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Preface

This manual is designed for the novice Altera® Quartus® II design software
user and provides an overview of the capabilities of the Quartus II software
in programmable logic design. The Altera Quartus II software is the most
comprehensive environment available for system-on-a-programmable-chip
(SOPC) design. It is not, however, intended to be an exhaustive reference
manual for the Quartus II software. Instead, it is a guide that explains the
features of the software and how these can assist you in FPGA and CPLD
design. This manual is organized into a series of specific programmable
logic design tasks. Whether you use the Quartus II graphical user interface,
other EDA tools, or the Quartus II command-line interface, this manual
guides you through the features that are best suited to your design flow.

The first two chapters give an overview of the major graphical user interface,
EDA tool, and command-line interface design flows. Each subsequent
chapter begins with an introduction to the specific purpose of the chapter,
and leads you through an overview of each task flow. In addition, the
manual refers you to other resources that are available to help you use the
Quartus II software, such as Quartus II online Help, the Quartus II
interactive tutorial, application notes, and other documents and resources
that are available on the Altera website.

Use this manual to learn how the Quartus II software can help you increase
productivity and shorten design cycles; integrate with existing
programmable logic design flows; and achieve design, performance, and
timing requirements quickly and efficiently.
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CHAPTER 1: DESIGN FLOW

INTRODUCTION

Introduction

The Altera QuartusII design software provides a complete, multiplatform
design environment that easily adapts to your specific design needs. It is a
comprehensive environment for system-on-a-programmable-chip (SOPC)
design. The Quartus II software includes solutions for all phases of FPGA

and CPLD design (Figure 1).

Figure 1. Quartus Il Design Flow
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In addition, the Quartus II software allows you to use the Quartus II
graphical user interface and command-line interface for each phase of the
design flow. You can use one of these interfaces for the entire flow, or you
can use different options at different phases.
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Graphical User Interface Design
Flow

You can use the Quartus II software graphical user interface (GUI) to
perform all stages of the design flow. Figure 2 shows the Quartus II GUI as
it appears when you first start the software.

Figure 2. Quartus Il Graphical User Interface
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The Quartus II software includes a modular Compiler. The Compiler
l includes the following modules (modules marked with an asterisk are
v optional during a compilation, depending on your settings):

B Analysis & Synthesis
m  Partition Merge*
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Fitter

Assembler*

TimeQuest Timing Analyzer*
Design Assistant*

EDA Netlist Writer*
HardCopy® Netlist Writer*

To run all Compiler modules as part of a full compilation, on the Processing
menu, click Start Compilation. You can also run each module individually
by pointing to Start on the Processing menu, and then clicking the command
for the module you want to start.

In addition, you can use the Tasks window to start Compiler modules
individually (Figure 3). The Tasks window also allows you to change
settings or view the report file for the module, or to start other tools related
to each stage in a flow.

Figure 3. Tasks Window
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The Quartus II software also provides other predefined compilation flows
that you can use with commands on the Processing menu. Table 1 lists the
commands for some of the most common compilation flows.
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Table 1. Commands for Common Compiler Flows

Quartus Il Command

R SLRtien from Processing Menu
Full compilation  Performs a full compilation of the Start Compilation
flow current design. command
SignalProbe™ Routes user-specified signals to output  Start SignalProbe
flow pins without affecting the existing Compilation command

fitting in a design, so that you can debug
signals without completing a full

compilation.
Early timing Performs a partial compilation, but stops  Start Early Timing
estimate flow and generates early timing estimates Estimate command

before the Fitter is complete.

“ .- Py For Information About Refer To

Using compilation flows “About Compilation Flows” in Quartus Il
Help

The following steps describe the basic design flow for using the Quartus II
GUL

1. To create a new project and specify a target device or device family, on
the File menu, click New Project Wizard.

2. Use the Text Editor to create a Verilog HDL, VHDL, or Altera
Hardware Description Language (AHDL) design.

3. Use the Block Editor to create a block diagram with symbols that
represent other design files, or to create a schematic.

4. Use the MegaWizard® Plug-In Manager to generate custom variations
of megafunctions and IP functions to instantiate in your design, or
create a system-level design by using SOPC Builder or DSP Builder.

5. Specify any initial design constraints using the Assignment Editor, the

Pin Planner, the Settings dialog box, the Device dialog box, the Chip
Planner, the Design Partitions window, or the Design Partition Planner.
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10.

11.

12.

13.

14.

15.

16.

17.

(Optional) Perform an early timing estimate to generate early estimates
of timing results before fitting.

Synthesize the design with Analysis & Synthesis.
(Optional) If your design contains partitions and you are not
performing a full compilation, merge the partitions with partition

merge.

(Optional) Generate a functional simulation netlist for your design and
perform a functional simulation with an EDA simulation tool.

Place and route the design with the Fitter.

Perform a power estimation and analysis with the PowerPlay Power
Analyzer.

Use an EDA simulation tool to perform timing simulation for the
design.

Use the TimeQuest Timing Analyzer to analyze the timing of your
design.

(Optional) Use physical synthesis, the Chip Planner, LogicLock™
regions, and the Assignment Editor to correct timing problems.

Create programming files for your design with the Assembler, and then
program the device with the Programmer and Altera programming
hardware.

(Optional) Debug the design with the SignalTap® II Logic Analyzer, an
external logic analyzer, the SignalProbe feature, or the Chip Planner.

(Optional) Manage engineering changes with the Chip Planner, the
Resource Property Editor, or the Change Manager.
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Command-Line Executables

The Quartus II software includes separate executables for each stage of the
design flow. Each executable occupies memory only while it is running. You
can use these executables with standard command-line commands and
scripts, with Tcl scripts, and in makefiles. See Table 2 for a list of all available
command-line executables.

Figure 4. Command-Line Design Flow
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Table 2. Command-Line Executables (Part 1 of 2)

SEAEE Title Function
Name
quartus_map Analysis & Creates a project if one does not already exist,
Synthesis and then creates the project database,

synthesizes your design, and performs
technology mapping on design files of the
project.

quartus_fit

Fitter

Places and routes a design. Analysis & Synthesis
must be run successfully before running the
Fitter.

quartus_drc

Design Assistant

Checks the reliability of a design based on a set
of design rules. Design Assistant is especially
useful for checking the reliability of a design
before migrating the design to HardCopy
devices. Either Analysis & Synthesis or the Fitter
must be run successfully before running the
Design Assistant.

quartus_sta

TimeQuest Timing
Analyzer

Performs ASIC-style timing analysis of the circuit
using constraints entered in Synopsys Design
Constraint format.

quartus_asm

Assembler

Creates one or more programming files for
programming or configuring the target device.
The Fitter must be run successfully before
running the Assembler.

quartus_eda

EDA Netlist Writer

Generates netlist files and other output files for
use with other EDA tools. Analysis & Synthesis,
the Fitter, or the Timing Analyzer must be run
successfully before running the EDA Netlist
Writer, depending on the options used.

quartus_cdb

Compiler
Database Interface
(including vQM
Writer)

Imports and exports version-compatible
databases and merges partitions. Generates
internal netlist files, including Verilog Quartus
Mapping Files, for the Quartus Il Compiler
database so they can be used for
back-annotation and for the LogicLock feature,
and back-annotates device and resource
assignments to preserve the fit for future
compilations. Either the Fitter or Analysis &
Synthesis must be run successfully before
running the Compiler Database Interface.

8 [
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Table 2. Command-Line Executables (Part 2 of 2)

Bzdlisle Title Function
Name

quartus_jli Jam STAPL Player Reads and executes Jam Files (.jam) in the STAPL
format. A single Jam File can perform several
functions, such as programming, configuring,
verifying, erasing, and blank-checking a
programmable device in a JTAG chain.

quartus_jbcc Jam Compiler The Quartus Il JAM Compiler converts Jam/STAPL

files to Jam Byte Code Files (.jbc) which store
data for programming, configuring, verifying,
and blank-checking one or more devices in a
JTAG chain.

quartus_sim

Simulator

Performs functional or timing simulation on your
design. Analysis & Synthesis must be run before
performing a functional simulation. Timing
Analysis must be run before performing a timing
simulation.

quartus_pow

Power Analyzer

Analyzes and estimates total dynamic and static
power consumed by a design. Computes toggle
rates and static probabilities for output signals.
The Fitter must be run successfully before
running the PowerPlay Power Analyzer.

quartus_pgm

Programmer

Programs Altera devices.

quartus_cpf

Programming File
Converter

Converts programming files to secondary
programming file formats.

quartus_stp

SignalTap Il Logic
Analyzer

Sets up your SignalTap Il File (.stp). When it is
run after the Assembler, the SignalTap Il Logic
Analyzer captures signals from internal device
nodes while the device is running at speed.

quartus_si

SSN Analyzer

Estimates and reports the simultaneous
switching noise contributions to voltage and
timing noise for device pins.

quartus_sh

Tcl Shell

Provides overall control of Quartus Il projects
and compilation flows, as well as a Tcl shell.

ALTERA CORPORATION
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[[5 Getting Help On the Quartus Il Executables

If you want to get help on the command-line options that are available for each of
the Quartus Il executables, type one of the following commands at the command
prompt:

<executable name> -h '
<executable name> --help '
<executable name> —-help=<topic or option name> €'

You can also get help on command-line executables by using the Quartus I
Command-Line Executable and Tcl API Help Browser, which is a Tcl- and Tk-based
GUI that lets you browse the command-line and Tcl API help. To use this help, type
the following command at the command prompt:

quartus_sh --ghelp ¢

You can perform a full compilation by using the following command:
quartus_sh —-—-flow compile <project name> [-c <revision name>]

This command runs the quartus_map, quartus_fit, quartus_asm, and
quartus_tan executables. Depending on your settings, this command may
also run the optional quartus_drc, quartus_eda, quartus_cdb, and
quartus_sta executables.

Using Standard Command-Line
Commands & Scripts

You can use the Quartus II executables with any command-line scripting
method, such as Perl scripts, Tcl scripts, and batch files. You can design these
scripts to create new projects or to compile existing projects. You can also
run the executables from the command prompt or console.

Figure 5 shows an example of a standard batch file. The example
demonstrates how to create a project, perform Analysis & Synthesis,
perform place and route, perform timing analysis, and generate
programming files for the filtref design that is included with the Quartus II
software. If you have installed the filtref design, it is in the /altera/
<version number>/qdesigns/fir_filter directory. You can run the four
commands in Figure 5 from a command prompt in the new project
directory, or you can store them in a batch file or shell script.

10 m INTRODUCTION TO THE QUARTUS Il SOFTWARE ALTERA CORPORATION
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Figure 5. Example of a Command-Line Script

quartus_map filtref --family=Stratix Creates a new
Quartus Il project
fargeting the Stratix
device family

quartus_fit filtref —--part=EP1S10F780C5 --fmax=80MHz --tsu=8ns

Performs fitting for
the EP1S10F780C5
deviceand specifies
global timing
requirements

quartus_sta filtref Performs timing
analysis

quartus_asm filtref Generates
programming files

Figure 6 shows an excerpt from a command-line script for use on a Linux
workstation. The script assumes that the Quartus II tutorial project called
fir_filter exists in the current directory. The script analyzes every design file
in the fir_filter project and reports any files that contain syntax errors.

Figure 6. Example of a Linux Command-Line Shell Script

#!/bin/sh
FILES_WITH_ERRORS=""
for filename in “1ls *.bdf *.v"

do
quartus_map fir filter --analyze_file=$filename
if [ $?2 —ne 0 ]
then
FILES_WITH_ERRORS="$SFILES_WITH_ERRORS $filename"
fi
done
if [ -z "SFILES_WITH_ERRORS" ]
then
echo "All files passed the syntax check"
exit 0O
else
echo "There were syntax errors in the following file(s)"
echo $FILES_WITH_ERRORS
exit 1
fi

The Quartus II software also supports makefile scripts that use the
Quartus II executables, which allow you to integrate your scripts with a
wide variety of scripting languages.
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“ .- - For Information About Refer To

Using command-line executables About Quartus Il Scripting

Command-Line Scripting chapter in
volume 2 of the Quartus Il Handbook

Using compilation flows “About Compilation Flows” in Quartus Il
Help

Using Tcl Commands

There are several ways to use Tcl scripts in the Quartus II software. You can
create a Tcl script by using commands from the Quartus II API for Tcl. You
should save a Tcl script as a Tcl Script File (.tcl).

The Insert Templates command on the Edit menu in the Quartus II Text
Editor allows you to insert Tcl templates and Quartus II Tcl templates (for
Quartus II commands) into a text file to create Tcl scripts. Commands used
in the Quartus II Tcl templates use the same syntax as the Tcl API
commands.

If you want to use an existing project as a baseline for another project, you
can click Generate Tcl File for Project on the Project menu to generate a Tcl
Script File for the project. After editing this generated script to target your
new project, run the script to apply all assignments from the previous project
to the new project.

You can run Tcl scripts from the system command prompt with the
quartus_sh executable, from the Quartus II Tcl Console window, or from the
Tcl Scripts dialog box by clicking Tcl Scripts on the Tools menu.

[[5> Getting Help On Tcl Commands

The Quartus Il software includes a Quartus Il command-line and Tcl API Help
browser, which is a Tcl- and Tk-based GUI that lets you browse the command-line
and Tcl API help. To use this help, type the following command at the command
prompt:

quartus_sh --ghelp ¢

You can also view Tcl API Help in Quartus Il Help that is available in the GUI. Refer
to “About Quartus Il Scripting” in Quartus Il Help for more information.
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Figure 7 shows an example of a Tcl script.

Figure 7. Example of a Tcl Script

## This script works with the quartus_sh executable
# Set the project name to filtref
set project_name filtref

# Open the Project. If it does not already exist, create it
if [catch {project_open $project_name}] {project_new \ $project_name}

# Set Family
set_global_assignment -name family CYCLONE

# Set Device
set_global_assignment -name device eplc6f256c6

# Optimize for speed
set_global_assignment -name optimization_technique speed

# Turn-on Fastfit fitter option to reduce compile times
set_global_assignment -name fast_fit_compilation on

# Generate a NC-Sim Verilog simulation Netlist
set_global_assignment —-name eda_simulation_tool "NcSim\
(Verilog HDL output from Quartus II)"

# Using the ::quartus::flow package, the execute_flow command
# exports assignments automatically

load_package flow
execute_flow —compile

# Close Project
project_close

“ ._ Py For Information About Refer To

Tcl Scripting The Tcl Scripting chapter in volume 2 of the
Quartus Il Handbook

“About Quartus Il Scripting” in Quartus Il
Help
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Design Methodologies and Planning

When you are creating a new design, it is important to consider the design
methodologies the Quartus II software offers, including incremental
compilation design flows and block-based design flows. You can use these
design flows with or without EDA design entry and synthesis tools.

Incremental Design Flows

Your design flow affects how much impact design partitions have on design
optimization, and how much design planning may be required to obtain
optimal results. In the standard incremental compilation flow, the design is
divided into partitions, which can be compiled and optimized together as
parts of one Quartus II project. If another team member or IP provider is
developing source code for the design, they can functionally verify their
partition independently, and then simply provide source code for the
partition to the project lead for integration into the larger design. If the
project lead wants to compile the larger design when source code is not yet
complete for a partition, they can create an empty placeholder for the
partition to facilitate compilation until the actual partition code is ready.

Compiling all design partitions in a single Quartus II project ensures that all
design logic is compiled with a consistent set of assignments and allows the
software to perform global placement and routing optimizations. Compiling
all design logic together is beneficial for FPGA design flows because in the

end all parts of the design must use the same shared set of device resources.

If required for third-party IP delivery, or in cases where designers can not
access a shared or copied top-level project framework, you can create and
compile a design partition logic in isolation and export a partition that is
included in the top-level project. If this type of design flow is necessary,
planning and rigorous design guidelines may be required to ensure that
designers have a consistent view of project assignments and resource
allocations. Therefore developing partitions in completely separate
Quartus II projects can be more challenging than having all source code
within one project or developing design partitions within the same top-level
project framework.
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“ ._ Py For Information About Refer To

Using Quartus Il incremental Quartus Il Incremental Compilation for
compilation Hierarchical & Team-Based Design chapter
in volume 1 of the Quartus Il Handbook

“About Incremental Compilation” in
Quartus Il Help

“Module 7: Incremental Compilation” in the
Quartus Il Interactive Tutorial

Using LogicLock Regions

A LogicLock region is defined by its size and location on the device. You can
specify the size and location of a region, or direct the Quartus II software to
create them automatically.

With the LogicLock design flow, you can define a hierarchy for a group of
regions by declaring parent and child regions. The Quartus II software
places child regions completely within the boundaries of a parent region.
You can lock a child module relative to its parent region without
constraining the parent region to a locked location on the device.

You can create and modify LogicLock regions by using the Chip Planner, the
LogicLock Regions Window command on the Assignments menu, the
Hierarchy tab of the Project Navigator, or by using Tcl scripts. All LogicLock
attributes and constraint information (clock settings, pin assignments, and
relative placement information) are stored in the Quartus II Settings File for
the project.

You can also use the LogicLock Regions Properties dialog box to edit
existing LogicLock regions, view information about the LogicLock regions
in the design, and determine which regions contain illegal assignments.

In addition, you can add path-based assignments (based on source and
destination nodes), wildcard assignments, and Fitter priority for path-based
and wildcard assignments to LogicLock regions. Setting the priority allows
you to specify the order in which the Quartus Il software resolves conflicting
path-based and wildcard assignments.
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After you perform analysis and elaboration or a full compilation, the
Quartus Il software displays the hierarchy of the design in the Hierarchy tab
of the Project Navigator. You can click any of the design entities in this view
and create new LogicLock regions from them, or drag them into an existing
LogicLock region in the Timing Closure Floorplan.

Altera also provides LogicLock Tcl commands to assign LogicLock region
content at the command line or in the Quartus II Tcl Console window. You
can use the provided Tcl commands to create floating and auto-size
LogicLock regions, add a node or a hierarchy to a region, preserve the
hierarchy boundary, back-annotate placement results, import and export
regions, and save intermediate synthesis results.

“ ._ Py For Information About Refer To

Using LogicLock with the Quartus Il Area and Timing Optimization chapter in
software volume 2 of the Quartus Il Handbook

“About LogicLock Regions” in Quartus I
Help

Using LogicLock Regions in
Incremental Compilation Flows

If you are planning to perform a full incremental compilation, it is important
to assign design partitions to physical locations on the device. You can
assign design partitions to LogicLock regions by dragging a design partition
from the Hierarchy tab of the Project Navigator window, the Design
Partitions window, or the Node Finder and dropping it directly in the
LogicLock Regions window or to a LogicLock region in the Chip Planner.

Create one LogicLock region for each partition in your design. You can
achieve the best performance when these regions are all fixed-size,
fixed-location regions. Ideally, you should assign the LogicLock regions
manually to specific physical locations in the device by using the Chip
Planner; however, you can also allow the Quartus II software to assign
LogicLock regions to physical locations somewhat automatically by setting
the LogicLock region Size option to Auto and the State properties to
Floating. After the initial compilation, you should back-annotate the
LogicLock region properties (not the nodes) to ensure that all the LogicLock
regions have a fixed size and a fixed location. This process creates initial
floorplan assignments that can be modified more easily, as needed.
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