an expression
evaluation capability. Today, most analog simulators no longer have these limitations. Direct
simulation (with Spectre) takes advantage of evaluation capability.
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Setting the Model Libraries

STEP 3. =

Cadence® Analog Design Environment (1)

=

Select the model files. In

Status: Heady

T=27 C Simulator: spectre 4
Session Setup Analyses Variables Outputs Simulation Results Tools

simulation window,

i I Design ... Analyses
select: Simulator/Directory/Host ...
. i ; ArgUmErtE. s s s v is s cnssnnes Enable
Setup_MOdeI lerarles..- — Temperature ... t yes
amf ..
Stimuli ... 100 1504 20 Loga.. yes
View  =cf simulation Files ... 0 au yes
_ | Environment ...
Desigh—rormore Outputs
#  MName Yalue #  Hame/Signal/Expr Yalue Plot Save March
1 CAF Boof 1 win yes allvy no
2 out yes ally no

7 = Results in fusrl ftimfadedd6fades00fsimulationfampTestfspectrefschematic

—

spectre2: Model Library Setup

This example uses a =
relative path. The path

Is set by the Include

Path in the Simulation

Files Setup form.

oK Cancel |[Defaults|| Apply Help

Model Library File Section

allModels.scs

Model Library File Section (opt.)

[ [ |
- | Add | | Delete ‘ | Change | | Edit File

Browse... I




Settingthe M odel Libraries

STEPS.

Thisisacritical step that must be performed to ensure that model filesfor active devices, such
astransistors, are included in the netlist.

With Spectre Direct:

There are no *.mfiles (*.mis cdsSpice socket syntax).

A conversion utility existsto convert *.mfilesto *.scsfiles.

.scs = Spectre circuit ssimulator. All filesending in .scsareimplied to be Spectre syntax
in the netlist unless ssimulator lang=spiceisincluded in the file. (SPICE in this case
means general Berkeley SPICE syntax and NOT cdsSpice). Spectre example:

nodel npn bjt type=npn is=3.26E-16 va=60 bf =100 \
br=6 nc=2 i kr=100mrc=1 vje=0.7 \

cjc=le-12 fc=0.5 cje=0.7e-12 \

tr=200e-12 tf=25e-12 itf=0.03 vtf=7 xtf=2

There are severa modeling techniquesto use. The main use model isonefilewith all of
the models contained within.

The contents of the model file do not appear in the netlist. The library model fileis
referenced as an includefile.

There are samples of all of the models available at:
<install _dir>/tools/dfll/sanples/artist/nodel s/spectre

0/24/03
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Simulation Files
STEP 3. — spectre0: Simulation Files Setup |
. | . | QK | Cancel |Defaults| Bpply |Bmwse...| Help|
Setup_SImu ation Files Include Path Mocels | <= THIS IS @ relative path
For setting the path to Defiution Fles |
other simulation files ke
| MDL Control File . I
| |
Enter the absolute or relative path into the text field
Include Path Path to location of any Model Library Files, Definition Files, and
Stimulus Files (the paths in these fields can be relative paths)
Definitions Files File or files that contain function definitions and parameter
declarations not in the Design Variables section of the Simulation
Window
Stimulus Files Location of text-based stimulus file
Spectre MDL Files | File for measurements using Spectre MDL commands
m Each of the above fields can have one or more paths or file declarations separated
by a space.
m  Any type of Spectre include file can be included in the netlist by either using the
Definitions Files field above or the Model Libraries Setup form.




Simulation Files

STEP 3.

Include Path— Example of absolute path declaration: “ /usr/home/model s/project/models”

The simulator resolves arelative file name by first looking in the directory where thefileis

located. Subsequently, it searchesfor thefilein each of the directories specified by theinclude
path, from left to right.

Definitions File—Defines functions and global variables that are not design variables. It is
included in the netlist before model files. Example:
si mul at or | ang=spectre
real Pi Rho() {
return 2500;
} Functions returning constant val ues
real Rpb(real |, real w {
return PiRho()*I/w
} Sinple passing paraneters
real rpoly(real value, real tdc) {
val ue*(1+. 01*(tdc-25) +. 002*(tdc- 25) **2) ;
} poly resistor function of tenperature

A sample Definitions File exists at:
<install _dir>/tools/dfll/sanples/artist/nodels/spectre/defaults.scs

Simulus File—Enter thefull path to the directory where the stimulusfileresides. A file name
ending in *.scs defaults to Spectre. All other files default to SPICE syntax.

Soectre MDL File—For more information on using Spectre MDL see Appendix C of this
manual.
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Setting Design Variables

STEP 4.

= Extract variables in a design with the Copy From button.
= Copy variable settings back to the design with the Copy To button.
= Add variables used in parameterized model files that are not extracted.

= Update a variable value and run simulation. Netlisting does not occur again.

m Extract new variables added after a simulation run.

= Use the Find Button to locate the Selected Variable in your design.

—|Editing Design Variables — Cadence® Analog Desig|

OK | Cancel‘ Apply | Apply & Run Simulatiun|

Help |

Selected Vanahle

Table of Designh VYarahles

Hame [[

#  Hame

Yalue

Value (Expr) F

P.dd| Delete‘ Cha.nge‘ Next| Clear| F|nd|

7 Cellview Variables Copy me| Copy Tu|

1 CAP

300+

Select Variables—Edit or click the Edit Variables Icon.




Setting Design Variables

STEP 4.

Use the Editing Design Variables form to:
m Enter design variable values. These values can be numbers or expressions.

= Copy variables from a design, or copy set variables back to the design to be saved.

= Add new variables. Add variable names to this form that control the simulation engine
or appear in model files and then set their values.

= Find avariableinthe design. This useful feature highlights the component to which the
selected variable is attached. This can be very helpful in alarge design when trying to
locate a particular design variable.

When starting the ssimulator from this form, change a variable value, apply the change, and
repeat simulations quickly. The system will not create a new netlist when avariable value is
updated.

Spectre Direct has no character limit for the size of avariable. The following examples are
legal statements:

paraneters thislsAReal |l yLongDesi gnVari abl eNane=10000 desVar 2=10p \
desVar 3=2u desVar 4=1. 15

Design variables are not evaluated. They appear in the netlist as Spectre parameter statements.
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g Choosing Analyses h
STEP 5. —
Select
Analyses—Choose
or click the
Choose Analyses icon.
- J




Choosing Analyses

STEPS.

Choosing the analyses to perform on the design is a straightforward process. Run analyses
together, separately, and in any combination. Analysis units are determined by the simulation
engine.

Output data is generated for each specified analysis during a simulation.
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Choosing Analyses Detalls

The Choosing Analysis form

-g— dynamically (j,hanges based
on the host simulator and
the selections made on the
form.

The types of analyses that
are available depend on the
host simulator.

-— Sweep Variables depend on
the selected analysis.

-|— 3Sweep Range

Analysis Options are entered
by selecting the Options...
button.




Choosing Analyses Detalils

The Choosing Analysisform depends on the host simulator. The cdsSpice form has only four
sel ectable types of analyses. The form above is used for the Spectre circuit ssimulator, which
supports 15 types of analyses. These include ac, dc, tran, stb, dcmatch. In addition:

P

S-Parameter Analysis

Also, the following types of RF analyses are supported by Spectre RF tool:

envip
PSS
pac
pnoise
pxf
PSP
apss
gpac
gpnoise
gpxf
apgsp

Envelope Following Analysis
Periodic Steady State
Periodic AC

Phase Noise Analysis
Periodic XF Analysis
Periodic S-Parameter
Quasi-Periodic Steady State Analysis
Quasi-Periodic AC
Quasi-Periodic Noise
Quasi-Periodic XF
Quasi-Periodic S-Parameter

For more information on Spectre RF analysis, see CDSDoc. In addition, Cadence Education
Services provides training in Spectre RF usage.

0/24/03
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Simulation Environment Options
STEP 6.

Select Setup—Environment

= Switch View List and Stop View List establish netlisting rules.
= Parameter Range Checking File

s Use the SPICE Netlist Reader (spp)—Read in HSPICE/SPICE netlists and
run with the Spectre simulator.

= Checkpoint and Restart




Simulation Environment Options

STEP 6.

The Switch View List specifies the order that the cellviews are netlisted.
The Stop View List specifies the view at which the netlist statements are generated.

For the Spectre simulator, the Parameter Range Checking File contains the parameter range
limits. Use either the full path to thefile, or aperiod (.) to specify arelative path to the
directory where the Cadence tools were started.

(Optional) Check and set the options for view switching to control how the system netlists
hierarchical designs. Normally, there is no need to modify the Switch View List and Stop
View list.

The SPICE reader (spp) option is provided for include files or subcircuits that are in SPICE
syntax. The spp automatically converts them to Spectre syntax, so a Spectre simulation can be
run.

The Create Checkpoint File (cp) and Start from Checkpoint File (rec) options allow
Spectre to save checkpoint files while a simulation is running, and then restart the analysis
from thisfile. Currently, only transient analysis supports checkpoint and restart.

0/24/03 Anaog Design Environment 3-24



Analog Simulation 3-25

4 Simulator Options
STEP 6.

Select Simulation—Options—Analog

Use this form to set the simulator
tolerance values, convergence
options, and other settings.

NOTE:

This is avery long
form. The scroll
bar indicates the
amount of the
form that is visible.




Simulator Options
STEP 6.

Select Simulation—Options—Anal og to activate the Simulator Optionsform. Usethisform
to set convergence, tolerances, and other simulator settings.

In addition to thisform, the Choosing Analysesform hasan Optionsbutton for setting specific
optionsfor transient, ac, and dc analyses. For example, the | nfotimes and Captab options are
found by selecting the tran button in the Choosing Analysis form and then selecting the
Options button.
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Probing the Schematic to Save Output Data
STEP 7. session 3etup Analyses Varables Outputs Simulation Results Tools
- setup ...
Design
Select signals for s
Lib . # Tyo|To Be Saved
output rary training N
col Tt 1 tra f Be Marched |
peakTesty
To Be Plotted | fopjact On Schematic
View  zchematic Save Al ... et T
Design Variables 0 Hormmws B
#  Mane Value #  Name/Sienal/Exor Value Plot Save Mar

Click on pins to save currents.

Click on wires to save
voltages and frequency data.

Select: Outputs—To Be Plotted—Select On Schematic
= You must terminate this command by pressing the Esc key.

= Save and load data sets.
An optional command saves guantities associated with all wires, all pins, or

both.
\ %




Probing the Schematic to Save Output Data

STEP 7.

Specifying Outputs
Use Outputs—T o Be Plotted—Select On Schematic

When using the command to select a set of outputs, click on device pinsto save terminal
currents or wires to save node voltage or frequency data. Datawill be available for plotting
and analysis on nodes or terminal pinsthat are saved before simulation.

Select the Edit— Select—Filter command in the schematic window to display the Schematic
SHection Filter to choose which objects, such as wires and pins, are selectable.

Saving All Outputs

Save all quantities associated with wires or pinsin adesign.
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g Outputs Section of Simulation Window h
STEP 7.
# Name/Signal/Expr Value Plot Save March
1 out wave yes allv yes
2 input wave yes allv no
3 VDC(*/out”) -1.004m yes
4 phaseMargin 73.64 yes
5 gainMargin / -16.00 yes
“ \
Automatically Automatically
Evaluated Plotted
0] oot | change| x| How Expression|
- /




Outputs Section of Simulation Window

STEP 7.

In the Outputs section of your Simulation window display the following:
= Signal names and evaluated expression values (created by the calculator)

= Thesignalsto plot
» Thesignalsto save
s Thesignalsto march (thisisan option in spectreS only.)

Use calculator expressions to return either awaveform or numeric value.

If signals and expressions are saved prior to running the simulation, the Anaog Design
Environment will automatically plot the waveformsand evaluate the numeric expressions and
display their values when the ssimulation ends.
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Simulation | Results Tools

| Hetiist and Run

4 Run

i Stop . Enable
;_ Options Ll
.Elueunst S peere

il

- Output Loy ...

Display ...

Convergence Aids Pl Recreate

Metlist and Debug AHDL
Debug AHDL

= March

o= allv o

Netlisting

=-|/h ome/aztec/445 faads/Artistd4s /simulation /am pTe:| a |D

File Help |

STEP 8.

modified schematics.

Force all schematics to re-netlist with the Simulation—Netlist—Recreate

command.

// Generated for: spectre

// Generated oni Aug 9 16:38:19 2000
FF Dezign library name: nylib

// Design cell name: ampTest

S/ Design view name: schematic
simulator lang=spectre

global O wdd! vss!

paraneters R=2 5k CAP=300f

include "allModels,scs™

/f Library name: training

/f Cell name: supply

Ff View name: schenatic

=subckt supply VID WSS

parameters _par0 _parl
V2 (VSS ) veource do=_pard type=dc
V0 (VDD 0 vsource do=_parl type=dc

ends =upply

// End of subcircuit definition,

// Library nama: mylih

/f Cell name: amplifier

Ff View name: schenatic

subckt amplifier inm inp iref out ink_bulk_n
CO (net38 out) capacitor c=CAP
M2 {gnode gnode vss! wes!) trowmos w=100u 1=10u
MO {netT gnode vss! ves!) tromos w=100u 1=190
M3 (gnode irm net22 wdd!) trpmos w=128u 1=(128u) /1A
M1 {netT inp net22 vdd!) trpmos w=(3u)*16 1=8u
B4 (out iref vdd! inh_bulk_n) tronp
03 {net?2 iref wdd! inh_bulk_n) trpop
(2 {iref iref vodd! inh_bulk_n} trpop
01 (net3d net3dd ves! inh_bulk_n) tropn
A0 {out netT net34 inh_bulk_n) trropn
RO (netT net3d) resistor r=R

ends amplifier

// End of subcircuit definition,

// Library name: mylih

/7 Cell name: ampTest

£/ View name: schematic

T10 {vdd! vss!) supply _par0=—-5 _parl=0

I6 (netl3 vin netl0d out 0) anplifier

VO {vin 03 vsource mag=1 tupe=sine sinedc=0 ampl=50n freg=1M
I0 (netl0 0) isource doc=500u tupe=dc

RO {retld 0) resiztor r=10K

R1 {neti1d out) resistor r=20K

||

36

Netlists are hierarchical and created incrementally. Re-netlist only the

y




Netlisting

STEP 8.

The system automatically creates netlists when running a simulation, but a netlist can be
created and viewed before ssmulation.

Netlisting

Use the Simulation—Netlist—Cr eate command to:

s Usethe Analog Design Environment to create a netlist that is smulated in standalone
mode.

= Modify the netlist, perhaps to take advantage of features that the interface to your
simulator does not support.

= Read the netlist before starting the simulation.

| ncremental Netlisting

Incremental netlisting isfaster than full hierarchical netlisting because only the schematics
that have changed since the previous netlist was generated are re-netlisted. This substantially
speeds up netlisting of hierarchical designs containing many small schematics. The system
keeps track of the status of each schematic during and between design sessions.
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Running the Simulation
STEP 8.

After the netlist has been created or recreated, the simulation is ready to run.
To run the simulation:

m Select Simulation—Run or

s Select the Run icon on the right side of the simulation window.

If preselected outputs appear in the output field of the simulation window, then the
Waveform display will automatically appear when the simulation is completed.




Running the Simulation
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Running Additional Simulations

The purpose of running a simulation is to verify the operation and performance of
the circuit. This often requires running additional simulations. Most steps of the
simulation flow have now been completed. So running additional simulations is
greatly simplified.

= To make changes to the simulation, simply modify the entries to the Design
Variables, Analyses, or Output fields, and then press the Run icon.

= To change the temperature, select Setup—Temperature in the menu
banner, enter the new value, and the press the Run icon.

= If you did not edit the schematic, you do not need to netlist the circuit.

= If you did edit the schematic, you must do a Check and Save in the
schematic window.

n After the Check and Save, you must select Netlist—Recreate within the
simulation window.

= The simulation setup can also be saved for running additional simulations
at a later time, or even for running simulations on similar circuits.




Running Additional Simulations

Upon compl etion of the first ssmulation, the setup has been complete. It isnow very smpleto
change the parameters of the next ssmulation, or set of ssmulations.

Just select by:
= amouse sequence using the menu banner,

m Selecting an icon on the right-hand side of the simulation window, or

» Selecting the appropriate line within an editable field of the simulation window, such as
the “Analyses’ field.

If you make changes only to the simulation window, then you are able to run the new
simulation without netlisting.

If you make changes to the schematic, then the schematic must be checked and saved, and a
new netlist must be generated. However, the simulation window accesses the design database
using the Design Framework. Thereisno requirement to open or close additional windows. A
few ssmple clicks and the updated schematic is ssimulated.

0/24/03 Anaog Design Environment 3-36



Analog Simulation

3-37

-

Control of Analyses for Simulation

Analyses Control Field




Control of Analysesfor Simulation

The Analog Design Environment provides additional control for running analyses. The
Analyses Control Field lets you select which analyses to complete during the next ssimulation
run. Thisfield displays all analyses that have been activated by using the Choosing Analyses
window.

To select aspecific analysis, move the mouseinto the Analyses Control Field and click left to
select the specific analysis line. The selected line is highlighted.

The menu banner of the Simulation Window provides these options:
m  Select Analyses—Delete to remove the analysis completely!

m  Select Analyses—Enable to include the analysisin the next simulation.

n  Select Analyses—Disable to deactivate analysis, but not delete from Analyses field.

The disable mode means the selected analysis does not run for net ssmulation. However, the
setup from Analyses—Choose remains. Simply select, and then enable the analysis to run.
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Additional Options Using ADE

The Analog Design Environment provides additional features that simplify
running additional simulations, or modify the performance of the simulation.

These options are:
= Analog Default Options
= Save State
= Load State
= Stimulus Template
= Simulation Environment Options
= Infotimes

= Captab




Additional Options Using ADE

Analog Default Options modifies the default appearance of the simulation window.
Save State is used to save the setup of the simulation window for reuse.

L oad State is used the restore the setup of the simulation window.

Stimulus Template is an alternative method to provide stimulus to the circuit.
Simulation Environment Options alters the switch view list and the stop view list.
Save Options sets the default levels of signals to be saved.
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Analog Default Options

In the Simulation window, select Session —Options.

Then an Editing Session Options window appears.

Select this button to be queried to save
the present working state.




Analog Default Options

With this command, you set up certain optionsto affect the way the Simulation Environment
looks. Choose which method you prefer: Simulation Window-based (default) or
Composer-based (using schematic window menus) or both.

In addition, specify the directory to save state files in. State files characterize the Simulation
Environment setup, including the Model Library File, convergence parameters, outputs, and
design variables. Keep the default ./.artist_states location (thiswill place the statesin the
project which launched the Cadence session), or choose one in your design database.

The option called Preload the CornersJava is a new feature that works with the Corners
Analysistool. It isturned on by default and can slow down your Simulation Environment
start-up time. When not using the Cornerstool, to turn it off or add the following statement to
your .cdsenv file:

asi nenv | oadCor ners bool ean ni |l

Also set the Default Design Open Mode and the location of the Simulation window.
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Simulation States

Session—Load State

Session—Save State




Simulation States

Save State

This command saves simulation states during a session. Items that can be saved include
Analyses, Variables and Outputs, and the Waveform Window. Save each of these items
individually or in groups. Name the file anything by typing the namein the Save Asfield. The
default name is statel.

By default, the files are saved under adirectory called ./.artist_states. Change the location of
this directory by specifying a new directory in the State Save Directory field in the Editing
Session Options form. Access this form with the Session—Options command in the
Simulation window.

L oad State

Use the L oad State command to load saved states for a design. The cyclic fields next to
Library and Cell are used to pick a particular design. The state files are ssmulator dependent,
If Analyses are saved as part of the file. Use Outputs and Variables with any simulator. The
State Name listbox will show all of the saved files for the design. Save individual objects.

Thisfeatureis particularly useful for adding items to the Outputs section. For example, the
user might have specific equationsthat are always used for testing the AC stability of acircuit.
Once these equations are defined, they can be loaded them into other designs very quickly.
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Stimulus Template

Setup—Stimuli

Setup Analog Stimuli

= Setup Analog Stimuli

Ok ||Cancel

Apply

Help OFK. | Cancel || Apply Help

Stimulus Type

(@ Inputs () Global Sources

Stimulus Type { )Inputs (@) Global Sources

vin fond! Voltage do

OH  w==s! fgnd! Voltage do

vod! Send! Voltage do

Enabled

AC magnitude
AC phase

DC voltage
Offset voltage
Amplitude
Frequency
Delay time
Damping factor

| Source type

Change Change
Function Type [Yoltage— Enabled [ Function Type |Yoltage— B
?jI AC magnitude
AC phase
|I[] I DC voltage l |
- XF magnitude [ |
| EI?E" | PAC magnitude [ |
|?1 | PAC phase [ |
I | Source type | dc, |
l I | Temperature coefficient 1 l |
| |

i Temperature coefficient 2




Stimulus Template

Use this graphical interface to create a stimulus file for specifying input stimuli and power
supply stimuli to your design. Attach any type of source to the input pins or global pins that
arein your design.

To use input stimuli, instantiate input pins into your top-level schematic for those stimuli
signals. The power stimuli requires adefined global name on asignal (such asvdd!). Usethis
option to create designsthat can run in multiple simulation scenarios, that do not require power
sources and input stimuli that can clutter up the schematic window.

Note: To serve as optional stimuli, use both standard sources mixed with stimuli sources in your
schematic. The stimulus template provides other options to creating stimuli for your circuit,
depending on the analysis sel ected.
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= Save Options
0K Cancel ||Defaults|| Apply Help
Select signals to output (save) [Onone []selected []ivipub []ivi [l allpub [Jall
Select power signals to output (pwr) O none [ total []Jdevices []subckts []all
. et dovel of suboboul o oulisd fnusibly | |
Select: Outputs—Save All
Select device currents (currents) [ selected [] nonlinear []all
Set subcircuit probe level (subcktprobetvl) || |
Select AC terminal currents {(useprobes) Oyes (Ono
Select AHDL variables (saveahdlvars) [ selected [Jall
Save model parameters info |
Save elements info |
| save output parameters info |
Setting Description
none Does not save any data. (Currently saves one node chosen at random.)
selected Saves only signals selected in schematic.
Ilvipub Saves all signals that are normally useful up to nestlvl deep in the subcircuit hierarchy. This
option is equivalent to allpub for subcircuits.
Ivl Saves all signals up to nestlvl deep in subcircuit hierarchy. Relevant to subcircuits.
allpub Saves only signals that are normally useful.
all Saves all signals.




Save Options

Specify which signalsto save with the save parameter. Use the nestlvl parameter when saving signalsin
subcircuits. (Set save to Ivl or Ivipub.)

To save power dissipated on acircuit, subcircuit, or device, use the pwr parameter. Power is calculated
only during DC and transient analyses. The results are saved as a waveform, representing the
instantaneous power dissipated in the circuit, subcircuit, or device.

The nestlvl parameter specifies how many levels deep into the subcircuit hierarchy to save signals. The
default setting for nestlvl isinfinity, which saves all levels.

The currents parameter of the options statement computes and saves terminal currents. The selected
parameter saves only currents select. The nonlinear parameter saves all terminal currents for nonlinear
devices, naturally computed branch currents, and currents specified with save statements. The all
parameter saves al currents. The nonlinear and all parameters can significantly increase ssimulation
time.

Use the subcktprobelvl parameter to control the calculation of terminal currents for subcircuits. Current
probes are added to the terminal s of each subcircuit, up to subcktprobelvl deep. Specify all currentsto be
calculated with current probes by setting user probe to yes. To save ahdl variables in ahdl instances, set
saveahdlvarsto selected or all.

Sometimesthereisaneed to set alarge number of current probes. This could happen, for example, if one
needs to save a number of ACs. (Current probes can find such small signal currents when they are not
normally computed.) Specify that all currents be cal culated with current probes by placing
useprobes=yes in an options statement.

Tosaveall theahdl variablesbelonging to all the ahdl instancesin the design, set the saveahdlvarsoption
to all using a Spectre options command. For example: Saveahd| options saveahdlvars=all.
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Save Defaults and Save Session

—

In the CIW, select Options—Save Defaults.

Ok Cancel ||Defaults

File Hame cosbession,save

In the CIW, select Options—Save Session.




Save Defaults and Save Session

The .cdsenv file contains default information for all of the tools in the executable. In the
Analog Design Environment, the information that you set in the Editing Session Optionsform
and the Setting Plotting Options form is saved in the .cdsenv file. Additionally, the Simulator
and Project Directory are also saved.

File Status

s Overwrite: Stores the values entered in the Save Defaults form by overwriting the
previous .cdsenv file in pointed to in the path.

s Merge values: Stores the modified values entered in the Save Defaults form in the
previous .cdsenv file but does not delete pre-existing, unmodified values.

= Retain values: Storesthe values entered in the Save Defaults form by creating another
file. It is necessary to enter the name of the filein the Saveto Filefield.

Save Session

When starting the Design Framework |l environment with a -restore < sessionFileName>
option, the specified file is loaded. Windows that were active at the time of the session save
will be restored, as well as each open form. Also restore sessions by typing load
(“<sessionFileName>") in the CIW. Use caution when loading a session filein the CIW,
because SKILL commands in the file might interfere with the current design session. The
restored session will be added to the existing session, but no existing windows will close.
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a bk~ WD

Enter your time points in this
text field in any order.

Infotimes

Infotimes is a transient analysis option to display transient operating point
information.

1.

From the Simulation Window, select Analyses—Choose.
Select the tran button in the Choosing Analyses form.

Select Options at the bottom of the Choosing Analyses form.

A very long Transient Options form appears, scroll down to infotimes.

Enter infotimes, as shown.

COompression no yes

The line on the ————P infotimes Eu 2%9u 68u [B7u
Transient Options form
for entering infotimes.

flushpoin

e

flushofftime




| nfotimes

Accessing the infotimes Text Field

Multiple values entered in thisfield should be separated by blank spaces. If invalid separators
or non-numeric values are specified here, Spectre reports the error/warning in the simulation
output window. For example, if you use “comma’ between values, it works but gives you
following warning:

Warning fromspectre during circuit read-in.

"I nput.scs" 75: Use of the comma character in lists will not be
supported in future rel eases.

The infotimes netlist statements

Netlist from ADE:
tran tran stop=100u wite="spectre.ic" witefinal ="spectre.fc" \
annot ate=status infotinmes=[5u 29u 68u 87u] nmaxiters=5\
| nf onane=tran_Info
tran_Info i nfo what=oppoint where=rawfile
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Infotimes Results
Select Results—Print—Transient Operating Points, then click components on
the schematic.
/ To print the data of this window as a file select: Window—Print
— / Results Display Window e |12
VWindow Expressions Info Help | 16
signal OPT("il.g12" *  OPT("il.gl2" "  OPT("il.gl12' "  OPT("il.Q12"
time Ln 20 (7111 87 <_
o 3. 300m 3. 3m 3.301m 1.94m ScrO” bar
vhe 496, i —-496. 4x -496. 4y -473 . 1w
vhe 0 0 1] ]
YCe —-496. dx —496. 4x —496 . 4y —473. In '
¥sub 4,974 4.974 4,974 5.03 SeleCt addltlonal
ic -116.2u -116.1u -116.%u -61.75u components!
1b -3.031u -3.03u -3.031u -1.338u
1sub -0 -0 -0 -0
pvr 5£9.18u 5£9.16u 59.17u 29.85u The scroll bar becomes
betadc 38.33 38.33 38.33 46.14 i
betaac 28.16 28.17 28.17 37.49 smaller as additional
it 4.361M 4. 361 4,361M 4,33 H
rpi 8.532K 8.536K 8.533K 19.33K deVICeS are _SeleCted_ on
xo igggx ﬁgx? ﬁggx ggggx the schematic. The file
o iy s i 276 is getting larger, but the
cpi 119.1p 119p 119.1p 70.08p i
CIHi 733.8f 733.8% 733.8% 727.21 data IS added t.o the
i 0 0 0 0 bottom of the file.
csub 1.102p 1.102p 1.102p 1.098p
reqion 1 1 1 1
type 1 1 1 1
|| stmct 1 1 1 1




| nfotimes Results

=  Onceinfotimes values are specified, netlist and run the simulation.
=  When the ssmulation has been completed, select:
Results—Print—Transient Operating Point

= A Results Display window appears. If you have not selected a component, the window
will be empty. Select a component in the schematic.

= The operating point information appears in the window.

= Select another component, the datais added to the bottom. Y ou may not seeit; however,
the scroll bar on the window gets smaller.

= Toprint thefile, select Window—Print in the Results Display Window.

0/24/03 Anaog Design Environment 3-54



Analog Simulation

3-55

-

Captab

Transient analysis option or dc analysis option

Provides a table of node capacitances at specified times

Has three node detail options: node, nodetoground, and nodetonode
Has a threshold feature; default is 0.0F

Similar to the CAPTAB option in HSPICE

Used with infotimes in the transient analysis options form

Simple to use




Captab

Captab provides a tabulation of node and device capacitance, either at the dc operating point
or at the specified infotimes. The tabulation appears in the simulation output log file.

The CAPTAB parameters

detail = node
Provides details of the capacitance. Possible values are node, nodetoground, or nodetonode.

sort=name

How to sort the capacitance table. Possible values are name or value. If sort-by-valueis selected, then
the table will be sorted in a descending order of the total node capacitance. (The rows with the same
“From_Node” will remain together.)

If sort-by-name is selected, then the table will be sorted in alphabetical order according to the
“From_Node:To _Node” column.

threshold=0 F

Threshold capacitance value for printing. This feature allows you to specify the threshold
capacitance value. The nodes for which the total node capacitance is below the threshold
value will not be included in the output.
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Selecting the captab Option from ADE
DC and Transient Analysis has CAPTAB PARAMETERS option.

For transient analysis:
1. Select Analyses—Choose.
Select the tran button in the Choosing Analyses form.
Select Options at the bottom of the Choosing Analyses form.

On the Transient Options form scroll down to infotimes.

Enter infotimes (see page 3-51).
Scroll down to CAPTAB PARAMETERS at the bottom of Transient Options form.

N o O &~ w0 D

Enter CAPTAB selections.

CAPTAB PARAKETERS

Lt kel u

timed

threshold 0.0

detal M node | nodetoground | nodetonode

sort B name value




Selecting the captab Option from ADE
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Reminder to Terminate Select “Outputs...”

When doing the lab activities, it is extremely important to remember to terminate
the command Outputs—To be Plotted—Select On Schematic.

This command allows you to select wires and terminals for plotting. The
command continues to select wires and terminals until it is terminated by pressing
the Esc key.

A common error when using the simulation environment is to continue work
without terminating this command. The user will move the mouse to select Netlist
and Run, or other commands in the menu banner. Then the user attempts to
change a component parameter on a symbol in the schematic. The simulation
environment responds by selecting all terminals of the component to be plotted
and these appear in the “Outputs” field of the simulation window.

Now the user must unselect the terminals and delete the entries in “Outputs” field.




Reminder to Terminate Select “Outputs...”

When using the Outputs—To Be Plotted—Select On Schematic command, it isimportant to
terminate this command. It is terminated using the Esc key (also known as the escape key).

/ Important

If you forget to terminate (a common mistake) and later attempt to select a component on the schematic
for edit, all terminals of the component will be selected for plotting and appear in the “ Outputs’ field the
simulation window. At this point it is easy to recover. Select the component again. Fortunately, the

Outputs—T o Be Plotted—Sel ect On Schematic command isatoggle command. The second mouse click

isan unselect. Theterminals of the component are unsel ected and al so removed from the* Outputs’ field.
Now press the Esc key.
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Lab 3-1 Running Simulation
Lab 3-2 Using the Stimulus Template
Lab 3-3 Transient Operating Point Analysis, “infotimes”

Lab 3-4 Captab




L abs
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Module 4: Simulation Results Display Tools

Topics in this module

Overview for using Waveform Display tools

Viewing simulation results with the Waveform Window
Accessing and appending data on the Waveform Window
Accessing the Waveform Calculator

Using subwindows

WaveScan

Label displays




Terms and Definitions

simulation window The ADE user interface to control and view simulations.

analyses field
output field
spectre

simulator host
model library
stimulus template
netlist

Waveform Window

A text field in the ssmulation widow indicating selected analyses.

A text field in the ssmulation widow indicating selected output.

A Cadence ssmulation tool for simulating analog circuits.

Software tool such as Spectre, cdsSpice, etc. to be used for simulation.
A text file having model description used by the simulator host.

A user interface used to establish signals used in simulation.

A textual description of a schematic used by the ssmulator host.

A graphical interface used to plot ssmulation data.

direct plot User command used for ‘ specia’ plots to the Waveform Window.
annotating Process of displaying data back to another window or schematic.
label display A label attached to a component for displaying information.

snap shot A command to the Waveform Window to update intermediate results.
0/24/03 Anaog Design Environment 4-2



Simulation Results Display Tools

-

Overview of Simulation Display Tools

A useful method to evaluate a simulation is to examine and make measurements
on the simulation results. Waveform display tools are used to display simulation
data. Some waveform display tools and related software tools include:

=  Waveform Window

=  Waveform Calculator
= Results Browser

= Snapshot Tool

= WaveScan

= Annotating Component Display




Overview of Simulation Display Tools

This module discusses the numerous methods and software tools that are used to display
simulation results. Waveforms, printed tables, histograms are some methods that are used. In
this module, the focus is on viewing the ssmulation results. As such, the Waveform Window
and the WaveScan tool are discussed. Theresults of adc simulation will also be backannotated
to the schematic.

The Waveform Calculator and Result Browser will be discussed in the next module on
Analyzing Simulation Results.
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The Waveform Window

mylib ampTest schematic : Jul & 12:@2:57 28872

AC Response

=1 Svin
P 0: ;"Dutﬂ

1.4

[ 190 1K 1K 198K M 1gM  1gaM 16
= freq ( Hz )

Double-click on any item in the window to display an options form that controls it.




The Waveform Window

Use the left mouse button to double-click on any item in the Waveform Window to display a
form that controlsit. Additionally, many of the schematic editor features, such as bindkeys,
selection, deletion, and drag to move an item, are supported within the Waveform Window.

Y ou can easily save and recall waveform setups. Thereisno limit onthe number of curvesthat
can be plotted, or on the number of subwindows into which a single Waveform Window can

be split.

Use the annotation features from the Analog Design Environment window to display such
items asthetemp = 25, beta = 100, and CAP = 500f |abelsin the Waveform Window sel ected.
In addition, display the design name, temperature, scalar outputs, design variables, and
simulation date. These labels are turned on in the Setting Plotting Options form, which are
accessed by the Results—Printing/Plotting Options command in the simulation window.

Thisisdiscussed more in the next module, Analyzing Smulation Results.

Note: The gain margin is calculated as the magnitude of the gain in dB at fO. The frequency f0 is the lowest
frequency in which the phase of the gain provided is =180 degrees. For stability, the gain margin must
be less than 0 dB.
gainMargin( gain ) = 20 * log10( value( gain f0))

Example: Gain Margin = gainMargin(VF(*/out”))

The phase margin is calculated as the difference between the phase of the gain in degrees at fO and at —180
degrees. The frequency fOis the lowest frequency where the gain is 1. For stability, the phase margin must
be positive.

phaseMargin( gain ) = 180 + phase( value(gain f0))

Example: Phase Margin = phaseMargin(VF(“/out™))

The waveform window shows results for a closed loop simulation, or:
VCL=Vout/Vin+Vout (due to Vin=1V)

The Open Loop Gain is expressed as:
VOL=Vout/(Vinp-Vinn), for both Magnitude and Phase.
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Waveform Window Features

A 1 ﬂ ﬁz Layout of Window
t Independent Subwindows
T f Strip Mode
>

AC Response

Gain (dB)

A*

Labels

Phase (deg)

Vertical and Horizontal Markers

Frequency

Crosshair Markers w/ On-Screen Display

A: (40.37M 270.6m)  delta: (-40.08M 1.233)
Select Letters A or B to Delete Markers B: (2.946K 1.26) slope: 3.076u




Waveform Window Features

Place as many as many curves on asingle strip as desired, and each subwindow can use a
different window setup. Additionally, asingle strip or composite window can have from 1 to
4'Y -axes, with user-assigned curves on each axis.

Waveform curves can be selected and their colors and design styles can be changed with a
simple options form, which modifies your Waveform Window to display X/Y Plots.

Both vertical and horizontal markers are available. In addition, crosshair markers, which
display information directly on the Waveform Window, can be used for quick measurements.
To delete the A and B markers, select the letter (A or B) that |abels the marker and note the
asterisk that appears next to it. Next, click the Delete icon.

Axes |labels can be modified, and thereisamaintitle along with separate subtitles that can be
used on each subwindow. Add labels that use cal culator expressions, which update with each
successive simulation.

Display multiple Waveform Windows at the same time. Use one window to display results
from a previous simulation run, while a new window displays the current data.

Use the Waveform Window interactively with the Calculator (discussed later).

Pan and zoom in the window, too.
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Direct Plot

Main Form...

Transient Signal
Transient Minus DC
Transient Sum
Transient Difference
AC Magnitude

AC dB10

AC dB20

AC Phase

AC Magnitude & Phase
AC Difference
Equivalent Output Noise
Equivalent Input Noise
Squared Output Noise
Squared Input Noise
Noise Figure

DC

Results—Direct Plot

Main Form...




Direct Plot

Use the Direct Plot commands to plot common waveforms quickly without the use of a Plot
Set or the Calculator. There are quantities available that cover all of the analyses. The choices
include Spectre RF analyses, magnitude and phase simultaneously, and transient waveforms
without DC offset. The menu will only display commands that are specific to the ssimulator
used.

Groups of signals created using these commands are not saved and cannot be loaded during a
different session.

Use the Results—Plotting Options form to specify the signals selected as a group before
plotting, or to plot after each selection. After selecting all of the signals of interest on the
schematic, press the Esc key to end the selection and plot your results.

Also set up bindkeysto use the Direct Plot options.
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= Set up outputs to plot in the Simulation Window before simulating.
= During simulation, click the Plot Outputs icon to plot the data available.
This requires the simulation to be running slowly enough for this feature to
work.
Each time the icon is clicked, the Waveform Window displays the results
that have accrued since the previous click of the icon.




Snapshot

Snapshot is a capability in the Analog Design Environment that looks at waveforms during
simulation. Plot selected outputs while the simulation is running by clicking the Plot Outputs
icon. Use thistool to discover problems with the current ssmulation, stop it, fix the problem,
and resimul ate.

In addition, monitor the progress of properly working simulations, without the need to use
marching waveforms (these waveforms are not available in Spectre direct).

For mixed-signal simulations, analog and digital ssmulation datawill be available at every
synchronization timepoint, which will allow the Waveform tool to display analog and digital
waveformsin sync.

The windows might not display some waveform data up to the current timepoint, becauseitis
displaying intermediate simulation results while the ssmulation is running. The waveform
reader might not be able to read the new data while the ssimulator iswriting it to disk. Asa
result, the window might not display both the analog and digital signals up to the current
timepoint.

Use Snapshot to plot waveforms during long transient runs. The waveforms must be set up in
the Outputs section of the simulation environment window to use this feature. Snapshot can
also serve asaworkaround instead of using the* checkpoint and restart” functionality, because
the simulation continues to run after taking a* snapshot” of your current results.
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Waveform Calculator

The Waveform Calculator is integrated into the Analog Design Environment and
IS used to analyze simulation results. It is discussed in Chapter 5.




Waveform Calculator

The Waveform Calculator Too isintegrated into the Analog Design Environment. It works
directly with the Waveform Window to display results. The Calculator displays numerical
results of the ssmulation data. It also processes waveform data obtained from the schemaitic,
the Waveform Window, or the Results Browser.

The Calculator is discussed in detail in the chapter Analyzing Simulation Results.
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A alternate waveform display tool is available. WaveScan is a new waveform
display tool for viewing simulation results. It features composite plots, strip mode,
subwindows, and a card view. A sample WaveScan plot is shown below.

File Edit Graph Axis Trace Marker foom Tools Help
& b % = A

Jun 12, 2002 Transient Analisis “sweepTemp-000_sweepy dd-000_tran_sweep"” tirme

WaveScan

— out ffernp=2.20e+01 vdd=4 50e+00) — out dernp=2.50e+01 vdd=4 F0e+00)
— ouf ffernp=2.20e+01 vdd=4 90e+00)  — out dernp=2.50e+01 vdd=5.10e+00}

1. New waveform display tool

4.0
3_5-§ 2. Standalone!
3.0—5
25_5 name = out (termp=1.25e+02 vdd=4.70e+00) 3. Separate Results Browser
T dataset = sweepTemp_tran_sweep-swee
_ E.D—: data dir:.Imﬁxezptraanraw i i
z ] , 4. Separate Calculator
1.5 |
1.n—j
n..ﬁn—f %
002 / 1 roeas
'D-EDI T T T T T T T T T T T T T T T T T T T T T
0.0 100 200 200 400 500
time (ng)
o [cadence

For more information on WaveScan see Appendix B.




WaveScan

WaveScan is a new waveform display tool. In thisrelease, it is a standalone tool. WaveScan
uses a separate Results Browser to access simulation data and a separate Cal cul ator to analyze
the simulation data.

Appendix B of this manual provides more detailed information on using the WaveScan tools.
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Controlling Schematic Label Displays

In the schematic window, select Edit—Component Display.

= Edit Component ‘RO’ Display

OK |[|Cancel ||Previous || Mext Help

Select Label [ terminal [l parameter [l instance

Auto Redraw  (@)yes (Jno | Save||Load || Attach || Detach |

| et Simulation Data Directory |

Tenminal Labels
Apply To (@)library { Jcell (Jinstance
(_Jnone (_jpin name (@)net name ( )voltage ( jcurrent
(®)schematic ()simulation

Parameter Labels

Apply To (@library { Jcell (instance
(_Jnone (@)parameter [_jmodel parameter {_joperating point
M literal [ suffixes [Jglobals []related [] full

Display Value Only [
O
O

{_)schematic (@)simulation

Instance Labhels

Apply To (@library { jcell {instance
()none (@)instance name (_jcell name

s L

cdsTerm("'ing™) cdsName()
inp cdsTerm("'out")
[@partName] out "
cdsTerm({"inm") T
inm baram(1) = ledsTerm("iref")
cdsParam{2)

—p Modifies Instance

—® Modifies cdsTerm () labels

—® Modifies cdsParam () labels

labels




Controlling Schematic L abel Displays

This form controls the label displays at different levels:
» Instance Level: Affects a selected instance

n Cdll Levd: Affects al instancesin the cellview with the same cell name as the sl ected
Instance.

m LibraryLeve: Affectsall instancesin the cellview from the samelibrary asthe selected
Instance.

Save label display changesto afile.
» Attach label displaysto alibrary, so the latest settings appear when a design opens.

= Label display changes at the instance level are always saved with the design. Modify
these settings later on at the instance level only.

In addition, terminal and instance labels can have different values in the ssmulation and
schematic environments. Thisis due to design hierarchy. For example, if an instance of the
amplifier cell isplaced in ahierarchical design, an nmos transistor in the amplifier schematic
might be named M2. In the final netlist, the transistor might appear with a name of xi0/mz2.

Similarly, aterminal can appear to be named net52 in the amplifier schematic, but might have
aname of xi0/net52 in the final netlist.

The schematic and simulation values of terminal and instance labels can be displayed, too.
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~ Annotating Simulation Information to the Schematic

Simulation ¢17 [=]O0
T=27 C Simulator: spectre 3
tion MI Tools Help
w:- st Duipuls B _{{
—1 Direct Plot =
: Frint B E?IEHH
Annotate P DC Node voltages
Circuit Conditions ... DC Operating Points
— ] Save ... Model Parameters
tputy Select ... Fropmionl Hode Yallages
E Delete ... Fropmionl Oporaiiy Panis
— Printing/Plotting Options ... Het Hames

Component Parameters
Design Defaults

DC Operating Points

Design Framework Il session.

l = 'f Pceztgdlfﬂr:ﬂgug

M3 M1
vdd!

vgs=—3.557 vgs=—2.827
vds=—5.097 vds=-—7.3¢1

vgs=2.7
vds=5209m

Annotation labels appear near all components in the design window.
= Display configurations can be saved and loaded again.

= Unless explicitly saved, the database is overwritten or lost when exiting the

m The Design Defaults command removes annotated simulation data and
restore design information on the schematic.

» Use Results—Print command and menus to print results to a file.




Annotating Simulation Information to the Schematic

Annotate simulation information to the schematic window with the Results—Annotate
command and menu in the simulation window. Print the same data to afile using the
Results—Print command and menu.

The annotation is achieved through the interpreted |abel s on component symbols that serve as
“placeholders’ for the data to be displayed. Set the visibility and type of data by using the
Label Display menu. Bring up the Label Display menu with the Edit—L abel Display
command in the schematic window.

Apply changesto all cellsin the design window, to all cellsin the library of the selected
Instance, to the same cells as the selected instance, or to only the selected instance. The
different types of interpreted labels are:

= terminal or cdsTerm(pin_name) labels: Display net names, pin names, node voltages,
port currents and node numbers (referenced to either the design environment or
simulation netlist).

= parameter or cdsParam() labels. Display component parameters, model parameters,
transient data, and operating points. Hierarchical variables can be displayed literally or
evaluated.

= instance or cdsName() labels. Display instance or cell names (referenced to either the
design environment or simulation netlist).
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4 Labs

Lab 4-1 Displaying Results with the Waveform Window
Lab 4-2 Saving the Simulation Session
Lab 4-3 Displaying Interpreted Labels Near Schematic Components

Lab 4-4 Annotating Simulation Results to the Schematic Window




L abs
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Lab Reference Material

When using a command such as

Outputs—To Be Plotted—Select On Schematic or

Outputs—To Be Saved—Select On Schematic in the simulation environment,
follow the prompts in the schematic window or CIW to graphically probe the
design. When finished probing all desired nodes and terminals, press the Esc key
with the cursor in the design entry window to cancel the select function. Failure to
cancel the select function explicitly before starting a different one, might
temporarily disable the system.

If this condition occurs, the Nest Limit of the environment has been violated, and
a warning appears in the CIW. Change the Nest Limit with the
Options—User Preferences form through the CIW to get around this feature.

Make sure to cancel each selection or probing function using the Esc key when
done.




L ab Reference M aterial
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g Module 5: Analyzing Simulation Results

Topics in this module
= The Waveform Calculator
= The Print Engine
= Storing and managing simulation results
= The Results Browser
= Conditional search and display
= The Spectre sweep feature
= Sensitivity Analysis

n Stability Analysis




Terms and Definitions

Waveform Calculator A user interface used to analyze waveforms and simulation data.

vi

vf

it

if

wave

evaluate buffer
erplot

Print Engine
Results Browser
Circuit Conditions

Spectre Sweep

Command to enter selected V = F(t) into the calculator buffer.
Command to enter selected V = F(f) into the calculator buffer.
Command to enter selected i =F(t) into the calculator buffer.
Command to enter selected i= F(f) into the calculator buffer.

Enters data of Waveform Window into the calculator buffer.
Command to evaluate data or expression of the calculator buffer.
Erase Waveform Window and plot data of calculator buffer.
Cadence software tool used for printing specified simulation data.
Cadence software tool used to browse and select simulation data.

A feature that allows circuit conditionsto be view on the schematic.

A series of simulations viewed as a curve over a selected range.

0/24/03
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Analyzing Simulation Results
\
The Waveform Calculator
In the Simulation Environment, select Tools—Calculator.
In the Waveform Window, select Tools—Calculator or click the Calculator Icon.
In the CIW, select Tools—Analog Environment—Calculator.
J~ Calculator
Window Memories Constants Options Help n ~— Menu
Banner
Calculator y( "fout” Tresult "ac-ac” TresultsDir
Buffer ? fusrl/tin/adedd6, adef00 s inulat ion/anpTest /spectre/schenat ic”
Evaluate Buffer | Display Stack | '@ standard _'RF
waveform data Special Functions | SpeCIfiI
Functions
Math
Functions

Printing and

Plotting sl

Enter data from \ Numeric

schematic Keypad

User
Programmable

Function Keys

)




The Waveform Calculator

Use the Waveform Calculator to:
= Build, print, and plot expressions containing your simulation output data

= Build expressions to be used with labels in the Waveform Window

= Enter expressions, which can contain node voltages, port currents, operating points,
model parameters, noise parameters, design variables, mathematical functions, and
arithmetic operators, into a buffer.

= Store the buffer contents into amemory and then recall the memory contents back into
the buffer.

m  Save calculator memoriesto afile and load those memories back into the calculator.

The Waveform Calculator User Guide has more instructions concerning cal cul ator usage and
functionality. Thisis available through the CDSDoc documentation library.
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" Postprocessing Data with the Waveform Calculator

There are four ways to enter data into the calculator:
1. Import buttons (vt, vf, it, and if) allow probing in the schematic window.
2. The wave button allows probing in a Waveform Window.
3. Use the Results Browser.
4. Type in a sighal name or expression.
= Plot results or evaluate buffer expressions.
= Use the printvs button to print data tables to a file.

s Special functions are available, including Discrete Fourier Transforms
(DFTs), rise times, gain margin, phase margin, and slew rates.

» Use the Calculator in Reverse Polish Notation (RPN) or Algebraic Mode.

= A special RF mode is available.




Postprocessing Data with the Wavefor m Calculator

Enter information into the calculator in four ways. Enter simulation output expressions, such
as node voltages, port currents, operating points, model parameters, and noise parameters, into
the buffer by probing in the schematic. Also select simulation output directly from Results
Browser. The wave button selects signals in the Waveform Windows, and importsit into the
calculator buffer for processing.

The Results Browser (discussed later in this module) locates the data file with signal
information. A left click on the signal name shall enter the signal data into the buffer of the

calculator.
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Waveform Calculator, Special Functions Key

Functions include:

integral
derivative
dft

delay

eye diagram (New!)
thd

Press “Special Functions” to display
47 waveform processing functions.




Waveform Calculator, Special Functions Key

The Waveform Calculator isaspecial tool for analyzing simulation data, including waveform
analysis. The “Special Functions’ key provides preprogrammed operations that simplify the
process. The 47 different functions include:

Discrete Fourier Transform

Total Harmonic Distortion

Bandwidth M easurement

Frequency

Automated Delay Measurement

A new function for ADE 5.0 isthe “eye-diagram”

Use the specia functions to simplify measurements of your simulation results. These
functions are available for automated measurements using Corners, Monte Carlo, and with
OCEAN scripts.

0/24/03
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g Print Engine

= Printed results are now displayed in a “smart” print window.

s Examples of printed results:
— All Results—Print commands
— Print and Report commands from OCEAN
— Simple or parametric waveforms
— Generic tabular data (such as Monte Carlo data)

= Tabular data can be further formatted using form-driven interface. (Move
columns, sort, and expressions.)




Print Engine

The Print Engine is an attempt at generating a smarter implementation of the “view file”
window that displays resultsin releases prior to 4.4.3.

The print engine works best for tables of numbers. For example:

= Theoutput of the calculator printvs command for several outputs over a set of transient
time pointsiswell suited for the print engine. All columnsarerelated (all from the same
time point) and functions like sorting, moving columns, and operating on the all data
points in a column with expressions makes sense.

= The output of the DC operating point on atransistor, however, is not well suited to the
print engine, because it is described by several columns of unrelated numbers. For
consistency, this function uses the Print Engine window to display results. However, no
further manipulation on the data can be done because the columns are unrelated.
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Printing the Results

Specify the results to print:
»  Run a simulation.
= Thenin the Simulation Window, select Results—Select.

A Select Results window appears. This window lets you select other
simulation results. (Make sure the schematic window for the selected design

IS open.)
= To print the results, select Results—Print with one of the following options:
— DC Node Voltages or DC Operating Points
— Model Parameters
— Transient Node Voltages or Transient Operating Points
— S-Parameter
— Noise Parameters
— Noise Summary or PSS Noise Summary
— Sensitivities

m  Select a node or device in the schematic window.




Printing the Results

DC Operating Points. Choose Results—Print—DC Oper ating Points. Move your cursor
into the schematic window. The CIW displays prompts to select instances for the operating
point output. Click an instance.

Transient Operating Points. Choose Results—Print—Transient Oper ating Points.
Move your cursor into the schematic window. The CIW displays prompts to select instances
for the transient operating point (OPT) output. Click an instance or node.

Model Parameters. Choose Results—Print—M odel Parameters. Move your cursor into
the Schematic window. The CIW displays promptsto select instancesfor the model parameter
output. Click an instance of adevice.

Noise Parameters. Choose Results—Print—Noise Parameters. Set afrequency inthe
Select Frequency Vaue form that appears. If the form does not appear, pressthe F3 key. The
default frequency is 1K. Move your cursor into the schematic window. The CIW displays
prompts to select instances for the VNP output. Click on an instance or node.

DC Node Voltages. Choose Results—Print—DC Node Voltages. Move your cursor into
the Schematic window and select nets for the VDC output. Click a node.

Transient Voltages: Choose Results—Print—Transient Node Voltages. Enter atimein
the Select Time Value form that appears. If the menu does not appear automatically, pressthe
F3 key. The default time value is zero. Move your cursor into the Schematic window. The
CIW displays prompts to select nets for the time value output. Click a node (net8, for
example).

Sengitivities: Choose Results—Print— Sensitivities. Move your cursor into the Schematic
window and select nets for the output. Click on a net or port.
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— Printvs Range ' After a simulation run, select printvs from the
calculator window, and provide the printvs range.
1] .4 Cancel ||Defaults|| Apply Help
| From [100F To [108 log = | By [0 I"
= Edit (window:30)
\ = Results Display Window ok Ncancel Help
Window Expressi\uns Info —_\
y - Ny \ 1, VT fout™)
freq (Hz) \{(”,fuut”) (W)
AN
100K
Pull-Down /
112, 2K
Menus 195, 9K L
Window | Expressi 141,3K
. — 158 .5K
print... 177.8K
Save State... |- 199 5K
Load State... | 223, 9K ~9.94n |Eu-it_|_
Undate Results 251.2K —9.949m — - )
P 818K -9,949 Display Options... Expressions:
Cear 316,2K -9.,949n T T || specify... ]
Baks Aclive 3594, 3K =5, 545
ais 7K "5 auon [ pad ][ pelete ][ MoveUp ]| sert ][ doar sort |
gg%%ﬁ :nggz ‘ (.:hange ” Undelete ” Move Down H Reverse Sort ” Clear Seh?c:t |
B31k =5, 945m — I
TOT, 9K -9.945n = Display Options (window:30)
Al T34,k —9.949m
o4 o ooCdn . 0K Cancel |([Defaults| Apply Help
= Print
Step (@ Linear {_jlog Size IT
OK || Cancel ||Defaults|| Apply Help ] -
Display from l | to l |
Print from window E Number of Characters Per line Format (@)Engineering(suffix) () Engineering(exponent) (") Scientific
Frint To
Printer  <owwnasd | Lo P | Column Width | 14 | Column Spacing
W) File I i
File Name | nuDatd I" Number of Significant Digits




Results Display Window

The Results Display Window offers acomprehensive suite of toolsto process simulation data.
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Run Data Storage Directories

Subdirectories are created below the project directory to define a unique storage
location for simulation results.

m The project directory is specified in the Simulation environment.

Hierarchy Level

Project Directory/Cell _Name/Simulator Name/Run_Name/Run_Data

Example

~/simulation/ampTest/spectre/schematic/ (netlist/ or psf/)

= Data storage directories can be managed with UNIX commands.

= Numerical simulation data is written to a binary file in Parameter Storage
Format (PSF), which is stored in the psf/ directory.

= The final netlist and text files related to netlist generation are stored in the
netlist/ directory.




Run Data Storage Directories

Run datais stored in this location:
<Project Directory>/<Cell Nanme>/<Si nul at or Nanme>/ <Run_Nane>/ <Run_Dat a>

Names in brackets represent directories on the system as defined below:

<Project Directory>
User-defined directory defined in the Simulation environment.

<Cel | _Nane>
Name of the simulated cell asit appearsin the Library Manager.

<Si mul at or _Nanme>
Name of the simulation engine used.

<Run_Nane>

Always /schematic unless the <Run_Data> is moved by the user. The /schematic directory
IS overwritten on the next ssmulation. We discuss <Run_Data> saving methods later.

<Run_Dat a>

Run_Data contains two subdirectories. The /psf directory holds all the numerical run data.
Thisincludes waveform data, initial conditions, model parameters, and operating points.
The /netlist directory contains textual run data, including the netlist and simulator output
files.
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Backing Up Simulation Data Explicitly

The /schematic directory is overwritten during subsequent simulation runs of the
same design. To preserve simulation data, use the Results—Save command.

spectre3: Save Results

Save As

Comment

original ,CAR

CAP = 0.8pF I

Directory MName

.+ (Go up one directory)
schemat ic

| current Directory |ne/aztec/445/ aads/Art ist445/ s inulat ion/anpTest fspectre||

Results—Save

~




Backing Up Simulation Data Explicitly

If automatic simulation results saving is disabled, then save the simulation results explicitly.
To do this, copy the results data directoriesto user-defined locations. Attach commentsto the
data directories for use when selecting results in the Simulation environment.

Use this command to back up an automatically saved run directory or save it with amore
meaningful name.
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Selecting Results

Load results from previous simulations.

spectre3: Select Results

W

Help

select Results

Hame Comment

origingl ,CAP
schemat ic

Results Directory

Jhome/artec/d445  aads /Artiztdd5  zinulat ion/anpTest/ SpectmET

Update Results

Browse

Results —Select...




Selecting Results

By specifying the location of a psf/ directory, past smulation datais linked to a schematic
window. Probe the schematic to analyze older simulation results and compare them with
current data. Use this feature when exiting the Analog Design Environment or logging out to
retain the simulation data upon resuming work.

Note: The schematic window used to generate the simulation data must be open when saving the
results. Additionally, save the .artist_states used to create the simulation results.

/ Important

Never edit the schematic in away that changesthetopology. The saved data correspondsto the schematic
at the time the simulation is run. If you must change the schematic, consider an alternate cell or view
name. Otherwise, the simulation data linked to the edited schematic is not meaningful. Make a copy of
the design, and edit the copy, leaving the original design to link simulation resultsin the future. Failing
to follow this practice does not render the saved data useless, even if the topology changes; however, you
can no longer click on an internal node of the schematic. Use the Results Browser to access the data for
plotting and post-simulation analysis.

Hintsfor Saving Simulation Data

Copy the /schematic directory to a directory whose name contains the design name and date
of last modification. This helps to keep the results pertinent to the proper design.

PSF is an efficient storage format, and the files in the /psf directory can be compressed to
further save disk space. When deleting filesin the/netlist directory, use caution as some of the
data may be needed later on.
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g Setting Plotting Options

Overlay Plots

Select if comparing previous
simulation data to the next
simulation waveform.

Location and size of
Waveform Window

Results—Printing/Plotting Options




Setting Plotting Options

Plotting Options can be set with the following commands:

0/24/03

Auto Plot After Simulation: Instructs the software to automatically plot the selected
signals and waveform expressions contained in the Outputs list box of the Simulation
window, after the ssmulation ends.

Overlay Plots: Thisis part of the automatic plotting feature of the Analog Design
Environment. If Overlay Plot is OFF (default), the Waveform Window isalways erased
before anew waveform isdrawn. If Overlay Plotsis ON, anew waveform is plotted on
top of the old waveform. Thisis useful for comparing simulation results on the same
design with parameter changes.

Direct PlotsDone After: Thisrefersto the Direct Plot commands. The default isto plot
signals after All Selections Are Made. Change the setting so that the Waveform
Window is updated immediately after Each Selection on the schematic.

Annotations: This feature displays information such as Design Name, Temperature,
and other parameters shown above, in the Waveform Window. This makes simulation
results more complete for archiving purposes.

Waveform Window options. These options affect the physical appearance of the
Waveform Window. Turn the iconsin the window on or off, change the font size used
for labels, and change the size and location of the Waveform Window. These choices
have the greatest impact on the Waveform Window that is generated with automatic
plotting after the ssimulation ends.
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g Annotating Data to the Waveform Wind A
nnotating bata (o e averorm INAoOw

Annotation—Edit Waveform Window

= Annotation (window:33) ampTest schematic
OK ||cancel Help AC Response
m Lah I r LX)
pose tahe g o dB2B(VF("/out))
Text/Expression L . " .
1 CAP=0,50F = umaxinag (VF 7 Jout™330 a@ I
P T (CAP=8.5pF) = 298371 |
s

| Auadd ||Delete||mange|| Clear | 2 sy ]
Type (C)Fized (C)Curve (@)Curve (With Arrow)  curve[l  mag...c= |
Contents text i IEHF‘=0,5pF I = ‘Hmax (mag OWF 7 fout™ 0y | =3 L

B expression
Get Calculator Expression |
Orientation @hurizuntal Overtjca] Justification | lowerleft — —40 1636 1@‘( -]IM 136N
11
| Font Style Size Pen [ = || freq ( Hz )

b " l |[:::'

/

Build expressions in the Calculator
and use them to create labels in the
Waveform Window.




Annotating Data to the Wavefor m Window

Use the calculator to build expressions to use with labels in the Waveform Window.

Use these |abels to annotate important measurements to waveforms in datasheets or other
documentation.
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Browser.

Starting the Results Browser

In the Calculator, click the Browser button.

In the Simulation Environment or Waveform Window, select Tools—Results

In the CIW, select Tools—Analog Environment—Results Browser.

—

Browse Project Hierarchy

[| Project Directory

| Ok, | Cancel ”[)Efaults

Help

_L'“s imulation/ampTest/spectre

I

./ simul ati on/ anpTest

Specify a Project Directory.

Examples of Project Directories

./ simul ati on/ anpTest/ spectre

Accesses all Spectre results for this design.

Accesses all results for this design.

The Results Browser accesses data in the Project Directory and below.




Starting the Results Browser

This Results Browser is a powerful simulation data management tool that issimilar in
appearance and functionality to atree browser.

Specify aproject directory to display the Results Browser. The project directory isthe highest
directory the browser can access. Set this high enough to access required simulation data.

Note, use the Results Browser to load in and view simulation data without having the
schematic open or available. Thisis useful in sending simulation data between two or more
locations of adesign center in an efficient manner.
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The Results Browser is similar to the Library Manager. An object menu can

The Results Browser

manage or expand the data structure.

Expanding the psf directory

Interpretation of the PSF binary data

schematic/_l:

netlist/

y

— ac-ac
— dcOp-dc

— dcOplinfo-info
element-info

psf/

Expand (L)
Expand FS
Plot (R)
Expression
Refresh
Delete
Rename...
Properties...
Create ROF
Select Results

Runt finalTimeOP-info

modelParameter-info
outputParamer-info

L tran-tran—ag-
L variables

/vin

/out

/net9
/110/gnode
/110/net18
/vdd!

Categories of analysis data /

Waveform or numerical expressions

Right Mouse Button: Plot the signal

Left Mouse Button: Paste signal expression into Calculator buffer




The Results Browser

The Results Browser Object Menu

There is an Object Menu (OM) for the Results Browser. For a complete description, see
CDSDoc. Unlike the Library Manager, the Results Browser OM does not change depending
on the selected text. Expand is bound to the left mouse button as indicated by the (L) in the
OM. Use thiscommand at all levels of the Results browser. Plot is bound the right mouse
button asindicated by the (R) in the OM. Move adata quantity such asawaveform, to the post
processing tool with the Expression command. Use Delete or Rename for directories. The
Create ROF command trand ates ASCI | output datafrom astandal one simulation engineinto
the PSF format for use with the Waveform Window. Also Select Resultsfrom adatadirectory
and link them to a schematic window if the ssmulation window is open.

Postsimulation Data Structure Categories

element-info contains component parameters for design circuit elements.

model Parameter s-info contains simulation model parameters. dcOp-dc contains the node
voltages calculated from the DC operating point. dcOplnfo-dc contain operating point
information for all of the component parameters in the design. tran-tran contains waveform
data from the transient analysis. ac-ac contains waveform data for the AC analysis.
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Viewing Presimulation Text Data

Click the names of text files with the right mouse button in the Results Browser
to view their contents.

= Results Browser o |[]
Filter: .* 30
Commands Help

Data from

simulation
runs

tlist/—|
schemati|:f“—|:nﬂwlS
ps

— _agraphical _stimuli,scs
— amap

—artSimEnwlog
—control

—ihnls

—input,=cllog

—input,sce <
—map,
—netlist
—netliztFooter
—netliztHeader
—raw
—runSimulation
—=1,enw
—=i,foregnd, log
— zpectre,do
—zpectre, fo
—=zpectre, ic
—=zpectre, inp
—zpectre,zim

Expanding the Netlist Directory

The final netlist

— =pectre?, och -

L zpectred,och -

Eoll

[

OCEAN scripts used
by the Spectre simulator




Viewing Presimulation Text Data

At the schematic level, there can be more than one simulation, but each must have a distinct
name from the others. There can then be atree structure under each of these runssimilar to the
one shown above under schematic.

Textual dataincludes netlists. Expand the textual data entries in the Results Browser as
Illustrated and click on the name of file for viewing. A window appears containing the text.

In this example, input.scsis the netlist used by the simulation engine.

The files names spectre0.ocn, spectrel.ocn and so on are OCEAN scriptsthat are
automatically created during the simulation session and are discussed later on.
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Interactive Postprocessing Tools

gl Schematic Edifor |-iu

Window Edit Schematic

=] Fesults Browser [- 00

Filter: .* 131

Commands Help

—anaps
t—artSimEnulog
—contral
—ihnls
—input,scllog
—input,scs
—map,
—netlist
—netlistFooter
—netlistHeader
—r-ame

F—runiSimul ations
original ,CAP/ monteCarlod

schematic/ ~Enatlist/ __Sl‘im" il
—si.foregnd, Lo

tmplatalirCache?2/ psfs £l a
—spectre, do

updated,CAP/ |—spectre,fo

—spectre, ic
—spectre, inp
—spectre,sim
—spectrel,ocn
t—s=pectrel,ocn
—=pectre2,ocn
—=pectred,ocn
—spectred ocn
—spectre6,ocn
L_szpectre? ocn

] e——————————————————— |

Waveform Window

Simulation Environment

Tools

Window

Calculator

A




| nter active Postprocessing Tools

Take advantage of powerful interactive post processing toolsin the Analog Design
Environment.
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Conditional Search and Display

Form-driven search, probe, and print for specified device operating
conditions.

Finds and displays breakdown conditions, MOSFETS in linear region, and
saturated BJTs.

User-configurable search criteria

Includes multiple constraint (Boolean) searches.




Conditional Search and Display

After the smulation is finished, use this form to search through all operating point data for
devices with certain conditions. Set up search conditions by using the Results: Circuit
Conditions form.

The boolean functions AND and OR are availableto ook for deviceswith multiple conditions.

For Spectre saturation, an instance is highlighted if:
— BJT: If the operating point parameter region=3
— MOS/BSIM: If the operating point parameter region=2

For cdsSpice saturation, an instance is highlighted if the operating point sat=0.

For Spectre breakdown in a BJT, an instance is highlighted if the operating point
parameter region=4

For cdsSpice breakdown, an instance is highlighted if the operating point bkdwn=0

For the simulator to calculate breakdown or saturation, the appropriate model
parameters need to be sat.

Currently, the conditional search capability only works for DC operating conditions.

0/24/03
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Setting Up a Conditional Search

Run a simulation or invoke Results—Select Results and choose other
simulation results. This provides the results to search.

Choose Results—Circuit Conditions.
Select the Device Operating Conditions.
Set up the User-Defined Conditions.

View the Circuit Conditions results using the Place or Print buttons.




Setting Up a Conditional Search

1.

0/24/03

Run a simulation or choose which results to search using the Results— Select
command.

This feature only works when running a DC operating point analysis.

Choose Results—Circuit Conditions from the Simulation window to launch the
Conditional Search form.

Choose device operating conditions to view components in the saturation (for BJT
devices), linear (for MOS devices) or breakdown region.

The appropriate model parameters must be set for the simulator to calculate these
conditions. These features might not be available for ssimulators other than the Spectre
or cdsSpice tools.

Set up the User Defined Conditionsfor cyclic and type-in fieldsto create custom search
conditions.

To view the results of the conditions, click the Place button to highlight the instances
that meet the specified conditions on the schematic. Click Print to print the values of
Instances that meet the specified conditions in a print window.
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The Circuit Conditions Form

= Results: Circuit Conditions

o Jom

—Device Operating Conditions Results
notate
Saturation <BJT> or Linear <M0S> i yellow =
Flace Clear Print
Breakdown | red O
_User Defined Conditions
# Enabhle Color Component Lower Bound  Parameter  Upper Bound — andfor
1  yes magenta bjt le-08 < ic < 00,0008
Ja yes == mos 00,0001 < id < 0,000 anc
2b 1,2 < Vs £ 1,8
J  yes cyan capac itor de-13 < cap < He-13
4  yes purple i=ource 2 Y < 4.3
9 yes orange resistor le-12 < [l < 1le-11




The Circuit Conditions Form

The top left section provides buttons for turning the display of devices in the breakdown,
saturation, and linear region on and off. Set the probe colors to help differentiate the
conditions.

The upper right section of the form is used to place and remove the graphical forms from the
schematic.

The lower portion of the form sets up the user-defined search criteria.

1.
2.
3.

0/24/03

Pick a component type, such as bjt, mos, vsource, or resistor.
Choose the operating point parameter value from the cyclic field.

Set alower and upper bound by typing avalue on either side of the parameter. Leave
either blank to set only one boundary.

Set the Boolean arguments to a condition. The options are: “none’, “and”, and “or”.
When and is used, both conditions must be met for an instance to be highlighted. When
or isused, either condition must be met for an instance to be highlighted. Both operators
have the same precedence.

Set the probe colors. Thisfield shows the color with which an instance that meets the
condition will be highlighted.

Use the Enable field to turn a condition on or off without deleting it from the form.

Use the bottom buttonsto Add, Delete, or Change an entry, or completely Clear the
form.
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Sensitivity Analysis
Use the Sensitivity Analysis to:
= View the parameters that most affect the specified outputs
= Tune a design to increase or decrease certain goals
= Determine what parameters to run in an Optimization analysis
The Sensitivity Analysis requires a base analysis to be run first.

= Only runs with AC and DC analysis at the present time.




Sengitivity Analysis

Sensitivity analysis allows a designer to see what parameters in the circuit most affect the
specified outputs. It istypically used to tune adesign to increase or decrease certain design
goals. A designer many timeswill run a Sensitivity analysis to determine what parameters to
optimize in the Optimizer. Sensitivity isauseful tool on its own but also has capabilities of
tying in with other toolsin the future.

The Sengitivity Analysis project will provide a user interface to run the base Sensitivity
Analysis provided by the Spectre tool. Thiswill be created using the Analog Design
Environment to add the Sensitivity analysisfor the Spectre ssimulator. Therewill also beauser
Interface for printing the Sensitivity results. Thiswill sort the sensitivity results with the most
sensitive values being displayed first.

The Sensitivity analysis currently runs with AC and DC analyses, only.

The Spectre ssimulator generates model parameter sensitivities on a per model basis. If
multiple devicesin your circuit use the same model, the effect of changing a model parameter
within that model is done on all those models at the same time.

Optionally, treat each model as a separate entity per device, so when amodel parameter is
changed in the model on adevice, it isonly changed for that single device. To achieve this
with the Spectre simulator, create multiples of the same model and place adifferent model on
each device. Thisfunctionality will be ssimplified in future rel eases.
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g Set Up Sensitivity Analysis

Select one of these
and run the

base analysis in
addition to any
selection here.

Analyses—Choose




Set Up Sengitivity Analysis

Select Analyses— Choose in the Simulation window to display the Choosing Analysesform.
Select sens, and click which base analysis (AC or DC) to run with the sensitivity algorithm.
Also, set up asimulation for the specified base analysisfor the Sensitivity Analysistorun. The
form options are as follows:

For base Select the base analysis to run for a sensitivity analysis. Default: none.

Select Prompts to select nets or ports from the schematic. The schematic will
appear in the foreground of the screen, so it must be open before
sel ecting the outputs. Select only voltages and currents as outputs for
Sensitivity analysis. Press Esc to end selection.

Outputs Provides a List box of the selected outputs. Highlight one or more of
these outputs using the mouse. Default: no outputs.

Delete Delete any of the highlighted outputs in the list box.

Clear Removes all outputs from the list box.

Enabled Enables the Sensitivity Analysis in the Simulation window.
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Viewing Sensitivity Results
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Viewing Sensitivity Results

To view the simulation results, select Results—Print—Sendgitivitiesin the Simulation
window. Thisisthe only way to view Sensitivity simulation results.

The results window displays the analysis results, sorted by the magnitude of the real
components of the sensitivities (SensitivityReal). The results generated from Spectre are the
actual sensitivity values. They have not been modified or normalized in any way.

The sengitivitiesindicate the relative impact a change in a design parameter, such astrnpn:iss
(the saturation current of the npn model file used to simulate the npn transistor) has on the
output variable selected, the node out. Thisdatadisplayedisvalid for the AC analysisthat was
run in this example. The value of the frequency (SweepValue) at each measurement is
displayed.

The magnitude of the sensitivity isnot asimportant asthe relative value to other sensitivities.
For example, adesign parameter with a sensitivity of 4.05739e+12 will impact the output
variable by four orders of magnitude greater than aparameter with asensitivity of 4.05739e+8.

The sengitivities are also important in regards to the base value of the parameter being
changed. This can lead to giving Normalized Sensitivity as a possible addition to sensitivity
results.

There is a Sensitivity option used to specify the filename for the Spectre sensitivity results.
Select Simulation—Options—Analog to display the Simulator Options form. Scroll down
to the SENSITIVITY OPTIONS section. Optionally, set the value of sensfile, which has a
default value of ../psf/sens.output. Thisfileis displayed with datain a sorted format, as shown
above.
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Spectre Sweep Feature

Temperature Sweep
(DC Analysis)

Model Parameter Sweep
(AC Analysis)

Design Variable Sweep
(AC Analysis)




Spectre Sweep Feature

The Spectre ssimulator interface offers a powerful yet ssmple way to sweep parameters.
The following sweeps are available;

m Frequency (ac, noise, xf (transfer), sp (s-parameter) analyses)

s Design Variable (dc, ac, noise, xf, sp analysis)

s Temperature (dc, ac, noise, xf, sp Analyses)

s  Component Parameters (dc, ac, noise, xf, sp analyses)

s Model Parameters (dc, ac, noise, xf, sp analyses)

For simple sweeps, the Spectre simulator provides a quick method of calculating and viewing
data over a given range.

0/24/03 Anaog Design Environment 5-46



Analyzing Simulation Results 5-47
4 p

Introduction to Stability Analysis

= Stability analysis is a small-signal analysis that is available for Spectre only.
= It can be used with Spectre standalone, or with the Analog Design
Environment, to:
— Verify the stability of feedback circuits.
— Check circuit stability with margin information.
— Easily measure loop gain, phase margin, and gain margin.

= Results can be printed in the Results Display Window and plotted in the
Waveform Window.

= Two algorithms are available depending on the probe parameter specified:
loop-based and device-based.

— The loop-based algorithm produces accurate stability information for
circuit design in which a critical wire can be identified to break all
feedback loops.

— The device-based algorithm produces accurate stability information for
a circuit design in which a critical controlled source can be identified
such that nulling this source renders the whole network passive.




Introduction to Stability Analysis

L.oop gain calculation for a specific feedback |oop or active device at the given dc operating point.

Gain Margin
The gain margin is defined to be the amount of magnitude in decibels of the loop gain below the 0 dB
level at the frequency for which the phase is O degrees.

L oop Gain
Theloop gain, afunction of frequency, is defined as the gain around the feedback loop when theloop is
virtually broken at any point. It isthe negative of Bode' s return ratio.

Phase Margin

The phase margin is defined to be the amount of phase in degrees of the loop gain above 0 degrees at the
frequency for which thegainis 0 dB.

Two algorithms: loop-based and device-based, are availablein Spectrefor small-signal stability analysis.
Both algorithms are based on the calculation of Bode' s return ratio. Loop gain waveform, gain margin,
and phase margin are the analysis output.
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Loop-Based Algorithm

Calculates the true loop gain.

Invoked when a probe parameter points to a current probe or
zero-DC-valued voltage source.

Current probe or zero-DC-valued voltage source is placed on the feedback
loop.

Provides accurate stability information for single loop circuits and for
multiloop circuits with a critical wire.

Multiloop circuit can be stable if all individual loops have reasonable stability
margins.

Determines the stability of the whole network as long as all nested loops are
stable.




L oop-Based Algorithm

The probe parameter must be specified to perform stability analysis. When the probe
parameter points to a current probe or voltage source instance, the loop-based algorithm is
invoked; when it points to a supported active device instance, the device-based algorithm is
Invoked.

The gain margin and phase margin are automatically determined from theloop gain waveform
by detecting zero-crossing in the gain plot and phase plot.

The loop-based algorithm requires a probe component—current probe or zero-DC-valued
voltage source—being placed on the feedback |oop to identify and characterize the particular
loop of interest. The introduction of the probe component does not change any of the circuit
characteristics. There is no special requirement on the polarity configuration of the probe
component.

The loop-based algorithm provides accurate stability information for single-loop and
multiloop circuits, provided that a probe component can be placed on acritical wire to break
all loops.

For a general multiloop circuit, such acritical wire may not be available. The loop-based
algorithm can be only performed on individual feedback |oops to ensure they are stable.
Although the stability of all feedback loopsisanecessary condition for the whole circuit to be
stable, the multiloop circuit tends to be stable if al individual 1oops are associated with
reasonable stability margins.
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The Device-Based Algorithm

» Calculates the loop gain around a particular active device.

= Invoked when a probe parameter points to a supported active device
Instance.

» Used for designs in which local feedback loops cannot be neglected.
= Can be used to ensure all local loops are stable.

= Local feedback loops are not accessible from the schematic or netlist level
to insert the probe component.

= Nulling dominant controlled source renders the active device to be passive.

The supported active device and its dominant gain source are summarized
below. The device-based algorithm produces accurate stability information for a
circuit in which a critical active device can be identified such that nulling the
dominant gain source of this device renders the whole network to be passive.
Examples are multistage amplifier, single-transistor circuit, and S-parameter
characterized microwave component.




The Device-Based Algorithm

Component |Dominant Controlled Source | Description

b3soipd gm Common-source transconductance
bjt gm Common-emitter transconductance
bsim1,2,3,3v3 gm Common-source transconductance
btasoi gm Common-source transconductance
cccs gain Current gain

CCVS rm Transresistance

ekv gm Common-source transconductance
gaas gm Common-source transconductance
hbt dice_dvbe Intrinsic dice/dVbe

hvmos gm Common-source transconductance
jfet gm Common-source transconductance
mos0,1,2,3 gm Common-source transconductance
tom2 gm Common-source transconductance
vbic dic_dvbe Intrinsic dic/dVbe

VCCS gm Transconductance

VCVS gain Voltage gain
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g Starting Stability Analysis

In the simulation window, select: Analyses—Choose... .

—|Choosing Analyses — Cadence® Analog Desig|

In the Choosing Analyses

form select the stb button.

— Sweep variables allowed

in stability analysis.




Starting Stability Analysis

Start the stability analysis from the simulation widow by clicking the Choose Analysesicon
or selecting Analyses—Choose from the menu bar. When the Choosing Analyses form
appears, select the stb button. The stability analysisis a small-signal ac analysis. As such,
frequency is a sweep variable. In addition, design variables, temperature, and component
parameters can be swept.

0/24/03 Anaog Design Environment 5-54



Analyzing Simulation Results

-~

Results — Direct Plot — Main Form

Results — Print—Stability Summary

Stability Analysis Results

—|Waveform Window — Cadence® Analog Design Environmen| : J|

Active 7
Window Zoom Axes Curves Markers Annotation Edit Tools Help

=: Loap Gain ¢

mouse L:awvionseSingleSelec M:

b

R: asrva Swn tchixa sModeG

— Results Display Window | : J|

Window Expressions Info Help | 9

Stability Swwary — circuit "bipawp sim" with loop probe "iprbl"

PHM{Deq) BFreq{Hz) GM{dE} BFreq(Hz)

50.129 6.017H 5.0348 14 .055M

Stability Swwary — circuit "bipawp siwm" with loop probe "iprbhl®

terp PM{Deq) BFreq(Hz) GM{dB) BFreq(Hz)
10 L0.63 6.1457H 4.7983 14 .305M
20 L0._332 6. 0679M 4.9403 14.156M
30 L0.043 L.9961M L.0742 14.013M
40 49. 763 5.0296M L.2007 13.877H
=11 49 495 L.B67EM L.3207 13.748M




Stability Analysis Results

After successful stability analysis, you can get a plot of loop gain by selecting
Results—Direct Plot—Main Form... from simulation window and selecting “Loop Gain”
button and clicking “Plot” button in the “ Direct Plot Form”. In thisform, click on “Add To
Outputs’ button to add any function or expression (Loop Gain, Phase Margin, Gain Margin,
etc.) to “Outputs’ section of the simulation window.

Y ou can use markersin the Waveform Window to manually verify your gain margin and phase
margin results.

After successful stb analysis, you can view stability summary by selecting
Results—Print—Stability Summary... from the simulation window. A Results Display
Window and Stability Summary window will open.

In the Stability Summary window, choose “Phase Margin®, “Gain Margin®, or “Both” and
click “Apply” or “OK". This displays phase margin, gain margl n, and the frequency values at
which these values were measured. Thisinformation isvery important to know if your circuit
Isstable or not. Y ou can find out whether your circuit is stable or not by doing polesand zeroes
analysis, however, poles and zeroes analysis will not provide the margin information that the
stability analysis provides.
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4 Labs

Lab 5-1 The Waveform Calculator

Lab 5-2 Managing Simulation Results

Lab 5-3 Managing Simulation Data with the Results Browser
Lab 5-4 Viewing Circuit Conditions

Lab 5-5 Using the Spectre Sweep Features

Lab 5-6 Stability Analysis




L abs
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Lab Reference Materials

Any import key in the calculator, such as vt, it, wave, when pressed will prompt to
probe in the design entry window. When finished graphically probing, press the
Esc key with the cursor in the design entry window to cancel the probing function.
Failure to cancel the probing function before starting a different one, will
temporarily disable the system. This can be solved by cancelling the current
probing functions using the Esc key.

This condition violates the Nest Limit of the environment, and a warning appears
in the CIW. To avoid this, change the Nest Limit with the Options—User
Preferences form through the CIW.

Currently, the conditional search capability only works for DC operating
conditions.




L ab Reference Materials
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4 Module 6: SKILL and OCEAN

Topics in this module
s Overview of SKILL and OCEAN
= SKILL in the DFII Environment
= Basic SKILL statements
= Introduction to OCEAN
= Types of commands
.  Sample OCEAN script
= Data access commands
= Plotting commands
= Aliases
= Running OCEAN interactively
= Creating OCEAN scripts in the Analog Design Environment
= Loading OCEAN scripts




Terms and Definitions

OCEAN Acronym for Open Command Environment for ANalysis,
Text-based command language for running simulations.

setup commands Commands that control input datato the host ssmulator.
run commands Commands that run the ssmulator.

data access Commands that are used to get ssmulator results.
commands

OCEAN aliases  Abbreviated text that activates specific OCEAN commands.
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Overview of SKILL and OCEAN h

Introduction

This chapter provides some basic instruction in the use and applications of SKILL
programming language.

This chapter provides instruction on SKILL because:

SKILL is used as the fundamental program language of DFII and the Analog
Design Environment.

The OCEAN Command Language is based on SKILL and many SKILL and
OCEAN commands are similar and interchangeable.

This chapter also provides basic instruction on the use and applications of the
OCEAN Command Language. This information on OCEAN is used to:

Run long simulations in batch mode.
Run simulations from remote non-graphic terminals

Setup and run a large set of simulations, obtain data from the simulation
runs, and evaluate the simulation data automatically.

Use the Analog Design Environment to create OCEAN scripts to run
simulations at a later time.




Overview of SKILL and OCEAN

In this chapter you will be introduced to the SKILL program language and to the OCEAN
command language. The introduction to SKILL isto demonstrate that SKILL isthe
fundamental program language of the DFII Environment. M ost of the user interface windows,
features, and forms within DFII are written in SKILL.

This chapter aso provides instruction on using OCEAN. The OCEAN syntax is based on
SKILL, and so many of the SKILL and OCEAN commands are identical. The OCEAN
command language isincluded with the install ation of Analog Design Environment. OCEAN
provides an alternate method to set up simulations, run the simulation, access the ssmulation
data, and then process the data.
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Introduction to SKILL )

SKILL is a graphics-based program language based on Lisp.

DFIl and most features and applications of Analog Design Environment are
written in SKILL code.

Features of the Analog Design Environment and related tools can be
customized using SKILL.

The OCEAN command language is based on SKILL.

Many SKILL and OCEAN commands are interchangeable between the two
domains.

Training in SKILL is available from Cadence Education Services.
Both classroom and internet training (iLS) are available.

There are SKILL development tools available in your installation of Analog
Design Environment.




|ntroduction to SKILL

SKILL isagraphical base programming language with thousands of commands. DFII and
most features and applications of Analog Design Environment are written in SKILL code.
In the classroom environment for this class some students ask:

= “How can | change this feature to do this or that?’ or
= “How do | change the appearance of the user interface?’

Very often the answer to such questionsis“SKILL”.

SKILL Programming Language Class is taught by Cadence Education Services as a 5-day

class. AnInternet Learning Series (iLS) version of the classisalso provided through Cadence
Education Services.
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g Using SKILL Commands

There are numerous ways to execute SKILL commands and programs.
= The command line of the CIW accepts SKILL commands.
= The command line of the CIW executes SKILL programs.

s The buffer of the Waveform Calculator will evaluate mathematical
expression written in SKILL.

= Thereis a SKILL environment that is started by typing “skill” in a unix
window.

SKILL support
= The Finder utility is a SKILL dictionary for locating the syntax and usage
SKILL commands.
— Start the Finder from the CIW by selecting: Tools—SKILL
Development, then select the Finder button.

s Other SKILL support features include SKILL Development Tool and
CDSDoc.




Using SKILL Commands
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Basic SKILL Statements

SKILL commands can be entered into and evaluated on the command line
of the Command Interpreter Window.

You can enter valid SKILL syntax into the CIW. For example, on the
command line enter:

2+2

4 ... SKILL response

Now enter:

pi=3.14159

3.14159 ... SKILL response

then enter:

x=1(2*pi*1M*1p) ...thereactance of a 1pf capacitor at 1IMHz
159155.1 ... SKILL response

SKILL evaluates the command line, assigns values to variables, and
evaluates expressions.




Basic SKILL Statements

SKILL easily handles setting of variables and expressions. SKILL can also be used to set up
arrays.
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Parentheses and Double Quotes

There are common SKILL syntax characters. These are also used in OCEAN
scripts:

s Parentheses [ ()]

Example: path( "./simulation1l/schematic/psf")

No space! This very important.

= Double quotes [ - ]

Example: path( "./simulation2/schematic/psf" )




Par entheses and Double Quotes

Par entheses

Parentheses surround the arguments to the command. The command name is followed
iImmediately by the left parenthesis, with no intervening space as in this example:

path( "./sinulationl/schematic/psf" "./sinulation2/schematic/psf" )
Thisiscorrect. There is no space between the word path and the first parenthesis.

path ( "./sinulationl/schematic/psf" "./sinmulation2/ schematic/psf" )
This exampleisincorrect. The space after the command name causes a syntax error.

Double Quotes

Use double quotes to surround string values. A string value is a sequence of characters, such
as“abc”. In the following example, the directory names provided to the path command are
strings, which must be surrounded by double quotes:

path( "./sinulationl/schematic/psf" "./sinulation2/schematic/psf" )

In OCEAN, a SKILL convention indicates when an argument must be a string. For the prefix
t , substitute astring value (surrounded by double quotes) for the argument asin thisexample:

desVar( t _desVarl g valuel t desVar2 g val ue2)
This example includes two string values that must be supplied: t_ desVarlandt desVar?2.

More information is in the OCEAN Reference manual.
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Single Quote and Question Mark

Single Quotes

Example: analysis( ‘tran ....)

Question Mark

Example: analysis( ‘tran ?stop 1u)




Single Quote and Question Mark

Single Quote

A single quote indicates that an item is a symbol. Symbolsin SKILL correspond to constant
enumerated valuesin the C language. In the context of OCEAN, there are predefined symbols
used to avoid errors. The ssmulator being used also has predefined symbols.

In example below, tran is a predefined symbol and must be preceded by a single quote.
Determine the valid symbols for acommand by checking the valid values for the command’ s
arguments.

analysis( '"tran .... )

Another example is the predefined save command. The 'v symbol indicates that the item to
save isthe voltage on a net.
save( 'v "netl" )

In addition, use the selectResult(s _resultsName) command, where s resultsName = ‘dc,
‘tran, or ‘ac.

Question Mark

A question mark indicates an optional keyword argument, whichisthefirst part of akeyword
parameter. For akeyword parameter, the first component isthe keyword, which hasaquestion
mark in front of it. The second component is the value being passed, and immediately follows
the keyword.

In the example, analysis( ‘tran ?stop 1u), al the keyword/value pair argumentsto the analysis
command are optional, except the ‘tran keyword.
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Open Command Environment for ANalysis

Introduction to OCEAN A

OCEAN is a product included in the Analog Design Environment.

Use OCEAN for the following tasks:

— To create scripts to run batch mode simulations.

— To run parametric, Corners, Monte Carlo, and Optimization analyses.
— To run long simulations without starting the graphical user interface.
— To run simulations from a non-graphical, remote terminal.

OCEAN is based on the SKILL programming language.

Scripts are created automatically within the Analog Design Environment.
These scripts can be saved, modified, and used to run batch simulations.

After the design has been debugged in the Analog Design Environment, use
OCEAN to test your circuit under a variety of conditions.




|ntroduction to OCEAN

The Open Command Environment for ANalysis (OCEAN) sets up, simulates, and analyzes circuit data.
OCEAN is atext-based process that runs from a UNIX shell by starting the ocean executable, or from
the Command Interpreter Window (CIW). Typein OCEAN commands in an interactive session, or
create scripts containing your commands, then load those scripts into OCEAN. Use OCEAN with any
simulator integrated into the Analog Design Environment software.

Typically, you use the Analog Design Environment when creating your circuit (in the Composer
software) and when interactively debugging the circuit. After the circuit has the required performance,
use OCEAN to run your scripts and test the circuit under avariety of conditions. After making changes
to your circuit, run your scripts again.

Use OCEAN to:
= Create scriptsthat can run repeatedly to verify circuit performance.

= Run longer analyses such as parametric, Monte Carlo, Optimization, and Corners
analyses more effectively.

= Runlong simulations in OCEAN without the graphics interface of the Analog Design
Environment.

= Run ssimulations from a nongraphic, remote terminal.

OCEAN is based on the SKILL programming language and uses SKILL syntax. Use all the SKILL
language commands in OCEAN. These commands include if statements, case statements, for loops,
while loops, read commands, print commands, and so on.

The most frequently used SKILL commands relevant to OCEAN are listed in the OCEAN Reference
manual.
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Types of OCEAN Commands

OCEAN Commands

Simulation
Setup
Commands

OCEAN scripts can Simulator
contain all of these — | Run
types of commands. Commands

Data Access
Commands

Purpose

Specify the analyses to run.

Specify the nets and currents to save.
Specify the simulator option value.
Specify the circuit stimulus.

Run the simulator.

Perform calculations on the results.
Print information.

Plot waveforms.

Hardcopy results.




Types of OCEAN Commands

Create OCEAN scriptsto accomplish the full suite of ssmulation and data accesstasksthat you
can perform in the Analog Design Environment.

An OCEAN script can contain three types of commands:
=  Simulation setup commands

s Simulator run commands
m Data access commands

All the parameter storage format (PSF) information created by the ssmulator is accessible
through the OCEAN data access commands. (The data access commands include all of the
Analog Design Environment calculator functions.)
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Sample OCEAN Script

sinulator( 'spectre )
design("./simul ati on/ anpTest/ spectre/ schematic/netlist/netlist")
resultsDir( "./sinmulation/anpTest/spectre/ schematic" )
nodel Fi | e(
( "./Model s/ nyMdel s.scs" “*)
)
anal ysis('ac ?start "100" ?stop "150M' ?dec "20" )
desVar ( "CAP" .5p )
temp( 27 )
run()
sel ectResult( 'ac )
pl ot (getData("/out") )

Note: Specify the resultsDir() to set the directory where simulation data is saved. In the
example above, resultsDir() points to the default location. When using the default,
the resultsDir() expression is not needed.




Sample OCEAN Script

Y ou can annotate the sample OCEAN script as follows:

sinmulator( 'spectre ) ->Choose sinul ator.
design("./sinmul ation/anpTest/spectre/schematic/netlist/netlist")

->Specify schematic to be sinulated. The netlist was created i n Anal og Desi gn
Envi ronnent .

resultsDir( "./sinmulation/anpTest/spectre/schematic" )

->Specify location of psf directory that holds sinulation results. In this
exanpl e, the default is specifiedas an argunent toresultsDir(), sothe conmand
I S not necessary.

nodel File( ‘( "./Model s/ nyModel s. scs" ““)) ->Set Library Model File in
Si nul ati on Environnent.

anal ysis('ac ?start "100" ?stop "150M ?dec "20" ) ->Specify AC Anal ysis.
desVar ( "CAP' .5p ) ->Set the value of the design variable, CAP.

tenp( 27 ) ->Set the sinulation tenperature.

run() ->Run the sinulation.

selectResult( '"ac ) ->Select the AC analysis results.

plot(getData("/out") ) -> CGeneric command to plot the data. Try using
plot(vn("/out")) to plot the magnitude of the voltage at node “/out”.

Note: There are “easy” commands available for common analyses. For example, enter
tran(0 100n 1n) for atransient analysis, ac(1 10000 “linear” 100) for an AC analysis, and
de(*r1l” “r” 051) for aDC analysis. See the OCEAN Reference Manual for more examples
and the general form of these commands.
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Online help is available for all the OCEAN commands. In an OCEAN session,
type the following:

ocnHel p( ‘ commandNane )

For example, enter:

ocnHel p(* anal ysi s)

An explanation of the command and examples of use are returned.

For a list of all types of OCEAN commands, enter:
ocnHel p()

Additional help and samples of OCEAN scripts are located at:
<install _dir>/tools/dfll/sanples/artist/OCEAN

Detailed documentation on OCEAN and OCEAN scripts is accessible through
CDSDoc.




OCEAN Help

Online help isavallable for OCEAN commands. Enter ocnHelp(* analysis) and note:
PROTOTYPEanal ysi s( s_anal ysi sType

[ ?<anal ysi sOpti onl> g_anal ysi sOpti onVal uel]
[ ?<anal ysi sOpti onN> g _anal ysi sOpti onVal ueN]) => undefi ned/ nil

DESCRI PTI ONSpeci fies the analysis to be sinulated. Include as many anal ysi s
options as you want. Analysis options vary, depending on the
si mul at or being used. To include an anal ysis option, replace
<anal ysi sOptionl> with the nane of the desired anal ysis option
and i ncl ude anot her argunent to specify the value for the option.
Wth an ac analysis, the first option/value pair m ght be
[ ?from O] .
Note: Sone sinplified commands are avail able for basic SPI CE
anal yses, See the ac, dc, tran, and noi se commnds. Use
ocnhel p( "analysis ) for nore information on the analysis types
for the sinulator choosen.

EXAMPLE( S)
anal ysis( '"ac ?start 1 ?stop 10000 ?lin 100 )

For the Spectre sinulator, specifies that an ac analysis is
to be perforned.

analysis( "tran ?start 0 ?stop lu ?step 10n )
Specifies that a transient analysis is to be perforned.
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Data Access Commands

Open simulation results and analyze data.
s Simulation does not have to have been run in the current session.

= Examples of data access commands include:
openResul ts( “./sinmul ati on/ opanp/ spectre/ schematic/ psf” )
resul ts()
sel ectResult( ‘tran)
ocnPrint( v( “/net56”))
i( “/R1L” )
plot(v(“/out”))
pv( “/QL9" “ib")
s List of commands includes:

dat aTypes, getData, i, noiseSummary, ocnPrint, openResults,
out put Parans, outputs, pv, report, results, selectResults,
sweepNanes, sweepVal ues, v

=  Common arithmetic operators and all Calculator functions are available.




Data Access Commands

There are special commands available in OCEAN that allow you to access data after a
simulation is run. These include: dataTypes, getData, i, noiseSummary, ocnPrint,
openResults, outputParams, outputs, pv, report, results, selectResults, sweepNames,
sweepValues, and v. A full list of commands and their usage isfound in the OCEAN Reference
Manual. Some of these commands function as follows:

openResul ts( “./sinul ati on/ opanp/ spectre/schematic/ psf” )

— Opens simulation results stored in PSF format in psf directory.
resul ts()

— Returns alist of the type of results that can be selected.
sel ect Result( ‘tran)

— Selects Transient results.
ocnPrint( v( “/net56”))

— Prints the text data of the waveform net56.
1 ( “/R1” )
— Returns the current through R1.
plot(v(“/out”))
— plots node ‘out” in awaveform window.
pv( “QLe" “ib”)
— Returns the value of the ib parameter for the Q19 component.
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Plotting Commands A
Use any Waveform Window SKILL command for plotting in OCEAN.

= By default, the Waveform Window is in overlay mode.
Use the clearAll() command to erase the window.

s Use graphicsOn() and graphicsOff() to turn plotting on and off.

= Arithmetic operators and all Calculator functions are available.

=| Waveform Window |=10 =| Wavetorm Window |=10
Active 2 Active 2
Window Zoom Axes Curves Markers Annotation Edit Tools Help Window Zoom Axes Curves Markers Annotation Edit Tools Help
o4 N | o4 l
* 3 1 getData(’/out") <@—— Orlglnal * s o Output Node <@—— New Label
Palls 28 | PaVl 28 |
@ 10 | % 10
0.0 L . . : 0.0 t . . .
194 18K Thd 1Em 149G 194 TEK Th lall 149G
freq ( Hz ) freq ( Hz )
mouze Liawy iMouseSinglebele M: R: mcanCameraRas () mouse Liawy iMouseSinglebele M: R: wcanCameraRas )
Examples: plot(getData("/out")) plot(getData("/out") ?expr list("Output Node"))

- /




Plotting Commands

Use any Waveform Window SKILL command for plotting in OCEAN. Plot any datathat isin
PSF format.

The graphicsOff() command disables the redrawing of the current Waveform Window. Use
this command to freeze the Waveform Window display, send several plots to window, and
then use graphicsOn() to unfreeze the window and display all of the plots at once.

Plotting commands include: plot, new\Window, addSubwindow, clear Subwindow, clearAll,
deleteSubwindow, deleteWaveform, displayMode, plotStyle, xLimit, yLimit, current\Window,
currentSubwindow, addWavel abel, addWindowLabel, removelLabel, hardCopyOptions, and
hardCopy.

Details of plot commands are in the OCEAN Reference manual.

The example above illustrates how to replace the command, plot(getData("/out"), with the
following expression:
pl ot (getData("/out") ?expr list("Qutput Node"))

Thisexpression gives aspecific nameto awaveform that is plotted in the Waveform Window.

Also replace the expression with plot(vm("/out")).

0/24/03 Anaog Design Environment 06-26



SKILL and OCEAN

6-27

-

Available OCEAN Aliases

Aliases are available in OCEAN to simplify your scripts.

Alias Syntax Description

vm mag( v( t_net)) Magnitude of voltage on the net

vdb db20( v (t_net)) Power gain in decibels from net
“In” to net “out”

Vp phase( v(t_net)) Phase of voltage on net

vr real( v( t_net)) Real part of complex voltage

vim imag( v( t_net)) Imaginary part of complex voltage

im mag( i( t_component)) Magnitude of AC current

Ip phase( i( t_component)) Phase of AC current

ir real( i( t_component)) Real part of complex number
representing AC current

lim imag( i( t_component)) Imaginary part of comple