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1. Introduction to Quartus® Prime Pro Edition

This user guide describes basic concepts, files, and design flow of the Quartus® Prime
Pro Edition software, including initial design planning considerations, selecting a
starting point to set up your Quartus Prime Pro Edition project and managing those
projects and working with intellectual property (IP).

The Quartus Prime design suite is a comprehensive development platform to design
with Intel FPGAs(1), from design entry and synthesis to optimization, verification,
simulation, and binary generation. The Quartus Prime software supports fast design
processing, straightforward device programming, and integration with other industry-
standard EDA tools. The user interface makes it easy for you to focus on your design—
not on the design tool. The modular compiler streamlines the FPGA development
process and ensures the highest performance for the least effort.

Quartus Prime Pro Edition Software Quick Start Steps

Determine the Install Start Get Started with the
System the the Intel Quartus
Requirements Software Software Prime Pro Software

Download Generate Set Up

Intel® Quartus® 90-Days Generated License in
Prime Pro Fixed-Node Intel Quartus
Software License Prime Pro Software

(1) A field-programmable gate array (FPGA) is a specialized integrated circuit that you can
customize and reconfigure multiple times. To learn about and select a target Intel FPGA device
family, refer to https://www.intel.com/content/www/us/en/products/details/fpga.html.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel
Corporation or its subsidiaries. Intel warrants performance of its FPGA and semiconductor products to current
specifications in accordance with Intel's standard warranty, but reserves the right to make changes to any
products and services at any time without notice. Intel assumes no responsibility or liability arising out of the
application or use of any information, product, or service described herein except as expressly agreed to in
writing by Intel. Intel customers are advised to obtain the latest version of device specifications before relying
on any published information and before placing orders for products or services.

*QOther names and brands may be claimed as the property of others.

Iso
9001:2015
Registered
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Use the following links to get started with the Quartus Prime Pro Edition software:

Table 1.

Quartus Prime Pro Edition Software Quick Start Steps

Step

Useful Links

Determine the
System
Requirements

Verify hardware and software requirements and
review Quartus Prime Pro Edition software release
notes.

Reviewing the Quartus Prime Installer
Software Release Notes

Determining Hardware Requirements
Determining Software Requirements

Download the
software

Download the latest Quartus Prime Pro Edition
software.

Quartus Prime Design Software
Download Page

FPGA Software Download Center
Downloading Software Using the

Quartus Prime Installer or Quartus
Prime Installer (GUI mode)

Downloading Software Packages
Manually

Install the software

Install the latest Quartus Prime Pro Edition
software.

Quartus Prime Installer (GUI mode) or
Installing Intel® FPGA Software Through
Quartus Prime Installer

Installing the Intel FPGA Software
Manually

Setting Quartus Prime Environment
Variables

Generate 90-days
Fixed-node License

Generate 90- days free license in Intel FPGA Self-
Service Licensing Center (SSLC).

Intel FPGA Self-Service Licensing Center
Intel FPGA SSLC No-cost/Evaluation
License Setup

Setting up Intel FPGA SSLC No-cost/
Evaluation License

Start the software

On Windows:
Use one of the following options:

e On the desktop, double-click the Intel FPGA
software icon.

(

e Click Start O All Programs U Intel FPGA
<Version> Pro Edition U Quartus (Quartus
Prime Pro <Version>

e At the command prompt, type:
<installation-directory>
\bin64\quartus

On Linux:

e At the command prompt, type:
<installation-directory>/
quartus/bin/quartus

Starting the Quartus Prime Software

Set up the
generated license in
the Quartus Prime
Pro Edition software

In the Quartus Prime Pro Edition software, click
Tools [J License Setup, browse and select the
license file, and click OK.

Intel FPGA Self-Service Licensing Center
(SSLC)

Setting up Intel FPGA SSLC No-cost/
Evaluation License

Summary of Intel FPGA Software
Licenses Required

Licensing Intel FPGA Software
Walkthrough

continued...
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Step | Useful Links

Quartus Prime
Software Home Page

Main page of the Quartus Prime software.

ﬁ New Project Wizard ﬁ Open Example Project
i

Documentation

ﬁ Open Project

Other Development Environments

o
Q@

FPGA Al Suite

E
DSP Builder oneAPI

Planning for RTL flow is an essential step for
advanced FPGA design. Determining your design
priorities early on helps you to choose the best
device, tools, features, and methodologies for your
design.

Plan FPGA Design
for RTL Flow

Plan FPGA Design for RTL Flow

Create your FPGA The Quartus Prime software makes it easy for you | Creating a New FPGA Design Project on

project to quickly setup a new FPGA design project. page 22
Quartus Prime Software Editions
The Quartus Prime Software is available in three editions based on your design
requirements:
Table 2. Quartus Prime Software Editions

Pro Edition

Standard Edition

Lite Edition

intel

Quartus®
Prim

)

Optimized to support the
advanced features in Intel
FPGAs and SoCs with the
following device families:

e Agilex™ 5

e Agilex 7

e Stratix® 10
e Arria® 10

e Cyclone® 10 GX

Includes extensive support
for earlier device families in
addition to the following
device families:

e Cyclone 10 LP

¢ MAX® 10

An ideal entry point to
Intel’s high-volume device
families and is available as a
free download with no
license file required.

D Send Feedback
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Supported Features
The following is the Quartus Prime feature support matrix:

Figure 2. Quartus Prime Feature Support Matrix

Intel Quartus® Prime
Standard Edition

Intel Quartus® Prime

Software Features Pro Edition

<

Intel Agilex® 5 Device Support
Intel Agilex® 7 Device Support
Intel Stratix® 10 Device Support
New Hybrid Placer & Global Router
New Timing Analyzer

New Physical Synthesis

L L S«

Platform Designer (formerly Qsys)
Partial Reconfiguration
Block-Based (Hierarchical) Design Flows

Interface Planner (formerly BluePrint)

€ £ € < <« <<

Incremental Fitter Optimization

The following features are only available in the Quartus Prime Pro Edition software:

Table 3. Supported Features of the Quartus Prime Pro Edition Software

Feature Description

Hyper-Aware Design Flow | Use Hyper-Retiming to reach the highest performance in Agilex 5, Agilex 7, and Stratix 10

devices.

Advanced synthesis Integrates new, stricter language parser supporting all major IEEE RTL languages, with
enhanced algorithms, and parallel synthesis capabilities, and support for SystemVerilog

2009.

Hierarchical project
structure

Preserves individual post-synthesis, post-placement, and post-place and route results for
design instances. Optimizes without impacting other partition placement or routing.

Incremental Fitter
Optimizations

Run and optimize Fitter stages incrementally. Each Fitter stage generates detailed reports.

Faster, more accurate I/0
placement

Plan interface I/O in Interface Planner.

Platform Designer (Pro)

Builds on the system design and custom IP integration capabilities of Platform Designer
(Standard). Platform Designer (Pro) introduces hierarchical isolation between system
interconnect and IP components.

Block-Based Design Flows

Preserve and reuse design blocks at various stages of compilation.
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Quartus Prime Pro Edition software does not support the following Quartus Prime
Standard Edition features:

e I/0O Timing Analysis

e NativelLink third party tool integration (other third-party tool integration available)
e Video and Image Processing Suite IP Cores

e Talkback features

e Various register merging and duplication settings

* Saving a node-level netlist as .vgm or RTL to schematic conversion
Supported Intel FPGA Developmental Tools

The Quartus Prime software suite supports the following Intel FPGA development
tools:

Table 4. Intel FPGA Developmental Tools Supported by the Quartus Prime Software

Suite
Tools Description
uesta*-Inte ition imulates esigns using Intel-specific simulation libraries. It includes all features
ta*-Intel FPGA Editi Simulates FPGA desi ing Intel ific simulation libraries. It includ Il feat
of Siemens EDA Questa* Core, including behavioral simulation, HDL test benches, and
Tcl scripting.

Intel Advanced Link Analyzer | Analyzes jitter/noise and evaluates high-speed serial link performance. It is an ideal
predesign tool supporting Intel FPGA IBIS-AMI standards and enhanced models to help
you understand how Intel FPGA solutions can fit your system requirements.

Intel SoC FPGA Embedded A comprehensive tool suite for embedded software development on Intel SoC FPGAs.
Development Suite

Ashling* RiscFree* IDE for Integrated development environment for creating embedded applications on the RISC-
Intel FPGAs V-based Nios® V soft processors and the Arm*-based hard processor system.

Intel HLS Compiler A high-level synthesis (HLS) tool that accepts untimed C++ code as an input and

generates production-quality register transfer level (RTL) code optimized for Intel
FPGAs. This tool accelerates verification time over RTL by raising the abstraction level
for FPGA hardware design. Models developed in C++ have typically verified orders of
magnitude faster than RTL.

DSP Builder for Intel FPGAs Supports a model-based design flow from algorithms to hardware in a common
environment.

Intel oneAPI Base Toolkit Enables you to target FPGAs for heterogeneous acceleration and simulate entire system
flows by abstracting some parts of the hardware.

Intel Simics® simulator for A full-system simulator that supports defining, developing, and deploying virtual

Intel FPGAs platforms.

FPGA AI Suite Provides several components to help in enabling Artificial Intelligence (AI) and creating

optimized Intel FPGA Al platforms efficiently.

Intel FPGA Power and Estimates your design's power consumption and provides thermal design parameters
Thermal Calculator for Intel FPGA devices, such as Agilex 5, Agilex 7, and Stratix 10.

1.1. Before You Begin

Before you get started with setting up your Quartus Prime Pro Edition project, review
the following topics:
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1.1.1. Prerequisite Knowledge and Training

Note:

Using the Quartus Prime software to create a basic FPGA design requires the following

basic knowledge. There are several training modules available if you need help.

Prerequisite Knowledge

e Basic knowledge of digital logic design.

e Basic knowledge of how to describe a hardware design using VHDL, Verilog HDL,
SystemVerilog, or EDA schematic tools.

You can accelerate design creation and success by starting your design project from a
pre-verified design example that targets an Intel FPGA development board, as
Creating a New Project from a Design Example on page 24 describes.

Prerequisite Training

If you are new to FPGA or the Quartus Prime software, you can review the following
training modules:

e Read Me First!

e How to Begin a Simple FPGA Design

e University Self-Guided Lab: Become an FPGA Designer in 4 Hours

e Beginner Workshop for Intel FPGAs

e University Self-Guided Lab: Introduction to FPGAs and the Quartus Prime Software
e Basics of Programmable Logic: History of Digital Logic Design

e Basics of Programmable Logic: FPGA Architecture

e The Quartus Prime Software: Foundation (Pro Edition) (Online Training)

e Instructor-Led Training: Using Quartus Prime Software

¢ Using the Quartus Prime Standard Edition Software: An Introduction

e \Verilog HDL Basics

e Verilog HDL Advanced

e VHDL Basics

e SystemVerilog with the Quartus Prime Software

e Introduction to Tcl Scripting

Related Information
e Intel FPGA Software Installation and Licensing

e FPGAs for Dummies eBook

1.1.2. Navigate Content Through Tasks

Use the following navigation diagram to navigate this guide through user-tasks:
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Navigate Content Through Tasks
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Plan FPGA Design for RTL

Flow
or

Work With Intel FPGA IP

Cores

Create a New Project

Migrate Your Existing Project
to Quartus Prime Pro Edition
Software

Manage Your Quartus Prime
or Pro Edition Projects

Review Next Steps

1.1.3. Acronyms

This document uses the following acronyms throughout:

Acronym Meaning
ALR Additional Logic Resources
DSE Design Space Explorer
DSP Digital Signal Processing
EDA Electronic Design Automation
EDS Embedded Design Suite
EPE Early Power Estimator
FIFO First In, First Out
FPGA Field Programmable Gate Arrays
GUI Graphical User Interface
HDL Hardware Description Language
HTML HyperText Markup Language
HPS Hard Processor System
IEEE Institute of Electrical and Electronics Engineers
1P Intellectual Property
JTAG Joint Test Action Group
LAB Logic Array Block
LAI Logic Analyzer Interface
MTBF Mean Time Between Failures
PCB Printed Circuit Board
PLD Programmable Logic Devices
PLLs Phase-Locked Loops
PTC Power and Thermal Calculator
PVT Process, Voltage, and Temperature
QSF Quartus Settings File

continued...
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Acronym Meaning
RAM Random-Access Memory
RTL Register-Transfer Level or Register-Transfer Logic
SDC Synopsys* Design Constraints
Tcl Tool Command Language
UART Universal Asynchronous Receiver-Transmitter
VCS Verilog Compiler and Simulator
VHDL Very High Speed Integrated Circuit Hardware Description Language
VPN Virtual Private Network
VREF Voltage Reference
Quartus Prime Pro Edition User Guide: Getting Started C] Send Feedback
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2. Planning FPGA Design for RTL Flow

Navigating Content Through Tasks

Use the following navigation diagram to navigate this guide through user-tasks:

» D P D

Plan FPGA Design for RTL Create a New Project Manage Your Quartus Prime Review Next Steps
Flow or Pro Edition Projects
or Migrate Your Existing Project
Work With Intel FPGA IP to Quartus Prime Pro Edition
Cores Software

Planning for RTL flow is an essential step for advanced FPGA design. This chapter
provides some useful tips and programming methods to consider in your planning
process to help you detect and solve potential problems early in the design cycle.
Determining your design priorities early on helps you to choose the best device, tools,
features, and methodologies for your design.

Review the following topics to help you get started with the planning process:

2.1. Design Planning

Design planning is an essential step in advanced FPGA design. System architects must
consider the target device characteristics in order to plan for interface I/0, integration
of IP, on-chip debugging tools, and use of other EDA tools. Designers must consider
device power consumption and programming methods when planning the layout. You
can solve potential problems early in the design cycle by following the design planning
considerations in this chapter.

By default, the Quartus Prime software optimizes designs for the best overall results.
However, you can adjust settings to better optimize one aspect of your design, such as
performance, routability, area, or power utilization. Consider your own design
priorities and trade-offs when reviewing the techniques in this chapter. For example,
certain device features, density, and performance requirements can increase system
cost. Signal integrity and board issues can impact I/0 pin locations. Power, timing
performance, and area utilization all affect one another. Compilation time is affected
when optimizing these priorities.

Determining your design priorities early on helps you to choose the best device, tools,
features, and methodologies for your design.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel
Corporation or its subsidiaries. Intel warrants performance of its FPGA and semiconductor products to current
specifications in accordance with Intel's standard warranty, but reserves the right to make changes to any
products and services at any time without notice. Intel assumes no responsibility or liability arising out of the
application or use of any information, product, or service described herein except as expressly agreed to in
writing by Intel. Intel customers are advised to obtain the latest version of device specifications before relying
on any published information and before placing orders for products or services.

*QOther names and brands may be claimed as the property of others.
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Table 7. Checklist for Design Planning
Item Considerations Links
Create a design e Create detailed design specifications that define the
specification and system.
test plan e Specify the 1/0 interfaces for the FPGA.

¢ Identify the different clock domains.
e Include a block diagram of basic design functions.

e Create a test plan for verification and ease of
manufacture.

e Consider a common design directory structure or
source control system to make design integration
easy.

e Consider whether you want to standardize on an
interface protocol for each design block.

Planning for Target | ¢ Refer to the Product Selector tool to compare the e Product Selector Guide Tool

Device or Board specifications and features of Intel FPGA devices and | « Using the Board-Aware Flow
development kits.

e Refer to the device family documentation for
detailed device characteristics. View a summary of
each device's resources by selecting a device in the
Device dialog box (Assignments [0 Device).

e Consider whether the device family meets your
design requirements for high-speed transceivers,
global or regional clock networks, and the number of
phase-locked loops (PLLS).

e Consider the density requirements of your design.

— Devices with more logic resources and higher I/0
counts can implement larger and more complex
designs, but at a higher cost.

— Smaller devices use lower static power.

— Select a device larger than what your design
requires if you may want to add more logic later
in the design cycle, or to reserve logic and
memory for on-chip debugging.

e Consider requirements for types of dedicated logic
blocks, such as memory blocks of different sizes, or
digital signal processing (DSP) blocks to implement
certain arithmetic functions.

e Alternatively, create a system that targets a specific
development board to accelerate the process of
appropriately configuring, connecting, and validating
IP for the target board.

Planning for Device e Determine whether you want to migrate your design

Migration to another device density to allow flexibility when
your design nears completion.

e Target a small (less expensive) device and move to
a larger device if necessary to meet your design
requirements.

e Develop a prototype of your design in a larger
device to reduce optimization time and achieve
timing closure more quickly, and then migrate to a
smaller device after prototyping.

Note: Selecting a migration device impacts pin
placement because some pins may serve
different functions in different device densities
or package sizes.

Planning for Plan which I/0O interfaces or blocks in the system you e Working With Intel FPGA IP Cores
Intellectual want to implement using IP cores. on page 50

Property (IP) Cores | Integrate functions into your design using Intel FPGA IP | « Intel FPGA IP Portfolio Web Page
cores, many of which are available for production use in
the Quartus Prime software without additional license.

continued...
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Item Considerations Links

For IP cores that require additional licenses for
production, use the Intel FPGA IP Evaluation Mode,
which allows you to program the FPGA to verify the IP
in the hardware before you purchase the IP license.

Planning for e Use standard interfaces in system design to ensure Quartus Prime Pro Edition User Guide:
Standard Interfaces compatibility between design blocks from different Platform Designer
design teams or vendors.

e Use the Quartus Prime Interface Planner to
accurately plan constraints for design
implementation, prototype interface
implementations, and rapidly define a legal device
floorplan.

e Use the Quartus PrimePlatform Designer system
integration tool to use standard interfaces and
speed-up system-level integration.

Planning for Device | Estimating power consumption early in the design cycle | ¢ Quartus Prime Pro Edition User

Power Consumption | allows you to plan power budgets and avoid unexpected Guide: Power Analysis and
results when designing the PCB. Optimization
e Use the Early Power Estimator (EPE) spreadsheet for | ¢ Intel FPGA Power and Thermal
older devices, such as the Arria 10 and Cyclone 10 Calculator User Guide

families or to estimate power consumption before
compiling or creating any source code.

e Use the Quartus Prime Power Analyzer to ensure
that your design satisfies thermal and power supply
requirements.

e Use the Intel FPGA Power and Thermal Calculator
(PTC) to estimate power utilization for your design
for Stratix 10, Agilex 7, and Agilex 5 device families.
PTC does not support older devices.

Planning for I/0 e Create a preliminary pin-out for an Intel FPGA with e Quartus Prime Pro Edition User
Interfaces the Quartus Prime Pin Planner before you develop Guide: Design Optimization
the source code, based on standard I/O interfaces e 1/0 Planning Overview

(such as memory and bus interfaces) and any other
I/0 requirements for your system.

e Configure how to connect the functions and cores to
each other by specifying matching node names for
selected ports.

e Create other I/O-related assignments for these
interfaces or other design I/O pins in the Pin
Planner.

e Compile your design to automatically run I/O
Assignment Analysis in Fitter to validate I/O-related
assignments that you created or modified
throughout the design process.

Planning for Other e Use supported standard third-party EDA synthesis e Quartus Prime Pro Edition User

EDA Tools tools to synthesize your Verilog HDL or VHDL design, Guide: Third-party Synthesis
and compile the resulting output netlist file in the e Quartus Prime Pro Edition User
Quartus Prime software. Guide: Third-party Synthesis

e Use the simulator version that your Quartus Prime
software version supports for best results. You must
also use the model libraries provided with your
Quartus Prime software version. Libraries can
change between versions, which might cause a
mismatch with your simulation netlist.

continued...
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Item

Considerations

Links

Planning for On-
Chip Debugging
Tools

Consider whether to include on-chip debugging tools
early in the design process. Adding the debugging
tools late in the design process can be more time-
consuming and error-prone.

Consider the following debugging requirements
when planning your design to support debugging
tools:

— JTAG connections—required to perform in-
system debugging with JTAG tools. Plan your
system and board with JTAG ports that are
available for debugging.

— Additional logic resources (ALR)—required to
implement JTAG hub logic. If you set up the
appropriate tool early in your design cycle, you
can include these device resources in your early
resource estimations to ensure that you do not
overload the device with logic.

— Reserve device memory—required if your tool
uses device memory to capture data during
system operation. To ensure that you have
enough memory resources to take advantage of
this debugging technique, consider reserving
device memory to use during debugging.

— Reserve I/0 pins—required if you use the
Logic Analyzer Interface (LAI), which requires
I/0 pins for debugging. If you reserve I/0 pins
for debugging, you do not have to later change
your design or board. The LAI can multiplex
signals with design I/0 pins if required. Ensure
that your board supports a debugging mode, in
which debugging signals do not affect system
operation.

— Instantiate an IP core in your HDL code—
required if your debugging tool uses an Intel
FPGA IP core.

— Instantiate the Signal Tap Logic Analyzer IP
core—required if you want to manually connect
the Signal Tap Logic Analyzer to nodes in your
design and ensure that the tapped node names
do not change during synthesis.

e Factors to Consider When Using
Debugging Tools During Design
Planning Stages

e Quartus Prime Pro Edition User
Guide: Debug Tools

Planning HDL
Coding Styles

Use synchronous design practices to consistently
meet your design goals. In a synchronous design, a
clock signal triggers all events. When you meet all
register timing requirements, a synchronous design
behaves in a predictable and reliable manner for all
process, voltage, and temperature (PVT) conditions.
You can easily target synchronous designs to
different device families or speed grades.

Note: Problems with asynchronous design
techniques include reliance on propagation
delays in a device, incomplete timing
analysis, and possible glitches.

Use dedicated clock pins and clock routing for best

results, and if you have PLLs in your target device,

use the PLLs for clock inversion, multiplication, and
division.

For clock multiplexing and gating, use the dedicated

clock control block or PLL clock switchover feature

instead of combinational logic, if these features are
available in your device. If you must use internally
generated clock signals, register the output of any
combinational logic used as a clock signal to reduce
glitches.

e Quartus Prime Pro Edition User
Guide: Design Recommendations

e Quartus Prime Pro Edition User
Guide: Timing Analyzer

continued...
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Item

Considerations

Links

e Consider the architecture of the device you choose
so that you can use specific features in your design.
For example, the control signals should use the
dedicated control signals in the device architecture.
Sometimes, you might need to limit the number of
different control signals used in your design to
achieve the best results.

e HDL coding styles can have a significant effect on
the quality of results for programmable logic
designs. Follow the coding guidelines for inferring
Intel FPGA IP and targeting dedicated device
hardware, such as memory and DSP blocks.

e Ensure that your design accounts for
synchronization between any asynchronous clock
domains. Consider using a synchronizer chain of
more than two registers for high-frequency clocks
and frequently-toggling data signals to reduce the
chance of a metastability failure.

e Use the Quartus Prime software to analyze the
average mean time between failures (MTBF) due to
metastability when a design synchronizes
asynchronous signals, and optimize your design to
improve the metastability MTBF.

Planning your
Project Path Length

Design files with lengthy file paths might cause an
internal error in the Windows* version of the Quartus
Prime Pro Edition software. Windows has a 260-
character maximum path length limitation on the
combined length of a file name and its file path.

To reduce the length of a file path to a design file, Intel
strongly recommends creating, storing, or moving your
Quartus Prime project to a shorter path. For example:
C:\quartus_pro\<ver si on>\project

Tip: There are several third-party software freely
available to help you fix the long path issue for

Maximum Path Length Limitation

Windows.
Table 8. Factors to Consider When Using Debugging Tools During Design Planning
Stages
Design Planning Factor Signal System In- Logic Signal In- Virtual
Tap Console System Analyzer Probe System JTAG IP
Logic Memory | Interface Sources Core
Analyzer Content (LAI) and
Editor Probes
JTAG connections Yes Yes Yes Yes — Yes Yes
Additional logic resources - Yes - - - - Yes
Reserve device memory Yes Yes — - - - -
Reserve I/0 pins — — — Yes Yes — —
Instantiate IP core in your HDL code — — — — — Yes Yes

2.2, Selecting the Design Methodology

When creating an FPGA design, you must consider various design methodologies the
Quartus Prime software offers, such as the incremental block-based design, flat

design, and partial reconfiguration design. You can use these design flows with or

without EDA design entry and synthesis tools. Refer to the following topics for more
information about each of these methodologies.
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2.2.1. Flat Design Vs. Incremental Block-based Design

With the Quartus Prime Pro Edition software, you can either develop a flat design or a
block-based design:
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¢ Flat Designs: In a flat compilation flow, the design hierarchy is flattened without
design partitions and the Quartus Prime software compiles the entire design in a
“flat” netlist. Although the source code may be hierarchical, the compiler flattens
and synthesizes all the design logic. Whenever you recompile the project, the
compiler re-performs all available logic and placement optimizations on the entire
design.

The flat compilation flow does not require any planning for design partitions.
However, because the Quartus Prime software recompiles the entire design
whenever you change your design, flat design practices may require more overall
compilation time for large designs. Additionally, you may find that the results for
one part of the design change when you change a different part of your design.

If you plan to develop a small design with no plans to reuse or preserve blocks,
use a flat design. However, flat designs are generally more difficult to optimize and
debug because you cannot always isolate the timing issue.

e Block-based designs: In block-based (hierarchical) flows, you can divide your
design by creating design partitions. Block-based design flow is also known as
modular or hierarchical design flow. You can designate a design block as a design
partition to preserve or reuse the block. A design partition is a logical, named,
hierarchical boundary assignment that you can apply to a design instance.
Hierarchical flows allow you to isolate, optimize, and preserve compilation results
for specific design blocks but require more design planning to ensure effective
results.

Using a hierarchical design methodology offers several advantages, such as:

— Reuse design blocks with the same periphery configuration, share a
synthesized design block with another designer, or replicate placed and routed
IP in another project.

— Design, implement, and verify core or periphery blocks once, and then reuse
those blocks multiple times across different projects that use the same device.

— Perform easier debugging and optimization of individual design blocks.

— Assign the design hierarchy elements into logical partitions that are
functionally independent.

— Perform stand-alone block verification.

— Use design blocks for reuse and preserve synthesis and timing results for
blocks that are fully coded and meeting timing.

— Preserve earlier results for a block you do not want to change when you
change RTL code or compiler settings for another block in the design. The
compiler produces different compilation results compared to previous settings
and can cause timing violations in blocks that do not reflect the same
corresponding code or setting changes. Block-based incremental compilation
flow allows for preserving the block.

— Partition a design, compile the design partitions separately, and reuse the
results for unchanged partitions. You can preserve the performance of
unchanged blocks and reduce the number of design iterations. The
performance preservation of incremental block-based compilation allows you
to focus timing closure on unpreserved partitions or on blocks that have
difficulty meeting timing requirements

For more information about the block-based designing, refer to the Quartus Prime Pro
Edition User Guide: Block-Based Design.
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Related Information

Quartus Prime Pro Edition: Block-Based Design

2.2.2. Partial Reconfiguration Design

Partial reconfiguration (PR) allows you to reconfigure a portion of the FPGA
dynamically while the remaining FPGA design continues to function. You can define
multiple personas for a particular region in your design without impacting operation in
areas outside this region. This methodology is effective in systems with various
functions that time-share the same FPGA device resources. PR enables the
implementation of more complex FPGA systems.

The Quartus Prime Pro Edition software supports the PR feature for the Agilex 5,
Agilex 7, Stratix 10, Arria 10, and Cyclone 10 GX device families.

PR provides the following advantages over a flat design:

e Allows run-time design reconfiguration.

e Increases scalability of the design through time-multiplexing.

e Lowers cost and power consumption through efficient use of board space.
e Supports dynamic time-multiplexing functions in the design.

e Improves initial programming time through smaller bitstreams.

e Reduces system downtime through line upgrades.

e Enables easy system updates by allowing remote hardware change.

e Supports a simplified compilation flow for partial reconfiguration.

For more information about the PR design, refer to the Quartus Prime Pro Edition User
Guide: Partial Reconfiguration.
Related Information

Quartus Prime Pro Edition: Partial Reconfiguration

2.3. Related Trainings
You can take up the following training to help you when planning FPGA design for RTL
flow:

e Creating Reusable Design Blocks: Introduction to IP Reuse with the Quartus Prime
Software

e Design Block Reuse in the Quartus Prime Pro Edition Software

e Incremental Block-Based Compilation in the Quartus Prime Pro Edition Software:
Introduction

e Incremental Block-Based Compilation in the Quartus Prime Pro Edition Software:
Design Partitioning

¢ Incremental Block-Based Compilation in the Quartus Prime Pro Edition Software:
Timing Closure & Tips

e Partial Reconfiguration in Quartus Prime

e Partial Reconfiguration for Intel FPGA Devices: Introduction & Project Assignments
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e Partial Reconfiguration for Intel FPGA Devices: Design Guidelines & Host
Requirements

e Partial Reconfiguration for Intel FPGA Devices: PR Host IP & Implementations
e Partial Reconfiguration for Intel FPGA Devices: Output Files & Demonstration
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3. Selecting a Starting Point for Your Quartus Prime Pro
Edition Project

Navigating Content Through Tasks

Use the following navigation diagram to navigate this guide through user-tasks:

Plan FPGA Design for RTL Create a New Project Manage Your Quartus Prime Review Next Steps
Flow or Pro Edition Projects
or Migrate Your Existing Project
Work With Intel FPGA IP to Quartus Prime Pro Edition
Cores Software

There are multiple ways you can set up your project depending on your design needs
Either you can create a new project with project files and libraries or with a design
example, or you can import an existing project into the Quartus Prime Pro Edition
software.

Select one of the following methods to set up your Quartus Prime Pro Edition project:

Creating a New FPGA Design Project on page 22

Migrating Projects from Other Quartus Prime Editions to Quartus Prime Pro Edition on
page 33

Migrating Your AMD* Vivado* Project to Quartus Prime Pro Edition on page 45
Migrating Projects Across Operating Systems on page 45
Migrating Project From One Device to Another on page 47

Related Trainings on page 49

3.1. Creating a New FPGA Design Project

The Quartus Prime software makes it easy for you to quickly setup a new FPGA design
project.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel

Corporation or its subsidiaries. Intel warrants performance of its FPGA and semiconductor products to current
specifications in accordance with Intel's standard warranty, but reserves the right to make changes to any 1so
products and services at any time without notice. Intel assumes no responsibility or liability arising out of the 9005":2015
application or use of any information, product, or service described herein except as expressly agreed to in Registered
writing by Intel. Intel customers are advised to obtain the latest version of device specifications before relying

on any published information and before placing orders for products or services.

*QOther names and brands may be claimed as the property of others.
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Use the quick access icons on the home page to set up your FPGA design project:

e New Project Wizard: Use this option to create a project either by specifying
project files, libraries, target device family, and EDA tool settings, or using an
existing design example.

e Open Example Project: Use this option if you want to base your current project
on a pre-installed and verified design example.

e Open Project: Use this option to browse and open your existing projects.

The wizard guides you through specifying various options for new project setup and
includes access to helpful project templates and design examples that allow you to
preconfigure project settings for specific applications, FPGA devices, and target
boards.

3.1.1. Using the Board-Aware Flow

The Quartus Prime Pro Edition software allows you to create a system that targets a
specific development board, rather than only targeting a specific FPGA device. When
you target a specific development board, the Quartus Prime software is aware of the
target board (board-aware) which accelerates the process of appropriately configuring,
connecting, and validating IP for the target board.

What is the Quartus Prime Software Board-Aware Flow?

In the board-aware flow, you can optionally start your project from a pre-verified
design example (rather than an empty project) and target a specific Intel FPGA
development board. You can also create appropriate IP presets to target the specific
board. The Quartus Prime Platform Designer system integration tool is also board-
aware, allowing you to automatically set pin assignments and export appropriate
system interfaces for the target board.

The board-aware flow simplifies the application of appropriate parameters and pin
assignments for the instantiated IP in your project, thereby reducing the chance of
configuration errors. You can also save and reuse your preferred and verified board
and IP configurations for use in other projects that target the same IP or board.

The board-aware flow helps to ensure the proper hand-off, consistency, and reuse of
configuration options across multiple projects, developers, and boards.

Note: To define new boards and IP preset files in Platform Designer, refer to Intel Quartus
Prime Pro Edition User Guide: Platform Designer and AN 988: Using the Board-Aware
Flow in the Intel Quartus Prime Pro Edition Software.
Related Information
e Creating a New Project from a Design Example on page 24
e Specifying a Target Board for the Project on page 32
e Applying Preset Parameters for Specific Applications on page 61
e Intel Quartus Prime Pro Edition User Guide: Platform Designer

e AN 988: Using the Board-Aware Flow in the Intel Quartus Prime Pro Edition
Software
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3.1.1.1. Creating a New Project from a Design Example

The Quartus Prime software provides access to installed and online platform- and
board-specific design examples that you can use as a starting point for your own
design. You can accelerate your design progress by starting from a pre-validated
design example that installs with the Quartus Prime software or is available online.

This technique can be especially helpful if you are new to FPGA design or EDA design
tools. The design example can help you to quickly analyze a validated design on a
board and appropriately configure it in various ways to match your users’ needs.
Alternatively, you can start with an Empty Project for which you specify all settings
and design files.

e Pre-installed design examples—you can immediately access the design
examples that install along with the Quartus Prime software installation at:
<quartus>\acds\quartus\common\board_designs.

e Online design examples—you can access design examples hosted online, which
includes designs from the Intel FPGA Design Store or directly from Quartus Prime
software by clicking Open Example Project from the home page. For more
information, refer to Design Example Discovery.

e Downloaded desigh examples—you can access your previously downloaded
design examples, or any design example that you store in a local drive, under
downloaded reference designs.

To create a new Quartus Prime project that is based on a design example, follow these
steps:

1. the Quartus Prime software, click File O New Project Wizard. Click Next to
view the Family, Device & Board Settings wizard page.

2. Under the Select the type of project to create, select Design Example and
click Next. The Family, Device & Board Settings page appears, allowing you to
find and select the design example from which to base your project.

Figure 4. Family, Device & Board Settings Page of New Project Wizard

@

Family, Device & Board Settings

¢ Project Settings
Select the type of project to create. Specify the properties of the project.
Empty project What is the working directory for this project?

Create new project by specifying project files and ‘/designs/test
libraries, target device family and device, and
EDA tool settings.

» Design example

Create a project from an existing design example.
You can choose from design examples installed
with the Intel Quartus Prime software, or
download design examples from the Design
Store.

3. Under What is the working directory for this project?, specify the directory to
store your project files and click Next.
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4. Under Find Options, select the Family, Development Kit, and Vendor design

Figure 5. Board Tab in New Project Wizard

Device | Board
Select the board/development kit you want to target for compilation.

» Find Options

Famil Agilex 7
Development Kit: | Any
Vendc Any

Show only boards/development kits with design examples

Filter: | Device - -

Development Kit
Intel Agilex 7 F-Series FPGA Development Kit DK-DEV-AGFO14EA
Intel Agil
Intel Agilex 7 I-Series FPGA Development Kit DK-DEV-AGIO27RES
Intel Agilex 7 2_F-Tile FPGA F-Series Development Kit

example you want to use. Refer to Family, Device & Board Settings on page 25.

ex 7 F-Series Transceiver-SoC Development Kit DK-SI-AGFO14EA |

The search results display the design examples that meet your search criteria.

5. Select the design example that you want in the search results and click Next. If
the design example is licensed by Intel FPGA, a Software License Agreement

page appears that prompts you to accept the license agreement before you can
proceed.

Click Next to proceed to the Summary page.

Click Finish to deploy the selected design example in the Quartus Prime software.
When a design example downloads, the design's . par downloads to the download
path that you define in More Settings, but the design itself extracts to the

project working directory that you specify.

Also refer to Accessing Online Design Examples on page 27 and Accessing
Downloaded Design Examples on page 31.

Related Information

Intel FPGA Design Examples

3.1.1.1.1. Family, Device & Board Settings

The following options are available in the Family, Device & Board Settings page of
the New Project Wizard. Specify these options to locate and deploy a validated
design example targeting a specific board as a starting point for your FPGA design
project. Some options are only available from File O Open Example Project
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Table 9. Family, Device & Board Settings Page Options

Option

Description

Select the type of project to create

e Empty—create a new empty FPGA design project to which you add all design
files, settings, and constraints.

o Design example—create a new project from an existing design example.
You can access installed or online available design examples.

What is the working directory for
this project?

Specifies the directory where you want to extract and deploy the design
example.

Find Options

Allows you to filter design example search results by one of the following facets:

e Load from >Pre-installed design examples—specifies that search
includes examples installed with the Quartus Prime software.

e Load from > User downloaded desigh examples—search includes design
examples that you download or your own design examples that you store in a
local repository.

e Load from > Online design examples—search includes design examples
hosted online, including examples from the Intel FPGA Design Store.

e Family—search only includes design examples for the device families that
you specify. You can specify multiple values.

e Quartus Prime version—search only includes design examples that support
the Quartus Prime software version that you specify. You can specify multiple
pipe separated values.

o Development kit—search only includes design examples that support the
Intel FPGA development kit that you specify. You can specify multiple pipe
separated values.

More settings button

Opens the Options panel that allows you to configure the Internet
Connectivity and Design Examples connection and download settings, as
Design Examples Options on page 30 describes.

Reset button

Resets the Find Options to default settings.

Legend panel

Displays the meaning of design example status icons in the search results.
Design example status is validated (checkmark icon), unvalidated (question
mark icon), or unsupported for the current Intel Quartus Prime software version
(x icon).

Filter text box

Specifies a text string to further filter design example search results according to
any text string you specify.

Search results list

Displays the design examples, status, and location that match your search
filters.

Details panel

Displays a detailed description and diagram of the selected design example.

Design Store button

Opens the Design Store website in your default web browser from which you can
download available Intel FPGA validated design examples.

3.1.1.1.2. Accessing Pre-Installed Design Examples

The Quartus Prime software installation includes design examples for your immediate

use.

You can access the pre-installed design examples while using the Quartus Prime
software using the following methods:

e C(Click File 0 New Project Wizard 0 Family, Device & Board Settings page.

e (Click Open Example Project on the Home tab (Help O Home).

e Click File O Open Example Project.
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To create a new project based on pre-installed design examples, follow these steps
Quartus Prime Pro Edition software:

1. Click File O Open Example Project. The Design Example page of the New
Project Wizard opens.

2. For What is the working directory for this project?, specify the directory
location to store your project files.

Figure 6. Find Options Locate Pre-Installed Design Example

~ Find Options
Load from: Pre-installed design examples -
Family: Agilex 7 -

Intel Quartus Prime version: 23.1 =

Development kit: Intel® Agilex™ F-Series FPGA Development Kit DK-DEV-AGFO14EA ~
More settings... Reset
+ Legend
Q, <<Filter>>
Load From ~ Design Name
| [pre-installed _Agilex 7 - Nios’ Vjm PIO LED Toggle Design |

Pre-installed Agilex 7 - Nios® V/m EMIF Data Mover Design
Pre-installed Agilex 7 - Nios® II-EMIF-PIO Design

3. Under Find Options, specify the following settings to filter the list of design
examples for the target device and board. Also refer to Family, Device & Board
Settings on page 25.

a. In Load from, select the Pre-Installed desigh examples, repository.
b. In Family, select your target FPGA device family.
c. In Intel Quartus Prime version, select the software version.
d. In Development kit, select the target kit or board.
4. Under Design name, select the design example to base your project on.

5. Click Next, and then click Finish. The design extracts to the working directory
and opens in the Quartus Prime software.

Related Information
Design Example Discovery
3.1.1.1.3. Accessing Online Designh Examples

You can create a new project based on a design example that you access from an
online repository. To use this method, you may need to specify a proxy server for
access and the download path.

To create a new project in the Intel Quartus Prime software based on online design
examples, follow these steps:

1. Click File 0 Open Example Project. The Design Example page of the New
Project Wizard opens.
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Figure 7. Open Example Project Icon on Home Page

£ Home ¢
Recent Projects

test.qpf
blinking_led.qpf

*!; New Project Wizard ﬁ Open Example Project ;1 Open Project

W RO e | @
Notifications

2. For What is the working directory for this project?, specify the directory
location to store your project files.

3. Click the More Settings button. The Options dialog box opens with the Internet
Connectivity tab open by default.

Figure 8. Intel Quartus Prime Software Internet Connectivity Settings

Internet Connectivi

Web browser

Use custom web browser instead of system default

Proxy server

v| Access online design examples using a proxy server

Address:

Port:
User name:

Password:

4. If your internet connection requires a proxy server (using VPN), turn on the
Access online design examples using a proxy server option, and then specify
your proxy Address, Port, User name, and Password. If your internet
connection does not require a proxy server, skip this step.

5. On the Design Example Search Locations tab, specify the Download path for
download of the design example .par file.

Click OK.

7. Under Find Options, specify the following settings. Also refer to Family, Device &
Board Settings on page 25.

a. In Load from, select Downloaded design examples.

b. In Family, Intel Quartus Prime version, and Development kit fields
select the values to match your target design and board.

8. In the design example list, select the design that you want to deploy.
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Online Agilex 7 - I/0 PLL Reconfiguration Design

~ Find Options
Load from: ® Online design examples -
Family: Agilex 7 -

Intel Quartus Prime version:* 22.4 b

Development kit: Intel® Agilex™ F-Series Transceiver-SoC Development Kits -
More settings... Reset
+ Legend
Q <<Filter>>
Load From ~ Design Name
Online Agilex 7 - Agilex - 1/O PLL Reconfiguration

9. Click Next, and then click Finish. The design extracts to the working directory
and opens in the Quartus Prime software.

Internet Connectivity Options

Table 10.

You can specify the following internet connectivity options that determine how the
Quartus Prime software connects to the internet for various functions, such as
accessing Help and design examples, with either of the following:

e (lick Tools O Options 0 Internet Connectivity
Or

e Click More Settings on the Design Example page of the New Project Wizard
(File 0 New Project Wizard).

The following options are available on the Internet Connectivity options page.

Internet Connectivity Options

Option Description

Web browser Specifies the web browser that deploys when the Quartus Prime software

accesses the internet, including the Intel FPGA Design Store web page. Enable

Use custom web browser to specify the path to your preferred supported web
browser.

Proxy server Specify options if connecting to the internet through a proxy server. To access

online design examples specify the appropriate option:

e Access online design examples using a proxy server—turn on this
option if you are connected to the internet through a VPN. Turn off this option
if you are not connected to the internet through a VPN (such as connection
through a private network).
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Figure 10. Internet Connectivity Page

Category:
Internet Connectivity
Design Examples Web browser

v/ Use custom web browser instead of system def:
Path:
Proxy server
v/ Access online design examples using a proxy se
Address:
Port:

User name:

Password:

OK Cancel Help

Related Information
Design Example Options Page on page 30

Design Examples Options

You can click the following to specify options that determine how the Quartus Prime
software accesses available design examples.

e Click File O New Project Wizard and then click the More Settings button on
the Design Example page of the New Project Wizard.

Table 11. Design Examples Options

Option Description

Design Example search directory Specifies the local directories that the Quartus Prime software searches for
design examples. This setting determines which directories you include in search
when using the New Project Wizard to start a project from an existing design
example. Click Add, Remove, Up, or Down to change the search order and
contents in the Directories list.

Directories Lists the various directories that you include in the design example search path
for the New Project Wizard.
Download path Specifies the path for download of online design examples.
Quartus Prime Pro Edition User Guide: Getting Started C] send Feedback

30


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Getting%20Started%20(683463%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

3. Selecting a Starting Point for Your Quartus Prime Pro Edition Project a Ite rd
683463 | 2024.04.01 ™

An Intel Company

Figure 11. Design Examples Page

Options  _

Category:

Internet Connectivity Design Examples
Design Examples Specify the search locations for design templates.

List the search locations in the order you want to
search them.

Design example search directories

Design example search director

Directories

Download path: lartus/linux64/design_examples| ...

oK Cancel Help

3.1.1.1.4. Accessing Downloaded Design Examples

You can create a new project from a design example that you have previously
downloaded. Download a design example .par file from an online repository (such as
the Intel FPGA Design Store) into your working directory. Designs that you create
yourself and store in a local drive also appear as downloaded examples.

To create a new project based on downloaded design examples, follow these steps:

1. Download a design example, as Accessing Online Design Examples on page 27
describes.

2. Click the Open Example Project icon on the Quartus Prime Pro Edition Home
page. The Design Example page of the New Project Wizard opens.

3. For What is the working directory for this project?, specify the directory
location to store your project files.

4. Under Find Options, specify the following settings. Refer to Family, Device &
Board Settings on page 25.

a. In Load from, select Downloaded desigh examples.

b. In Family, Intel Quartus Prime version, and Development kit fields
select the values to match your target design and board.

5. In the design example list, select the design that you want to deploy.
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Figure 12. Downloaded Agilex 7 I/0 PLL Reconfiguration Design

» Find Options
Load from: User downloaded design examples
Family: Agilex 7

Intel Quartus Prime version: |19.4.D| -

Development kit: Agilex F-Series Transceiver-SoC Development Kit -
More settings... Reset
» Legend
Q <<Filter>>
Load From ~ Design Name =

Downloaded 1/O PLL Reconfiguration

6. Click Next, and then click Finish. The design extracts to the working directory
and opens in the Quartus Prime software.

3.1.1.2. Specifying a Target Board for the Project

You can specify the target for a new project in the New Project Wizard, or you can
specify a target board for an existing project by clicking Assignments [0 Device. To
specify a target board for an existing project, follow these steps:

1. Click Assignments 0 Device. The Device dialog box appears.

2. Click the Board tab. The Board tab allows you to target a specific FPGA device
board, rather than just a specific FPGA device.

Figure 13. Board Tab Settings
Device Board
Select the board/development kit you want to target for compilation.
+ Find Options
Famil Agilex 7 -
Development Kit: | Intel Agilex 7 F-Series FPGA Development Kit DK-DEV-A -
Vendc Intel -
Show only boards/development kits with design examples
Filter: | Device x x
Development Kit Family
Intel Agilex 7 F-Series FPGA Development Kit DK-DEV-AGFO14EA Agilex 7
3. In the Family, Intel Quartus Prime version, and Development kit fields,
select the values to match your target design and board.
Click the desired board in the list. The board details appear in the right pane.
5. Click OK. Your project now targets the specified board and device.
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3.2. Migrating Projects from Other Quartus Prime Editions to
Quartus Prime Pro Edition

The Quartus Prime Pro Edition software supports migration of Quartus Prime Standard
Edition, Quartus Prime Lite Edition, and Quartus II software projects.

Note: The migration steps for Quartus Prime Lite Edition, Quartus Prime Standard Edition,
and the Quartus II software are identical. For brevity, this section refers to these
design tools collectively as "other Quartus software products."”

Migrating to Quartus Prime Pro Edition requires the following changes to other Quartus
software product projects:

1. Upgrade project assignments and constraints with equivalent Quartus Prime Pro
Edition assignments.

2. Upgrade all Intel FPGA IP core variations and Platform Designer systems in your
project.

3. Upgrade design RTL to standards-compliant VHDL, Verilog HDL, or SystemVerilog.
This document describes each migration step in detail.

Related Information
Migrating to the Quartus Prime Pro Edition Software

3.2.1. Keeping Pro Edition Project Files Separate

The Quartus Prime Pro Edition software does not support project or constraint files
from other Quartus software products. Do not place project files from other Quartus
software products in the same directory as Quartus Prime Pro Edition project files. In
general, use Quartus Prime Pro Edition project files and directories only for Quartus
Prime Pro Edition projects, and use other Quartus software product files only with
those software tools.

Quartus Prime Pro Edition projects do not support compilation in other Quartus
software products, and vice versa. The Quartus Prime Pro Edition software generates
an error if the Compiler detects other Quartus software product's features in project
files.

Before migrating other Quartus software product projects, click Project 0 Archive
Project to save a copy of your original project before making modifications for
migration.

3.2.2. Upgrading Project Assignments and Constraints

Quartus Prime Pro Edition software introduces changes to handling of project
assignments and constraints that the Quartus Settings File (.qsT) stores. Upgrade
other Quartus software product project assignments and constraints for migration to
the Quartus Prime Pro Edition software. Upgrade other Quartus software product
assignments with Assignments [0 Assignment Editor, by editing the .gsf file
directly, or by using a Tcl script.
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Note:

If you open a Quartus Prime Standard Edition software project in the Quartus Prime
Pro Edition software, and that project contains unsupported junction temperature
setting values, you can modify these settings by clicking Assignments 00 Settings [
Operating Settings and Conditions 0 Temperature. Click OK, and then click Yes
when prompted to update the values.

The following sections detail the various types of project assignment upgrade that
migration requires.

Related Information

e Modifying Entity Name Assignments on page 34

e Resolving Timing Constraint Entity Names on page 34

e Verifying Generated Node Name Assignments on page 35

e Replace Logic Lock (Standard) Regions on page 35

¢ Modifying Signal Tap Logic Analyzer Files on page 37

e Removing Unsupported Feature Assignments on page 38

3.2.2.1. Modifying Entity Name Assignments

Quartus Prime Pro Edition software supports assignments that include instance names
without a corresponding entity name.

e '"a entity:a|b_entity:b]c_entity:c" (includes deprecated entity names)

e “a]b]c” (omits deprecated entity names)

While the current version of the Quartus Prime Pro Edition software still accepts entity
names in the .qsT¥, the Compiler ignores the entity name. The Compiler generates a
warning message upon detection of an entity names in the .qs¥. Whenever possible,
you should remove entity names from assignments, and discontinue reliance on
entity-based assignments. Future versions of the Quartus Prime Pro Edition software
may eliminate all support for entity-based assignments.

3.2.2.2. Resolving Timing Constraint Entity Names

The Quartus Prime Pro Edition Timing Analyzer honors entity names in Synopsys
Design Constraints (.sdc) files.

Use .sdc files from other Quartus software products without modification. However,
any scripts that include custom processing of names that the .sdc command returns,
such as get_registers may require modification. Your scripts must reflect that
returned strings do not include entity names.

The .sdc commands respect wildcard patterns containing entity names. Review the
Timing Analyzer reports to verify application of all constraints. The following example
illustrates differences between functioning and non-functioning . sdc scripts:

# Apply a constraint to all registers named "acc" in the entity "counter'.
# This constraint functions in both SE and PE, because the SDC

# command always understands wildcard patterns with entity names in them
set_false_path —to [get_registers ‘counter:*|*acc’]

# This does the same thing, but first it converts all register names to
# strings, which includes entity names by default in the SE

# but excludes them by default in the PE. The regexp will therefore

# fail in PE by default.
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#
# This script would also fail in the SE, and earlier
# versions of Quartus Il, if entity name display had been disabled
# in the QSF.
set all_reg_strs [query_collection —list —all [get_registers *]]
foreach keeper $all_reg_strs {

ifT {[regexp {counter:*]:*acc} $keeper]} {

set_false_path —to $keeper
3

}

Removal of the entity name processing from .sdc files may not be possible due to
complex processing involving node names. Use standard .sdc whenever possible to
replace such processing. Alternatively, add the following code to the top and bottom of
your script to temporarily re-enable entity name display in the .sdc file:

# This script requires that entity names be included

# due to custom name processing

set old_mode [set_project mode -get_mode_value always_show_entity_name]
set_project_mode -always_show_entity name on

<... the rest of your script goes here ...>

# Restore the project mode
set_project_mode -always_show_entity_name $old_mode

3.2.2.3. Verifying Generated Node Name Assignments

Quartus Prime synthesis generates and automatically names internal design nodes
during processing. The Quartus Prime Pro Edition uses different conventions than
other Quartus software products to generate node names during synthesis. When you
synthesize your other Quartus software product project in Quartus Prime Pro Edition,
the synthesis-generated node names may change. If any scripts or constraints depend
on the synthesis-generated node names, update the scripts or constraints to match
the Quartus Prime Pro Edition synthesis node names.

Avoid dependence on synthesis-generated names due to frequent changes in name
generation. In addition, verify the names of duplicated registers and PLL clock outputs
to ensure compatibility with any script or constraint.

3.2.2.4. Replace Logic Lock (Standard) Regions

Quartus Prime Pro Edition software introduces more simplified and flexible Logic Lock
constraints, compared with previous Logic Lock regions. You must replace all Logic
Lock (Standard) assignments with compatible Logic Lock assignments for migration.

To convert Logic Lock (Standard) regions to Logic Lock regions:

1. Edit the .qgsT to delete or comment out all of the following Logic Lock
assignments:

set_global_assignment -name LL_ENABLED*

set_global_assignment -name LL_AUTO_SIZE*

set_global_assignment -name LL_STATE FLOATING*
set_global_assignment -name LL_RESERVED*

set_global_assignment -name LL_CORE_ONLY*

set_global_assignment -name LL_SECURITY_ROUTING_INTERFACE*
set_global_assignment -name LL_IGNORE_10_BANK_SECURITY_CONSTRAINT*
set_global_assignment -name LL_PR_REGION*

set_global_assignment -name LL_ROUTING_REGION_EXPANSION_SIZE*
set_global_assignment -name LL_WIDTH*
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set_global_assignment -name LL_HEIGHT
set_global_assignment -name LL_ORIGIN

set_instance_assignment -name LL_MEMBER_OF

2. Edit the .gsf or click Tools O Chip Planner to define new Logic Lock regions.
Logic Lock constraint syntax is simplified, for example:

set_instance_assignment -name PLACE_REGION "1 1 20 20" -to fifol
set_instance_assignment -name RESERVE_PLACE_REGION OFF -to fifol
set_instance_assignment -name CORE_ONLY_PLACE_REGION OFF -to fifol

Compilation fails if synthesis finds other Quartus software product's Logic Lock
assignments in an Quartus Prime Pro Edition project. The following table compares
other Quartus software product region constraint support with the Quartus Prime
Pro Edition software.

Region Constraints Per Edition

Constraint Type

Logic Lock (Standard) Region Support
Other Quartus Software Products

Logic Lock Region Support
Quartus Prime Pro Edition

Fixed rectangular, Full support. Full support.
nonrectangular or non-

contiguous regions

Chip Planner entry Full support. Full support.

Periphery element
assignments

Supported in some instances.

Full support. Use “core-only” regions to
exclude the periphery.

Nested (“hierarchical”)
regions

Supported but separate hierarchy from the user
instance tree.

Supported in same hierarchy as user
instance tree.

Reserved regions

Limited support for nested or nonrectangular
reserved regions. Reserved regions typically
cannot cross I/O columns; use non-contiguous
regions instead.

Full support for nested and
nonrectangular regions. Reserved
regions can cross I/O columns without
affecting periphery logic if the regions
are "core-only".

Routing regions

Limited support via “routing expansion.” No
support with hierarchical regions.

Full support (including future support
for hierarchical regions).

Floating or autosized
regions

Full support.

No support.

Region names

Regions have names.

Regions are identified by the instance
name of the constrained logic.

Multiple instances in the
same region

Full support.

Support for non-reserved regions.
Create one region per instance, and
then specify the same definition for
multiple instances to assign to the same
area. Not supported for reserved
regions.

Member exclusion

Full support.

No support for arbitrary logic. Use a
core-only region to exclude periphery
elements. Use non-rectangular regions
to include more RAM or DSP columns as
needed.

3.2.2.4.1. Logic Lock Region Assignment Examples

The following examples show the syntax of Logic Lock region assignments in the .qsf
file. Optionally, you can enter these assignments in the Assignment Editor, the Logic
Lock Regions Window, or the Chip Planner.
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Example 1. Assign Rectangular Logic Lock Region

Assigns a rectangular Logic Lock region to a lower left corner location of (10,10), and
an upper right corner of (20,20) inclusive.

set_instance_assignment —name PLACE_REGION —to a]b]c ""X10 Y10 X20 Y20"

Example 2. Assign Non-Rectangular Logic Lock Region

Assigns instance with full hierarchical path "xX|y]z" to non-rectangular L-shaped Logic
Lock region. The software treats each set of four numbers as a new box.

set_instance_assignment —name PLACE_REGION —to x]y]z ""X10 Y10 X20 Y50; X20 Y10
X50 Y20

Example 3. Assign Subordinate Logic Lock Instances

By default, the Quartus Prime software constrains every child instance to the Logic
Lock region of its parent. Any constraint to a child instance intersects with the
constraint of its ancestors. For example, in the following example, all logic beneath
“a]b|]c]d” constrains to box (10,10), (15,15), and not (0,0), (15,15). This
result occurs because the child constraint intersects with the parent constraint.

set_instance_assignment —name PLACE_REGION —to a]|b]c *"X10 Y10 X20 Y20
set_instance_assignment —name PLACE_REGION —to a]b]c|d "XO0 YO X15 Y15"

Example 4. Assign Multiple Logic Lock Instances

By default, a Logic Lock region constraint allows logic from other instances to share
the same region. These assignments place instance c and instance g in the same
location. This strategy is useful if instance ¢ and instance g are heavily interacting.

set_instance_assignment —name PLACE_REGION —to a]b]c ""X10 Y10 X20 Y20"
set_instance_assignment —name PLACE_REGION —to e]|f]g ""X10 Y10 X20 Y20"

Example 5. Assigned Reserved Logic Lock Regions

Optionally reserve an entire Logic Lock region for one instance and any of its
subordinate instances.

set_instance_assignment —name PLACE_REGION —to a]|b]c *"X10 Y10 X20 Y20
set_instance_assignment —name RESERVE_PLACE_REGION —to a]b]c ON

# The following assignment causes an error. The logic in e|f]g is not
# legally placeable anywhere:
# set_instance_assignment —name PLACE_REGION —to e]|f]g "X10 Y10 X20 Y20"

# The following assignment does *not* cause an error, but is effectively

# constrained to the box (20,10), (30,20), since the (10,10),(20,20) box is
reserved

# for a]bjc

set_instance_assignment —name PLACE_REGION —to e|f]g ""X10 Y10 X30 Y20"

3.2.2.5. Modifying Signal Tap Logic Analyzer Files

Quartus Prime Pro Edition introduces new methodology for entity names, settings, and
assignments. These changes impact the processing of Signal Tap Logic Analyzer Files

(.stp).
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If you migrate a project that includes .stp files generated by other Quartus software
products, you must make the following changes to migrate to the Quartus Prime Pro
Edition:

1. Remove entity names from .stp files. The Signal Tap Logic Analyzer allows
without error, but ignores, entity names in .stp files. Remove entity names
from .stp files for migration to Quartus Prime Pro Edition:

a. Click View 0O Node Finder to locate and remove appropriate nodes. Use Node
Finder options to filter on nodes.

b. Click Processing 0 Start 0 Start Analysis & Elaboration to repopulate the
database and add valid node names.

2. Remove post-fit nodes. Quartus Prime Pro Edition uses a different post-fit node
naming scheme than other Quartus software products.

a. Remove post-fit tap node names originating from other Quartus software
products.

b. Click View 0 Node Finder to locate and remove post-fit nodes. Use Node
Finder options to filter on nodes.

c. Click Processing [0 Start Compilation to repopulate the database and add
valid post-fit nodes.

3. Run an initial compilation in Quartus Prime Pro Edition from the GUI. The Compiler
automatically removes Signal Tap assignments originating other Quartus software
products. Alternatively, from the command-line, run quartus_stp once on the
project to remove outmoded assignments.

Note: quartus_stp introduces no migration impact in the Quartus Prime Pro
Edition. Your scripts require no changes to quartus_stp for migration.

4. Modify .sdc constraints for JTAG. Quartus Prime Pro Edition does not support
embedded .sdc constraints for JTAG signals. Modify the timing template to suit
the design's JTAG driver and board.

3.2.2.6. Removing References to .qip Files

In Quartus Prime Standard Edition projects, Platform Designer (Standard)

generates .qip files. These files describe the parameterized IP cores to the Compiler,
and appear as assignments in the project's .qsf file. However, in Quartus Prime Pro
Edition projects, the parameterized IP core description occurs in . ip files. Moreover,
references to .qip files in a project's .qsT file cause synthesis errors during
compilation.

e When migrating a project to Quartus Prime Pro Edition, remove all references
to .qip files from the .qs¥ file.

3.2.2.7. Removing Unsupported Feature Assignments

The Quartus Prime Pro Edition software does not support some feature assignments
that other Quartus software products support. Remove the following unsupported
feature assignments from other Quartus software product .qsT files for migration to
the Quartus Prime Pro Edition software.
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e Incremental Compilation (partitions)—The current version of the Quartus Prime
Pro Edition software does not support Quartus Prime Standard Edition incremental
compilation. Remove all incremental compilation feature assignments from other
Quartus software product .qgsfT files before migration.

e Quartus Prime Standard Edition Physical synthesis assignments. Quartus Prime
Pro Edition software does not support Quartus Prime Standard Edition Physical
synthesis assignments. Remove any of the following assignments from the .qsf
file or design RTL (instance assignments) before migration.

PHYSICAL_SYNTHESIS_COMBO_LOGIC_FOR_AREA
PHYSTCAL_SYNTHESIS_COMBO_LOGIC
PHYSICAL_SYNTHESIS_REGISTER_DUPLICATION
PHYSICAL_SYNTHESIS_REGISTER_RETIMING
PHYSICAL_SYNTHESIS_ASYNCHRONOUS_SIGNAL_PIPELINING
PHYSICAL_SYNTHESIS_MAP_LOGIC_TO_MEMORY_FOR_AREA

If you open a Quartus Prime Standard Edition software project in the Quartus Prime
Pro Edition software, and that project contains unsupported junction temperature
setting values, you can modify these settings by clicking Assignments [0 Settings [
Operating Settings and Conditions 0 Temperature. Click OK, and then click Yes
when prompted to update the values.

3.2.3. Upgrading IP Cores and Platform Designer Systems

Table 13.

Upgrade all IP cores and Platform Designer systems in your project for migration to
the Quartus Prime Pro Edition software. The Quartus Prime Pro Edition software uses
standards-compliant methodology for instantiation and generation of IP cores and
Platform Designer systems. Most Intel FPGA IP cores and Platform Designer systems
upgrade automatically in the Upgrade IP Components dialog box.

Other Quartus software products use a proprietary Verilog configuration scheme within
the top level of IP cores and Platform Designer systems for synthesis files. The
Quartus Prime Pro Edition does not support this scheme. To upgrade all IP cores and
Platform Designer systems in your project, click Project O Upgrade IP
Components.(?)

IP Core and Platform Designer System Differences

Other Quartus Software Products

Quartus Prime Pro Edition

IP and Platform Designer system generation
use a proprietary Verilog HDL configuration
scheme within the top level of IP cores and
Platform Designer systems for synthesis files. | o
This proprietary Verilog HDL configuration
scheme prevents RTL entities from ambiguous
instantiation errors during synthesis.
However, these errors may manifest in
simulation. Resolving this issue requires
writing a Verilog HDL configuration to
disambiguate the instantiation, delete the

IP and Platform Designer system generation does not use proprietary
Verilog HDL configurations. The compilation library scheme changes in the
following ways:

Compiles all variants of an IP core into the same compilation library
across the entire project. Quartus Prime Pro Edition identically names
IP cores with identical functionality and parameterization to avoid
ambiguous entity instantiation errors. For example, the files for every
Arria 10 PCI Express* IP core variant compile into the
altera_pcie_alO_hip_151 compilation library.

e Simulation and synthesis file sets for IP cores and systems instantiate
entities in the same manner.

duplicate entity from the project, or rename
one of the conflicting entities. Quartus Prime
Pro Edition IP strategy resolves these issues.

The generated RTL directory structure now matches the compilation

library structure.

(2) For brevity, this section refers to Quartus Prime Standard Edition, Intel Quartus Prime Lite
Edition, and the Quartus II software collectively as "other Quartus software products."
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Note: For complete information on upgrading IP cores, refer to Managing Quartus Prime
Projects.
Related Information
e Working With Intel FPGA IP Cores on page 50
e Managing Quartus Prime Projects on page 85

3.2.4. Upgrading Non-Compliant Design RTL

The Quartus Prime Pro Edition software introduces a new synthesis engine
(quartus_syn executable).

The quartus_syn synthesis enforces stricter industry-standard HDL structures and
supports the following enhancements in this release:

e Support for modules with SystemVerilog Interfaces

e Improved support for VHDL2008

¢ New RAM inference engine infers RAMs from GENERATE statements or array of
integers

e Stricter syntax/semantics check for improved compatibility with other EDA tools
Account for these synthesis differences in existing RTL code by ensuring that your
design uses standards-compliant VHDL, Verilog HDL, or SystemVerilog. The Compiler
generates errors when processing non-compliant RTL. Use the guidelines in this
section to modify existing RTL for compatibility with the Quartus Prime Pro Edition
synthesis.

Related Information

e Verifying Verilog Compilation Unit on page 40

e Updating Entity Auto-Discovery on page 41

e Ensuring Distinct VHDL Namespace for Each Library on page 42

e Removing Unsupported Parameter Passing on page 42

e Removing Unsized Constant from WYSIWYG Instantiation on page 42

e Removing Non-Standard Pragmas on page 43

e Declaring Objects Before Initial Values on page 43

e Confining SystemVerilog Features to SystemVerilog Files on page 43

e Avoiding Assignment Mixing in Always Blocks on page 44

e Avoiding Unconnected, Non-Existent Ports on page 44

e Avoiding Invalid Parameter Ranges on page 44

e Updating Verilog HDL and VHDL Type Mapping on page 45

3.2.4.1. Verifying Verilog Compilation Unit

Quartus Prime Pro Edition synthesis uses a different method to define the compilation
unit. The Verilog LRM defines the concept of compilation unit as “a collection of one or
more Verilog source files compiled together” forming the compilation-unit scope.
Items visible only in the compilation-unit scope include macros, global declarations,
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and default net types. The contents of included files become part of the compilation
unit of the parent file. Modules, primitives, programs, interfaces, and packages are
visible in all compilation units. Ensure that your RTL accommodates these changes.

Table 14. Verilog Compilation Unit Differences

Other Quartus Software Products Quartus Prime Pro Edition

Synthesis in other Quartus software products follows the Multi- | Quartus Prime Pro Edition synthesis follows the Single-
file compilation unit (MFCU) method to select compilation unit | file compilation unit (SFCU) method to select compilation
files. In MFCU, all files compile in the same compilation unit. unit files. In SFCU, each file is a compilation unit, file
Global definitions and directives are visible in all files. order is irrelevant, and the macro is only defined until the
However, the default net type is reset at the start of each file. end of the file.

Note: You can optionally change the MFCU mode using the following assignment:
set_global_assignment -name VERILOG_CU_MODE MFCU

3.2.4.1.1. Verilog HDL Configuration Instantiation

Quartus Prime Pro Edition synthesis requires instantiation of the Verilog HDL
configuration, and not the module. In other Quartus software products, synthesis
automatically finds any Verilog HDL configuration relating to a module that you
instantiate. The Verilog HDL configuration then instantiates the design.

If your top-level entity is a Verilog HDL configuration, set the Verilog HDL
configuration, rather than the module, as the top-level entity.

Table 15. Verilog HDL Configuration Instantiation

Other Quartus Software Products Quartus Prime Pro Edition
From the Example RTL, synthesis automatically finds the From the Example RTL, synthesis does not find the
mid_config Verilog HDL configuration relating to the mid_config Verilog HDL configuration. You must instantiate
instantiated module. the Verilog HDL configuration directly.
Example RTL:

config mid_config;

design good_lib.mid;

instance mid.sub_inst use good_lib.sub;
endconfig

module test (input al, output b);

mid_config mid_inst ( .al(al), -b(b));

/1 in other Quartus products preceding |line wuld have been:
/lmd md_inst ( .al(al), .b(b));

endmodule

module mid (input al, output b);
sub sub_inst (.al(al), -b(b));
endmodule

3.2.4.2. Updating Entity Auto-Discovery

All editions of the Quartus Prime and Quartus II software search your project directory
for undefined entities. For example, if you instantiate entity “sub” in your design
without specifying “sub” as a design file in the Quartus Settings File (.qsf), synthesis
searches for sub.v, sub.vhd, and so on. However, Quartus Prime Pro Edition
performs auto-discovery at a different stage in the flow. Ensure that your RTL code
accommodates these auto-discovery changes.
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Table 16. Entity Auto-Discovery Differences

Other Quartus Software Quartus Prime Pro Edition
Products

Always automatically searches | Always automatically searches your project directory and search path for undefined

your project directory and entities. Quartus Prime Pro Edition synthesis performs auto-discovery earlier in the flow
search path for undefined than other Quartus software products. This results in discovery of more syntax errors.
entities. Optionally disable auto-discovery with the following .qsT assignment:

set_global_assignment -name AUTO_DISCOVER_AND_SORT OFF

3.2.4.3. Ensuring Distinct VHDL Namespace for Each Library

Quartus Prime Pro Edition synthesis requires that VHDL namespaces are distinct for
each library. The stricter library binding requirement complies with VHDL language
specifications and results in deterministic behavior. This benefits team-based projects
by avoiding unintentional name collisions. Confirm that your RTL respects this change.

Table 17. VHDL Namespace Differences

Other Quartus Software Products Quartus Prime Pro Edition

For the Example RTL, the analyzer searches all libraries in an unspecified | For the Example RTL, the analyzer uses the
order until the analyzer finds package utilities_pack and uses items | specific utilities_pack in myLib. If
from that package. If another library, for example projectLib also utilities_pack does not exist in library
contains uti lities_pack, the analyzer may use this library instead of | myLib, the analyzer generates an error.
myLib.utilites_pack if found before the analyzer searches myLib.

Example RTL:

library myLib; use
myLib.utilities_pack.all;

3.2.4.4. Removing Unsupported Parameter Passing

Quartus Prime Pro Edition synthesis does not support parameter passing using
set_parameter in the .gsT. Synthesis in other Quartus software products supports
passing parameters with this method. Except for the top-level of the design where
permitted, ensure that your RTL does not depend on this type of parameter passing.

Table 18. SystemVerilog Feature Differences

Other Quartus Software Products Quartus Prime Pro Edition

From the Example RTL, synthesis overwrites | From the Example RTL, synthesis generates a syntax error for detection of
the value of parameter SIZE in the instance | parameter passing assignments in the .qs¥. Specify parameters in the RTL.
of my_ram instantiated from entity mid- The following example shows the supported top-level parameter passing
level. format. This example applies only to the top-level and sets a value of 4 to
parameter N:

set_parameter -name N 4

Example RTL:

set_parameter —entity mid_level —to my_ram —name SIZE 16

3.2.4.5. Removing Unsized Constant from WYSIWYG Instantiation

Quartus Prime Pro Edition synthesis does not allow use of an unsized constant for
WYSIWYG instantiation. Synthesis in other Quartus software products allows use of
SystemVerilog (.SV) unsized constants when instantiating a WYSIWYG in a .V file.
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Quartus Prime Pro Edition synthesis allows use of unsized constants in .SV files for
uses other than WYSIWYG instantiation. Ensure that your RTL code does not use
unsized constants for WYSIWYG instantiation. For example, specify a sized literal, such
as 2'b11, rather than '1.

3.2.4.6. Removing Non-Standard Pragmas

Quartus Prime Pro Edition synthesis does not support the

vhdl (verilog)_input_version pragma or the library pragma. Synthesis in
other Quartus software products supports these pragmas. Remove any use of the
pragmas from RTL for Quartus Prime Pro Edition migration. Use the following
guidelines to implement the pragma functionality in Quartus Prime Pro Edition:

e vhdl(verilog)_ input_version Pragma—allows change to the input version in
the middle of an input file. For example, to change VHDL 1993 to VHDL 2008. For
Quartus Prime Pro Edition migration, specify the input version for each file in
the .gst.

e library Pragma—allows changes to the VHDL library into which files compile. For
Quartus Prime Pro Edition migration, specify the compilation library in the .qsf.

3.2.4.7. Declaring Objects Before Initial Values

Quartus Prime Pro Edition synthesis requires declaration of objects before initial value.
Ensure that your RTL declares objects before initial value. Other Quartus software
products allow declaration of initial value prior to declaration of the object.

Table 19. Object Declaration Differences

Other Quartus Software Products Quartus Prime Pro Edition
From the Example RTL, synthesis initializes the output From the Example RTL, synthesis generates a syntax
p_prog_iol with the value of p_progiol_reg, even though the | error when you specify initial values before declaring
register declaration occurs in Line 2. the register.

Example RTL:

1 output p_prog_iol = p_prog_iol_reg;
2 reg p_prog_iol_reg;

3.2.4.8. Confining SystemVerilog Features to SystemVerilog Files

Quartus Prime Pro Edition synthesis does not allow SystemVerilog features in Verilog
HDL files. Other Quartus software products allow use of a subset of SystemVerilog
(-sv) features in Verilog HDL (.V) design files. To avoid syntax errors in Quartus
Prime Pro Edition, allow only SystemVerilog features in Verilog HDL files.

To use SystemVerilog features in your existing Verilog HDL files, rename your Verilog
HDL (.v) files as SystemVerilog (.sV) files. Alternatively, you can set the file type in
the .gsf, as shown in the following example:

set_global_assignment -name SYSTEMVERILOG_FILE <file>.v
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Table 20. SystemVerilog Feature Differences

Other Quartus Software Products Quartus Prime Pro Edition

From the Example RTL, synthesis interprets $clog2 in a .v | From the Example RTL, synthesis generates a syntax error

file, even though the Verilog LRM does not define the for detection of any non-Verilog HDL construct in .V files.
$clog?2 feature. Other Quartus software products allow Quartus Prime Pro Edition synthesis honors SystemVerilog
other SystemVerilog features in .V files. features only in .sv files.

Example RTL:

localparam num_mem_locations = 1050;
wire mem_addr [$clog2(num_mem_locations)-1 : 0];

3.2.4.9. Avoiding Assignment Mixing in Always Blocks

Quartus Prime Pro Edition synthesis does not allow mixed use of blocking and non-
blocking assignments within ALWAYS blocks. Other Quartus software products allow
mixed use of blocking and non-blocking assignments within ALWAYS blocks. To avoid
syntax errors, ensure that ALWAYS block assignments are of the same type for
Quartus Prime Pro Edition migration.

Table 21. ALWAYS Block Assignment Differences

Other Quartus Software Products Quartus Prime Pro Edition
Synthesis honors the mixed blocking and non-blocking Synthesis generates a syntax error for detection of mixed
assignments, although the Verilog Language Specification blocking and non-blocking assignments within an ALWAYS
no longer supports this construct. block.

3.2.4.10. Avoiding Unconnected, Non-Existent Ports

Quartus Prime Pro Edition synthesis requires that a port exists in the module prior to
instantiation and naming. Other Quartus software products allow you to instantiate
and name an unconnected port that does not exist in the module. Modify your RTL to
match this requirement.

To avoid syntax errors, remove all unconnected and non-existent ports for Quartus
Prime Pro Edition migration.

Table 22. Unconnected, Non-Existent Port Differences

Other Quartus Software Products Quartus Prime Pro Edition

Synthesis allows you to instantiate and name unconnected | Synthesis generates a syntax error for detection of mixed
or non-existent ports that do not exist on the module. blocking and non-blocking assignments within an ALWAYS
block.

3.2.4.11. Avoiding Invalid Parameter Ranges

Quartus Prime Pro Edition synthesis generates an error for detection of constant
numeric (integer or floating point) parameter values that exceed the language
specification. Other Quartus software products allow constant numeric (integer or
floating point) values for parameters that exceed the language specifications. To avoid
syntax errors, ensure that constant numeric (integer or floating point) values for
parameters conform to the language specifications.
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3.2.4.12. Updating Verilog HDL and VHDL Type Mapping

Quartus Prime Pro Edition synthesis requires that you use O for "false" and 1 for
"true" in Verilog HDL files (.Vv). Other Quartus software products map "true" and
"false" strings in Verilog HDL to TRUE and FALSE Boolean values in VHDL. Quartus
Prime Pro Edition synthesis generates an error for detection of non-Verilog HDL
constructs in .V files. To avoid syntax errors, ensure that your RTL accommodates
these standards.

3.2.4.13. Converting Symbolic BDF Files to Acceptable File Formats

Starting from the Quartus Prime Pro Edition software version 23.3, the compiler
cannot synthesize schematic Block Design File (.bdf). You must convert it to an
acceptable format, such as Verilog HDL or VHDL using the Intel Quartus Prime
Standard Edition command quartus_map as shown in the following:

e To convert your .bdf file to Verilog Design File (.Vv):

quartus_map <proj ect_nanme> --convert_bdf_to_verilog=<bdf _fil e_nanme>

e To convert your .bdf file to VHDL Design File (.vhd):

quartus_map <project_nane> --convert_bdf_to_vhdl=<bdf_fil e_nanme>

3.3. Migrating Your AMD* Vivado* Project to Quartus Prime Pro
Edition

Designing for Intel FPGA devices is similar in concept and practice to designing for
AMD* Xilinx* FPGA devices. In most cases, you can import your RTL into the Quartus
Prime Pro Edition software and compile your design to the target device.

Refer to the AN 307: Intel FPGA Design Flow for AMD* Xilinx* Users, which covers the
following information:

e A comparison of the current AMD* Xilinx* and Intel FPGA technologies, features,
and devices available for different process technologies.

e A comparison between the design flows in the AMD* Vivado* software and
Quartus Prime Pro Edition software.

e Guidelines to convert AMD* Vivado* designs to the Quartus Prime Pro Edition
software, including AMD* Xilinx* IP catalog modules and instantiated primitives.

¢ Guidelines to translate device and design constraints.

3.4. Migrating Projects Across Operating Systems

Consider the following cross-platform issues when moving your project from one
operating system to another (for example, from Windows* to Linux*).

3.4.1. Migrating Design Files and Libraries

Consider file naming differences when migrating projects across operating systems.
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Figure 14.
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Use appropriate case for your platform in file path references.
Use a character set common to both platforms.

Do not change the forward-slash (/) and back-slash (\) path separators in
the .gs¥. The Quartus Prime software automatically changes all back-slash (\)
path separators to forward-slashes (/ )in the .qsf.

Observe the target platform’s file name length limit.

Use underscore instead of spaces in file and directory names.

Change library absolute path references to relative paths in the _gs¥.

Ensure that any external project library exists in the new platform’s file system.

Specify file and directory paths as relative to the project directory. For example,
for a project titled foo_design, specify the source files as: top.v,
foo_folder /fool.v, foo_folder /foo2.v, and foo_ folder/
bar_folder/barl.vhdl.

Ensure that all the subdirectories are in the same hierarchical structure and
relative path as in the original platform.

All Inclusive Project Directory Structure

I:E.. foo_design

foo_design.gsf

top.y

foo_foldsr

ool

foo2.w

bar_folder

barl.whdl

3.4.1.1. Use Relative Paths

Express file paths using relative path notation (. .7).

For example, in the directory structure shown you can specify top.v as - ./source/
top.v and fool.v as . ./source/foo_folder/fool.v.
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T. foo_design

quartus
foo_design.gsf

Bouroe

—D top.w

foo_folder

foolv
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bar_folder
bar1.vhdl

3.4.2. Design Library Migration Guidelines

altera.

An Intel Company

The following guidelines apply to library migration across computing platforms:

The project directory takes precedence over the project libraries.

2. For Linux, the Quartus Prime software creates the file in the altera.quartus

directory under the <home> directory.

3. All library files are relative to the libraries. For example, if you specify the
user_libl directory as a project library and you want to add the Zuser_libl1/
fool.v file to the library, you can specify the fool.v file in the .qsf as fool.v.

The Quartus Prime software includes files in specified libraries.

4. If the directory is outside of the project directory, an absolute path is created by
default. Change the absolute path to a relative path before migration.

5. When copying projects that include libraries, you must either copy your project
library files along with the project directory or ensure that your project library files

exist in the target platform.

* On Windows*, the Quartus Prime software searches for the quartus2.ini

file in the following directories and order:

e USERPROFILE, for example, C:\Documents and Settings\<user name>

e Directory specified by the TMP environmental variable
e Directory specified by the TEMP environmental variable
* Root directory, for example, C:\

3.5. Migrating Project From One Device to Another

The Quartus Prime Pro Edition software supports migrating project from one device to
another by providing a list of compatible migration devices available for the device

your design targets.
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To migrate your device, launch Migration Devices using one of the following options
in the Quartus Prime Pro Edition software GUI:

e Right-click on your device in the Project Navigator and select Device O
Migration Devices.

e Assignments 0 Device O Migration Devices
Device Migration

*

Device | Board

Select the family and device you want mand on the Tools menu.

Select the migration device(s) for the current device. When the Compiler processes your
project, it will be compatible with all of the migration devices you select.

Device family
Family: | Stratix 10 (GX/SX/MX/TX/0j Note: Specifying migration devices can reduce the likelihood of achieving a successful fit.

Device (Al Current device: 1SG280HU3F50I3VPAS
Compatible migration devices:
15G280LU3F50EIVG -
15G280LU3FS0E3VGAS
15G280LU3F50E3VGBK

Selected migration devices:

15G280HU3F5013VPAS (current g -

Target device

o Specific device selected in 'Availg

v

15G280LU3F5013V6 >>
15G250LU3FS0E3VG

Filter: |Name - jég;zg:%!a?sg::\fs E Device and Pin Options...

Name 15G280HU3F5013VG << emory Bits  M20K *
539 |15G280HU3F5013VG W 15G250HUSFS0E3VG = L ' loasoso 11721
oo (TP Showalspeed gades
541 | 15G280HU3F5013XG H . basoso 11721
542 |15G280LN2F43E1VG L ok || cencel Help b4s0B0 11721 .

] »

Available devices: 1499 Migration Devices... |0 migration devices selected

| OK ‘ Cancel Help
In the Migration Devices dialog box, click >, >>, <, and << to move migration

devices between the Compatible migration devices list and the Selected
migration devices list.

A device name in the Selected migration devices list with the text (current
device) indicates that the device is currently specified in the Available devices list
in the Device dialog box.

A device name in the Compatible migration devices list with the text (not
installed) indicates that the device is supported in the Quartus Prime Pro Edition
software, but support for the device is not installed in your copy of the software. To
move this device to the Selected migration devices list, you must first install
support for the device by running a custom installation procedure of the Quartus
Prime software. For more information, refer to the Downloading Device Support in the
Intel FPGA Software Installation and Licensing or contact Intel Support.

If you want the Quartus Prime software to display all compatible migration devices in
the Compatible migration devices list regardless of a migration device's speed
grade, turn on the Show All Speed Grades checkbox. If you want the Quartus Prime
software to display in the Compatible migration devices list only the compatible
migration devices that have the same speed grade as the target device, turn off Show
all speed grades.

Related Information
e Migrating to the Quartus Prime Pro Edition Software
¢ AN 822: Intel FPGA Configuration Device Migration Guideline
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3.6. Related Trainings
You can take up the following training to help you select your starting point for your
project:
e Getting Started with the Quartus Prime New Project Wizard
e Creating a New Project with Quartus Prime Pro Edition Software
e Migrating to the Quartus Prime Pro Edition Software
e Migrating an Quartus Prime Project to a Different Intel FPGA Device
e Quartus Prime Software Pin Migration

e Preserve Compilation Results for migration to newer Quartus Prime Software
releases
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Intel and strategic IP partners offer a broad portfolio of configurable IP cores
optimized for Intel FPGA devices.

The Quartus Prime software installation includes the Intel FPGA IP library. Integrate
optimized and verified Intel FPGA IP cores into your design to shorten design cycles
and maximize performance. The Quartus Prime software also supports integration of
IP cores from other sources. Use the IP Catalog (Tools 00 IP Catalog) to efficiently
parameterize and generate synthesis and simulation files for your custom IP variation.
The Intel FPGA IP library includes the following types of IP cores:

Basic functions

Interface protocols

Bridges and adapters Low power functions

DSP functions

Memory interfaces and controllers

Intel FPGA interconnect Processors and peripherals

This document provides basic information about parameterizing, generating,
upgrading, and simulating stand-alone IP cores in the Quartus Prime software.

Figure 17. Intel FPGA IP Catalog
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Navigating Content Through Tasks

Use the following navigation diagram to navigate this guide through user-tasks:

D> D P P

Plan FPGA Design for RTL Create a New Project Manage Your Quartus Prime Review Next Steps
Flow or Pro Edition Projects
or Migrate Your Existing Project
Work With Intel FPGA IP to Quartus Prime Pro Edition
Cores Software

4.1. IP Catalog and Parameter Editor

The IP Catalog displays the IP cores available for your project, including Intel FPGA IP
and other IP that you add to the IP Catalog search path. Use the following features of
the IP Catalog to locate and customize an IP core:

e Filter IP Catalog to Show IP for active device family or Show IP for all
device families. If you have no project open, select the Device Family in IP
Catalog.

e Type in the Search field to locate any full or partial IP core name in IP Catalog.

e Right-click an IP core name in IP Catalog to display details about supported
devices, to open the IP core's installation folder, and for links to IP documentation.

e Click Search for Partner IP to access partner IP information on the web.

The parameter editor prompts you to specify an IP variation name, optional ports, and
output file generation options. The parameter editor generates a top-level Quartus
Prime IP file (- ip) for an IP variation in Quartus Prime Pro Edition projects. This file
represents the IP variation in the project, and stores parameterization information.(3)

() The parameter editor generates a top-level Quartus IP file (-qip) for an IP variation in
Quartus Prime Standard Edition projects.
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Figure 18. Example IP Parameter Editor
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4.1.1. The Parameter Editor

Specific Applications

The parameter editor helps you to configure IP core ports, parameters, and output file
generation options. The basic parameter editor controls include the following:

(for select cores).
documentation.
(for select cores).

(for select cores).
Click Validate System Integrity to validate

Use the Presets window to apply preset parameter values for specific applications
Use the Details window to view port and parameter descriptions, and click links to
Click Generate 0 Generate Testbench System to generate a testbench system

Click Generate 0 Generate Example Design to generate an example design

a system's generic components

against companion files. (Platform Designer systems only)

Click Sync All System Info to validate a system's generic components against

companion files. (Platform Designer systems only)

The IP Catalog is also available in Platform Designer (View O IP Catalog). The
Platform Designer IP Catalog includes exclusive system interconnect, video and image
processing, and other system-level IP that are not available in the Quartus Prime IP
Catalog. Refer to Creating a System with Platform Designer or Creating a System with
Platform Designer for information on use of IP in Platform Designer and Platform

Designer, respectively.
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Related Information

Creating a System with Platform Designer

4.2. Installing and Licensing Intel FPGA IP Cores

The Quartus Prime software installation includes the Intel FPGA IP library. This library
provides many useful IP cores for your production use without the need for an
additional license. Some Intel FPGA IP cores require purchase of a separate license for
production use. The Intel FPGA IP Evaluation Mode allows you to evaluate these
licensed Intel FPGA IP cores in simulation and hardware, before deciding to purchase a
full production IP core license. You only need to purchase a full production license for
licensed Intel IP cores after you complete hardware testing and are ready to use the
IP in production.

The Quartus Prime software installs IP cores in the following locations by default:

Figure 19. IP Core Installation Path

intelFPGA(_pro)

quartus - Contains the Intel Quartus Prime software

ip - Contains the Intel FPGA IP library and third-party IP cores
altera - Contains the Intel FPGA IP library source code
<IP name> - Contains the Intel FPGA IP source files

Table 23. IP Core Installation Locations

Location Software Platform
<drive>:\intelFPGA_pro\quartus\ip\altera Quartus Prime Pro Edition Windows
<drive>:\intelFPGA\quartus\ip\altera Quartus Prime Standard Edition | Windows
<hone directory>:/intelFPGA_pro/quartus/ip/altera | Quartus Prime Pro Edition Linux*
<homne directory>:/intelFPGA/quartus/ip/altera Quartus Prime Standard Edition | Linux

Note: The Quartus Prime software does not support spaces in the installation path.

4.2.1. Intel FPGA IP Evaluation Mode

The free Intel FPGA IP Evaluation Mode allows you to evaluate licensed Intel FPGA IP
cores in simulation and hardware before purchase. Intel FPGA IP Evaluation Mode
supports the following evaluations without additional license:

e Simulate the behavior of a licensed Intel FPGA IP core in your system.

e Verify the functionality, size, and speed of the IP core quickly and easily.

e Generate time-limited device programming files for designs that include IP cores.
e Program a device with your IP core and verify your design in hardware.
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Intel FPGA IP Evaluation Mode supports the following operation modes:

Tethered—Allows running the design containing the licensed Intel FPGA IP
indefinitely with a connection between your board and the host computer.
Tethered mode requires a serial joint test action group (JTAG) cable connected
between the JTAG port on your board and the host computer, which is running the
Quartus Prime Programmer for the duration of the hardware evaluation period.
The Programmer only requires a minimum installation of the Quartus Prime
software, and requires no Quartus Prime license. The host computer controls the
evaluation time by sending a periodic signal to the device via the JTAG port. If all
licensed IP cores in the design support tethered mode, the evaluation time runs
until any IP core evaluation expires. If all of the IP cores support unlimited
evaluation time, the device does not time-out.

Untethered—Allows running the design containing the licensed IP for a limited
time. The IP core reverts to untethered mode if the device disconnects from the
host computer running the Quartus Prime software. The IP core also reverts to
untethered mode if any other licensed IP core in the design does not support
tethered mode.

When the evaluation time expires for any licensed Intel FPGA IP in the design, the
design stops functioning. All IP cores that use the Intel FPGA IP Evaluation Mode time
out simultaneously when any IP core in the design times out. When the evaluation
time expires, you must reprogram the FPGA device before continuing hardware
verification. To extend use of the IP core for production, purchase a full production
license for the IP core.

You must purchase the license and generate a full production license key before you
can generate an unrestricted device programming file. During Intel FPGA IP Evaluation
Mode, the Compiler only generates a time-limited device programming file (<project
name>_time_limited.sof) that expires at the time limit.
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Figure 20. Intel FPGA IP Evaluation Mode Flow

Install the Intel Quartus Prime
Software with Intel FPGA IP Library

v

Parameterize and Instantiate a

Licensed Intel FPGA IP Core

\
v

Verify the IPin a

Supported Simulator

l
v

Compile the Design in the

Intel Quartus Prime Software

{
v
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IP License

v

Include Licensed IP
in Commercial Products

Note: Refer to each IP core's user guide for parameterization steps and implementation
details.

Intel licenses IP cores on a per-seat, perpetual basis. The license fee includes first-
year maintenance and support. You must renew the maintenance contract to receive
updates, bug fixes, and technical support beyond the first year. You must purchase a
full production license for Intel FPGA IP cores that require a production license, before
generating programming files that you may use for an unlimited time. During Intel
FPGA IP Evaluation Mode, the Compiler only generates a time-limited device
programming file (<project name>_time_limited.sof) that expires at the time
limit. To obtain your production license keys, visit the Intel FPGA Self-Service
Licensing Center.

The Intel FPGA Software License Agreements govern the installation and use of
licensed IP cores, the Quartus Prime design software, and all unlicensed IP cores.
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Related Information

e Intel FPGA Licensing Support Center

e Introduction to Intel FPGA Software Installation and Licensing

4.2.1.1. Intel FPGA IP Versioning

Intel FPGA IP versions match the Quartus Prime Design Suite software versions until
v19.1. Starting in Quartus Prime Design Suite software version 19.2, Intel FPGA IP
has a new versioning scheme.

The Intel FPGA IP version (X.Y.Z) number can change with each Quartus Prime
software version. A change in:

e X indicates a major revision of the IP. If you update the Quartus Prime software,
you must regenerate the IP.

e Y indicates the IP includes new features. Regenerate your IP to include these new
features.

e Z indicates the IP includes minor changes. Regenerate your IP to include these
changes.

4.2.1.2. Checking the IP License Status

You can check the license status of all IP in an Quartus Prime project by viewing the
Assembler report.

To generate and view the Assembler report in the GUI:
1. Click Assembler on the Compilation Dashboard.

2. When the Assembler (and any prerequisite stages of compilation) complete, click
the Report icon for the Assembler in the Compilation Dashboard.

Figure 21. Assembler Report Icon in Compilation Dashboard

@ Compilation Dashboard 3¢

* Project Overview

Compilation Flow:
P Fast Forward Timing Closure Recommendations

”
‘:{\_

» Fitter (Finalize) &

® Timing Analysis (Signoff) &

» Power Analysis &

P Assembler (Generate programming files) ©

» EDA Netlist Writer L
Runs Assembler Opens Assembler Report

3. Click the Encrypted IP Cores Summary report.
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Figure 22. Encrypted IP Cores Summary Report

Assembler Encrypted IP Cores Summary

Show: Visible = Q <<Filter>>

Vendor IP Core Mame License Type
1 IntelFPGA  Signal Tap (6AF7 BCE1)  Licensed
2 IntelFPGA  Signal Tap (6AF7 BCEC) Licensed

To generate and view the Assembler report at the command line:

1. Type the following command:
quartus_asm <project name> -c <project revision>

2. View the output report in Zoutput_files/<project name>.asm.rpt.
T +
; Assembler Encrypted IP Cores Summary ;
Pomomooos P S Tomomoooosesoss +
; Vendor ; IP Core Name ; License Type ;
Fomm e e o +
; Intel ; PCle SRIOV with 4-PFs and 2K-VFs (6AF7 OOFB) ; Unlicensed ;
; Intel ; Signal Tap (6AF7 BCEl) ; Licensed ;
; Intel ; Signal Tap (6AF7 BCEC) ; Licensed ;
Pomomooos P S Tomomoooosesoss +

4.3. IP General Settings

The following settings control how the Quartus Prime software manages IP cores in a
project:

Table 24. Location of IP Core General Settings in the Quartus Prime Software

Setting Description Location

Maximum Platform Designer | Increase if you experience slow processing for large Tools [ Options (I IP

memory usage size systems, or for out of memory errors. Settings
. ) ) (0]
IP generation HDL The parameter editor generates the HDL you specify r )
preference for IP variations. Tasks pane [ Settings O IP
Settings

IP Regeneration Policy Controls when synthesis files regenerate for each IP
variation. Typically, you Always regenerate
synthesis files for IP cores after making changes to

an IP variation.

Generate IP simulation
model when generating IP

Enables automatic generation of simulation models
every time you generate the IP.

Use available processors for
parallel generation of
Quartus project IPs

Directs Platform Designer to generate IPs in parallel,
using the number of processors that you specify in the
Compilation Process Settings pane of the Quartus
Prime project settings.

Additional project and global IP
search locations.

The Quartus Prime software searches for IP cores in
the project directory, in the Quartus Prime installation
directory, and in the IP search path.

Tools [ Options (I IP
Catalog Search Locations
Or

Tasks pane 0 Settings U IP
Catalog Search Locations
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4.4. Adding IP to IP Catalog

The IP Catalog automatically displays Intel FPGA IP and other IP components that
have a corresponding _hw.tcl or . ipx file located in the project directory, in the
default Quartus Prime installation directory, or in the IP search path. You can
optionally add your own custom or third-party IP component to IP Catalog by adding
the component's _hw._tcl or . ipx file to the IP search path.

Follow these steps to add custom or third-party IP to the IP Catalog:

Figure 23. Specifying IP Search Locations

IP Catalog Search Locations
Specify both project and global IP search locations.

Global IP search directories (all projects)

Global IP search directory: Add a Global
IP Search Paths: IP Search Path

IP search directories (project specific)

IP search directory: Add a Project-
IP Search Paths: Specific IP Search Path

1. 1In the Quartus Prime software, click Tools O Options [0 IP Search Path) to
open the IP Search Path Options dialog box.

Click Add or Remove to add/remove a location that contains IP.

To refresh the IP Catalog, click Refresh IP Catalog in the Quartus Prime Platform
Designer, or click File O Refresh System in Platform Designer.

Figure 24. Refreshing IP Catalog

IP Catalog - -;
Q = |-+ (lick to Display Menu

- a Installed IP Refresh IP catalog F5

* Project Dirt Show IP for all device families

g v| Show IP for active device family
- Library

+ Basic Functions
» Bridges and Adapters
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4.5. Best Practices for Intel FPGA IP

Use the following best practices when working with Intel FPGA IP:

e Do not manually edit or write your own .qsys, .ip, or .qip file. Use the Quartus
Prime software tools to create and edit these files.

Note: When generating IP cores, do not generate files into a directory that has a
space in the directory name or path. Spaces are not legal characters for IP
core paths or names.

e When you generate an IP core using the IP Catalog, the Quartus Prime software
generates a .qsys (for Platform Designer-generated IP cores) or a . ip file (for
Quartus Prime Pro Edition) or a .qip file. The Quartus Prime Pro Edition software
automatically adds the generated . ip to your project. In the Quartus Prime
Standard Edition software, add the .qip to your project. Do not add the
parameter editor generated file (.v or .vhd) to your design without the .qsys
or .qip file. Otherwise, you cannot use the IP upgrade or IP parameter editor
feature.

e Plan your directory structure ahead of time. Do not change the relative path
between a .gsys file and it's generation output directory. If you must move
the .qgsys file, ensure that the generation output directory remains with
the .qgsys file.

e Do not add IP core files directly from the /Zquartus/libraries/
megafunctions directory in your project. Otherwise, you must update the files
for each subsequent software release. Instead, use the IP Catalog and then add
the .qip to your project.

e Do not use IP files that the Quartus Prime software generates for RAM or FIFO
blocks targeting older device families (even though the Quartus Prime software
does not issue an error). The RAM blocks that Quartus Prime generates for older
device families are not optimized for the latest device families.

e When generating a ROM function, save the resulting .mif or .hex file in the same
folder as the corresponding IP core's .gsys or .qip file. For example, moving all
of your project's .miF or _hex files to the same directory causes relative path
problems after archiving the design.

* Always use the Quartus Prime ip-setup-simulation and ip-make-
simscript utilities to generate simulation scripts for each IP core or Platform
Designer system in your design. These utilities produce a single simulation script
that does not require manual update for upgrades to Quartus Prime software or IP
versions, as Simulating Intel FPGA IP Cores on page 75 describes.

4.6. Specifying the IP Core Parameters and Options (Quartus Prime
Pro Edition)

Quickly configure Intel FPGA IP cores in the Quartus Prime parameter editor. Double-
click any component in the IP Catalog to launch the parameter editor. The parameter
editor allows you to define a custom variation of the IP core. The parameter editor
generates the IP variation synthesis and optional simulation files, and adds the . ip
file representing the variation to your project automatically.
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Follow these steps to locate, instantiate, and customize an IP core in the parameter
editor:

1. Create or open an Quartus Prime project (.qpT) to contain the instantiated IP
variation.

2. 1Inthe IP Catalog (Tools O IP Catalog), locate and double-click the name of the
IP core to customize. To locate a specific component, type some or all of the
component’s name in the IP Catalog search box. The New IP Variation window
appears.

3. Specify a top-level name for your custom IP variation. Do not include spaces in IP
variation names or paths. The parameter editor saves the IP variation settings in a
file named <your i p>.1ip. Click OK. The parameter editor appears.

Figure 25. IP Parameter Editor (Quartus Prime Pro Edition)
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4. Set the parameter values in the parameter editor and view the block diagram for
the component. The Parameterization Messages tab at the bottom displays any
errors in IP parameters:

e Optionally, select preset parameter values if provided for your IP core. Presets
specify initial parameter values for specific applications.

e Specify parameters defining the IP core functionality, port configurations, and
device-specific features.

e Specify options for processing the IP core files in other EDA tools.

Note: Refer to your IP core user guide for information about specific IP core
parameters.

5. Click Generate HDL. The Generation dialog box appears.
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6. Specify output file generation options, and then click Generate. The synthesis and
simulation files generate according to your specifications.

7. To generate a simulation testbench, click Generate 0 Generate Testbench
System. Specify testbench generation options, and then click Generate.

8. To generate an HDL instantiation template that you can copy and paste into your
text editor, click Generate O Show Instantiation Template.

9. Click Finish. Click Yes if prompted to add files representing the IP variation to
your project.

10. After generating and instantiating your IP variation, make appropriate pin
assignments to connect ports.

Note: Some IP cores generate different HDL implementations according to the IP
core parameters. The underlying RTL of these IP cores contains a unique
hash code that prevents module name collisions between different variations
of the IP core. This unique code remains consistent, given the same IP
settings and software version during IP generation. This unique code can
change if you edit the IP core's parameters or upgrade the IP core version.
To avoid dependency on these unique codes in your simulation environment,
refer to Generating a Combined Simulator Setup Script.

4.6.1. Applying Preset Parameters for Specific Applications

The Preset tab displays the names of available preset settings for an IP component. A
preset is a specific collection of parameter settings that are appropriate for a specific
protocol, application, or board. Double-click the preset name (or click Apply) to
instantly apply the parameter values defined in the preset to the current IP instance.

Figure 26. Selecting Preset Parameters
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4.6.1.1. Viewing, Applying, and Deleting IP Presets

[T

You can view the properties of a preset, apply a preset, or delete any existing preset
in the Presets tab.
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Figure 27. View, Apply, and Delete Presets in Presets Tab
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' Presets =]
Presets for pio_0
Show the Presets for Selected Board
[[] Clear preset fifters [~~~
New...
- [ View X
Project Delete
0 pio_led Show Preset Settings
Library ApD
[ pio_out PRY
New
Note: Right-click a preset to access the same View, Apply, and Delete preset functions in

the context menu.

Viewing Presets

Click the View button to show the preset properties in the read-only Update Preset

dialog box.

Figure 28. View Button Opens View Preset Dialog Box

Preset name: Componen

Preset description:

Category

Board ‘ ‘ ‘

( Parameter Settings WPin Assignments |

Signal Name Exported Name | Pin Locati... 10 Stand.

external_connection.export[0] |led_export[0] PIN_B31 1.2V
external_connection.export[1] |led_export[1] PIN_D31 1.2V
external_connection.export[2] |led_export[2] PIN_A30 1.2V
external_connection.export[3] |led_export[3] PIN_C30 1.2V

Preset file:

Right-click a preset and click Show Preset Settings to view a searchable report of

the preset settings.
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Figure 29. Show Preset Settings Searchable Report

[Parameters =
Number of reset outputs = 1 i
Active low reset = 0 | |
Synchronous edges = deassert
Useresetrequestsignal = 0
Use synchronous resets = 0

Pin Assignments
Name Exported Name Location IO Standard
clk.clk default PIN_AT0
in_reset.reset default PIN_A14 ?

Applying Presets to IP Instances

Click the Apply button (or double-click) to apply the IP preset to the currently
selected IP. Applied presets appear in bold text.
Figure 30. Applied Presets Appear in Bold Text
'@ Presets - =
Presets for pio_0

Show the Presets for Selected Board
[ Clear preset filters

4 b 4

Project

[ pio_led
Library

0y pio_out

Deleting Presets from the System

Click the Delete button to delete the current preset from the Platform Designer
system.

4.6.2. Customizing IP Presets
You can optionally define and save a custom set of parameter settings as an IP preset,

and then apply the preset whenever you add an instance of the IP component to any
system.
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Follow these steps to save a custom IP preset:

1.
2.

In IP Catalog, double-click any component to launch the parameter editor.

To search for a specific preset to base initial settings, type a partial preset name in
the search box.

In the Presets tab, click New to specify the Preset name and Preset
description.

In the Board dropdown, specify the target board. The Default setting specifies
the current board as the target board for this preset.

Note: You can specify multiple boards for a preset, provided that the preset
parameters and assignments are applicable to all boards in the preset.

Under Select parameters to include in the preset, enable or disable the
parameters you want to include in the preset.

Specify the path for the Preset file that preserves the collection of parameter
settings. The location of the new .qprs preset file is added to the IP search path
automatically.

Figure 31. Create New Preset

Name: |NewP\ese(‘I ‘ Version: |All -
Description: | |
Category: | |
Board: Intel Agilex 7 FPGA F-Series Development Kit 2xF-Tile DK-DEV-AGFO27F1ES E

— T
Parameter| [_] Intel Agilex 5 FPGA E-Series DK ASEOBSBB32AES1 Premium Development Kit
|

| [] Intel Agilex 5 FPGA E-Series MK ASE0BSBB32ZAES1 Modular Development Kit
Select paraf
: Intel Agilex 7

? Bad ] Intel Agilex 7 FPGA F-Series Development Kit 2xF-Tile DK-DEV-AGFO27F1ES
|
| [_] Intel Agilex 7 FPGA F-Series Development Kit P-Tile and E-Tile DK-DEV-AGFO14EA
1
| [] Intel Agilex 7 FPGA F-Series Transceiver-SoC Development Kit P-Tile and E-Tile DK-SI-AGFO14EA
|
{ [] Intel Agilex 7 FPGA F-Series Transceiver-5oC Development Kit P-Tile and E-Tile DK-SI-AGFO14EB
? vl oul
: D Intel Agilex 7 FPGA 1-Series Development Kit 2xR-Tile and 1xF-Tile DK-DEV-AGI027RBES

|
? Edf| [] Intel Agilex 7 FPGA I-Series Development Kit DK-DEV-AGI027RES

1
[} 1 1t Aritaw 7 EDEAT Sariae T, oy Vit £uE Tila NI ST AGIRANCES

|
Ay - SR
9 Interrupt
Generate IRQ generatelRQ Italse =
File: iplpresetsiNewPreset_1.qprs | |:|
Click Save.

To apply the preset to an IP component, click Apply. Preset parameter values that
match the current parameter settings appear in bold.

4.6.2.1. Defining Preset Pin Assignments

You can define pin assignments that are included as part of an IP preset. When you
apply the IP preset to an IP instance, the pin assignments export during the IP or
system's HDL generation.

You define preset pin assignments in the Pin Assignments tab of the New Preset
dialog box, or in a Pin Assignments File (. tcl) that you create.
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4.6.2.1.1. Defining Preset Pin Assignments in Pin Assignments Tab
The Pin Assignments tab allows you to specify the Exported Name of the signals,
to select the appropriate Pin Location, and to select the appropriate I0 Standard for
the target board.
By default, the Exported Name name takes the form of:

module_name + interface_name + pin_role

For example:

pio0_external_connection_export[0]

You can change the Exported Name by double-clicking on the Exported Name for
the interface and typing a new name. All of the signals of the interface then update
automatically to reflect the name you specify.

Figure 32. Pin Assighments Tab

Parameter Settings | Pin Assignments ‘
Select pin assignments to include in the preset:

Signal Name Exported Name| Pin Location IO Standard
L

!

!

L

L

!

!

L

L

!

!

L

L

!

!

{Pin Constraint File | IL
L= clk
oL reset
=[] 51
? external_connection ed

7 M export[4]

external_connection.export[0] |led_ PIN_B31 1.2V
external_connection.export[1]|led_ PIN_D31 1.2v
external_connection.export[2] PIN_A30 1.2V N
external_connection.export[3] [led_e PIN_C30 1.2v

Preset file: |Lfdesigns/piofledlip.’presets/piofled.qprs

For example, typing led for the external_connection interface updates the signals
of the interface to led_export[n]. The external_connection is the interface name,
and external_connection_export(0) is the signal name.

4.6.2.1.2. Defining Preset Pin Assignments in a Pin File

Alternatively, you can specify the pin assignments in a Pin Constraints File (.tcl),
which can be more efficient for projects with many ports. You specify this . tcl file as
the Pin Constraint File on the Pin Assignments tab, and then click Load Pin. The
Pin Location and IO Standard update per the loaded pin assignments.
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Figure 33.

Loading Pin Assignments from Tcl File
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Parameter Settings | Pin Assignments ‘

Select pin assignments to include in the preset:

Pin Constraint File [designa/led4_pins.tcl [ | LoadPin

Signal Nam;_ ________ Exported Na... Pin Location 0Standard

o O ik

=[] reset

= g1

? Y external_connection led

7 M export[4]

external_connection.export[0] (led_export[0] « PIN_B31 1.2V | .
external_connection.export[1] [led_export[1]|PIN_D31 1.2V Pin ASSIgnmentS
external_connection.export[2] (led_export[2]:PIN_A30 2V Loaded from
external_connection.export[3] |led_export[3] }|PIN_C30 2V Ied4_pins.tcl

The following shows the contents of an example Pin Constraints File (.tcl):

set_instance_assignment
set_location_assignment
set_instance_assignment
set_location_assignment
set_instance_assignment
set_location_assignment
set_instance_assignment
set_location_assignment

-to "led_export[0]" -name 10_STANDARD ""1.2 V"
-to "led_export[0]" "PIN_B31"
-to "led_export[1]" -name 10_STANDARD "'1.2 V'

-to
-to
-to
-to
-to

"“led_export[1]"
"led_export[2]"
"led_export[2]"
"“led_export[3]"
"led_export[3]"

"PIN_D31™

-name 10_STANDARD

w2 "

"PIN_A30"

—-name

10_STANDARD

w2y

"PIN_C30™

4.7. IP Core Generation Output (Quartus Prime Pro Edition)

Table 25.

The Quartus Prime software generates the following output file structure for individual
IP cores that are not part of a Platform Designer system.

Output Files of Intel FPGA IP Generation
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File Name

Description

<your _i p>.ip

Top-level IP variation file that contains the parameterization of an IP core in
your project. If the IP variation is part of a Platform Designer system, the
parameter editor also generates a .qsys file.

<your _i p>.cmp

The VHDL Component Declaration (.cmp) file is a text file that contains local
generic and port definitions that you use in VHDL design files.

<your _i p>_generation.rpt

IP or Platform Designer generation log file. Displays a summary of the
messages during IP generation.

<your _i p>.qggsimc (Platform Designer
systems only)

Simulation caching file that compares the .gsys and . ip files with the current
parameterization of the Platform Designer system and IP core. This comparison
determines if Platform Designer can skip regeneration of the HDL.

<your _i p>.qggsynth (Platform
Designer systems only)

Synthesis caching file that compares the .qsys and . ip files with the current
parameterization of the Platform Designer system and IP core. This comparison
determines if Platform Designer can skip regeneration of the HDL.

<your _i p>.csv

Contains information about the upgrade status of the IP component.

<your _i p>.bsf

A symbol representation of the IP variation for use in Block Diagram Files
(-bdf).

continued...
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File Name

Description

<your _i p>.spd

Input file that Ip-make-simscript requires to generate simulation scripts.
The .spd file contains a list of files you generate for simulation, along with
information about memories that you initialize.

<your _i p>.ppf

The Pin Planner File (.ppT) stores the port and node assignments for IP
components you create for use with the Pin Planner.

<your _i p>_bb.v

Use the Verilog blackbox (_bb.v) file as an empty module declaration for use
as a blackbox.

<your _i p>_inst.v or _inst.vhd

HDL example instantiation template. Copy and paste the contents of this file
into your HDL file to instantiate the IP variation.

<your _i p>.regmap

If the IP contains register information, the Quartus Prime software generates
the .regmap file. The .regmap file describes the register map information of
host and agent interfaces. This file complements the .sopcinfo file by
providing more detailed register information about the system. This file enables
register display views and user customizable statistics in System Console.

<your _i p>.svd

Allows HPS System Debug tools to view the register maps of peripherals that
connect to HPS within a Platform Designer system.

During synthesis, the Quartus Prime software stores the .svd files for agent
interface visible to the System Console hosts in the .soT file in the debug
session. System Console reads this section, which Platform Designer queries
for register map information. For system agents, Platform Designer accesses
the registers by name.

<your _i p>.v
<your _i p>.vhd

HDL files that instantiate each submodule or child IP core for synthesis or
simulation.

mentor/ Contains a msim_setup.tcl script to set up and run a simulation with a
supported Siemens EDA simulator, such as the QuestaSim simulator.

aldec/ Contains a Riviera-PRO* script rivierapro_setup.tcl to setup and run a
simulation.

/synopsys/vcs Contains a shell script vcs_setup.sh to set up and run a VCS* simulation.

/synopsys/vcsmx Contains a shell script vesmx_setup.sh and synopsys_sim.setup file to
set up and run a VCS MX simulation.

/xcelium Contains an Xcelium* Parallel simulator shell script xcel ium_setup.sh and
other setup files to set up and run a simulation.

/submodules Contains HDL files for the IP core submodule.

<I P subnodul e>/

Platform Designer generates /synth and /sim sub-directories for each IP
submodule directory that Platform Designer generates.
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Figure 34. Individual IP Core Generation Output (Quartus Prime Pro Edition)
(] <Project Directory>

<your_ip>.ip - Top-level IP variation file
—[j <your_ip> - IP core variation files
—C|<your_ip>.bsf - Block symbol schematic file
—C|<y0ur_ip>.cmp - VHDL component declaration
—[|<y0ur_ip>.ppf- XML /0 pin information file
—[|<your_ip>.qip - Lists files for IP core synthesis
—C|<y0ur_ip>.spd - Simulation startup scripts
—E|<your_ip>_bb.v - Verilog HDL black box EDA synthesis file *
—G<your_ip>_generation.rpt - IP generation report
_C|<your_ip>_inst.v or .vhd - Lists file for IP core synthesis
_C|<your_ip>.qgsimc - Simulation caching file (Platform Designer)
_G <your_ip>.qgsynthc - Synthesis caching file (Platform Designer)

sim - IP simulation files

<your_ip>. or vhd - Top-level simulation file

<simulator vendor> - Simulator setup scripts
<simulator_setup_scripts>

synth - IP synthesis files
<your_ip>. or .vhd - Top-level IP synthesis file

<IP Submodule>_<version> - IP Submodule Library

sim- [P submodule 1 simulation files

<HDL files>
synth - IP submodule 1 synthesis files
<HDL files>
<your_ip>_tb - IP testbench system *

<your_testbench>_th.qsys - testbench system file
<your_ip>_th - IP testbench files

your_testbench> _th.csv or .spd - testhench file

sim - IP testbench simulation files
* |f supported and enabled for your IP core variation.

4.8. Scripting IP Core Generation

Use the gsys-script and gsys-generate utilities to define and generate an IP
core variation outside of the Quartus Prime GUI.

To parameterize and generate an IP core at command-line, follow these steps:

1. Run gsys-script to start a Tcl script that instantiates the IP and sets
parameters:

qgsys-script --script=<script_file>.tcl
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2. Run gsys-generate to generate the IP core variation:

gsys-generate <IP variation file>.qsys

4.9. Modifying an IP Variation

After generating an IP core variation, use any of the following methods to modify the
IP variation in the parameter editor.

Table 26. Modifying an IP Variation

Menu Command

Action
File O Open Select the top-level HDL (.v, or .vhd) IP variation file to launch the
parameter editor and modify the IP variation. Regenerate the IP
variation to implement your changes.
View [ Project Navigator [ IP Components Double-click the IP variation to launch the parameter editor and

modify the IP variation. Regenerate the IP variation to implement
your changes.

Project 0 Upgrade IP Components Select the IP variation and click Upgrade in Editor to launch the

parameter editor and modify the IP variation. Regenerate the IP
variation to implement your changes.

4.10. Upgrading IP Cores

Any Intel FPGA IP variations that you generate from a previous version or different
edition of the Quartus Prime software, may require upgrade before compilation in the
current software edition or version. The Project Navigator displays a banner indicating
the IP upgrade status. Click Launch IP Upgrade Tool or Project 0 Upgrade IP
Components to upgrade outdated IP cores.

Figure 35. IP Upgrade Alert in Project Navigator

IP upgrade recommended. Launch IP Upgrade Tool...| X

Project Navigator QHa®
Entity IP Component Version

‘e my_2port_s10_mlab RAM: 2-PORT Intel FPGA IP 20.2.0

‘e my_mult18x18 LPM_MULT Intel FPGAIP 19.1

i )

my_2port_s10_mem RAM: 2-PORT Intel FPGA IP 20.2.0

L L3

& Hierarchy & Files | & Design Units | « IP Components

Icons in the Upgrade IP Components dialog box indicate when IP upgrade is
required, optional, or unsupported for an IP variation in the project. Upgrade IP

variations that require upgrade before compilation in the current version of the
Quartus Prime software.
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Upgrading IP cores may append a unique identifier to the original IP core entity

names, without similarly modifying the IP instance name. There is no requirement to
update these entity references in any supporting Quartus Prime file, such as the
Quartus Prime Settings File (.qsT), Synopsys* Design Constraints File (.sdc), or
Signal Tap File (.stp), if these files contain instance names. The Quartus Prime
software reads only the instance name and ignores the entity name in paths that
specify both names. Use only instance names in assignments.

IP Core Upgrade Status

IP Core Status

Description

IP Upgraded

Indicates that your IP variation uses the latest version of the Intel FPGA IP core.

IP Component Outdated

Indicates that your IP variation uses an outdated version of the IP core.

IP End of Life

(7]

Indicates that Intel designates the IP core as end-of-life status. You may or may not be
able to edit the IP core in the parameter editor. Support for this IP core discontinues in
future releases of the Quartus Prime software.

IP Upgrade Mismatch
Warning

s

Provides warning of non-critical IP core differences in migrating IP to another device family.

IP has incompatible subcores

Indicates that the current version of the Quartus Prime software does not support
compilation of your IP variation, because the IP has incompatible subcores.

Compilation of IP Not
Supported

%

Indicates that the current version of the Quartus Prime software does not support
compilation of your IP variation. This can occur if another edition of the Quartus Prime
software, such as the Quartus Prime Standard Edition, generated this IP. Replace this IP
component with a compatible component in the current edition.
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Note: Beginning with the Quartus Prime Pro Edition software version 19.1, IP upgrade
supports migration of IP released within one year of the Quartus Prime Pro Edition
software version, as the following chart defines:

Figure 36. Quartus Prime Pro Edition IP Version Upgrade Paths
Upgrade IP from Intel Quartus Prime Version Directly to Version

18.0 1:] 18.1 19.1

18.0 18.1 19.1 192

19.3
19.4
20.1

181 |19 ]E[ 192
180 [i119.0 | 19.2 |i] 193

191 i [19.2]: [193 ] [194
92 i [0s | o4 ] [0
193 |: o2 ]: [0 ]: [202
194 ]:[201]: [202]: [203
01 ] [202]: [202]: [0

20.2
20.3
20.4

21.1

202 |i[203 ]i[ 204 ][ 211 212

203 |i[204 ]i 210 ]i[ 212

213
214

I HEEHERIHEE
T HERIH B HEE

22.1

22.2
223

212 | 213 |i] 214 | [ 22

EHERHERHEE
A HEAHEE
2 i [22]i [223 |i[224
e HEE
R HEAHEEHEE
24 i [21] [32] [23
31 | [B2] [B3][34

224

23.1
23.2
233
234
24.1

D Send Feedback Quartus Prime Pro Edition User Guide: Getting Started

71


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Getting%20Started%20(683463%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

4. Working With Intel FPGA IP Cores
683463 | 2024.04.01

Follow these steps to upgrade IP cores:

1.

In the latest version of the Quartus Prime software, open the Quartus Prime
project containing an outdated IP core variation. The Upgrade IP Components
dialog box automatically displays the status of IP cores in your project, along with
instructions for upgrading each core. To access this dialog box manually, click
Project O Upgrade IP Components.

To upgrade one or more IP cores that support automatic upgrade, ensure that you
turn on the Auto Upgrade option for the IP cores, and click Auto Upgrade. The
Status and Version columns update when upgrade is complete. Example designs
that any Intel FPGA IP core provides regenerate automatically whenever you
upgrade an IP core.

To manually upgrade an individual IP core, select the IP core and click Upgrade in
Editor (or simply double-click the IP core name). The parameter editor opens,
allowing you to adjust parameters and regenerate the latest version of the IP core.

Figure 37. Upgrading IP Cores (Quartus Prime Pro Edition Example)

Opens Parameter Editor for Manual IP Upgrade

Upgrade IP Components

The following IP components are used in your design. Intel recommends that you upgrade outdated
components to the latest version.
IP Upgrade requires the IP component's .qip, .ip, or .qsys file within the original file structure.

* All(3) Must Upgrade (0)
Q <<Filter>> Manual Upgrade 3
Auto Upgrade Entity IP Component Version

Upgrade in Editor
-_ my_2port_s10_mlab |[RAM: 2-PORT Intel FPGA IP|202.0 [t

£ my_mult18x18 LPM_MULT Intel FPGAIP  19.1 Description
'e v £ my_2port_s10_mem RAM: 2-PORT Intel FPGA IP 20.2.0
Release Notes

4 » -

Auto Upgrade: Close Help

Note: The IP versioning uses the X.Y.Z. scheme. The IP version may not match the version of Quartus.
Warning: Upgrading IP components changes your design files.

Intel recommends archiving your design in the version of Quartus that it was creiated with before upgrading
IP components.

Generate Simulator Script for IP:-Generate a combined simulation script for all IP in your Quartus Prime
project.

Generates/Updates Combined Simulation Setup Script for IP Runs “Auto Upgrade” on all Outdated Cores

Note: Intel FPGA IP cores older than Quartus Prime software version 12.0 do not
support upgrade. Intel verifies that the current version of the Quartus Prime
software compiles the previous two versions of each IP core. The Intel FPGA
IP Core Release Notes reports any verification exceptions for Intel FPGA IP
cores. Intel does not verify compilation for IP cores older than the previous
two releases.

Related Information
Intel FPGA IP Release Notes
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4.10.1. Upgrading IP Cores at Command-Line

Optionally, upgrade an Intel FPGA IP core at the command-line, rather than using the
GUI. IP cores that do not support automatic upgrade do not support command-line
upgrade.

e To upgrade a single IP core at the command-line, type the following command:

quartus_sh —ip_upgrade —variation_files <ny_i p>.<qgsys, .v, .vhd> \
<quartus_proj ect >

Example:
guartus_sh -ip_upgrade -variation_files mega/pll125.gsys hps_testx

e To simultaneously upgrade multiple IP cores at the command-line, type the
following command:

guartus_sh —ip_upgrade —variation_files “<ny_i pl>.<qgsys, .V, .vhd>> \
<my_i p_filepath/ny_i p2>.<hdl >” <quartus_project>

Example:
guartus_sh -ip_upgrade -variation_files "mega/pll_tx2.qsys;mega/
pl13.gsys"™ hps_testx

4.10.2. Migrating IP Cores to a Different Device

Migrate an Intel FPGA IP variation when you want to target a different (often newer)
device. Most Intel FPGA IP cores support automatic migration. Some IP cores require
manual IP regeneration for migration. A few IP cores do not support device migration,
requiring you to replace them in the project. The Upgrade IP Components dialog
box identifies the migration support level for each IP core in the design.

1. To display the IP cores that require migration, click Project 0 Upgrade IP
Components. The Description field provides migration instructions and version
differences.

2. To migrate one or more IP cores that support automatic upgrade, ensure that the
Auto Upgrade option is turned on for the IP cores, and click Perform Automatic
Upgrade. The Status and Version columns update when upgrade is complete.

3. To migrate an IP core that does not support automatic upgrade, double-click the
IP core name, and click OK. The parameter editor appears. If the parameter editor
specifies a Currently selected device family, turn off Match project/default,
and then select the new target device family.

4. Click Generate HDL, and confirm the Synthesis and Simulation file options.
Verilog HDL is the default output file format. If you specify VHDL as the output
format, select VHDL to retain the original output format.

5. Click Finish to complete migration of the IP core. Click OK if the software prompts
you to overwrite IP core files. The Device Family column displays the new target
device name when migration is complete.

6. To ensure correctness, review the latest parameters in the parameter editor or
generated HDL.
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Note: IP migration may change ports, parameters, or functionality of the IP
variation. These changes may require you to modify your design or to re-
parameterize your IP variant. During migration, the IP variation's HDL
generates into a library that is different from the original output location of
the IP core. Update any assignments that reference outdated locations. If a
symbol in a supporting Block Design File schematic represents your
upgraded IP core, replace the symbol with the newly generated
<my_ip> .bs¥. Migration of some IP cores requires installed support for the
original and migration device families.

Related Information
Intel FPGA IP Release Notes
4.10.3. Troubleshooting IP or Platform Designer System Upgrade

The Upgrade IP Components dialog box reports the version and status of each Intel
FPGA IP core and Platform Designer system following upgrade or migration.

If any upgrade or migration fails, the Upgrade IP Components dialog box provides
information to help you resolve any errors.

Note: Do not use spaces in IP variation names or paths.
During automatic or manual upgrade, the Messages window dynamically displays
upgrade information for each IP core or Platform Designer system. Use the following

information to resolve upgrade errors:

Table 28. IP Upgrade Error Information

Upgrade IP Components Description
Field

Status Displays the "Success" or "Failed" status of each upgrade or migration. Click the status of
any upgrade that fails to open the IP Upgrade Report.

Version Dynamically updates the version number when upgrade is successful. The text is red when
the IP requires upgrade.

Device Family Dynamically updates to the new device family when migration is successful. The text is red
when the IP core requires upgrade.

Auto Upgrade Runs automatic upgrade on all IP cores that support auto upgrade. Also, automatically
generates a <Pr oj ect Directory>/ip_upgrade_port_diff_reports report for IP
cores or Platform Designer systems that fail upgrade. Review these reports to determine
any port differences between the current and previous IP core version.

Use the following techniques to resolve errors if your IP core or Platform Designer
system "Failed" to upgrade versions or migrate to another device. Review and
implement the instructions in the Description field, including one or more of the
following:
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If the current version of the software does not support the IP variant, right-click
the component and click Remove IP Component from Project. Replace this IP
core or Platform Designer system with the one supported in the current version of
the software.

If the current target device does not support the IP variant, select a supported
device family for the project, or replace the IP variant with a suitable replacement
that supports your target device.

If an upgrade or migration fails, click Failed in the Status field to display and
review details of the IP Upgrade Report. Click the Release Notes link for the
latest known issues about the IP core. Use this information to determine the
nature of the upgrade or migration failure and make corrections before upgrade.

Run Auto Upgrade to automatically generate an IP Ports Diff report for each IP
core or Platform Designer system that you upgrade. Review the reports to
determine any port differences between the current and previous IP core version.
Click Upgrade in Editor to make specific port changes and regenerate your IP
core or Platform Designer system.

If your IP core or Platform Designer system does not support Auto Upgrade, click
Upgrade in Editor to resolve errors and regenerate the component in the
parameter editor.

IP Port Differences Report

W@ ~NO Wb WM

IP Ports Diff Report for pattern _generator_system_mm_bridge
Tue August 20 12:13:05 2020
Quartus Prime Version 20.3.0 Pro Edition

1. IP Information
2. IP Ports Diff Table

Report Summary
e o e i e e Pt PP
; IP Information
e o o o e e e e e e
; IP Variation Name ; pattern_generator_system mm_bridge
; Prior Version ; 19.3
; New Version ; 20.3
; New File ; /mydata/synth/pattern_generator_system_mm_bridge.v ;

; Has Port Differences ; Yes

R e e L e T b
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; Modified ; m@_writedata ; [31:0] ; [0:8] ; output ; output
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; Modified ; sO_readdata ; [31:0] ; [0:8] ; output ; output

; Modified ; s@_writedata ; [31:0] ; [0:8] ; lnput ; input s
+ + + + +
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4.11. Simulating Intel FPGA IP Cores
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The Quartus Prime software supports IP core RTL simulation in specific EDA

simulators. IP generation optionally creates simulation files, including the functional
simulation model, any testbench (or example design), and vendor-specific simulator
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setup scripts for each IP core. You can use the functional simulation model and any
testbench or example design for simulation. IP generation output may also include
scripts to compile and run any testbench. The scripts list all models or libraries you
require to simulate your IP core.

The Quartus Prime software provides integration with many simulators and supports
multiple simulation flows, including your own scripted and custom simulation flows.
Whichever flow you choose, IP core simulation involves the following steps:

Generate IP HDL, testbench (or example design), and simulator setup script files.

N

Set up your simulator environment and any simulation scripts.
3. Compile simulation model libraries.

4. Run your simulator.

4.11.1. Generating IP Simulation Files

The Quartus Prime software optionally generates the functional simulation model, any
testbench (or example design), and vendor-specific simulator setup scripts when you
generate an IP core. To specify options for the generation of IP simulation files, follow
these steps:

e To specify your supported simulator and options for design simulation file
generation, click Assignment O Settings [1 EDA Tool Settings [0 Simulation.

Figure 39. Simulation Options in Generation Dialog Box

The simulation model contains generated HDL files for the simulator, and may include simulation-only features.
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the ip-setup-simulation and
ip-make-simscript command-line utilities to compile all of the files needed for simulating all of the IP in your design

[
Create simulation model iVenIog v

Select simulation flow for specific simulators:

x :
MedelSim flow selection |Qrun v

Select the simulators for which simulation scripts will be generated. If no simulators are selected, simulation scripts will be generated for all simulators.

v| ModelSim
] ves-mx

[Clves

[[] Riviera-PRO

[] Xcelium

e To specify your supported simulator and options for IP simulation file generation,
click Assignments 0 Settings [0 Board and IP Settings 0 IP Simulation and
specify the following:

— To enable automatic generation of simulation models for all IP in the project
when you generate IP during compilation, turn on the Generate IP
simulation model when generating IP option.

— To specify one or more supported simulators for which to generate setup
scripts, turn on one or more simulator option, or disable all simulator options
to generate scripts for all simulators automatically.
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Figure 40. Project-Wide IP Generation Settings

Specify settings for creating and managing IP files.

Maximum Platform Designer memory usage: | Default - | M8

Note: Select or enter a value smaller than the available free memory. Selecting a value that is too low or too high may result in instability of
IP-related functionality.

IP generation HDL preference: Verilog -

IP regeneration policy

To control when the IP Generation stage regenerates synthesis or simulation files for IP cores in the project, select from the options
below :

Always regenerate design files for IP cores
@) Never regenerate design files for IP cores
Note: The Intel Quartus Prime Analysis and Synthesis process never generates or regenerates the simulation files for IP cores.
IP Simulation
v Generate IP simulation model when generating IP
Select simulator specific simulation flow:
Modelsim Flow | Qrun -

Select the simulators for which simulation scripts will be generated. If no simulator is selected, simulation scripts will be generated for
all simulators.

Questasim Riviera-Pro VCS-MX ves Xeelium

Parallel IP generation

oK Cancel Apply Help

* To generate the simulation files, click Processing U Start Compilation to
compile the design. The simulation models and setup scripts for the Intel FPGA IP
generate in the <your _proj ect >/<i p nane>/sim/<vendor > directory.

You can optionally override these project-level IP Settings when you generate HDL
for individual IP cores with the IP Parameter Editor. Prior to generation, you can
specify a supported simulator, or specify no simulator to generate the setup scripts for
all simulators in the parameter editor.

4.11.2. Scripting IP Simulation

The Quartus Prime software supports the use of scripts to automate simulation
processing in your preferred simulation environment. Use the scripting methodology
that you prefer to control simulation.

Use a version-independent, top-level simulation script to control design, testbench,
and IP core simulation. Because Quartus Prime-generated simulation file names may
change after IP upgrade or regeneration, your top-level simulation script must
"source" the generated setup scripts, rather than using the generated setup scripts
directly. Follow these steps to generate or regenerate combined simulator setup
scripts:
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Figure 41. Incorporating Generated Simulator Setup Scripts into a Top-Level Simulation
Script

Top-Level Simulation Script

Individual IP

m Specify project-specific settings: Simulation Scripts

— TOP_LEVEL_NAME
— Add optional QSYS_SIMDIR variable
— Additional compile and elaboration options

m Source the Combined IP Setup Simulator Script
(e.g., source msim_setup.tcl)

Click “Generate Simulator Script for IP"

Combined IP

m Compile design files: Simulator Script

— Use generated scripts to compile device libraries
and IP files
— Compile your design and testbench files

(Includes Templates)

m Elaborate
= Simulate

1. Click Tools O Generate Simulator Script for IP (or run the ip-setup-
simulation utility) to generate or regenerate a combined simulator setup script
for all IP for each simulator.

2. Use the templates in the generated script to source the combined script in your
top-level simulation script. Each simulator's combined script file contains a
rudimentary template that you adapt for integration of the setup script into a top-
level simulation script.

This technique eliminates manual update of simulation scripts if you modify or
upgrade the IP variation.

4.11.2.1. Generating a Combined Simulator Setup Script

You can run the Generate Simulator Setup Script for IP command to generate a
combined simulator setup script.

You can then source this combined script from a top-level simulation script. Click
Tools [0 Generate Simulator Setup Script for IP (or use of the ip-setup-
simulation utility at the command-line) to generate or update the combined scripts,
after any of the following occur:

e IP core initial generation or regeneration with new parameters
e Quartus Prime software version upgrade

e IP core version upgrade

Table 29. ip-setup-simulation Utility

Utility Syntax

ip-setup-simulation generates a combined, version- ip-setup-simulation
independent simulation script for all Intel FPGA IP cores in --quartus-project=<my proj>
your project. The command also automates regeneration of --output-directory=<my_dir>
the script after upgrading software or IP versions. Use the --use-relative-paths

= . X K . ) --compi le-to-work
compi le-to-work option to compile all simulation files
into a single work library if your simulation environment --use-relative-paths and --compi le-to-work are
requires. Use the —--use-relative-paths option to use optional. For command-line help listing all options for these
relative paths whenever possible. executables, type: <utility name> --help.
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To generate a combined simulator setup script for all project IP cores for each

simulator:(4)

1. Click Tools 0 Generate Simulator Setup Script for IP (or run the ip-setup-
simulation utility). Specify the Output Directory and library compilation
options. Click OK to generate the file. By default, the files generate into the /
<proj ect directory>/<simnulator>/ directory using relative paths.

Note: For designs with F-tile IP, do not turn on the Use top-level entity names
from Quartus project option.

Figure 42. Generate Simulator Setup Script for IP Dialog Box

an () Generate Simulator Setup Script for IP <@sj (~) (= 3

Output directory: |Vt1_pcie_1 x16_ep/

v Use relative paths whenever possible
Use top-level entity names from Quartus project

OK Cancel Help

2. To incorporate the generated simulator setup script into your top-level simulation
script, refer to the template section in the generated simulator setup script as a
guide to creating a top-level script:

a. Copy the specified template sections from the simulator-specific generated
scripts and paste them into a new top-level file.

b. Remove the comments at the beginning of each line from the copied template
sections.

c. Specify the customizations you require to match your design simulation
requirements, for example:

e Specify the TOP_LEVEL_NAME variable to the design’s simulation top-level
file. The top-level entity of your simulation is often a testbench that
instantiates your design. Then, your design instantiates IP cores or

Platform Designer systems. Set the value of TOP_LEVEL_NAME to the top-
level entity.

e If necessary, set the QSYS_SIMDIR variable to point to the location of the
generated IP simulation files.

* Specify any other changes, such as using the grep command-line utility to
search a transcript file for error signatures, or e-mail a report.

3. Re-run Tools 0 Generate Simulator Setup Script for IP (or ip-setup-
simulation) after regeneration of an IP variation.
Related Information

Quartus Prime Pro Edition User Guide: Third-party Simulation

(4) If your design contains one or more F-tile IPs, you must first perform Start Analysis &
Elaboration and then Support-Logic Generation before performing these steps.
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4.12. Generating Simulation Files for Platform Designher Systems
and IP Variants

If your design contains Intel FPGA IP or a Platform Designer system, you must first
generate files for RTL simulation of the IP or system with the Quartus Prime Platform
Designer before running simulation.

When you generate the system (or IP variant), Platform Designer optionally creates
simulation files, including the functional simulation model, any testbench (or example
design), and vendor-specific simulator setup scripts for each IP core.

You can use the functional simulation model and any testbench or example design for
simulation of the IP or system. The IP generation output may also include scripts to
compile and run any testbench. The scripts list all models or libraries you require to
simulate your IP core.

To generate the simulation model and simulator setup scripts for your Platform
Designer system or component, follow these steps:

1. Click Tools O Platform Designer. Platform Designer and open or create a
Platform Designer system or IP variant.

2. In Platform Designer, after specifying parameters, click Generate [ Generate
HDL. The Generation dialog box appears.

3. Under Simulation, specify Verilog or VHDL for the Create simulation model

option.
Figure 43. Simulation Options in Generation Dialog Box
The simulation model contains generated HDL files for the simulator, and may include simulation-only features.
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.
Follow the guidance in the generated simulation scripts about how to structure your design’s simulation scripts and how to use the ip-setup-simulation and
ip-make-simscript command-line unhnest_ocirqilejll of_ the files needed for simulating all of the IP in your design.
Create simulation model ‘,Vﬂ'log =
Select simulatien flow for specific simulators:
ModelSim flow selection: gOIun 4
Select the simulators for which simulation scripts will be generated. If no simulators are selected, simulation scripts will be generated for all simulators.
v] ModelSim
] ves-mx
[Jves
| Riviera-PRO
[] Xcelium

4. If you want to specifically use ModelSim*, specify Traditional or Qrun for the
ModelSim flow option. Otherwise, Qrun flow is the default selection.

5. Turn on or off the ModelSim, VCS-MX, VCS, Riviera-Pro, or Xcelium option to
generate simulator setup scripts for the simulation tool. If you turn on no
simulator options, the scripts generate for all simulators.

6. Click the Generate button. Platform Designer generates the simulation models
and setup scripts for your system or IP component in the following directory:
<top-level system name>/<system name>/<sim>/<simulator>
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Figure 44. Generated Simulation Files Location
<project_directory>
<IP_name>
sim - IP simulation files
<your_system>.v or vhd - Top-level simulation file
<simulator vendor>
<simulator> - Simulator setup scripts
common - IP simulation script files
<simulator vendor>_files.tcl
By default, Platform Designer generates the simulation scripts for the currently loaded
system and all subsystems. Alternatively, you can open a subsystem to generate a
simulation script only for that subsystem.
You can use scripts to compile the required device libraries and system design files in
the correct order and elaborate or load the top-level system for simulation.
Table 30. Simulation Script Variables
The simulation scripts provide variables that allow flexibility in your simulation environment.
Variable Description
TOP_LEVEL_NAME If the testbench Platform Designer system is not the top-level instance in your simulation
environment because you instantiate the Platform Designer testbench within your own top-
level simulation file, set the TOP_LEVEL_NAME variable to the top-level hierarchy name.
QSYS_SIMDIR If the simulation files generated by Platform Designer are not in the simulation working
directory, use the QSYS_SIMDIR variable to specify the directory location of the Platform
Designer simulation files.
QUARTUS_INSTALL_DIR Points to the Quartus installation directory that contains the device family library.

Example 6. Top-Level Simulation HDL File for a Testbench System

The example below shows the pattern_generator_tb generated for a Platform
Designer system called pattern_generator. The top.svV file defines the top-level
module that instantiates the pattern_generator_tb simulation model, as well as a
custom SystemVerilog test program with BFM transactions, called test_program.

module top();
pattern_generator_tb tb();
test_program pgm(Q);
endmodule

4.13. Synthesizing IP Cores in Other EDA Tools

Optionally, use another supported EDA tool to synthesize a design that includes Intel
FPGA IP cores. When you generate the IP core synthesis files for use with third-party
EDA synthesis tools, you can create an area and timing estimation netlist. To enable
generation, turn on Create timing and resource estimates for third-party EDA
synthesis tools when customizing your IP variation.
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The area and timing estimation netlist describes the IP core connectivity and
architecture, but does not include details about the true functionality. This information
enables certain third-party synthesis tools to better report area and timing estimates.
In addition, synthesis tools can use the timing information to achieve timing-driven
optimizations and improve the quality of results.

The Quartus Prime software generates the <vari ant nane>_syn.v netlist file in
Verilog HDL format, regardless of the output file format you specify. If you use this
netlist for synthesis, you must include the IP core wrapper file <variant name>.v or
<variant name> .vhd in your Quartus Prime project.

4.14. Instantiating IP Cores in HDL

Instantiate an IP core directly in your HDL code by calling the IP core name and
declaring the IP core's parameters. This approach is similar to instantiating any other
module, component, or subdesign. When instantiating an IP core in VHDL, you must
include the associated libraries.

4.14.1. Example Top-Level Verilog HDL Module

Verilog HDL ALTFP_MULT in Top-Level Module with One Input Connected to Multiplexer.

module MF_top (a, b, sel, datab, clock, result);
input [31:0] a, b, datab;
input clock, sel;
output [31:0] result;
wire [31:0] wire_dataa;

assign wire_dataa = (sel)? a : b;
altfp_mult instl
(-dataa(wire_dataa), -datab(datab), .clock(clock), .result(result));

defparam
instl_pipeline = 11,
instl_width_exp = 8,
instl._width_man = 23,
instl_exception_handling = "no";

endmodule

4.14.2. Example Top-Level VHDL Module

VHDL ALTFP_MULT in Top-Level Module with One Input Connected to Multiplexer.

library ieee;

use ieee.std_logic_1164.all;

library altera_mf;

use altera_mf._altera_mf_components.all;

entity MF_top is

port (clock, sel : in std_logic;
a, b, datab : in std_logic_vector(31 downto 0);
result : out std_logic_vector(31 downto 0));

end entity;

architecture arch_MF_top of MF_top is

signal wire_dataa : std_logic_vector(31 downto 0);
begin

wire_dataa <= a when (sel = "1%) else b;

instl : altfp_mult
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generic map (¢
pipeline => 11,
width_exp => 8,
width_man => 23,
exception_handling => "no")
port map (
dataa => wire_dataa,
datab => datab,
clock => clock,
result => result);
end arch_MF_top;

4.15. Support for the IEEE 1735 Encryption Standard

The Quartus Prime Pro Edition software supports the IEEE 1735 v1 encryption
standard for IP core file decryption. You can encrypt the Verilog HDL or VHDL IP files
with the encrypt_1735 utility, or with a third-party encryption tool that supports the
IEEE 1735 standard. You can then use the encrypted files in the Quartus Prime Pro
Edition software and simulation tools that support the IEEE 1735 encryption standard.

The encryption key is the same for Verilog HDL and VHDL. You can pass parameters to
the instantiation of an encrypted module using the same method as a non-encrypted
module.

Type encrypt_1735 --help at the Quartus Prime command line to view syntax and
all supported options for the encrypt_1735 utility.

encrypt_1735 [-h | --help[=<option|topic>] | -Vv]
encrypt_1735 <other options>

Options:
-?
- <argument file>
-h
--256_bit[=<value>]
--help[=<option]topic>]
--language=<verilog | systemverilog| vhdl>
--lower_priority
--of=<some_Tfile>
--quartus
--simulation[=<aldec | cadence | mentor | synopsys (comma delimited)>]
—--tcl_jou_Tfile=<[tcl_jou_Tfilename=]on]off>
--tcl_log_file=<[tcl_log_filename=]on|off>

Adding the following Verilog or VHDL pragma to your RTL, along with the public key,
enables the Quartus Prime software to use the key to decrypt IP core files.

Verilog/SystemVerilog Encryption Pragma (Third-Party Tools):

pragma protect key keyowner="Intel Corporation"
pragma protect data_method="aes128-chc"

pragma protect key_method="rsa"

pragma protect key_ keyname="Intel-FPGA-Quartus-RSA-1"
pragma protect key public_key

<encrypted session key>

“pragma protect begin
“pragma protect end
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Note:

VHDL Encryption Pragma (Third-Party Tools):

“protect key_keyowner = “Intel Corporation”
“protect data_method=""aes128-cbc""

“protect key method = “rsa”

“protect key_ keyname = “Intel-FPGA-Quartus-RSA-1"

protect key_block
<Encrypted session key>

Only file encryption with a third-party tool requires the public encryption key. File
encryption with the Quartus Prime Pro Edition software does not require the public
encryption key.

Use one of the following methods to obtain the public encryption key:

e If you are using the Quartus Prime Pro Edition software version 19.3 or later, the
public encryption key is in <i nstal | di rect or y>\quartus\common\misc
\public_key.

e If you are using a version of the Quartus Prime Pro Edition software earlier than
version 19.3, to obtain the encryption key, login or register for a My-Intel account,
and then submit an Intel Premier Support case requesting the encryption key.

e If you are ineligible for Intel Premier Support, you can submit a question regarding
the "IEEE 1735 Encryption Public Key" to the Intel Community Forum for
assistance.

The Quartus Prime Standard Edition software does not support IEEE 1735 encryption.

Related Information
e My-Intel.com

e Intel Community Forum

4.16. Related Trainings and Resources

You can take up the following training to help you understand how you can work with
Intel FPGA IP cores:

e Creating Reusable Design Blocks: Introduction to IP Reuse with the Quartus Prime
Software

e Creating Reusable Design Blocks: IP Integration with the Quartus Prime Software
e Creating Reusable Design Blocks: IP Design & Implementation with the Quartus
Prime Software

For other IP-related trainings, review the Intel FPGA Training Catalog and YouTube*'s
Intel FPGA channel.

Also, refer to the Embedded Peripherals IP User Guide for detailed description of the IP
cores that the Quartus Prime design software provides.
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5. Managing Quartus Prime Projects

The Quartus Prime software organizes and manages the elements of your design
within a project. The project encapsulates information about your design files,
hierarchy, libraries, constraints, and project settings. This chapter describes the basics
of working with Quartus Prime software projects, including viewing project
information, adding design files and constraints, and viewing and exporting the design
compilation results.

After you create or open a project, the GUI displays integrated information and
controls for the open project.

Navigating Content Through Tasks

Use the following navigation diagram to navigate this guide through user-tasks:

C

Plan FPGA Design for RTL Create a New Project Manage Your Quartus Prime Review Next Steps
Flow or Pro Edition Projects
or Migrate Your Existing Project
Work With Intel FPGA IP to Quartus Prime Pro Edition
Cores Software

5.1. Viewing Basic Project Information

View basic information about your project in the Project Navigator, the Tasks pane,
Compilation Dashboard, Report panel, and Messages window.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel

Corporation or its subsidiaries. Intel warrants performance of its FPGA and semiconductor products to current

specifications in accordance with Intel's standard warranty, but reserves the right to make changes to any 1so
products and services at any time without notice. Intel assumes no responsibility or liability arising out of the 9005":2015
application or use of any information, product, or service described herein except as expressly agreed to in Registered
writing by Intel. Intel customers are advised to obtain the latest version of device specifications before relying

on any published information and before placing orders for products or services.

*QOther names and brands may be claimed as the property of others.
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Figure 45. Project Navigator Hierarchy, Files, Design Units, and IP Components Tabs

Project Navigator QE®
Entity ~ IP Component Version Supported Device
test_clock_in <Platform Designer> Stratix 10 i
Project Navigator QE®
v altera_work
v E@ auto Project Navigator Q@
¢ EE chip Files Project Navigator QE=E
ol E I, Instance Entity Combinational ALUT]|
» @@ tick | B chiptrip.vy 4 Stratix 10- 15G280LN3F43E1VG
v B3 time E tick_cntv | _ R Chiptrip i 25(0)
] * @ test _cl¢ E speed _ch, H-? e auto_max_ 9(9)
¢ B test mﬁﬂ time_cnty ,15; speed i!" speed_ch |4(4)
e clocks.sde BF tick tick cnt 4(4)
AT jo.sdc om N
I;IIlE v time_c time_cnt  8(8)
A Hierarchy i exception
b =g= test/test/i
2= Hierarchy
L L
2 Hierarchy = B Files  gi® Design Units < IP Components

The Project Navigator

The Project Navigator (View 0O Project Navigator) displays the elements of your
project, such as the design files, IP components, and your project hierarchy (after
elaboration). Right-click in the Project Navigator to locate the elements of your
project. Project information appears on the Files, Hierarchy, Design Units, and IP
Components tabs.

Table 31. Project Navigator Tabs

Project Navigator Tab Description

Files Lists all design files in the current project. Right-click design files in this tab to run these
commands:

e Open the file

e Remove the file from project

e View file Properties

Hierarchy Provides a visual representation of the project hierarchy, specific resource usage information,
and device and device family information. Right-click items in the hierarchy to Locate, Set
as Top-Level Entity, or define Logic Lock regions or design partitions.

Design Units Displays the design units in the project. Right-click a design unit to Locate in Design File.

IP Components Displays the design files that make up the IP instantiated in the project, including Intel FPGA
IP, Platform Designer components, and third-party IP. Click Launch IP Upgrade Tool from
this tab to upgrade outdated IP components.

Project Tasks Pane

The Tasks pane (View U Tasks) launches common project tasks, such as creating
design files, adding IP, running compilation, and device programming.
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Figure 46. Tasks Pane
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Assign device, global
settings, 1/0s,
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Debug and Timing
Closure

Tasks
Project
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Project Files
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Open...
& Add/Remove Files in Project:..
£ Platform Designer
a4 IP Catalog
Assignments
% Device...
< Settings...
# Pin Planner
& Assignment Editor
Compilation
@ Compilation Dashboard
& Compilation Report
Analysis
#» Chip Planner
© Timing Analyzer
& Signal Tap Logic Analyzer
@ RTL Viewer
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1@ @

Add IP or Systems

Run Compiler and
View Reports

& Technology Map Viewer (Post-Mapping)

€ Technology Map Viewer (Post-Fitting)

Finish Design
& Programmer
&, Archive Project...

5.1.1. Using the Compilation Dashboard

Device Programming
and Project Archive

The Compilation Dashboard provides immediate access to settings, controls, and
reporting for each stage of the compilation flow.

The Compilation Dashboard appears by default when you open a project, or you can
click Compilation Dashboard in the Tasks window to re-open it.
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Figure 47. Compilation Dashboard
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1

¢ Click the Pencil icon to edit settings for that stage of the compilation flow.
e Click any Compiler stage to run one or more Compiler stage.

You can click a Compiler stage to resume an interrupted compilation flow provided
no compilation settings have changed from the initial start of the compilation flow.

e Click the Report, RTL Viewer, Technology Map Viewer, Timing Analyzer, or
Snapshot Viewer icons for analysis of stage results.

As the Compiler progresses through the flow, the dashboard updates the status of
each module, and enables icons that you can click for reports and analysis. The
dashboard is also updated if you run your compilation flow from a command line with
the quartus_sh --flow command.

5.1.2. Exploring Quartus Prime Project Contents

The Quartus Prime software organizes your design work within a project. You can
create and compare multiple revisions of your project, to experiment with settings
that achieve your design goals. When you create a new project in the GUI, the
Quartus Prime software automatically creates an Quartus Prime Project File (.qpf) for
that project. The .gpT references the Quartus Prime Settings File (.gqsT). The .gsf
lists the project's design, constraint, and IP files, and stores project-wide and entity-
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specific settings that you specify in the GUI. You do not need to edit the text-
based .qpT or .qsfT files directly. The Quartus Prime software creates and updates
these files automatically as you make changes in the GUI.

files

Table 32. Quartus Prime Project Files
File Type Contains To Edit Format
Project file Project and revision name File 0 New Project Quartus Prime Project File (.qpf)
Wizard
Settings file Lists design files, entity Assignments [ Settings Quartus Prime Settings File (.gsT)
settings, target device,
synthesis directives,
placement constraints
Quartus Project compilation results Project 0 Export Design Quartus Database File (.qdb)
database
Partition Partition compilation results Project 0 Export Design Partition Database File (.qdb)
database Partition
Timing Clock properties, exceptions, | Tools O Timing Analyzer Synopsys Design Constraints File (.sdc)
constraints setup/hold
Logic design RTL and other design source | File 0 New All supported HDL files
files files
Programming Device programming image Tools 0 Programmer SRAM Object File (.sof)

and information Programmer Object File (. pof)

IP core files IP core variation Tools O IP Catalog Quartus Prime IP File (- ip)
parameterization

Platform System definition Tools O Platform Platform Designer System File (.qsys)

Designer system Designer

files

EDA tool files

Scripts for third-party EDA Assignments I Settings Verilog Output File (.vo0)
tools 0 EDA Tool Settings VHDL Output File (.vho)

Verilog Quartus Mapping File (.vqgm)

Archive files

Complete project as single Project O Archive Project | Quartus Prime Archive File (.qar)
compressed file

5.1.2.1. Project File Best Practices

The Quartus Prime software provides various options for specifying project settings
and constraints. The following best practices help ensure automated management and
portability of your project files.

D Send Feedback

Avoid manually editing Quartus Prime data files, such as the Quartus Prime Project
File (-qpT), Quartus Prime Settings File (.qsT), Quartus IP File (- ip), or Platform
Designer System File (.gqsys). Syntax errors in these files cause errors during
compilation. For example, the software may ignore improperly formatted settings
and assignments.

Do not compile multiple projects into the same directory. Instead, use a separate
directory for each project.

By default, the Quartus Prime software saves all project output files, such as Text-
Format Report Files (. rpt), in the project directory. If you want to change the
location of output files, instead of manually moving project output files, click
Assignments [0 Settings 0 Compilation Process Settings, and specify the
Save project output files in specified directory option.
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5.1.3. Viewing Design Hierarchy and Adding Missing Source Files

Prerequisite:

Figure 48.

With the introduction of the fast hierarchy display feature, you can now view the
design hierarchy quickly and add the missing source files without having to wait until
the completion of the Analysis & Elaboration compilation process.

Perform these steps to view the design hierarchy and add the missing source files:

After launching the Quartus Prime Pro Edition software GUI and creating your project,
ensure you have added all RTL source files to the project and top-level entity name of
the design, without which, you cannot proceed with Analysis & Elaboration.

1. Run either Analysis & Synthesis or Analysis & Elaboration on the compilation
dashboard.
2. Navigate to the left-hand Project Navigator 0 Hierarchy tab.

The Hierarchy viewer allows you to quickly view your design hierarchy, and any

errors or warnings before the design is fully elaborated. You can also cross-probe
between the source files and information, warnings or error messages. All entities
with missing source files are highlighted enabling you to make quick design fixes.

Fast Display of Design Hierarchy

Project Navigator Qte®
Instance Entity mbinational ALU cated Logic Regi:llock Memory Bit  DSP Blocks Pins Max Depth  ull Hierarchy Nam =
i, Agilex 5: ASECO65BB32AESS
~ % nd topaw 3935 (1) 3146 (0) 515072 (0) 0(0) 77(0) 11.3(3) |
v B auto fab o o alt_sld_fab_o 125 (0) 88 (0) ] 0 67 3.0(20) auto_fab_0
B ok pd top clk  |clk pd_top_clk  ip/pd_top/pd...
& irq_mapper pd_top_altera... irq_mapper | altera_irq_ma... pd_top.gsys
v & jtag pd_top_jtag  |121(0) 11300 1024 0 0 5.0 (0.0) Jtag
v B led pd top led  |2(0) 4(0) 0 0 0 4.0(0.0) led
» £ mm_interconnect 0  pd_top_altera... 653 (0) 535 (0) o 0 0 8.0(0.0) mm_interconne...
b & new_ocm new_ocm 72(0) 3(0) 512000 0 0 8.0(0.0) new_acm
b & new pll new_pll 0(0) 0(0) [ 0 0 0.0 (0.0} new_pll
v B niosv niosv 2953 (0) 2378 (0) 2048 0 0 8.3(0.0) niosv
2 reset pd_top_reset | reset pd_top_reset  ip/pd_top/pd...
» 2 resetrelease resetrelease resefrelease resetrelease ip/pd_top/res...
3 % rst_controller altera_reset_c.. 6(5) 16 (10) 1] 0 0 1.0(1.0) rst_controller -
Hierarchy B Files o Design Units IP Components

5.1.4. Viewing Project Reports
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The Compilation Report panel updates dynamically to display detailed reports during
project processing. To access Compilation Reports, click (Processing 0 Compilation
Report).

Review the detailed information in these the compilation reports to determine correct
implementation. Right-click report data to locate and edit the source in project files.

D Send Feedback


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Getting%20Started%20(683463%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

5. Managing Quartus Prime Projects
683463 | 2024.04.01

Compilation Report

@ Compilation Dashboard ¢

Table of Contents

- Synthesis

3

Synthesis ’
Reports ’

[i]

Settings

Source Files Read

IP Cores Summary

Partition Summary
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5.1.5. Viewing Project Messages
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& Compilation Report - test ¢

mlm

Selected

Report

F = (use l<string= to invert filter)

Synthesls Status Successful - Mon Nov 20
Revision Name test

Top-level Entity Name  test

Family Stratix 10

The Messages window (View [0 Messages) displays information, warning, and error
messages about Quartus Prime processes. Right-click messages to locate the source
or get message help.

e Processing tab—displays messages from the most recent process

e System tab—displays messages unrelated to design processing

e Find—locates specific messages
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Figure 50. Messages Window

& @ (] 1Y ™ 2 =
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(1) (48)  (0) (0) (0) (0)
'Message Message ID [*
© synthesizing partition “root_partition"
v @ Implemented 74 device resources after synthesis - the fina.. 21057
@ Successfully synthesized partition
@ Synthesizing partition "blinking_led"
v @ Implemented 37 device resources after synthesis - the fina.. 21057
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% System (14) Processing (31)
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5.1.5.1. Viewing Synthesis Warning Messages

Warning messages may contain hierarchies. In Compilation Report [0 Synthesis [
Messages window, you can view hierarchical warning messages up to any level
including the parent and child messages. For each message, you can view its source,
file location, line number, and message ID by selecting appropriate column under
Message Column (right-click on a message in the Message panel as shown in the
following image and click Message Column).

Figure 51. Synthesis Warning Messages (Two levels)

Message Source File Line Message ID*
@ Synthesizing partition "root partition® Synthesis
@ Timing-Driven Synthesis is running on partition "root_partitic Synthesis 286031
+ @ Implemented 48 device resources after synthesis - the final r& Synthesis 21057

Successfully synthesized partition Synthesis
¥ sy ps Y
i nthesizing partition “blinking le " nthesi

Synthesis 13024

"u_blinking led top|value top[@]" is stuck at VCC Design Software /nfs/sitef.. 33 13410

Pin "u_blinking_led_top|value_top[1]" is stuck at vCC Design Software /nfs/site/.. 33 13410

Pin "u_blinking led top|value top[2]" is stuck at vCC Design Software /nfs/sitef.. 33 13410

Pin "u blinking led top|value top[3]" is stuck at VCC Design Software /nfs/site/.. 33 13410

+ @) Implemented & device resources after synthesis - the final re: Synthesis 21057
@ successfully synthesized partition synthesis
@ saving post-synthesis snapshots for 2 partition(s) Synthesis

+ € Quartus Prime Synthesis was successful. @ errors, 6 warnings synthesis =

System (14) Processing (28)

Figure 52. Example of Synthesis Warning Messages With Three Levels

Synthesized away the following node(s}):

~ /) Synthesized away the following node(s) of type LCELL buffer:
/L Synthesized away node "ab"
Synthesized away node "abd"
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In Compilation Report 0 Synthesis 0 Warning Messages, you can view a
comprehensive list of synthesis warning messages for each source file included in your
design. You can view all child warning messages hidden within a parent warning
message by expanding the collapsible rows. To view the location of each warning,
perform these steps:

1. Right-click on the message.
2. Select the Locate Node option.
3. Select the desired tool to view the node.
Note: In the source file-specific warning messages window, messages are hierarchical in

nature and display up to three levels. If the warning messages go deeper than three
levels, use the Message (View [0 Messages) window to view them.

In the source file-specific warning messages window, hierarchical messages are
displayed with message IDs and sample warning messages that are a combination of
the parent and child messages.

Figure 53. Synthesis Warning Messages for Each Source File

)| @ compilation Dashboard 3 | & Compilation Report - top % |

" Table of Contents [o{E[=lfl warnings for blinking_led_top.sv !
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Flow Elapsed Time 1 1302..3410 Output pins are stuck at VCC or GND : P...g_led_top|value_top[0]" is stuck at VCC
Flow OS Summary 2 1302..3410 Output pins are stuck at VCC or GND : P...g_led_top|value_top[1]" Is stuck at VCC
B Flow Log 3 1302..3410 Output pins are stuck at VCC or GND : P...g_led_toplvalue_top[2]" is stuck at VCC

- & Synthesis 4 1302..3410 Output pins are stuck at VCC or GND : P...g_led_toplvalue_top[3]" is stuck at VCC

B summary

Settings

Source Files Read

Partition Summary

» Partition "root_partition”

» I Partition "blinking_led_top”

~ [ Warning Messages

& Warnings for blinking_led_|

Warnings for top.sv
O Messages

B Flow Messapes

5.1.5.2. Suppressing Message Display

You can suppress display of unimportant messages from the Messages window, so that
you can focus on the messages that are important to you. To suppress one or more
messages from displaying in the Messages window, right-click the message, and then
click any of the following commands:

e Suppress Message—suppresses all messages that match the exact text you
specify.

e Suppress Messages with Matching ID—suppresses all messages that match
the message ID number you specify, ignoring variables.

e Suppress Messages with Matching Keyword—suppresses all messages that
match the keyword or hierarchy you specify.

e Message Suppression Manager—allows you to create and edit message
suppression rules. You can define message suppression rules by message text,
message ID number, or keyword.
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Note: e You cannot suppress error or Intel legal agreement messages.
e Suppressing a message also suppresses any submessages.

e A root message does not display if you suppress all of the root message's
submessages.

e Message suppression is project revision-specific. Derivative project revisions
inherit any suppression.

e You cannot edit messages or suppression rules during compilation.

e Messages are written to stdout when you use command-line executables.

Figure 54. Message Suppression Manager

w Message Suppression Manager x
Exact Message Suppression:
ID Message Text

Suppression by ID:

ID Message Text

1 | <<new>>

Suppression By Keyword:

Keyword

1 <<new>>

Delete | ImportRules.. | | ExportRules... ‘ [ OK J | Cancel ‘ ‘ Help ‘

Suppressing Messages by Design Entity

You can optionally suppress messages by design entity without modifying HDL. Entity-
based message suppression can be helpful to eliminate insignificant warnings for
specific IP components or design entities that may be obscuring other more important
warnings.

To suppress messages by design entity, add the following line to the project .qsf, or
to the _qip file for stand-alone IP components:

set_global_assignment -name MESSAGE_DISABLE -entity <name>

5.1.5.3. Promoting Critical Warnings to Errors

You can promote critical warnings to errors so that the compilation flow halts on
receiving the critical warnings as it does with an errors. All critical warnings are
supported.

You can only promote the message IDs on open projects.
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1. In the Message dialog box, right-click on the critical warning you want to promote
to an error.

2. Click Message Promotion 0 Promote Critical Message ID to Error
The software now treats the critical warning as an error.

3. To clear all promotions, click Message Promotion 00 Clear All Message
Promotions

4. Alternatively, manually promote or demote a critical warning in the .gs¥. For
example:

set_global _assignment -name PROMOTE_WARNING_TO ERROR 12677

5.2. Managing Project Settings

The New Project Wizard guides you to make initial project settings when you setup a
new project. You can modify these and other global project settings in the Settings
and Device dialog boxes, respectively. The .qsT stores the settings for each project
revision. The optimization of these project settings helps the Compiler to generate
programming files that meet or exceed your specifications.

Global Project Settings

To access global project settings, click Assignments [ Settings, or click Settings on
the Tasks pane.

Figure 55. Settings Dialog Box for Global Project Settings
Category:
General Specify high-level optimization settings for the Compiler (including design synthesis and fitting).
B Files focus and algorithms that will be performed throughout design compilation.
® Librares Enable Intermediate Fitter Snapshots @
~ # Board and IP Settings
4 IP and Development Board Search Se | Optimization Mode®@ | Register Optimization® Incremental Compile ®
&4 Design Examples Search Locations + Balanced (normal flow)
- #F Operating Settings and Conditions
<& Voltage Performance:
i Temperature High performance effort
‘2, Compilation Process Settings High performance with maximum placement effort
£ EDA Tool Settings High performance with aggressive power effort
Superior performance (adds synthesis optimizations for speed)
7 VHDL Input Superior performance with maximum placement effort
¥ Verilog HDL Input -
% Default Parameters rea:
%.. HyperFlex Aggressive Area (reduces performance)
« Design Assistant Rule Settings Routability:
© Timing Analyzer High placement routability effort
MC] Assembter. : High packing routability effort
Programmlng F.|les Optimize netlist for routability
& Signal Tap Logic Analyzer
Ei Logic Analyzer Interface P
- ¥ Power Analyzer Settings Aggressive power (reduces performance)
Thermal Compile Time:
Advanced Settings (Synthesis)... Advanced Settings (Fitter)...
The Settings dialog box provides access to settings that control project design files,
synthesis, Fitter, and timing constraints, operating conditions, EDA tool file generation,
programming file generation, and other project-level settings.
Additionally, the Assignment Editor (Assignments 0 Assignment Editor) provides a
spreadsheet-like interface for specifying instance-specific settings and constraints.
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Figure 56. Assignment Editor

< Assignment Editor -

File Edit View Tools Window Help Search Intel FPGA | @
<<new>> ~ || Filter onnode names: * * | Category. »
tatu From To AssignmentName Value Enabled Entity Comment~ Tag ™~
[1 1/O Standard LVDS Yes top
2 4 led_zero_on 1/O Standard 18V Yes top
3 Y led_one_on I/O Standard 18V Yes top
4 o' led_two_on IfO Standard 18V Yes top
5 W' led_three_on  1/O Standard 18V Yes top
6 %' |led_zero_on  SlewRate 1 Yes top
7 o' led_one_on Slew Rate 1 Yes top v
‘ »

5.3. Viewing Parameter Settings From the Project Navigator

Starting from the Quartus Prime Pro Edition software version 23.3, you can view the
parameter settings for a module directly from the Project Navigator.

To access the settings, locate the module, right-click and select View Parameter
Settings in the context-sensitive menu. Compilation Report appears displaying the
parameter settings for the entity, as shown in the following image:

Figure 57. Viewing Parameter Settings

Project Navigator Q/* @ % | @ compilation Dashboard 3 % Compilation Report - test 3
Instance Entity mbinatic [\ o of Contents [e\E3[=]l Farameter Settings for User Entity
2 Stratix 10: 15G280LN2F4... i i : i i
w o B Flow Summary - stral!ncl_al iopll I.r|sunce.pll_lnst1||opll_D|
> N testia 4(1) — stratix10_altera_iopll_i
AT core_flops two_ff 1(1) Flow Settings isil F
g: Il ir:st‘\p = “’1 100 Flow Non-Default Global Settings Simr AR Q =<Filt. .. |-
= :m‘ A= Flow Elapsed Time Parameter Name Valu®
* S lopll_0 iopll_1_altera.. 1(0) B Flow 05 Summary 1 c cnt bypass en0 false
 Settings.. Crl+Shift+E || og 2 ccnt _bypass_enl false
- & pl . Leshift hesis 3 c_cnt_bypass_en2 false
. &5 Set as Top-Level Entity Crl+Shift+v 4 |c_cnt bypass en3 true
Locate Node ) pummary 5 c_cnt_bypass_end true
ettings 6 c_cnt_bypass_en5 true
Logic Lock Region 2 . _CNt_Dypass |
! € € ource Files Read 7  c_cnt_bypass_en6 true
2 Hiew. Design Partition ¥ |P Cores Summary 8  c_cnt_bypass_en7 true
Tasks |“ Copy Ctri+C artition Summary 9  c_cnt_bypass_en8 true
Project ource Assignments 10 c_cnt_hi_divo 8
:“1 Revis arameter Settings by Entity Instanci 11 c_ent_hi_div1 4
Project Files, [ Parameter Settings for User Enti 12 cﬁcntﬁhfﬁdwz 8
B new View Parameter Settings.. 5 Parameter Settings for User Entit: |12 cﬁcntﬁhfﬁd\w 256
i Partition "root_partition” 14 centhi diva 255
5 Open| B Properties ! P 15 c_ent hi_divs 256
ke Add/l EmuverF\le_P_s in Project.. 3 Warning Messages 16 |c_cnt_hi_dive 256
£ Platform Designer © Analysis & Elaboration Messages 17~ ent hi AT Py -
af IP Catalog © Logic Synthesis Messages 4 '
Assl.gr.|menls INI Usage _ AllInstances:
%" Device.. = ] = ; pll_inst1|iopll_O|stratix10_altera_iopll_i

5.4. Managing Logic Design Files

The Quartus Prime software helps you create and manage the logic design files in your
project. Logic design files contain the logic that implements your design. When you
add a logic design file to the project, the Compiler automatically includes that file in
the next compilation. The Compiler synthesizes your logic design files to generate
programming files for your target device.
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The Quartus Prime software includes full-featured schematic and text editors, as well
as HDL templates to accelerate your design work. The Quartus Prime software
supports VHDL Design Files (.vhd), Verilog HDL Design Files (.Vv), and SystemVerilog
(-sv). In addition, you can combine your logic design files with Intel and third-party
IP core design files, including combining components into a Platform Designer system

(-asys).

Starting from the Quartus Prime Pro Edition software version 23.3, the compiler
cannot synthesize schematic Block Design File (.bdf). For more information, refer to
Converting Symbolic BDF Files to Acceptable File Formats on page 45.

The New Project Wizard prompts you to identify logic design files. Add or remove
project files by clicking Project > Add/Remove Files in Project. View the project’s
logic design files in the Project Navigator.

Design and IP Files in Project Navigator

(]

iProject Navigator Q
|5 Files

B auto_maxv

B chiptrip.v i

B tick_cntv

E speed_chv

=| time_cntv

BF clocks.sdc

T jo.sdc

" exceptions.sdc

==

* test/test/fipftest/test_clock_inip

& Hierarchy [ Files = g Design Units IP Components

Right-click files in the Project Navigator to:

e Open and edit the file

e Remove File from Project

e Set as Top-Level Entity for the project revision

e Create a Symbol File for Current File for display in schematic editors
e Edit file Properties

5.4.1. Including Design Libraries

D Send Feedback

Include design files libraries in your project. Specify libraries for a single project, or for
all Quartus Prime projects. The .qsT stores project library information.

The quartus2.ini file stores global library information.

1. Click Assignment > Settings.

2. Click Libraries and specify the Project Library name or Global Library name.
Alternatively, you can specify project libraries with SEARCH_PATH in the .gsT,
and global libraries in the quartus2.ini file.
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Related Information

Design Library Migration Guidelines on page 47

5.4.2. Creating a Project Copy

Click Project > Copy Project to create a separate copy of your project, rather than
just a revision within the same project.

The project copy includes separate copies of all design files, any .qgsT files, and
project revisions. You can use this technique to optimize project copies for different
applications that require design file differences. For example, you can optimize one
project to interface with a 32-bit data bus, and optimize a project copy to interface
with a 64-bit data bus.

5.5. Managing Timing Constraints

Apply appropriate timing constraints to correctly optimize fitting and analyze timing
for your design. The Fitter optimizes the placement of logic in the device to meet your
specified timing and routing constraints.

Figure 59. Timing Analyzer
File View Netlist Constraints Repgrts Script Tools Window Help search Intel FPGA )
Set Operating Conditions 2 = Timing Analyzer Summary
Snapshot: final Quartus Prime Version  Version 18.1.0 Internal Build 192 08/06/2018 S.J Pro Editior|
1 Slow vid1 100C Model - Timing Analyzer Timing Analyzer
1 Slow vid1 0C Model Revision Name chiptrip_nf
® slow 900mV 100C Model Device Family Stratix 10
Sl rw GANmY N Madal ~ | | Device Name 1SG2BOLNIF43ETIVG
Report $|/@ Snapshot final
B Timing Delays: Final Snapsk Delay Model Slow 900mV 100C Model
! o i ~ | RisefFall Delays Enabled
) »
Tasks @&
i% open Project... =
Netlist Setup
P Create Timing Netlist
P Read SDCFile
P ResetDesign
B set Operating Conditions.
Ti— ) » 1 >
® Clock uncertainty characteristics of the Stratix 10 device family are preliminary 2
@& @ Deriving Clock Uncertainty. Please refer to report_sdc in the Timing Analyzer to see cloc
¥
i ] b
Ready
Specify timing constraints in the Timing Analyzer (Tools > Timing Analyzer), or in
an .sdc file. Specify constraints for clock characteristics, timing exceptions, and
external signal setup and hold times before running analysis. The Timing Analyzer
reports detailed information about the performance of your design compared with
constraints in the Compilation Report panel.
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Save the constraints you specify in the GUI in an industry-standard Synopsys Design
Constraints File (.sdc). You can subsequently edit the text-based .sdc file directly. If
you refer to multiple .sdc files in a parent .sdc file, the Timing Analyzer reads

the .sdc files in the order you list.

5.6. Integrating Other EDA Tools

You can optionally integrate supported EDA synthesis, netlist partitioning, simulation,
and signal integrity verification tools into the Quartus Prime design flow.

The Quartus Prime software supports input netlist files from supported EDA synthesis

Table 33.

tools. The Compiler's EDA Netlist Writer module (quartus_eda) can automatically
generate output files for processing in other EDA tools. The EDA Netlist Writer runs
optionally as part of a full compilation, or you can run EDA Netlist Writer separately
from the GUI or at the command line. The following functions are available to simplify

EDA tool integration:

EDA Tool Integration Functions

EDA Integration Task

EDA Integration Function

Specify settings for generation of output files for
processing in other EDA tools.

Click Assignments [ Settings [ EDA Tool Settings to specify
options for supported tools.

Generate output files for processing in other EDA
tools.

Click Processing [J Start 0 Start EDA Netlist Writer (or run
quartus_eda) to generate files.

Compile RTL and gate-level simulation model libraries
for your device, supported EDA simulators, and design
language.

Click Tools O Launch Simulation Library Compiler to compile
simulation libraries easily.

Generate EDA tool-specific setup scripts to compile,
elaborate, and simulate Intel FPGA IP models and
simulation model library files.

Specify options for Simulation file output when generating Intel
FPGA IP with IP parameter editor.

Generate files that allow supported EDA tools to
perform netlist modifications, such as adding new
modules, partitioning the netlist, and changing
module connectivity.

Use the quartus_eda —resynthesis command to generate a
Verilog Quartus Mapping File (.vgm) that contains a node-level
(or atom) representation of the netlist in standard structural
Verilog RTL.

Include files generated by other EDA design entry or
synthesis tools in your project as synthesized design
files.

Click Project 0 Add/Remove Files In Project to add supported
Design File files from other EDA tools.

5.7. Exporting Compilation Results

The Quartus Prime Compiler writes the results to a set of database files. You can run a
command to export the compilation results database as a single Quartus Database File

(-qdb).

After running design compilation, the exported .qgdb file contains the data to
reproduce similar compilation results in another project, or in a later software version.
You can export your project's compilation results database for import to another
project or migration to a later Quartus Prime software version.

You can export the .qdb for your entire project or for a design partition that you
define in your project. When migrating the database for an entire project, you can
export the compilation database in a version-compatible format to ensure
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Table 34.

compatibility for import to a later software version. Although you cannot directly read
the contents of the .qdb file after export, you can view attributes of the database file
in the Quartus Database File Viewer.

Exporting Compilation Results

To Export Method Description
Compilation Results
For

Complete Design Click Project 0 Export Design Saves compilation results for the current project revision in

a version-compatible Quartus database file (.qdb) that
you can import to another project or migrate to a later
version of the Quartus Prime software. You can export the
results for the synthesized or final compilation snapshot.

Note: Not supported for Agilex 7 devices.

Design Partition Click Project 0 Export Design Saves compilation results for a design partition as a

Partition Partition Database File (.qdb) that you can import to
another project using the same version of the Quartus
Prime software. You can export the results for the
synthesized or final compilation snapshot.

Related Information
Creating Database-Only Archives on page 112

5.7.1. Exporting a Version-Compatible Compilation Database

You can export a project compilation database to a format that ensures version-
compatibility with a later version of the Quartus Prime software. The Quartus Prime
Pro Edition software version supports export of version-compatible databases for the
following software versions and devices:

Table 35. Version-Compatible Compilation Database Support
The first table column indicates the first version to support version-compatible compilation database export for
the specified devices.
Note: . Database import supports two major versions back. For example, a database that you
export from version 19.3, you can then import using version 19.3, 20.1, and 20.3.
However, you cannot import version 19.3 to 21.1.
. You can export from any version that follows a supported version, if the version still
supports the devices.
First Version with 'Export Stratix 10 and Devices Arria 10 and Cyclone 10 GX Devices
Design' Support
18.0 No Support. Supports all devices.
18.1 e 1SG250L Supports all devices.
e 1SG280H_S2
e 1SG280L
e 1SG280L_S3
e 1SX250L
e 1SX280L
e 1SX280L_S3
19.1 e 1SM16BH Supports all devices.
e 1SM21BH
e 1SM16CH
continued...
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First Version with 'Export Stratix 10 and Devices Arria 10 and Cyclone 10 GX Devices
Design' Support

e 1SM21CH
e 1SM21KH
e 1SM16KH
e 1SM21LH
e 1SM16LH

19.3 e 1SG10MH_U1 Supports all devices.
e 1SG10MH_U2
e 1ST250E

e 1ST280E

e 1SMI16E

e 1SM21E

e 1ST165E

e 1ST210E

e 1SG166H

e 1SG211H

20.1 e 1SD280P Supports all devices.
e 1STO040E
e 1STO85E
e 1ST110E

20.3 e 1SD21BP Supports all devices.
e 1SG040H
e 1SX040H

20.4 e 1SN21BH Supports all devices.
e 1SN21CE

In the Quartus Prime software, open the project that you want to export.

2. Generate synthesis or final compilation results by running one of the following
commands:

* Click Processing [0 Start 0 Start Analysis & Synthesis to generate
synthesized compilation results.

e Click Processing [0 Start Compilation to generate final compilation results.
3. Click Project 0 Export Design. Select the synthesized or final Snapshot.

Figure 60. Export Design Dialog Box
L3 Export Design x

Specify the 'Quartus Database File® that will contain the exported design. The Quartus Prime
software exports the version-compatible design to the specified 'Quartus Database File".

Snapshot | synthesized v
Quartus Database File: |top_synthesized qdb I |

| oK Cancel Help

4. Specify a name for the Quartus Database File to contain the exported results,
and click OK.

5. To include the exported design's settings and constraint files, copy the .qsf
and .sdc files to the import project directory.
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5.7.2. Importing a Version-Compatible Compilation Database

Follow these steps to import a project compilation database into a newer version of
the Quartus Prime software:

Note: Designs exported from the Quartus Prime Pro Edition software versions 23.2 or earlier
cannot be imported into version 23.3 due to the new DNI database.

1. Export a version-compatible compilation database for a complete design, as
Exporting a Version-Compatible Compilation Database on page 100 describes.

2. In a newer version of the Quartus Prime software, open the original project. Click
Yes if prompted to open a project created with a different software version.

3. Click Project 0 Import Design and specify the Quartus Database File. To
remove previous results, turn on Overwrite existing project's databases

Figure 61. Import Design Dialog Box
v Import Design x

Specify the 'Quartus Database File' that contains the exported design,
The Quartus Prime software imports the version-compatible design

Quartus Database File: |t0p_symhesized.qdb |

Overwrite existing project's databases

| oK Cancel Help

4. Click OK. When you compile the imported design, run only Compiler stages that
occur after the stage the .qdb preserves, rather than running a full compilation.
For example, if you import a version-compatible database that contains the
synthesized snapshot, start compilation with the Fitter (Processing 00 Start O
Start Fitter). If you import a version-compatible database that contains the final
snapshot, start compilation with Timing Analysis (Signoff) (Processing 00 Start O
Start Timing Analysis (Signoff)).

5.7.3. Creating a Design Partition

A design partition is a logical, named, hierarchical boundary that you can assign to an
instance in your design. Defining a design partition allows you to optimize and lock
down the compilation results for individual blocks. You can then optionally export the
compilation results of a design partition for reuse in another context, such as reuse in
another project.
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Figure 62. Design Partitions in Design Hierarchy

Root Partition A
——
B (
— ;
D E F
Partition B Partition F

Follow these steps to create and modify design partitions:
1. In the Quartus Prime software, open the project that you want to partition.

2. Generate synthesis or final compilation results by running one of the following
commands:

* Click Processing [0 Start 0 Start Analysis & Synthesis to generate
synthesized compilation results.

¢ (Click Processing [0 Start Compilation to generate final compilation results.

3. In the Project Navigator, right-click an instance in the Hierarchy tab, click Design
Partition 0 Set as Design Partition.

Figure 63. Creating a Design Partition from the Project Hierarchy

Project Navigator Qte®
Instance Entity
& Agilex 7: AGMFO39R47A1ETV

< Settings... Ctrl+Shift+E
Locate Node v
£ Platform Designer

Logic Lock Region v

Design Partition [lb&3

By Copy e None
Default
Reconfigurable
i Reserved Core
E- Properties

& Design Partitions Window Alt+D

4. To view and edit all design partitions in the project, click Assignments 00 Design
Partitions Window.
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Figure 64. Design Partitions Window

Design Partitions Window ®
Assignments View | Compilation View

Partition Name Hierarchy Path Type Partition Database File Post Synthesis Export File| ...
<<new>>
root_partition |
blinking_led  u_blinking_led Default

5. Specify the properties of the design partition in the Design Partitions Window. The
following settings are available:

Table 36. Design Partition Settings

Option Description

Partition Name Specifies the partition name. Each partition name must be unique and consist of only
alphanumeric characters. The Quartus Prime software automatically creates a top-level (])
"root_partition" for each project revision.

Hierarchy Path Specifies the hierarchy path of the entity instance that you assign to the partition. You specify
this value in the Create New Partition dialog box. The root partition hierarchy path is |.

Type Double-click to specify one of the following partition types that control how the Compiler

processes and implements the partition:

o Default—Identifies a standard partition. The Compiler processes the partition using the
associated design source files.

+ Reconfigurable—Identifies a reconfigurable partition in a partial reconfiguration flow.
Specify the Reconfigurable type to preserve synthesis results, while allowing refit of the
partition in the PR flow.

* Reserved Core—Identifies a partition in a block-based design flow that is reserved for
core development by a Consumer reusing the device periphery.

Empty Specifies an empty partition that the Compiler skips. This setting is incompatible with the
Reserved Core and Partition Database File settings for the same partition.

Partition Database File | Specifies a Partition Database File (.qdb) that the Compiler uses during compilation of the
partition. You export the .qdb for the stage of compilation that you want to reuse
(synthesized or final). Assign the .qdb to a partition to reuse those results in another context.

Entity Re-binding e PR Flow—specifies the entity that replaces the default persona in each implementation
revision.

e Root Partition Reuse Flow —specifies the entity that replaces the reserved core logic in the
consumer project.

Color Specifies the color-coding of the partition in the Chip Planner and Design Partition Planner
displays.

Post Synthesis Export Automatically exports post-synthesis compilation results for the partition to the specified .qdb
File file each time Analysis & Synthesis runs. You can automatically export any design partition
that does not have a preserved parent partition, including the root_partition.

Post Final Export File Automatically exports post-final compilation results for the partition to the specified .qdb file
each time the final stage of the Fitter runs. You can automatically export any design partition
that does not have a preserved parent partition, including the root_partition.

5.7.4. Exporting a Design Partition

The following steps describe export of design partitions that you create in your
project.

Note: Design partitions exported from the Quartus Prime Pro Edition software versions 23.2
or earlier cannot be imported into version 23.3 or later due to the new DNI database.
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When you compile a design containing design partitions, the Compiler can preserve a
synthesis or final snapshot of results for each partition. You can export the
synthesized or final compilation results for individual design partitions with the Export
Design Partition dialog box.

If the partition includes any entity-bound .sdc files, you can include those constraints
in the .qdb. In addition, you can automate export of one or more partitions in the
Design Partitions Window.

Manual Design Partition Export

Follow these steps to manually export a design partition with the Export Design
Partition dialog box:

1. Open a project and create one or more design partitions. Creating a Design
Partition on page 102 describes this process.

2. Run synthesis (Processing O Start 0 Start Analysis & Synthesis) or full
compilation (Processing [ Start Compilation), depending on which compilation
results that you want to export.

3. Click Project O Export Design Partition, and specify one or more options in the
Export Design Partition dialog box:

Figure 65. Export Design Partition Dialog Box

Export Design Partition

Allows you to export a design partition of a specified
snapshot as a Partition Database File (.gqdb). You can reuse the
file in a design partition of another project.

Partition name:
speed_ch -

Partition Database File

File name: |kpeed_ch.qdb

v | Include entity-bound SDC files for the selected partition

SDC File Entity Assignments

Entity 5DC file
Snapshot:
synthesized -
OK Cancel Help
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Figure 66.

e Select the Partition name and the compilation Snapshot for export.

e To include any entity-bound .sdc files in the exported .qdb, turn on Include
entity-bound SDC files for the selected partition.

4. Click OK. The compilation results for the design partition exports to the file that
you specify.

Automated Design Partition Export

Follow these steps to automatically export one or more design partitions following
each compilation:

1. Open a project containing one or more design partitions. Creating a Design
Partition on page 102 describes this process.

2. To open the Design Partitions Window, click Assignments [ Design Partitions
Window.

3. To automatically export a partition with synthesis results after each time you run
synthesis, specify the a .qdb export path and file name for the Post Synthesis
Export File option for that partition. If you specify only a file name without a
path, the file exports to the output_Files directory after compilation.

4. To automatically export a partition with final snapshot results each time you run
the Fitter, specify a .qdb file name for the Post Final Export File option for that
partition. If you specify only a file name without a path, the file exports to the
output_TFiles directory after compilation.

Specifying Export File in Design Partitions Window

Design Partitions Window @ =
Assignments View Compilation View
Partition Name  Hierarchy Path Type Partition Database File'Post Synthesis Export File Post Final Export File Entity Re-binding
<<new>>
root_partition |
blinking_led  u_blinking_led Reconfigurable synth_led qdb
top_counter u_top_counter Reconfigurable final_top.qdb )

-gsT Equivalent Assignment:

set_instance_assignment -name EXPORT_PARTITION_SNAPSHOT_<FINAL|SYNTHESIZED> \
<hpath> -to <file_name>._qdb

Related Information

e Intel Quartus Prime Pro Edition User Guide: Block Based Design

e Intel Quartus Prime Pro Edition User Guide: Partial Reconfiguration
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5.7.5. Reusing a Design Partition

You can reuse the compilation results of a design partition exported from another
Quartus Prime project. Reuse of a design partition allows you to share a synthesized
or final design block with another designer. Refer to Intel Quartus Prime Pro Edition
User Guide: Block-Based Design for more information about reuse of design partitions.

To reuse an exported design partition in another project, you assign the exported
partition .qdb to an appropriately configured design partition in the target project via
the Design Partition Window:

1. Export a design partition with the appropriate snapshot, as Exporting a Design
Partition on page 104 describes.

2. Open the target Quartus Prime project that you want to reuse the exported
partition.

Click Processing 0 Start 0 Start Analysis & Elaboration.

Click Assignments 0 Design Partitions Window, and then create a design
partition to contain the logic and compilation results of the exported .qdb.

5. Click the Partition Database File option for the new partition and select the
exported .qdb file.

Figure 67. Partition Database File Setting in Design Partitions Window

Design Partitions Window B
Assignments View Compilation View

Partition Name Hierarchy Path =~ Type Preservation Level Partition Database File ‘Empty Post Synthesis Export File
<<new>>
root_partition |

aute_max auto Default NotSet ftest/new_max.qdb Bl

speed_ch speed Default NotSet No

6. Specify any other properties of the design partition in the Design Partitions
Window. The Compiler uses the partition's assigned .qdb as the source.

5.7.6. Viewing Quartus Database File Information

Although you cannot directly read a .qdb file, you can view helpful attributes about
the file to quickly identify its contents and suitability for use.

The Quartus Prime software automatically stores metadata about the project of origin
when you export a Quartus Database File (.qdb). You can then use the Quartus
Database File Viewer to display the attributes of any of these .qdb files.

Follow these steps to view the attributes of a .qdb file:

1. 1In the Quartus Prime software, click File O Open, select Design Files for Files
of Type, and select a -qdb file.

2. Click Open. The Quartus Database File Viewer displays project and resource
utilization attributes of the .qdb.

Alternatively, run the following command-line equivalent:
quartus_cdb --extract_metadata --file <archive_name.qdb> \

--type quartus --dir <extraction_directory> \
[--overwrite]
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Figure 68.

Quartus Database File Viewer

G blinking_led.qdb 3¢

Project Summary:
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Attribute Value =

= Project Information

Contents Partition

Date Thu Aug 16 10:37:40 2018

Device 1SG2B0HNTF43E2VGST

Entity blinking_led

Family Stratix 10

Partition Name blinking_led

Revision Name blinking_led

Revision Type Unspecified

Snapshot synthesized
Version 18.1.0
Version-Compatible No
~ Resource Utilization
Average fan-out 0.16
» Combinational ALUT usage for logic 0
Dedicated logic registers 2
Estimate of Logic utilization (ALMs needed) 1
1/O pins 35
Maximum fan-out 2
Maximum fan-out node u_blinking_led]counter{23]
» Total DSP Blocks 0
Total fan-out 6 -

5.7.6.1. QDB File Attribute Types

The Quartus Database Viewer can display the following attributes of a .qdb file:

Table 37. QDB File Attributes
QDB Attribute Types Attribute Example
Project Information Contents Partition
Date Thu Jan 23 10:56:23 2018
Device 10AX016C3U19E2LG
Entity (if Partition) Counter
Family Arria 10

Partition Name

root_partition

Revision Name Top

Revision Type PR_BASE

Snapshot synthesized

Version 18.1.0 Pro Edition

Version-Compatible

Yes

Resource Utilization (exported
for partition QDB only)

For synthesized snapshot partition
lists data from the Synthesis
Resource Usage Summary
report.

Average fan-out.16
Dedicated logic registers:14
Estimate of Logic utilization:1

continued...
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1/0 pins:35

Maximum fan-out:2

Maximum fan-out node:counter[23]
Total DSP Blocks:0

Total fan-out:6

For the final snapshot partition, Average fan-out:.16

lists data from the Fitter Partition Combinational ALUTs: 16
Statistics report. N )
1/0 Registers

M20Ks

5.7.7. Clearing Compilation Results

You can clean the project database if you want to remove prior compilation results for
all project revisions or for specific revisions. For example, you must clear previous
compilation results before importing a version-compatible database to an existing
project.

1. Click Project > Clean Project.

2. Select All revisions to clear the databases for all revisions of the current project,
or specify a Revision name to clear only the revision’s database you specify.

3. Click OK. A message indicates when the database is clean.
Figure 69. Clean Project Dialog Box Cleans the Project Database
L Clean Pr_oi_ect b4
e All revisions
Revision name:

Note: Cleaning revisions removes the project
database and other files generated by the Quartus
Prime software, including report and programming
files.

OK Cancel Help

5.8. Archiving Projects

You can optionally save the elements of a project in a single, compressed Quartus
Prime Archive File (.qar) by clicking Project > Archive Project. The .qar
preserves RTL design, project, and settings files required to restore the project.

Use this technique to share projects between designers, or to transfer your project to
a new version of the Quartus Prime software, or to Intel support. Optionally add
compilation results, Platform Designer system files, and third-party EDA tool files to
the archive.

Related Information
Project Archive Commands on page 114
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5.8.1. Manually Adding Files To Archives

Follow these steps to add files to a project archive manually:

Note: If preserving a custom component as part of an Quartus Prime Archive (.gar), you
must first explicitly add the component _hw._tcl file to the project to ensure that
the _gar includes the component. Click Project 0 Add/Remove Files in Project to
add files to your project.

1.

5.

Click Project U Archive Project and specify the archive file name.
Click Advanced.

Select the File set for archive or select Custom. Turn on File subsets for the
archive.

Click Add and select Platform Designer system or EDA tool files. Click OK.
Click Archive.

5.8.2. Archiving Projects for Service Requests

When archiving projects for a service request, include all needed file types for proper
debugging by customer support.

To identify and include appropriate archive files for an Intel service request:

1. Click Project > Archive Project and specify the archive file name.
2. Click Advanced.
3. In File set, select Service request to include files for Intel Support.
e Project source and setting files
(-v, -.vhd, .vgm, .gsf, .sdc, -qip, -gpf, -cmp)
e Automatically detected source files (various)
e Programming output files (- jdi, .sof, .pof)
e Report files (.rpt, -pin, .summary, .smsg)
4. Click OK, and then click Archive.
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Figure 70. Archiving Project for Service Request

#, © Advanced Archive Settings = e ®
File set: | Service request

File subsets: Files to be archived:

Q <<Filter>> Add...
V| Automatically detected source files (7]
V| Programming output files @

V| Report files @
Version-incompatible compilation da @

5 assignment_defaults.qdf
®T data_srcv

BT dsp_slice.v

B eco_demo.qgpf

B eco_demo.gsf

] 3
Total files: 147 Total size: 1016042 byte

-

992 KB

OK Cancel Help

5.8.3. Archiving Projects for External Revision Control

Your project may involve different team members with distributed responsibilities,
such as sub-module design, device and system integration, simulation, and timing

closure. In such cases, it may be useful to track and protect file revisions in an
external revision control system.

While Quartus Prime project revisions preserve various project setting and constraint
combinations, external revision control systems can also track and merge RTL source
code, simulation testbenches, and build scripts. External revision control supports

design file version experimentation through branching and merging different versions

of source code from multiple designers. Refer to your external revision control
documentation for setup information.

5.8.3.1. Project Files to Include In External Revision Control

When archiving Quartus Prime projects for external source control, The Source
control setting in Advanced Archive Settings dialog box is preset to include all
appropriate file types for source control automatically.

Figure 71. Advanced Archive Settings Dialog Box

Source Control File Set Automatically
Selects Appropriate Files for Source Control

% () Advanced Archive Settings - =

File set: Source control
File subsets:
¥ Automatically detected source files @

Programming output files @
Report files @

Version-incompatible compilation database files @
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Table 38. Project Files to Include In External Revision Control

File Type

Description

Quartus Prime project setting and
assignment files

® Quartus Prime Project Files (.qpT)
* Quartus Prime Settings Files (.qgsf)
® Quartus Prime Pin Planner File (.ppT)

Timing constraint files

Synopsys Design Constraint Files (.sdc)

Design files

* Verilog HDL Design Files (-V)

e SystemVerilog Design Files (.sV)

e VHDL Design Files (.vhd)

¢ Block Symbol Files (.bsT)

e Verilog Quartus Mapping Files (.vqgm)

* Platform Designer System Files (.qsys)
e State Machine Editor Files (.smf)

e Tcl Script Design Files (.tcl)

System and IP files

e IP variation file (. ip)

e Verilog IP design files (-V)

e SystemVerilog IP design files (-sv)

e VHDL IP design files (-sv)

e VHDL Component Declaration Files (.cmp)

® Quartus Prime IP file (.qip)

* Quartus Prime Simulation IP File (-sip)

¢ Platform Designer System Files (.gsys)

¢ Platform Designer connection and parameterization files (.sopcinfo)
e [P upgrade status files (.csv)

e IP synthesis parameters files (.qgsynthc)

e 1P simulation parameters files (.qgsimc)

¢ Platform Designer system exported as (.-tcl).

EDA tool integration files

* Verilog HDL Output Files (.vo0)

e VHDL Output Files (.vho)

e VHDL simulation model files (.vhd)

e Verilog HDL simulation model files (-V)

e Simulation library files (cds.lib, hdl.var)

e Simulation setup scripts (_setup.sh, .tcl, .spd, .txt)

5.8.4. Creating Database-Only Archives

If your project contains sensitive RTL that you do not want to share with Intel support,
you can create a database-only archive. A database-only archive contains only the
minimum files required to run timing analysis, fitter, assembler, and GUI design-
inspection tools like Chip Planner.

A database-only archive includes only the project Quartus databases and any
additional files required for compilation. It does not include RTL files.

You can review the complete list of files included in the archive in a report generated
when you create a database-only archive.
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Security A database-only archive does not guarantee protection for sharing your design without

Note: sharing your RTL. The RTL Netlist Viewer, Technology Map Viewer, and other views,
along with the EDA Netlist Writer, are still available for projects exported using this
feature.

With some effort, the original content can be reverse engineered.

To disable these features, encrypt your design. For details, see Support for the IEEE
1735 Encryption Standard on page 83.

Before creating a database-only archive, your project must have completed one of the
following compilation stages:
e Synthesis

Archives that are created after running Synthesis can be used to run the fitter and
then complete timing analysis, run the assembler, and use GUI-based design-
inspection tools.

e Finalized

Archives that are created after completing a full compilation flow for your project
can be used to complete timing analysis, run the assembler, and use GUI design-
inspection tools.

To create a database-only archive, run the following command:
quartus_sh --archive_database -project <project_file> [-use_final_db]
Specify the —use_final _db option to create a database-only archive based on the

finalized snapshot of your project. Otherwise, a database-only archive based on the
synthesized snapshot is created.

The command generates two files: a .qar file that contains the database-only
archive, and a .contents. txt file that lists files that are included in the .qar file.
You can get command syntax details by running the following command:

quartus_sh --help=archive_database

Related Information

Support for the IEEE 1735 Encryption Standard on page 83

5.9. Command-Line Interface

You can optionally use command-line executables or scripts to run project commands,
rather than using the GUI. This technique can be helpful if you have many settings
and wish to track them in a single file or spreadsheet for iterative comparison.

The .qsT supports only a limited subset of Tcl commands. Therefore, pass settings
and constraints using a Tcl script:

1. Create a text file with the extension .tcl that contains your assignments in Tcl
format.

2. Source the Tcl script file by adding the following line to the .gsf:
set_global_assignment -name SOURCE_TCL_SCR IPT_FILE <file
nane>.
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5.9.1. Project Revision Commands

create_revision Command

create_revision defines the properties of a new project revision.

create_revision <name> -based_on <revision_name> -set_current -new_rev_type \
<rev_type> -root_partition_qdb_file <root qdb>

Table 39. create_revision Command Options
Option Description
based_on (optional) Specifies the revision name on which the new revision bases its settings.
set_current (optional) Sets the new revision as the current revision.
-new_rev_type Specifies a base or impl (implementation) type for a new revision.
root_partition_qdb_file Spe_c?fies the name of a static region .qdb if already known when creating a
revision.

get_project_revisions Command

get_project_revisions returns a list of all revisions in the project.
get_project_revisions <proj ect _nanme>

delete_revision Command

delete_revision deletes the revision you specify from your project.

delete_revision <revision name>

set_current_revision Command

set_current_revision sets the revision you specify as the current revision.

set_current_revision -force <revisi on name>

Related Information

e Optimizing Settings with Project Revisions on page 121
e Optimize Settings with Design Space Explorer II

¢ Design Space Explorer II Tool

e Using Design Space Explorer II (DSE II) Video

5.9.2. Project Archive Commands

project_archive Command

project_archive archives your project into a single, compressed .gar file.

project _archive <nane>.gar
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Table 40. project_archive Command Options

Options Description
-all_revisions Includes all revisions of the current project in the archive.
-common_directory /<nane> Preserves original project directory structure in specified

subdirectory.

—-include_libraries Includes libraries in archive
-include_outputs Includes output files in archive
-use_TFile_set <file_set> Includes specified fileset in archive.
-version_compatible_database Includes version-compatible database files in archive.

restore_archive Command

Restores an archived project to a destination directory with optional overwriting of
current contents.

project_restore <nane>.gar -destination <directory name> -overwrite

Related Information
Archiving Projects on page 109
5.9.3. Project Database Commands
export_database Command
export_design exports the specified project database to the .qdb file you specify.

These commands require the quartus_cdb executable.

quartus_cdb <revision name> --export_design --file <file name>.qdb \
--snapshot <synthesized/final>

import_database Command

import_design imports the specified project database to the -qdb file you specify.

quartus_cdb <revision name> --import_design --file <file name>.qdb

export_block Command

export_block exports the specified partition database to the .qgdb file you specify.

quartus_cdb -r <project name> -c <revision name> --export_block \
<partition name> --snapshot <name> --file <file name>.qdb

5.9.3.1. quartus_cdb Executables to Manage Version-Compatible Databases

The command-line arguments to the quartus_cdb executable in the Quartus Prime
Pro software are export_design and import_design. The exported version-
compatible design files are archived in a file (with a .qdb extension). This differs from
the Quartus Prime Standard Edition software, which writes all files to a directory.
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In the Quartus Prime Standard Edition software, the flow exports both post-map and
post-fit databases. In the Quartus Prime Pro Edition software, the export command
requires the snapshot argument to indicate the target snapshot to export. If the
specified snapshot has not been compiled, the flow exits with an error. In ACDS 16.0,
export is limited to “synthesized” and “final” snapshots.

quartus_cdb <project _nanme> [-c <revi sion_nane>] --export_design
--snapshot <snapshot nane> --Ffile <fil ename>.qdb

The import command takes the exported *.qdb file and the project to which you want
to import the design.

quartus_cdb <project _name> [-c <revi sion_nane>] --import_design
--File <archive>.qdb [--overwrite] [--timing_analysis_mode]

The —-timing_analysis_mode option is only available for Arria 10 designs. The
option disables legality checks for certain configuration rules that may have changed
from prior versions of the Quartus Prime software. Use this option only if you cannot
successfully import your design without it. After you have imported a design in timing
analysis mode, you cannot use it to generate programming files.

5.10. Related Trainings

You can take up the following training to help you understand how to manage your
project:

e Instructor-Led Training: Using Quartus Prime Software
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A. Next Steps After Getting Started

Navigating Content Through Tasks

Use the following table to navigate this guide through user-tasks:

D

Plan FPGA Design for RTL Create a New Project Manage Your Quartus Prime Review Next Steps
Flow or Pro Edition Projects
or Migrate Your Existing Project
Work With Intel FPGA IP to Quartus Prime Pro Edition
Cores Software

Once you complete installing and licensing the required Intel FPGA development
software and setting up your Quartus Prime Pro Edition project, refer to the following
topics for additional resources and training to aid your design journey:

A.1. Additional Resources

Resource Description
Intel Community for FPGA Intellectual Allows you to post queries and get responses to Intel FPGA IP-related issues.
Property
Intel Community for Quartus Prime Allows you to post queries and get responses to Quartus Prime software-
Software related issues.

Intel Community for Intel FPGA Software Allows you to post queries and get responses to Intel FPGA software
Installation and Licensing installation and licensing issues.

Intel FPGA Knowledge Base Provides links to applicable articles that span a variety of Quartus Prime
software-related issues.

Intel FPGA Self-Service Licensing Center Provides support for licensing Intel FPGA software.

Quartus Prime Pro Edition User Guide: Describes best practices for designing FPGAs with the Quartus Prime Pro
Design Recommendations Edition software.

Quartus Prime Pro Edition User Guide: Describes how to set up, run, and optimize for all stages of the Quartus Prime
Design Compilation Pro Edition software compiler. The compiler synthesizes, places, and routes

your design before generating a device programming file.

Quartus Prime Pro Edition User Guide: Describes use of Tcl and command line scripts to control the Quartus Prime
Scripting Pro Edition software and to perform a wide range of functions, such as
managing projects, specifying constraints, running compilation or timing
analysis, or generating reports.

continued...
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Resource

Description

Scripting with Quartus Prime Software

Demonstrates how to use the command-line executables for the Quartus
Prime design flow.

Quartus Prime Pro Edition User Guide:
Third-party Simulation

Describes RTL- and gate-level design simulation support for third-party
simulation tools by Aldec*, Cadence*, Mentor Graphics*, and Synopsys* that
allow you to verify design behavior before device programming. Includes
simulator support, simulation flows, and simulating Intel FPGA IP.

Questa*-Intel FPGA Edition Quick-Start:
Quartus Prime Pro Edition User Guide

Demonstrates how to simulate a Quartus Prime Pro Edition design in the
Questa*-Intel FPGA Edition simulator.

How to Setup RTL Simulations in Quartus
Prime, Platform Designer, and Third-Party
Simulators

Describes how to setup an RTL-based simulation using the IP setup simulation
utility.

Quartus Prime Pro Edition Software User
Guides Collection

Each user guide in the collection covers a specific topic and is designed to help
you easily and efficiently find the information you need to see your design
through to completion.

A.2. Training

Quartus Prime Pro Edition User Guide: Getting Started

118

You can take up the following training to aid your FPGA design journey:

¢ University Self-Guided Lab: Become an FPGA Designer in 4 Hours

e Introduction to Tcl

e Quartus Prime Software Tcl Scripting

e Command Line Scripting Capabilities in the Quartus Prime Pro Edition Software

e Quartus Prime Software Tcl Scripting

¢ Intel FPGA Power and Thermal Calculator for Intel FPGA Devices
e DSP Builder Advanced Blockset: Getting Started

e Using FPGAs with the Intel oneAPI Toolkits

e Instructor-Led Training: Intel SoC FPGA Basics

e University Self-Guided Lab: Introduction to Simulation and Debug of FPGAs

For more Intel FPGA trainings, refer to the Intel FPGA Technical Training Catalog and
Intel FPGA channel on YouTube*.
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B. Using the Design Space Explorer 11

The Design Space Explorer II tool (Tools 0 Launch Design Space Explorer II)
allows you to find optimal project settings for resource, performance, or power
optimization goals.

Refer to the following links for information on how to use the tool and what each
option means in the GUI:
e Design Space Explorer II Tool

— Setup Page

— Project Page

— Exploration Page

— Status Page

— Report Page

e Using Design Space Explorer

B.1. Optimizing Project Settings
Optimize project settings to meet your design goals.

The Quartus Prime Design Space Explorer II iteratively compiles your project with
various setting combinations to find the optimal settings for your goals. Alternatively,
you can create a project revision or project copy to manually compare various project
settings and design combinations.

B.1.1. Optimizing Settings with Design Space Explorer II

Design Space Explorer II (DSE II) processes a design using combinations of settings
and constraints, and reports the best combination of settings and constraints for the
design. You can also take advantage of the DSE II parallelization abilities to compile
on multiple computers.

In DSE II, an exploration point is a collection of Analysis & Synthesis, Fitter, and
placement settings, and a group of exploration points is a design exploration. A design
exploration can also include different fitter seeds.

DSE II compiles the design using the settings corresponding to each exploration point.
When the compilation finishes, DSE II evaluates the performance data against an
optimization goal that you specify. You can direct the DSE II to optimize for timing,
area, or power. DSE II attempts multiple seeds to identify one meeting your
requirements. DSE II can run different compilations on multiple computers in parallel
to streamline timing closure.
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Figure 72. Design Space Explorer II

# Quartus Prime Design Space Explorer Il Pro Edition - /datafjbrossar/fi - o0 x

« Exploration
Prepare
£ Exploration name: dse1l
Project Compilation type: | Full compilation v
v Exploration Points
-
Setup
Single compilation
® Design exploration
Explore : :
Exploration Options
% , Seed Sweep Only
Exploration
[: ® Compilation strategies
All Compilation Strategies
Status
Fmax (Choose a strategy that optimizes maximum frequency)
High Performance Effort
Review Superior Performance with Maximum Placement Effort
'5":{:':' High Performance with Optimized Placement Effort
Results Superior Performance with High Placement Effort
g Help Superior Performance with Optimized Placement Effort
£ About Superior Performance
MW Feedback High Performance with Maximum Placement Effort b
L L3

You can run DSE II at any step in the design process. However, because large changes
in a design can neutralize gains achieved from optimizing settings, Intel recommends
that you run DSE II late in the design cycle.

Note: When comparing the results of different seed sweeps with DSE II, changing any of the
following variables can cause differences in the compilation results between seed
sweeps, resulting in a somewhat different fit in each case:

e The number or type of CPUs that DSE II uses to perform the seed sweeps
e Any change to the operating system
¢ Any change to source file content or location

e Any change to the Compiler settings or Timing Analyzer settings

For more information, refer to Fitter Seed.

B.1.1.1. DSE II Computing Resources

You can configure DSE II to take advantage of your computing resources to run the
design explorations. In the DSE II GUI, the Setup page contains the job launch
options, and the Status page allows you to monitor and control jobs.

DSE II supports running compilations on your local computer or a remote host through
LSF, SSH or Torque. For SSH, you can also define a comma-separated list of remote
hosts.
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If you have a laptop or standard computer, you can use the single compilation feature
to compile your design on a workstation with higher computing performance and
memory capacity.

When running on a compute farm, you can direct the DSE II to safely exit after
submitting all the jobs while the compilations continue to run until completion.
Optionally, you can receive an e-mail when the compilations are complete.

If you launch jobs using SSH, the remote host must enable public and private key
authentication. For private keys encrypted with a pass phrase, the remote host must
run the ssh key agent to decrypt the private key, so the quartus_dse executable can
access the key.

Note: Windows remote hosts require Cygwin's sshd server and PuTTY.

B.1.1.2. DSE II Optimization Parameters

DSE II provides a collection of predefined exploration spaces that focus on what you
want to optimize. Additionally, you can define a set of compilation seeds. The number
of explorations points is the humber of seeds multiplied by the number of exploration
modes.

Note: The availability of predefined spaces depends on the device family that the design
targets.

In the DSE GUI, you specify these settings in the Exploration page.

B.1.1.3. DSE II Result Management

DSE II compares the compilation results to determine the best Quartus Prime software
settings for the design. The Report page displays a summary of results.

In an exploration, DSE II selects the best worst-case slack value from among all
timing corners across all exploration points. If you want to optimize for worst-case
setup slack or hold slack, specify timing constraints in the Quartus Prime software.

Disk Space

By default, DSE II saves all the compilation data. You can save disk space by limiting
the type of files that you want to save after a compilation finishes. These settings are
in the Exploration page, Results section.

Reports

DSE II has reporting tools that help you quickly determine important design metrics,
such as worse-case slack, across all exploration points.

DSE 1I provides a performance data report for all points it explores and saves the
information in a project-name.dse.rpt file in the project directory. DSE II archives
the settings of the exploration points in Quartus Prime Archive Files (.qar).

B.1.2. Optimizing Settings with Project Revisions

You can save multiple, named project revisions within your Quartus Prime project
(Project > Revisions). Each project revision captures a unique set of project settings
and constraints, while using the same set of logic design files.
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Use revisions to experiment with different settings while preserving the original.
Optimize different revisions for separate applications:

e Create a unique revision to optimize a design for different criteria, such as by area
in one revision and by fyax in another revision.

e When you create a new revision the default Quartus Prime settings initially apply.

e Create a revision of a revision to experiment with settings and constraints. The
child revision includes all the assignments and settings of the parent revision.

You create, delete, and edit revisions in the Revisions dialog box. Each time you
create a new project revision, the Quartus Prime software creates a new .qgs¥ using
the revision name.

To compare each revision’s synthesis, fitting, and timing analysis results side-by-side,
click Project > Revisions and then click Compare. In addition to viewing the
compilation Results of each revision, you can also compare the Assignments for
each revision. This comparison reveals how different optimization options affect your
design.

Figure 73. Comparing Project Revisions
v Revisions i ]
Specify the current revision for the project, create a new revision, delete an existing revision, or edit the
description of a revision.
Revisions:
Revision Name Revision Type Top-level Entity  Family Device
[ & Compare Revisions
blinking_led
<<newrevisi Results | Assignments
blinking_led_alpha blinking_led =
i * 7 |Analysis & Synthesis Assignments
FAMILY Stratix 10 Stratix 10
TOP_LEVEL_ENTITY top top
«+ [ Fitter Assignments .
DEVICE 15G2B0HN1F43E2VGS3 1SG2B0OHN1F43E2VGS1
ENABLE_ED_CRC_CHECK ON ON
MINIMUM_SEU_INTERVAL o] ]
- Assembler Assignments
USE_CONFIGURATION_DEVICE OFF OFF
ENABLE_OCT_DONE OFF =
1 ¥
| Export.. | Close Help
Related Information
e Project Revision Commands on page 114
e Optimize Settings with Design Space Explorer II
e Design Space Explorer II Tool
¢ Using Design Space Explorer II (DSE II) Video
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B.1.3. Back-Annotating Optimized Assignments

The Compiler maps the elements of your design to specific device resources during
fitting. After compilation, you can back-annotate (copy) the Compiler's resource
assignments to preserve that same implementation in subsequent compilations. Back-
annotation can simplify timing closure by allowing you to lock down placement of your
optimized results.

Locking down placement of large blocks related to Clocks, RAMs, and DSPs can
produce higher fyax with less noise. Large blocks like RAMs and DSPs have heavier
connectivity than regular LABs, complicating movement during placement. When a
seed produces good results from suitable RAM and DSP placement, you can capture
that placement with back-annotation. Subsequent compiles can then benefit from the
high quality RAM and DSP placement from the good seed.

Figure 74. Back-Annotate Assignments Dialog Box

Back-Annotate Assignments

Assignments to back-annotate

v Pin assignments

v RAM assignments
Assignment Type

DSP assignments
to Back-Annotate

Clock assignments

Clock Spine assignments

Filter: |* Back-Annotate Only Nodes
Matching Name Filter
Output
Apend to sk Assignment Storage Location

® File name: |back_annotate_assignments_pin_ram.tcl

Shell command: quartus_cdb chiptrip_nf --back_annotate --pin

H | OK |Qancel Help

To back-annotate (copy) the device resource assignments from the last compilation to
the project .qs¥T (or to a Tcl file) for use in the next compilation:

1. Run a full compilation, or run the Fitter through at least the Place stage.
2. Click Assignments 0 Back-Annotate Assignments.

3. Under Assignments to back-annotate, specify whether you want to preserve
Pin assighments, RAM assignments, DSP assignments, Clock assignments,
and Clock Spine assignments in the back-annotation.

4. 1In Filter, specify a text string (including wildcards) if you want to filter back-
annotated assignments by entity name.

5. Under Output, specify whether to save the back-annotated assignments to
the .qs¥ or to a Tcl file. A default Tcl file name displays.
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Alternatively, you can run back-annotation with the following quartus_cdb
executable. The Shell command field displays the shell command constructed by the
options that you specify in the GUI.

quartus_cdb chiptrip_nf --back_annotate --pin --ram --dsp --clocks \
--spines --file "<file>_tcl"

Note: Check available arguments by running quartus_cdb <project> --
back_annotate --help.
Related Information

Back Annotation in Quartus Prime Software

B.2. Running DSE II

Note: Before running DSE II, specify the timing constraints for the design.

This description covers the type of settings that you need to define when you want to
run a design exploration. For details about all the options available in the GUI, refer to
the Quartus Prime Help.

To perform a design exploration with the DSE II tool:
1. Start the DSE II tool.

If you have an open project in the Quartus Prime software and launch DSE II, a
dialog box appears asking if you want to close the Quartus Prime software. Click
Yes.

In the Project page, specify the project and revision that you want to explore.

In the Setup page, specify whether you want to perform a local or a remote
exploration, and set up the job launch.

In the Exploration page, specify optimization settings and goals.
5. When the configuration is complete, click Start.

B.3. Setting Up Remote Farm Using Design Space Explorer II

To launch Design Space Explorer II, in the Quartus Prime Pro Edition GUI, click Tools
O Launch Design Space Explorer II. Click Yes to the message that appears. This
closes the Quartus Prime software and launches the Design Space Explorer II.

Under the Project tab, click Open Project to add your project to the Design Space
Explorer II. Refer to Project Page (Design Space Explorer II) for information about all
options on this tab.

Use one of the following methods to set up your remote farm:
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LSF Remote Farm
Follow these steps to set up your remote machine using the Design Space Explorer II
and LSF remote compilation type:

1. Ensure you have set up your LSF environment. If not, request your IT
administrator to set up the LSF environment.

2. Once the LSF environment is ready, launch the command line interface and
execute the bsub sleep 60 command.

3. Under the Setup tab, select Remote compilation type and choose the LSF option
from the drop-down list. Populate all mandatory settings under Specify custom
settings for LSF with the LSF environment-specific information.

Refer to Setup Page (Design Space Explorer II) for information about all options
on this tab.

Customize the settings as necessary.

Under the Exploration tab, expand the Exploration Points section.
Select Design exploration.

Under Exploration Options, select Seed Sweep Only.

Under Seeds, select Create. By default, it must be set to 2 seeds.

W © N u ok

Click Start. Wait until the design exploration is complete.
10. Click the Results tab to review the status of the design exploration.

SSH Remote Farm

Follow these steps to set up your remote machine using the Design Space Explorer II
and SSH remote compilation type:

Install the open-source PuTTY Key Generator tool and launch it.

Click Generate to generate the public/private key pair.

Enter the key passphrase.

Click Save private key to save the private key with a . ppk extension.

Click Save public key to save the public key as putty_gen_public_key.pub.

o vk wnN =

On your machine, change to the SSH directory and copy the contents of the
putty _gen_public_key._pub file.

7. In the Design Space, under the Setup tab, select SSH compilation type and
specify the following:

e For Hostname, enter the server name.
e For private_key, enter the path to your private key (.ppk file).

e For SSH Client, enter the path to the plink.exe file. You can find this in the
same directory where you installed the PuTTy tool.

e For Farm Operating System, enter your system type (I inux or windows).

The remaining settings are similar to LSF settings. Refer to Setup Page (Design
Space Explorer II) for information about all options on this tab.

Under the Exploration tab, expand the Exploration Points section.
9. Select Design exploration.
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10. Under Exploration Options, select Seed Sweep Only.

11. Under Seeds, select Create. By default, it must be set to 2 seeds.
12. Click Start. Wait until the design exploration is complete.

13. Click the Results tab to review the status of the design exploration.
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C. Document Revision History for Quartus Prime Pro
Edition User Guide Getting Started

Document Version Quartus Prime Changes
Version
2024.04.01 24.1 e Made the following updates in Introduction to Quartus Prime Pro
Edition:

— Included additional steps to the quick start table.

— Updated the Quartus Prime software main page image in the
table.

— Updated the support matrix image to include Agilex 5 device
support.

— Updated supported features table to include Agilex 5 device
support for hyper-aware design flow.

— Updated the Intel FPGA developmental tools table to include
Agilex 5 device support for PTC.
e Revised prerequisite training list in Prerequisite Knowledge and
Training.
e Consolidated the information of design planning into a table in
Planning FPGA Design for RTL Flow.
e Added Viewing Design Hierarchy and Adding Missing Source Files.

e Removed the Quartus Prime software main page image in
Creating a New FPGA Design Project.

e Revised the IP version upgrade path image in Upgrading IP Cores.
e Revised Generating IP Simulation Files topic entirely.
e Revised the note about .bdf files in Managing Logic Design Files.

2023.12.04 23.4 e Made major reorganization of chapters and topics.
e Added additional information to Introduction to Quartus Prime Pro
Edition.

e Renamed FPGA Basic Design Prerequisites as Prerequisite
Knowledge and Training and included a list of trainings.

e Revised the information for accessing online design examples in
Creating a New Project from a Design Example.

e Renamed the chapter title "Design Planning" to "Planning FPGA
Design for RTL Flow."

e Renamed the topic "Plan for Hierarchical and Team-Based
Designs" to "Selecting the Design Methodology."
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Document Version

Quartus Prime
Version

Changes

Added the following:

— Before You Begin

— Acronyms

— Navigate Content Through Tasks

— Selecting the Design Methodology

— Flat Design Vs. Incremental Block-based Design

— Partial Reconfiguration Design

— Related Trainings

— Migrating Your AMD* Vivado* Project to Quartus Prime Pro
Edition

— Migrating Project From One Device to Another

— Converting Symbolic BDF Files to Acceptable File Formats

— Project Path Length Considerations

Renamed the chapter name from Migrating to Quartus Prime Pro
Edition to Selecting a Starting Point for Your Quartus Prime Pro
Edition Project.

Moved Creating a New FPGA Design Project, Migrating Projects
Across Operating Systems and their subtopics from Managing
Quartus Prime Projects chapter to this chapter.

Chapter renamed as "Working With Intel FPGA IP Cores."

Removed the following topics and added a reference to Quartus
Prime Pro Edition User Guide: Third-party Simulation where these
topics are explained in detail.

— Sourcing Aldec ActiveHDL* or Riviera Pro* Simulator Setup
Scripts

— Sourcing Cadence Incisive* Simulator Setup Scripts

— Sourcing Cadence Xcelium Simulator Setup Scripts

— Sourcing QuestaSim* Simulator Setup Scripts

— Sourcing Synopsys VCS Simulator Setup Scripts

— Sourcing Synopsys VCS MX Simulator Setup Scripts

Moved Creating a New FPGA Design Project, Migrating Projects
Across Operating Systems and their subtopics to Selecting a
Starting Point for Your Quartus Prime Pro Edition Project chapter.
In Managing Logic Design Files, added information about
converting -bdf to .v or .vhd file.

Removed "Block Diagram/Schematic Design Files (.bdf)" in
Project Files to Include In External Revision Control.

Added Viewing Parameter Settings From the Project Navigator.
Added an appendix about Using Design Space Explorer II and
included related topics.

Revised the Power and Thermal Calculator (PTC) image in
Planning for Device Power Consumption.

2023.10.02

23.3

Updated the compilation dashboard image in Introduction to
Quartus Prime Pro Edition and Using the Compilation Dashboard.
Removed OpenCL support from the "Intel Quartus Prime Feature
Support Matrix" image in Selecting an Quartus Prime Software
Edition.

Made a minor correction in Logic Lock Region Assignment
Examples.

Revised the "Quartus Prime Pro Edition IP Version Upgrade Paths"
image in Upgrading IP Cores.

Updated the dashboard image in Using the Compilation
Dashboard.

2023.06.26

23.2

Updated Power Analyzer Settings screenshot for new settings
name.
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Document Version Quartus Prime Changes
Version
2023.04.03 23.1 e Updated product family name to "Intel Agilex 7."

e Added note to Upgrade Project Assignments and Constraints
about new prompt to update operating temperatures in a
migrated project.

e Updated Support for the IEEE 1735 Encryption Standard topic for
new installed location of public encryption key.

e Updated Intel Quartus Prime Pro Edition IP Version Upgrade Paths
support chart.

2022.12.12 22.4 e Updated Plan for the Target Device or Board topic for board-aware
features.

e Revised Applying Preset Parameters for Specific Applications topic
for board-aware features.

e Added new Viewing, Applying, and Deleting IP Presets topic.

e Added new Example IP Preset File (.qprs) topic.

e Revised Customizing IP Presets topic for board-aware features.
e Added new Defining Preset Pin Assignments section.

e Revised Creating a New FPGA Design Project for board-aware
features.

e Added Using the Board-Aware Flow topic.

e Added Creating a New Project from a Design Example topic.
e Added Family, Device & Board Settings topic.

e Added Accessing Pre-Installed Design Examples topic.

e Added Accessing Online Design Examples topic.

e Added Accessing Downloaded Design Examples topic.

e Added Internet Connectivity Options topic.

e Added Design Examples Options topic.

e Added Specifying a Target Board for the Project topic.

2022.06.20 22.2 e Added new Top FAQs navigation to document cover.
e Revised Introduction to add FPGA definition and device selection
footnote.

e Added new FPGA Basic Design Prerequisites topic.
e Added new Experiment with a Design Example topic.

 Removed obsolete Simultaneous Switching Noise Analysis topic
from this basic discussion.

2022.03.28 22.1 e Added information about Power and Thermal Calculator in Plan for
Device Power Consumption.

¢ Removed references to obsolete Advisors from Optimizing Project
Settings topic.

e Added Viewing Synthesis Warning Messages topic.

e Removed the topic Automated Problem Reports.

2021.10.04 21.3 e Added support for Questa*-Intel FPGA Edition simulator.
e Removed support for ModelSim - Intel FPGA Edition simulator.

e Updated Quartus Prime Pro Edition IP Version Upgrade Paths
figure for latest versions.

2021.06.21 21.2 e Added Version-Compatible Compilation Database Support table.
e Added "Promoting Critical Warnings to Errors" topic.

2021.03.29 21.1 e Enhanced Simulating Intel FPGA Designs topic with screenshot,
links, and additional contextual details.

e Updated supported simulator versions and removed support for
Cadence Incisive Enterprise* in Simulator Support topic.

e Revised Generating IP Simulation Files topic for new simulation
file output options.
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Document Version Quartus Prime Changes
Version

e Revised Using the EDA Netlist Writer wording for clarity.
e Added "Creating Database-Only Archives" topic.
e Added "Promoting Critical Warnings to Errors" topic

2020.11.09 20.3 e Revised "Introduction to Intel FPGA IP Cores" topic to include
Bridges and Adapters and Intel FPGA Interconnect categories in IP
Catalog. Updated IP Catalog image.

e Revised wording of "Intel FPGA IP Versioning" topic for clarity.

e Added screenshot to "Checking the IP License Status" topic.

e Added "IP Version Upgrade Paths" diagram to "Upgrading IP
Cores" topic.

e Updated IP Port Differences Report image in "Troubleshooting IP
or System Upgrade" topic.

2020.09.28 20.3 e Updated GUI screenshot in Introduction.

e Updated "Back-Annotate Optimized Assignments" for support of
pins, clocks, RAMs, and DSPs.

2020.05.01 20.1 ¢ Added note about .qar file requirements to "Design Guidelines
for Component Instances" topic.

2019.09.30 19.3 e Added compilation support for Agilex 7 devices.
e Added "Checking the IP License Status" topic.

e Added details to "Support for the IEEE 1735 Encryption
Standard."

e Added Intel FPGA IP Versioning" topic.
e Added "Disabling Automated Problem Reports" topic.
e Added "Suppressing Messages" topic.

2019.05.13 18.1 e Added archives topic.

e Updated the keyname and added --help information to "Support
for the IEEE 1735 Encryption Standard."”

2018.10.24 18.1 e Updated information about obtaining IEEE 1735 Encryption key.

2018.09.24 18.1 e Added screenshot of Quartus Prime Pro Edition GUI.

e Moved information about specifying the target board to
"Specifying the Target Device or Board" in Managing Projects
chapter.

e Retitled "Creating Design Specifications" to "Create a Design
Specification and Test Plan."

e Retitled "Selecting Intellectual Property Cores" to "Plan for
Intellectual Property Cores."

e Retitled "Using Standard Interfaces" to "Plan for Standard
Interfaces." Corrected references to Platform Designer.

e Retitled "Device Selection" to "Plan for the Target Device."
Updated this content to correct Platform Designer names.

e Moved "Setting Pin Assignments" to Managing Projects chapter as
"Generating Pin Assignments for a Target Board."

e Retitled "Estimating Power" to "Plan for Device Power
Consumption." Reorganized this topic into sections for EPE and
Power Analyzer.

e Added link to "Simulator Support, Third-Party Simulation User
Guide

e Retitled "Planning for Device Programming or Configuration" to
"Plan for Device Programming"

e Retitled "Selecting Third-Party EDA Tools" to "Plan for other EDA
Tools."

e Retitled "Planning for On-Chip Debugging Tools" to "Plan for On-
Chip Debugging Tools."
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Document Version Quartus Prime Changes
Version

e Retitled Design Planning with the Intel Quartus Prime Software to
Design Planning

e Added information about removing assignments from the gsf file
that point to legacy output files.

e Added statement that the Quartus Prime software installer does
not support spaces in the installation path.

e Added "Intel FPGA IP Best Practices" topic.

e Divided "Introduction to Intel FPGA IP Cores" into separate
chapter of Getting Started User Guide.

e Subdivided "Exporting, Archiving, and Migrating Projects" into
separate sections.

e Described migration of full chip database in "Exporting a Version-
Compatible Compilation Database" topic.

* Described automated .qdb partition export in "Exporting a Design
Partition" topic.

e Added "Viewing Quartus Database File Information" topic.

e Added "Specifying the Target Device or Board" topic.

e Divided "Introduction to Intel FPGA IP Cores" into separate
chapter.

e Moved "IP Core Best Practices" topic to Introduction to Intel FPGA
IP Cores chapter.

e Moved "Factors Affecting Compilation Results" topic to Design
Compilation: Intel Quartus Prime Pro Edition User Guide.

2018.05.07 18.0 o Initial release as separate chapter of Getting Started User Guide.
Separated Migrating to Quartus Prime Pro Edition as independent
chapter in user guide.

o Initial release as separate chapter of Getting Started User Guide.
Separated Design Planning as independent chapter in user guide.

e Initial release as separate chapter of Getting Started User Guide.
Separated Introduction to Intel FPGA IP Cores as independent
chapter in user guide.

e Updated screenshots of IP Catalog and Parameter Editor for latest
IP names.

e Added note about Generate Combined Simulator Setup Scripts
command limitations.

e Added information about generation of simulation files for
Xcelium*

e Initial release as chapter of Getting Started User Guide.

e Revised "Exporting a Design Partition" topic to add Include entity-
bound SDC files for the selected partition option, to add
prerequisite steps, and to remove import step covered in separate
topic.

e Changed title of "Managing Team-Based Designs" to "Exporting,
Archiving, and Migrating Projects" and updated content.

e Changed title of "Migrating Compilation Results Across Software
Versions" to "Exporting the Compilation Database" and updated
content.

e Changed title of "Exporting the Results Database" to "Exporting a
Version-Compatible Design Compilation Database" and updated
content.

e Changed title of "Importing the Results Database" to "Importing a
Version-Compatible Design Compilation Database" and updated
content.

e Changed title of "Cleaning the Project Database" to "Cleaning the
Project Compilation Database."

e Updated screenshots of IP Catalog and Parameter Editor for latest
IP names.
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Document Version

Quartus Prime
Version

Changes

2017.11.06

17.1

Described Quartus Prime tool name updates for Platform Designer
(Qsys), Interface Planner (BluePrint), Timing Analyzer
(TimeQuest), Eye Viewer (EyeQ), and Intel Advanced Link
Analyzer (Advanced Link Analyzer).

Added Verilog HDL Macro example.
Updated for latest Intel branding conventions.
Added Verilog HDL Macro example.
Updated for latest Intel branding conventions.
Revised product branding for Intel standards.

Revised topics on Intel FPGA IP Evaluation Mode (formerly
OpenCore).

2017.05.08

17.0

Removed statement about limitations for safe state machines. The
Compiler supports safe state machines. State machine inference
is enabled by default.

Added reference to Block-Based Design Flows.

Removed procedure on manual dynamic synthesis report
generation. The Compiler automatically generates dynamic
synthesis reports when enabled.

Removed statement about limitations for safe state machines. The
Compiler supports safe state machines. State machine inference
is enabled by default.

Added note that IP core encryption is supported only in Quartus
Prime Pro Edition.

Revised product branding for Intel standards.

2016.10.31

16.1

Implemented Intel rebranding.
Added reference to Partial Reconfiguration support.

Added to list of Quartus Prime Standard Edition features
unsupported by Quartus Prime Pro Edition.

Added topic on Safe State Machine encoding.

Described unsupported Quartus Prime Standard Edition physical
synthesis options.

Removed deprecated Per-Stage Compilation (Beta)
Compilation Flow.

Changed title from "Remove Filling Vectors" to "Remove Unsized
Constant".

Implemented Intel rebranding.

Described unsupported Quartus Prime Standard Edition physical
synthesis options.

Changed title from "Remove Filling Vectors" to "Remove Unsized
Constant".

Removed references to .qsys file creation during Quartus Prime
Pro Edition stand-alone IP generation.

Added references to . ip file creation during Quartus Prime Pro
Edition stand-alone IP generation.

Updated IP Core Generation Output files list and diagram.

Indicated distinctions between Quartus Prime Pro Edition and
Quartus Prime Standard Edition features.

Added Support for IP Core Encryption topic.

2016.05.03

16.0

Removed software beta status and revised feature set.
Added topic on Safe State Machine encoding.

Added Generating Dynamic Synthesis Reports.
Corrected statement about Verilog Compilation Unit.
Corrected typo in Modify Entity Name Assignments.

Added description of Fitter Plan, Place and Route stages,
reporting, and optimization.

Added Per-Stage Compilation (Beta) Compilation Flow.
continued...
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Document Version Quartus Prime Changes
Version

e Added Platform Designer information.

e Added OpenCL and Signal Tap with routing preservation as unique
Pro Edition features.

e Clarified limitations for multiple Logic Lock instances in the same
region.

¢ Added topic on Safe State Machine encoding.

e Corrected statement about Verilog Compilation Unit.

e Corrected typo in Modify Entity Name Assignments.

e Clarified limitations for multiple Logic Lock instances in the same
region.

2015.11.02 15.1 e First version of document.
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D. Quartus Prime Pro Edition User Guides

Refer to the following user guides for comprehensive information on all phases of the
Quartus Prime Pro Edition FPGA design flow.

Related Information

Quartus Prime Pro Edition User Guide: Getting Started
Introduces the basic features, files, and design flow of the Quartus Prime Pro
Edition software, including managing Quartus Prime Pro Edition projects and IP,
initial design planning considerations, and project migration from previous
software versions.

e Quartus Prime Pro Edition User Guide: Platform Designer
Describes creating and optimizing systems using Platform Designer, a system
integration tool that simplifies integrating customized IP cores in your project.
Platform Designer automatically generates interconnect logic to connect
intellectual property (IP) functions and subsystems.

e Quartus Prime Pro Edition User Guide: Design Recommendations
Describes best design practices for designing FPGAs with the Quartus Prime Pro
Edition software. HDL coding styles and synchronous design practices can
significantly impact design performance. Following recommended HDL coding
styles ensures that Quartus Prime Pro Edition synthesis optimally implements
your design in hardware.

e Quartus Prime Pro Edition User Guide: Design Compilation
Describes set up, running, and optimization for all stages of the Quartus Prime
Pro Edition Compiler. The Compiler synthesizes, places, and routes your design
before generating a device programming file.

¢ Quartus Prime Pro Edition User Guide: Design Optimization
Describes Quartus Prime Pro Edition settings, tools, and techniques that you
can use to achieve the highest design performance in Intel FPGAs. Techniques
include optimizing the design netlist, addressing critical chains that limit
retiming and timing closure, optimizing device resource usage, device
floorplanning, and implementing engineering change orders (ECOs).

e Quartus Prime Pro Edition User Guide: Programmer
Describes operation of the Quartus Prime Pro Edition Programmer, which allows
you to configure Intel FPGA devices, and program CPLD and configuration
devices, via connection with an Intel FPGA download cable.

e Quartus Prime Pro Edition User Guide: Block-Based Design
Describes block-based design flows, also known as modular or hierarchical
design flows. These advanced flows enable preservation of design blocks (or
logic that comprises a hierarchical design instance) within a project, and reuse
of design blocks in other projects.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel
Corporation or its subsidiaries. Intel warrants performance of its FPGA and semiconductor products to current
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application or use of any information, product, or service described herein except as expressly agreed to in
writing by Intel. Intel customers are advised to obtain the latest version of device specifications before relying
on any published information and before placing orders for products or services.
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Quartus Prime Pro Edition User Guide: Partial Reconfiguration
Describes Partial Reconfiguration, an advanced design flow that allows you to
reconfigure a portion of the FPGA dynamically, while the remaining FPGA
design continues to function. Define multiple personas for a particular design
region, without impacting operation in other areas.

e Quartus Prime Pro Edition User Guide: Third-party Simulation
Describes RTL- and gate-level design simulation support for third-party
simulation tools by Aldec*, Cadence*, Siemens EDA, and Synopsys that allow
you to verify design behavior before device programming. Includes simulator
support, simulation flows, and simulating Intel FPGA IP.

e Quartus Prime Pro Edition User Guide: Third-party Synthesis
Describes support for optional synthesis of your design in third-party synthesis
tools by Siemens EDA, and Synopsys. Includes design flow steps, generated
file descriptions, and synthesis guidelines.

e Quartus Prime Pro Edition User Guide: Third-party Logic Equivalence Checking
Tools
Describes support for optional logic equivalence checking (LEC) of your design
in third-party LEC tools by OneSpin*.

e Quartus Prime Pro Edition User Guide: Debug Tools
Describes a portfolio of Quartus Prime Pro Edition in-system design debugging
tools for real-time verification of your design. These tools provide visibility by
routing (or “tapping”) signals in your design to debugging logic. These tools
include System Console, Signal Tap logic analyzer, system debugging toolkits,
In-System Memory Content Editor, and In-System Sources and Probes Editor.

e Quartus Prime Pro Edition User Guide: Timing Analyzer
Explains basic static timing analysis principals and use of the Quartus Prime
Pro Edition Timing Analyzer, a powerful ASIC-style timing analysis tool that
validates the timing performance of all logic in your design using an industry-
standard constraint, analysis, and reporting methodology.

e Quartus Prime Pro Edition User Guide: Power Analysis and Optimization
Describes the Quartus Prime Pro Edition Power Analysis tools that allow
accurate estimation of device power consumption. Estimate the power
consumption of a device to develop power budgets and design power supplies,
voltage regulators, heat sink, and cooling systems.

e Quartus Prime Pro Edition User Guide: Design Constraints
Describes timing and logic constraints that influence how the Compiler
implements your design, such as pin assignments, device options, logic
options, and timing constraints. Use the Interface Planner to prototype
interface implementations, plan clocks, and quickly define a legal device
floorplan. Use the Pin Planner to visualize, modify, and validate all I/O
assignments in a graphical representation of the target device.

e Quartus Prime Pro Edition User Guide: PCB Design Tools
Describes support for optional third-party PCB design tools by Siemens EDA
and Cadence*. Also includes information about signal integrity analysis and
simulations with HSPICE and IBIS Models.

e Quartus Prime Pro Edition User Guide: Scripting
Describes use of Tcl and command line scripts to control the Quartus Prime Pro
Edition software and to perform a wide range of functions, such as managing
projects, specifying constraints, running compilation or timing analysis, or
generating reports.

D Send Feedback Quartus Prime Pro Edition User Guide: Getting Started

135


https://www.intel.com/content/www/us/en/docs/programmable/683834.html
https://www.intel.com/content/www/us/en/docs/programmable/683870.html
https://www.intel.com/content/www/us/en/docs/programmable/683122.html
https://www.intel.com/content/www/us/en/docs/programmable/683881.html
https://www.intel.com/content/www/us/en/docs/programmable/683881.html
https://www.intel.com/content/www/us/en/docs/programmable/683819.html
https://www.intel.com/content/www/us/en/docs/programmable/683243.html
https://www.intel.com/content/www/us/en/docs/programmable/683174.html
https://www.intel.com/content/www/us/en/docs/programmable/683143.html
https://www.intel.com/content/www/us/en/docs/programmable/683768.html
https://www.intel.com/content/www/us/en/docs/programmable/683432.html
mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Getting%20Started%20(683463%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

Quartus® Prime Pro Edition User
Guide

Platform Designer

Updated for Quartus® Prime Design Suite: 24.1

This document is part of a collection - Quartus® Prime Pro Edition User Guides - Combined PDF link

Answers to Top FAQs:

What is Platform Designer?
Creating a System with Platform Designer on page 11

How do I correct system timing
Correcting System Timing Issues on page 76

How do | debug an IP component interface?
Preserving Elements for Debugging on page 87

How do I run my Tcl scripts in the tool?
Running System Scripts on page 132

How do I create a custom IP component?
Creating Platform Designer Components on page 633

How do | connect conduits together?
Create a Composed Component on page 198

How do | use bridges in a system?
Using Bridges on page 226

Do you have training on Platform Designer?
Intel FPGA Technical Training: Platform Designer

@ Online Version 683609
C] Send Feedback 2024.04.01


https://www.intel.com/programmable/technical-pdfs/qpp-ugs.pdf
https://learning.intel.com/Developer/learn/course/external/view/classroom/850/platform-designer
https://www.intel.com/content/www/us/en/docs/programmable/683609.html
mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

Contents
1. Creating a System with Platform Designer......ccccvcrimriarimrarserariamssnarassersssassnsassasassassnsass 11
1.1. Platform Designer Interface SUPPOt.....c.iiiiii i e enaeas 12
1.2. Platform Designer System Design FIOW.......ciiuiiiiiiiiii i e 13
1.3. Creating or Opening a Platform Designer SYyStem....c.cciiiiiiiiriiieiir e 14
1.3.1. Specifying the Target FPGA Device or Board for a System.........ccoevvvviiiieinnnnnns 15
1.3.2. Specifying Additional Application MemOry........coiiiiiiiii e e 16
1.3.3. Synchronizing IP File ReferenCeS. ... ..cvieieiiii e eas 17
1.3.4. Converting Incompatible Components........cocviiiiiiiiii e 17
1.4. Using the Board-Aware Flow in Platform DesSigner.....c.coviiiiiiiiiiiii i e 18
1.4.1. Accessing FPGA DesSign EXampPles. ...cuiiiiiiiiiiiiiii i ne e saenneaeenes 19
1.4.2. Specifying the Target Board for a Platform Designer System............ccvcvvvvnnnnn. 19
1.4.3. Generating Board and Preset Files for Existing Systems..........ccccooiiiiiiiiiinnn. 25
1.5. Viewing a Platform Designer SyStemM .. . .ot e e e e eeees 29
1.5.1. Viewing the System HierarChy........cooiiiiiiiii e 30
1.5.2. Filtering the System VieW. . .cciiiiii i e e eaes 31
1.5.3. Viewing Clock and Reset DOMains......cciiiiiiiiiiiiii i e ae s 33
1.5.4. Viewing System ConNECHiONS. .....oiiiiiiiiiii i e ae s 36
1.5.5. Viewing Avalon Memory-Mapped Domains in a System...........cccoeviiiiiiniiienns 37
1.5.6. Viewing the System SchematiC.........cooiiiiiiiiiiii e 38
1.5.7. Customizing the Platform Designer Layout..........ccoiiiiiiiiiiiiiii e 39
1.5.8. Changing the Platform Designer FONT.......ccoiiiiiiii i 40
1.6. Adding IP Components t0 @ SYSteM. it e 40
1.6.1. MOdifying IP ParamelerS. . cuue it ittt ittt et e et e et e e e areneanes 42
1.6.2. Applying Preset Parameters for Specific Applications...........ccccoiiiiiiiiiiinnnns 43
1.6.3. Creating IP Presets Targeting Specific BOards........c.ocveiviieieiniiiineieienennenenes 45
1.6.4. Applying Presets After Migrating a Board..........c.ocviiiiiiiiiiiiii e 54
1.6.5. Adding Third-Party IP CoOmMpPONENES. ...iiiiiii i i e aae e 58
1.6.6. Specifying IP Component Instantiation Options.........ccooviiiiiiiiiiiiiiiceeas 60
1.6.7. Creating or Opening an IP Core Variant........coooiiiiiiiiiiiiiiii e eeas 62
1.7. Connecting System COmMPONENES. .. ..uiiiiiiiii e aaaaeas 63
1.7.1. Platform Designer 64-Bit Addressing SUPPOIt........ccveiriiiiiereieierreaeaeraenens 64
1.7.2. Connecting HOsts and Agents... ..o 65
1.7.3. Connecting NoC IP in Platform DeSigner.....c.cciiiiiiiiiii i eeeas 66
1.7.4. Wire-Level ConnectiVity...ooiii i e 66
1.8. Specifying InterconneCt Parameters. . .uii i e 71
1.8.1. Interconnect Parameters. ... .c.oviiiiii i 73
1.8.2. Previewing the System InterconnecCt..........cciiiiiiiiiiiii s 74
1.9. Correcting Platform Designer System Timing ISSUES......c.vieiiiiiiiiiiiiiiri e 76
1.10. Specifying Signal and Interface Boundary Requirements.........ccoviviiiiiiiiiiiiiiiiiinnnnens 77
1.10.1. Interface Requirements Tab Fields.......ccociiiiiiiiiiiiii e 78
1.10.2. Editing Exported Interface Signal Names........c.cooviiiiiiiiiiiiiii s 78
1.11. Configuring Platform Designer System SeCUrity.......ccoeiuiiiiiiiiiiii e 79
1.11.1. System Security OpPtiONS......ciuiieii i e 80
1.11.2. Specifying a Default Avalon Agent or AXI Subordinate............ccoovviviiiiiennnns 80
1.11.3. Accessing Undefined Memory REGIONS. ....iiuiiiiiiiiiiii i i ne i anaeas 82
1.12. Upgrading Outdated IP Components in Platform Designer.........cccvviiiiiiiiiiiiiiiinennnns 83
1.13. Synchronizing System Component Information.........cooviiiiiiiiiiiiiic e 84
Quartus Prime Pro Edition User Guide: Platform Designer D send Feedback

2


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

1.13.1. System Info Tab Fields.....cuviiiiiii s e 86

1.14. Validating System INtegrity......cooeieiiiiiii e 86
1.14.1. Validating the System Integrity of Individual Components..........ccccoevvvninennne. 87

1.15. Preserving System Elements fOr DEDUQG......oviuiieieieiii e e e e e eens 87
1.16. Generating a Platform Designer System.....c.oviiiiiiiiiiiiii e 89
1.16.1. Generation Dialog BoX OptioNS....ciiriiiiiiii i s e eaea e 90
1.16.2. Specifying the Generation ID.......cciiiiiiiiiiiiii e 91
1.16.3. Disabling or Enabling Parallel IP Generation.........cociviiiiiiiiiiiiii e 92
1.16.4. Files Generated for Platform Designer Systems.........cooviiiiieiiiiiiiieiieeenens 93
1.16.5. Generating System Testbench Files........ccoiiiiiiiiii s 96
1.16.6. Generating Example Designs for IP Components........c.covviiiiiiiiiiiiiininennnns 98
1.16.7. Incremental System Generation EXample......coooviiiiiiiiiii i 99
1.16.8. Generating the HPS IP Component System View Description File................ 100
1.16.9. Generating Header Files for Host Components........cvoovviiiiiiiiiiiiiiiinninnnnens 100

1.17. Generating Simulation Files for Platform Designer Systems and IP Variants.............. 101
1.17.1. UsSing the Qrun FIOW. ..o e 103
1.17.2. Adding Assertion Monitors for Simulation..........cccovviiiiiiiiic i 106

1.18. Adding a System to an Quartus Prime Project......c.ccviiiiiiiiiiiiii i 107
1.19. Managing Hierarchical Platform Designer SystemsS......covvviiiiiiiiiiiiii i eieeeees 108
1.19.1. Adding a Subsystem to a Platform Designer System.........ccccviiiiiiiiiiinennns. 108
1.19.2. Viewing and Traversing Subsystem Contents...........ccooiiiiiiiiiiiiii s 109
1.19.3. Editing @ SUDSYSteM .. e 110
1.19.4. SaVINg @ SUDSYStEM ... e e 111
1.19.5. Changing a Component's Hierarchy Level.......cccciiiiiiiiiiiiiiiic i 111

1.20. Saving and Archiving Platform Designer Systems.......cccviiiiiiiiiiiiiiiiiin e 112
1.20.1. Saving Platform Designer SYyStemS. .. ..cvviiiiiiiiiii i 112
1.20.2. Archiving Platform Designer SystemsS. ......o.viii i eeeees 113
1.20.3. Including Platform Designer Systems in Project Archives..........c.cocoevieinnnne. 115

1.21. Sharing Platform Designer Packaged Subsystems.......ccocviiiiiiiiiiiiii e 118
1.21.1. User Personas for Packaged Subsystems........coooviiiiiiiiiiiii i 119
1.21.2. Terminology for Packaged SUbSYStemMS......cvvviiiiiiiiiiii i 119
1.21.3. Creating a New Packaged Subsystem........cviiiiiiiiiiiiiii s eaa s 120
1.21.4. Specifying Additional Packaged Subsystem Files..........c.cooiiiiiiiiiiiiiiiienens 121
1.21.5. Modifying the Packaged Subsystem Script.......cccoivieiiiiiiiiiir e 122
1.21.6. Instantiating a Packaged SubSysStem.......cocviiiiiii e 124
1.21.7. Revising a Packaged Subsystem......ccoiiiiiiiiii i e 126
1.21.8. New Packaged Subsystem Dialog Box Options and Controls..............cccveven. 128

1.22. Comparing Platform Designer Systems and IP components..........cccvvviiiiiiniieiinnnnnnns 129
1.22.1. Using the System Diff TOOI......coeiriiii e e eees 129

1.23. RUNNING SYSTEM SCIIPES. et e e e e eaaeas 132
1.24. Creating a System with Platform Designer Revision HiStory..........ccooviiiiiiiiiiennnnnns 134
2. Creating a Board Support Package with BSP Editor.........ccocvevevevararirisisissesnan s snsnsnanaas 139
2.1. Creating a BSP from Platform DeSigNer......couiuiuiiieiiie e e e e e e e 140
2.1.1. Create New BSP Dialog BOX.....ociiiuiiiiiiiiiiiii it e ee s 143

2.2. Opening a BSP from Platform DeSigner......c.veiiiiiii e e e e 144
2.3. Saving a BSP from Platform DeSigner.....cuviiiii i e 144
2.4. Exporting a BSP as Tcl from Platform DeSigner ....ccvviiiiiiiiiiiiii i eenaeeeaes 144
B T = 5] ol =l V1 o ol €1 U ) PP 145
B T R - [ o T =Y o 146
2.5.2. BSP Software Packages Tab.....co.viiiiiiiiiii e e e e 147

D Send Feedback Quartus Prime Pro Edition User Guide: Platform Designer

3


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

2.5.3. BSP DIIVEIS Tab .ttt e ettt e e 147
2.5.4. BSP Linker SCript Tab...oviriiiiiii i 148
2.5.5. BSP Enable File Generation Tab.....ccuveiiiiiiiii i e e 150
2.5.6. BSP Target DireCtory Tab.....o.vieiiiiiiiii e 151
2.5.7. MeSSages Tabs. ...ouiiriiiii e 151
2.6. Creating a Board Support Package with BSP Editor Revision History...........c..ocoovvinis 152
3. Creating Platform Designer COmponents......ciciararimisimimmrmrasasisisissssa s ssssnsn s sasasnss 153
3.1. Platform Designer COMPONENTS. ... uuuee ettt rtaeererneeaeraeeaerarneaeanrrensaeanrneaeaernenrnens 153
3.1.1. Platform Designer Interface SUPPOrt......c.ccoiiiiiiiiiiiii e 153
G I AN @e] 0 0] o] 1] g o) ol o U ot f U = TR P 154
3.1.3. Component File Organization........covvieiieiiiiiiiii i anaaneas 155
IC I I R @o] 0 0 oo g 1= L o V= =] [0 1= N 156
3.2. Design Phases of an IP COMPONENTE.....cuiuiiii i e e e e e aas 157
3.3. Creating IP Components in the Component Editor.......c.covviiiiiiiiii i 158
3.3.1. Save an IP Component and Create the _hw.tcl File.......cocoviiiiiiiiiiiiiins 160
3.3.2. Edit an IP Component with the Platform Designer Component Editor............. 160
3.3.3. Specify IP Component Type Information........ccoooiiiiiiiiiiiiiii e 160
3.3.4. Create an HDL File in the Platform Designer Component Editor..................... 162
3.3.5. Defining HDL Parameters in _hw.tCl.. ..o 163
3.3.6. Declaring SystemVerilog Interfaces in _hw.tCl.....cooviiiiiiii e 164

3.3.7. Create an HDL File Using a Template in the Platform Designer Component
e 0 o PP 166

3.3.8. Specify Synthesis and Simulation Files in the Platform Designer

ComMPONENT EdifOr. . vt e 167
3.3.9. Add Signals and Interfaces in the Platform Designer Component Editor.......... 171
3.3.10. Specify Parameters in the Platform Designer Component Editor.................. 172
3.4. Creating Generic Components in @ System........cooiiiiiiiiiiii 180
3.4.1. Adding Generic HDL Component Parameters ........ccooviiiiiiiiiiiiiiineneeens 182
3.4.2. Adding Generic Blackbox Component Parameters..........coccvviiiiiiiiiiinnnnne. 183
3.4.3. Adding Generic Component Interfaces and Signals..........cccviiiiiiiiiiiiiiiiinnnns 184
3.4.4. Creating a System Template for a Generic Component........ccccvviviiiiiniiinnnen. 188
3.4.5. Exporting @ Generic COmMPONENt.....iiiiiiiiiiie e iee e rare e anaeaeaaes 189
3.5. Exporting HDL Parameters to @ System. ..o 189
3.5.1. HDL Parameters Tab Settings and Controls..........c.coviieiiiiiiiiiiiiic s 192
3.6. Scripting Wire-Level EXPreSSiONS. .. ettt et s et re e neenerne e 193
3.7. Control Interfaces Dynamically with an Elaboration Callback..........ccovviiiiiiiiiiiiinnnn 194
3.8. Control File Generation Dynamically with Parameters and a Fileset Callback............... 194
3.9. Create a Composed Component or Subsystem........cccoiiiiiiiiiiiiii i 196
3.10. Add Component Instances to a Static or Generated Component..........cccoevieieiininnne. 198
3.10.1. Static IP ComMPONENES. .. ciuiiiiiii e 198
3.10.2. Generated COmMPONENES. ...ttt e e aeeaeaeaaenens 199
3.10.3. Design Guidelines for Adding Component Instances..........c.ccvvivviiviiiinnnnnn. 202
3.11. Add IP RTL Core Generated from the Intel oneAPI Base Toolkit.........cocvvviiviniinnnnnnn. 202
3.12. Creating Platform Designer Components Revision History.........ccoeviiiiiiiiiiiiiiinnnnnns 203
4. Optimizing Platform Designer System Performance.......ccccciciarrininimieinsasnsssinsesasesasass 205
4.1. Designing with Avalon and AXI INterfaces. ....iveiiiiiiiii i e e es 205
4.1.1. Designing Streaming CoOmMPONENES. ...uiiuiiiiiiiiiii i aaes 206
4.1.2. Designing Memory-Mapped COmMPONENTS. .....viiitiieiiiieieie e reneenernerennans 206
4.2. Using HierarChy iN SYStemMS. . c.u et e e e e e e e e e e e e enenenens 207
4.3. Using Concurrency in Memory-Mapped SystemsS.......c.coviiiiiiiiiiiiiiii e 210
Quartus Prime Pro Edition User Guide: Platform Designer D send Feedback

4


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

4.3.1. Implementing Concurrency With Multiple HOostS.......cocoiiiiiiiiiiiiiii 211
4.3.2. Implementing Concurrency With Multiple Agents........ccovoiiiiiiiiiiiiieeaens 212

4.3.3. Implementing Concurrency with DMA ENGINeS........ccvieieiiiiiiiieiiiieieeeieeeeens 213

4.4. Inserting Pipeline Stages to Increase System FrequencCy.........cvovieiiiiiiiiiiicineenen 214
T U =11 o [ =TT o == 215
4.5.1. Using Bridges to Increase System FreqUENCY.....ccvviiiiiiiiiiieiiiiiiinieiieenes 215
4.5.2. Using Bridges to Minimize Design LOGIC......cuvuiiuiiiiiiiiiiiiniieieniinniieiennennnns 218
4.5.3. Using Bridges to Minimize Adapter LOGiC......uiviriiiiiiiiiiiiii i eennaens 219

4.5.4. Considering the Effects of Using Bridges........c.cooiieiiiiiiiiiiieieee e 220

4.6. Increasing Transfer ThroUghPUL. ... e e e e e 226
4.6.1. Using Pipelined Transfers. . ..ocviiiiiiiiii s aeas 227
4.6.2. Arbitration Shares and BUrstS.......c.ccviiiiiiiii 228

4.7. Reducing Logic ULIliZation. . ....uuuiieiiiiiiii ittt ne e e s e nae e s e nnenaans 232
4.7.1. Minimizing Interconnect Logic to Reduce Logic Unitization............c.coevvivinennn. 232

4.7.2. Minimizing Arbitration Logic by Consolidating Multiple Interfaces.................. 233

4.7.3. Reducing Logic Utilization With Multiple Clock Domains..........ccoovvvieiieiennnnn. 235
4.7.4. Duration of Transfers Crossing Clock DOMains .......covvvviiiiiiiiiiiiiiiiineeeas 237

L2 ST 2 =Ta [ UToi T g Lo I 20X VVZ=T G @o] a £ 810 o] o] [o] o FA PP 237
4.8.1. Reducing Power Consumption With Multiple Clock Domains..........c.covvvivinennn. 237

4.8.2. Reducing Power Consumption by Minimizing Toggle Rates............c..ccoieivvnnnen 240
4.8.3. Reducing Power Consumption by Disabling LOGIiC.........cocvviiiiiiiiiiiiiieenn, 242

4.9. Reset Polarity and Synchronization in Platform Designer.........cccoeviiiiiiiiiiiiiiiiiieen, 243
4.10. Optimizing Platform Designer System Performance Design Examples....................... 246
4.10.1. Avalon Pipelined Read HOSt EXample.....couiiiiiiiiiiiiii i e aaeas 246
4.10.2. MUltipleXer EXamPles. . i e e e e 248

4.11. Optimizing Platform Designer System Performance Revision History..............ccovoevens 250
5. Platform Designer INterCoONNECt......ciciiiiiiiiiimimirara it s s s s s s s nmnmnasnnnnas 251
5.1. Memory-Mapped INTer ateS. ..ottt e e e 252
5.1.1. Platform Designer Packet FOrmat.......cooiviiiiiiiiiiiii i 253

5.1.2. InterconnNeCt DOMIAINS. . .iuiiuiitiei i 256

5.1.3. Avalon Host and AXI Manager Network Interfaces........c.cooviiiiiiiiiiiiiiinennnn. 258

5.1.4. Avalon Agent and AXI Subordinate Network Interfaces.........ccocvviviiiiiininnnnn. 261

Lo R T AN o1 o = Yl o 1A PP 264

5.1.6. Memory-Mapped Arbiter.....ccovii i 269

5.1.7. Datapath MultipleXing LOGIC.....ucuiriiriiiiiiiiiiiiii i e renaeneas 270

5.1.8. Width Adaptation.....cciiiriieii i 271

5.1.9. BUISE AdaPEer. e e 273
5.1.10. Waitrequest Allowance Adaplter........cooiiiiiiiiiii e 275
5.1.11. Read and Write RESPONSES. . .uuiuiii ittt rae e aeraeraeaes 276
5.1.12. Platform Designer Address Decoding.......cviuiiiiiiiiiiiiiiiii i i aeens 277

5.2. Avalon Streaming INterfaces. ..o vt e 278
5.2.1. Avalon Streaming Adaplers. .. ..o iiiiiii i 280

5.3. Avalon Streaming Credit INterfaces. ... ..ot 288
5.3.1. Terms and CoONCEPES. .. i e 288

5.3.2. Avalon Streaming Credit Adaplers.......ooviiiiiiiiii e 289

5.3.3. Avalon Streaming Credit MultipleXer.....c.coviiiiiiiiic e 300

5.3.4. Avalon Streaming Credit DemultipleXer......ccoiviiiiiiiiiii e 302

5.3.5. Avalon Streaming Credit Pipeline Bridge........coovviiiiiiiiiiiiiiiec e 305

oI [N = g B oL o< = T PR 307
5.4.1. Individual Requests IRQ Scheme........ccoiiiiiiiii 307

D Send Feedback Quartus Prime Pro Edition User Guide: Platform Designer

5


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

5.4.2. Assigning IRQS in Platform DeSigner.....cviuiiiiiiiiiiiiiieiienenrie e eenssneaeenens 308

I T ®1 [o o T 1| =T = o =T PP 310
5.5.1. (High Speed Serial Interface) HSSI Clock Interfaces..........coovveiiiiiiiiiiiiennns 311

N ST 2 =Y o g (=T =Tl T PP 316
5.6.1. Single Global Reset Signal Implemented by Platform Designer...................... 316
5.6.2. ReSet CONtroller. . uiuiiiiiiiii 317

5.6.3. RESEE Bridge. v ittt 317

5.6.4. RESEL SEQUENCE . ittt ettt 318

LN o o T [T = PP 328
5.8. Interconnect Pipelining......o.ieiiiiii e 328
5.8.1. Add Pipeline Stages to the Interconnect Schematic..........cccooiiiiiiiiiiiinnnn, 330

5.9. Error Correction Coding (ECC) in Platform Designer Interconnect...........covvvvinviinnnnen. 331
5.10. AMBA 3 AXI Protocol Specification Support (version 1.0)....ccccciiiiiiiiiiiiiiiiiiiii e, 332
5,10, 1. CRaNNEIS. .t e 332

o 0 07 - Tl T3S U oo To ] o PP 333
I O JRC TSY =T o{ U1 YA ST o o o] o P 334

Lo O N o o Lol A ol =Y < 334
5.10.5. RESPONSE Signaling....ciiuiiieiiiiiie i e e 334
5.10.6. Ordering MOGel. .. ..iue it e 334
5.10. 7. Data BUSES. ettt aaeas 335
5.10.8. Unaligned Address CoOmMmMaNndsS.........ouiueeininieieaneaeie e e eaeeeeaeneaeaeananes 335
5.10.9. Avalon and AXI Transaction SUPPOIt......c.vieiiiiiiiiiii e 335

5.11. AMBA 3 APB Protocol Specification Support (version 1.0).....ccccvieiieiiiiiiiiiiiiiiineanens 336
Lo I e O = o T [ = PP 336
5.11.2. Burst Adaptation....cociiii i 337
5.11.3. Width Adaptation....ccciiiiiii i e e 337

L I R ] o gl =T T = 337

5.12. AMBA 4 AXI Memory-Mapped Interface Support (version 2.0).......cocvviiieiiiiieinnnnnnns 337
5.12. 1, BUISE SUP PO et 337

Lo A © T o1 T PP 338
oI G TR 2= 10 o = 338
5.12.4. Write ReSpONSse DepPendeNCY.....ciriiriititiiiiiitiatiie it essassaeraeeransanaaeaneeenns 338
5.12.5. AWCACHE @and ARCACHE. ... ...ttt et e e e e e e 338
5.12.6. Width Adaptation and Data Packing in Platform Designer.........c...ccccvvvunene. 338
5.12.7. 0rdering MOdel.. ..o 339
5.12.8. Read and Write AllOCate.......cviiiiiiiiiii 339

ST 228 ° TR o Tl = To I 1 = g =T ol o o] o 1= PP 339

Lo A O O 1 =T 0 T Y VN V7 o 1= S 339
5.12.11. Mismatched AttribULES. .. .coviiriii 339

Lo 7 Y [ 1o = | 339

5.13. AMBA 4 AXI Streaming Interface Support (version 1.0)......cccovviiiiiiiiiiiiiiiinieaaens 340
5.13.1. Connection POINES.. .. cuiiiiiiiiiiiii i 340
513, 2, AdaPtation. e e 341

5.14. AMBA 4 AXI-Lite Protocol Specification Support (version 2.0).....ccooiviiiiiiiiiiiieiiennnn. 341
5.14.1. AMBA 4 AXI-Lite Signals....ciuiiriiiiiiiiiiii e 341
5.14.2. AMBA 4 AXI-Lite Optional Port Support and Interconnect..............ccvcvvnennnns 342
5.14.3. AMBA 4 AXI-Lite BUS Width....ociviiiieiiii e e e e 342
5.14.4. AMBA 4 AXI-Lite Outstanding TransactionS........ccccviiiiiiiiiiii i 342
5.14.5. AMBA 4 AXI-LITE IDS. . uiitiitiiiiiiiii e s s e aeas 342
5.14.6. Connections Between AMBA 3 AXI,AMBA 4 AXI and AMBA 4 AXI-Lite........... 342
5.14.7. AMBA 4 AXI-Lite ReSponsSe MergiNg.......ovevvriiiiiiniiiniiiiiiniiiiiae s 343
Quartus Prime Pro Edition User Guide: Platform Designer D send Feedback

6


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

5.15. Port Roles (Interface Signal Ty PeS) . ..ciiiiiiiiiiii i i e e e es 343
5.15.1. AXI Manager Interface Signal Ty PeS...ccuiiuiiiiiiiiiiiiii i aeeneens 343
5.15.2. AXI Subordinate Interface Signal TyPeS.....cccieiriiiie i eaens 344
5.15.3. AMBA 4 AXI Manager Interface Signal TYPeS....ccovuviiiiiiiiiiiieieneeeieeens 345
5.15.4. AMBA 4 AXI Subordinate Interface Signal Types.......coooviiiiiiiiiiiiiiieens 347
5.15.5. AMBA 4 AXI-Stream Manager and Subordinate Interface Signal Types......... 348
5.15.6. AMBA 4 AXI-Lite Signal Support and Limitations..........cccoceviiiiiiiiiiiiiinnnens 348
5.15.7. APB Interface Signal Ty PES...uuiieiiitiiiiiiiie e eeanaeas 350
5.15.8. Avalon Memory Mapped Interface Signal Roles...........ccooieiiiiiiiiiiiiiinne. 350
5.15.9. Avalon Streaming Interface Signal ROIES.........ocvieiiiiiiiii e 354
5.15.10. Avalon Streaming Credit Interface Signal Roles..........cccooiiiiiiiiiiiiiiinnnnens 355
5.15.11. Avalon Streaming Credit User Signals........ccciviiiiiiiiiiiiiiic e 359
5.15.12. Avalon Clock Source Signal ROIES......ciiiiiiiiiii i e 361
5.15.13. Avalon Clock Sink Signal ROIES......cuiiiiiiiiiiiii i e 361
5.15.14. Avalon Conduit Signal ROIES. ........ceiuiiie e e 361
5.15.15. Avalon Tristate Conduit Signal RoOIES.........ocoiviiiiiiii e 361
5.15.16. Avalon Tri-State Agent Interface Signal Types......coccviiiiiiiiiiiiiiiiien, 362
5.15.17. Avalon Interrupt Sender Signal ROIES.......cviiiiiiiiii e 364
5.15.18. Avalon Interrupt Receiver Signal ROIES.......ccviviiiiiiiiiiii e 364

5.16. Platform Designer Interconnect Revision HiStory........oovviiiiiiiiiiiiii i 364

6. Platform Designer System Design COmMPpoONeNntS....cccccvieiirimimiammsererasssinsasasasasassssssnsanans 367

T R = [T 367
6.1.1. Clock Bridge INtel FPGA IP. .. ettt e e ae s 368
6.1.2. Avalon Memory Mapped Clock Crossing Bridge Intel FPGA IP.........cccovvvvennns 369
6.1.3. Avalon Memory Mapped Pipeline Bridge Intel FPGA IP........ccooiiiiiiiiiiiniienns 371
6.1.4. Avalon Memory Mapped Unaligned Burst Expansion Bridge Intel FPGA IP....... 372
6.1.5. Bridges Between Avalon and AXI Interfaces........covvieiiiiiiiiiiiiiieie e 375
6.1.6. AXI Bridge INtel FPGA IP.....iiiiiiiiii i s 376
6.1.7. AXI Timeout Bridge Intel FPGA IP. ...ttt e aea 381
6.1.8. Address Span Extender Intel FPGA IP......cciiiiiiiiiiii s e s 384

6.2. Error Response Slave Intel FPGA IP.. ... it eeas 390
6.2.1. Error Response Slave Parameters. ... ..ocviiiiiiiiiiii e 392
6.2.2. Error Response Slave CSR Registers......ccvvviiiiiiiiiiiiiiii e 393
6.2.3. Designating a Default Agent......ccooiiiiiiiiii i e 396

6.3, Tri-State CoOmMPONENTS. . ittt e r e e e r e e e an e 396
6.3.1. Generic Tri-State Controller Intel FPGA IP.....cciiiiiiiiiiiiic e 398
6.3.2. Tri-State Conduit Pin Sharer Intel FPGA IP.......oiiiiiiiii e 399
6.3.3. Tri-State Conduit Bridge Intel FPGA IP......coiiiiiiiiii e 399

6.4. Avalon Data Pattern Generator and Checker Intel FPGA IP......c.coviviiiiiiiiiiiiiiiiieienes 400
6.4.1. Avalon Data Pattern Generator Intel FPGA IP.......ccociiiiiiiiiiiiiiiies 400
6.4.2. Avalon Data Pattern Checker Intel FPGA IP.....cciciiiiiiiiiiiiiicini e 402
6.4.3. Avalon Data Pattern Generator and Checker IP Software Programming Model. 403
6.4.4. Avalon Data Pattern Generator IP API........oiiiiiiiii e 408
6.4.5. Avalon Data Pattern Checker IP APL.... ..o e 413

6.5. Avalon Streaming Splitter Intel FPGA IP......oiviiiiii e 419
6.5.1. Avalon Streaming Splitter Intel FPGA IP BaCKpressure.......c.vevvieiiieiiniineninnnns 420
6.5.2. Avalon Streaming Splitter Intel FPGA IP Interfaces........ccviviviiiiiiininnineiinnnnns. 420
6.5.3. Avalon Streaming Splitter Intel FPGA IP Parameters........cccvveviviiiiniieinennnnnnns. 421

6.6. Avalon Streaming Delay Intel FPGA IP.......uiie i e ee e 421
6.6.1. Avalon Streaming Delay Intel FPGA IP Reset Signal.........ccooiiiiiiiiiiiiiiinnns 422

D Send Feedback Quartus Prime Pro Edition User Guide: Platform Designer

7


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

6.6.2. Avalon Streaming Delay Intel FPGA IP Interfaces........ccovviiiiiiiiiiiiiiiennnnnnns, 422

6.6.3. Avalon Streaming Delay Intel FPGA IP Parameters........cccviviiiiiiiiiiiniieiinnnnn, 423

6.7. Avalon Streaming Round Robin Scheduler Intel FPGA IP......c.cciviiiiiiiiiiiieieeeeeeee 423

6.7.1. Avalon Streaming Round Robin Scheduler IP Almost-Full Status Interface...... 424

6.7.2. Avalon Streaming Round Robin Scheduler IP Request Interface.................... 424

6.7.3. Avalon Streaming Round Robin Scheduler IP Operation........cccccvviviiiiieninnnns 424

6.7.4. Avalon Streaming Round Robin Scheduler IP Parameters..........ccooviiviinnnnnns 425

6.8. Avalon Packets to Transactions Converter Intel FPGA IP......cccoviiiiiiiiiiiiii i 425

6.8.1. Avalon Packets to Transactions Converter IP Interfaces.........ccooeieieiiieiennnn. 426

6.8.2. Avalon Packets to Transactions Converter IP Operation.........c.cccvvvvieiiiiiiinnens 426

6.9. Avalon Streaming Pipeline Stage Intel FPGA IP... ... 428

6.10. Avalon Streaming Multiplexer and Demultiplexer Intel FPGA IP......c.ccovvviiiiiiiiinnnns 429
6.10.1. Avalon Streaming Multiplexer and Demultiplexer Software Programming

1 o T = PP 430

6.10.2. Avalon Streaming Multiplexer Intel FPGA IP......cccoviiiiiiiiiiiii e 430

6.10.3. Avalon Streaming Demultiplexer Intel FPGA IP.......cooiiiiiiiiiiiii e 432

6.11. Avalon Streaming Single-Clock and Dual-Clock FIFO Intel FPGA IP........cocviiiiiiinnnns 433

6.11.1. Interfaces Implemented in FIFO COresS.......covviiiiiiiiiiiiiiiiiniire e 434

6.11.2. Avalon Streaming FIFO IP Operating Modes.........coviiiiiiiiiiiiiiic i eaeeas 435

6.11.3. Avalon Streaming FIFO IP Buffer Fill Level.....c.cciviiiiiiiiiiiicii e 436

6.11.4. Almost-Full and Almost-Empty Thresholds to Prevent Overflow and

L8] o [T o (o 1 TR 436

6.11.5. Avalon Streaming Single Clock and Dual Clock FIFO IP Parameters.............. 436

6.11.6. Avalon Streaming Single-Clock FIFO IP Registers........ccoveviiiiiiiiiiiiiiinnnnnns 438

6.12. Platform Designer System Design Components Revision History..........c.ccooviviiinnnns 439

7. Platform Designer Command-Line Utilities.........cccvcvavariiimiiimsnss s nanaes 441

7.1. Run the Platform Designer Editor with gsys-edit.........cocoiiiiiiiiii s 441

7.2. Scripting IP Core Generation. ... .c.o.vieiieiii i et e e e 444

7.2.1. gsys-generate Command-Line OptioNS.......cooviiiiiiiiiiiiiiiiin e 444

7.3. Board-Aware FIow Scripting SUPPOIt....ccviiii i e 447

7.4. Display Available IP Components with ip-catalog........ccocvviiiiiiii e 448

7.5. Create an .ipx File with ip-make-ipX. ..o e 449

7.6. Generate SimuUlation SCriPES. .. ..ce i 450

7.7. Generate a Platform Designer System with qSyS-SCript......ccooviiiiiiiiiiiiiiiii e 451

7.8. Parameterizing an Instantiated IP Core after save_system Command........................ 453

7.9. Validate the Generic Components in a System with gsys-validate.................ccoovinit. 455

7.10. Generate an IP Component or Platform Designer System with quartus_ipgenerate.... 455

7.11. Generate an IP Variation File with ip-deploy.....ccocoiiiiiiiiiii s 457

7.12. Archive and Extract Platform Designer Systems with gsys-archive.............c.c.oceeenets 457

7.13. Apply Presets to @ New Board.......ccoviiiiiiiiiiii i 459

7.14. Platform Designer Scripting Command Reference........cocvvviiiiiiiiiiiiiinrie s 460

7 O Y1 =T o 461

A A S U1 013V /=T o [ PPN 475

7.14.3. Domains and INterfaces. . .ovuuiiiieii i e 483

0 R 1 1= = | ol < 488

7.14. 5. INStaNtiatioNS. ... e 521

7.14.6. COMPONENES. 1.ttt 560

7 A o] oY =T o 1= 586

7.14.8. TOP-1EVEl EXPOITS. ittt et e e e 598

7.14.9. Validation. .o e 612

Quartus Prime Pro Edition User Guide: Platform Designer D send Feedback

8


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

An Intel Company

7 T N O T\ 110l =1 1T T U PP 623
7.14.11. Wire-Level Connection ComMmMandS......iviiiiriiriieiieieinenniieiieiensanssnerennans 633

7.15. Platform Designer Scripting Property Reference........coovoiieiiiiiii i eaeeees 637
/2% BT R O] o T=Totu To] o I =] o] o1 o o =T 638
7.15.2. Design Environment Type Properties.......ccovviiiiiiiiiiiiiiiiiii e 639
7.15.3. DireCtion Proparties. . vt e 640
7.15.4. Element PropartiEs. .ottt e e 641
7.15.5. INStanNCe Properties. . vttt i e e 642
7.15.6. Interface Properties. ... i e e 643
7.15.7. Message Levels Properties. .. ..oviiiriiiii it 644
7.15.8. MOAUIE PropPertiEs. . vttt 645
7.15.9. Parameter PropartiEs. ..uu it e 646
7.15.10. Parameter Status Properties. ...cooviviiiii i e 648
7.15.11. Parameter Type Properties. oot i e e 649
7.15.12. POrt Properti@s. . .o e 650
7.15.13. Project PropertiEs. ..ot 651
7.15.14. System Info Type Properties. ..o e 652

7 T T O 1o 1] = o] o 1= o o =T 654
7.15.16. Validation Proparties. v it 655
7.15.17. Interface DireCioN. . ..uuuie ittt e e eaeaneas 656
7.15.18. File St Kind. vttt e et 657
7,005,010, ACCESS Ty Pttt ittt ettt ettt aas 658
7.15.20. Instantiation HDL File Properties......c.ccviiiiiiiiiiiiinr e 659
7.15.21. Instantiation Interface Duplicate Ty pPe....cviiiiiiiiiiii i i 660
7.15.22. Instantiation Interface Properties. ....cviiviiiiiiii i e 661
7.15.23. Instantiation Properties. .ooi i i e 662

A R T A T VA o | I 7 o T PR 664

7.16. Platform Designer Command-Line Utilities Revision HiStory...........cocviviiiiiiiiennnnnnns 664
8. Component Interface Tcl ReferencCe......cucverimirimserimsssmsassassmsessnsassassssasansassnsassnsansnsanss 666
8.1. Platform Designer _hw.tcl Command ReferencCe........ccviviiiiiiiiiiiiiiiii e 666
8.1.1. Interfaces and PoOrtS. ..ot e 667

S T R = | = 0 1= = = 685
8.1.3. Interconnect Parameters. . ov it e 694
8.1.4. DispPlay TEemMS. it e 698
8.1.5. Module Definition....ccie i e 705

S 380 I G T o 0 0T =] 1 o Lo o 1 P 717
8.1.7. Fileset GENEIratioN. . .cii ittt 737

S T R S T L E=Y =] 1 = 1o L1 = 748
8.1.9. SystemVerilog Interface CommandsS.......ccooviiiiiiiiiii e 753
8.1.10. Wire-Level EXpression CoOmMMandsS. .. ..cuvueiiiiniiiiiieiieiiiiseieenneeneeaneranennes 759

8.2. Platform Designer _hw.tcl Property Reference.......coccvviiiiiiiiiiiiiiiii e 763
8.2.1. Script Language PropertiEs. .....uvuiieiiiiiiiiiiiiiiii e 764

8.2.2. Interface PropPertiEs. ..o e it 765
8.2.3. SystemVerilog Interface Properties.......ccovieieieiiiie i eeeas 765
8.2.4. INSEANCE PrOPertiEs. o ittt e e 767
8.2.5. Parameter PropertiEs. .ot i 768
8.2.6. Parameter Type Properties. .ot i s e 770
8.2.7. Parameter Status Properties. . ..cooe i 771

8.2.8. PO ProPertiEs. .o et 772
8.2.9. DireCtion Proparties. . vt e 774

D Send Feedback Quartus Prime Pro Edition User Guide: Platform Designer

9


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

altera.

Contents
An Intel Company
8.2.10. Display Item Properti@s. . iu i e 775
8.2.11. Display Item Kind Properties. .. ..oiuuriiiiieiiiiiiii i sneeraaaeas 776
8.2.12. Display Hint Properti@s. . ....c.ouiee it e e e eeeas 777
8.2.13. MOdUIE PropPerti@s. ... et 778
8.2.14. Fileset Properties. ..ot 780
8.2.15. Fileset Kind Properti@s. . .uuiii it it e aaeeeaas 781
8.2.16. Callback PropartiEs. .ttt e e 782
8.2.17. File Attribute Properties. oo i e 783
8.2.18. File Kind Properti@s. .. ...c e e e e e e e e e e e e nns 784
8.2.19. File SOUICE Properties. . vt e e aees 785
8.2.20. SImMUIAtOr Properties. ..o e 786
8.2.21. Port VHDL Type Properties. oot iii e e riee e e sane e enneeeanneenns 787
8.2.22. System INfo Type Properties. . c.ciiiiii i e 788
8.2.23. Design Environment Type Properties.....ccoviiiiiiiiiiiiiiii i 790
8.2.24. UNItS PropPertiEs. .. vttt 791
8.2.25. Operating System Properties. .. ...ccvviiiiii e 792
8.2.26. Quartus.ini Type Properties......covuiiiiiii i 793
8.3. Component Interface Tcl Reference Revision History.......ccoooviiiiiiiiiiiiiiicii e 794
9. Quartus Prime Pro Edition User Guide: Platform Designer Document Archives........... 796
A. Quartus Prime Pro Edition User GUIdesS.......ccvervmrumimrimmesnmsssmsssmssnsssssassnsassnsansnssnsnsnnsns 797
Quartus Prime Pro Edition User Guide: Platform Designer D send Feedback

10


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

683609 | 2024.04.01 alterd

D Send Feedback An Intel Company

1. Creating a System with Platform Designer

Figure 1.

The Quartus® Prime software includes the Platform Designer system integration tool.
Platform Designer simplifies the task of defining and integrating custom IP
components (IP cores) into your FPGA design.

Platform Designer automatically creates interconnect logic from high-level connectivity
that you specify. The interconnect automation eliminates the time-consuming task of
specifying system-level HDL connections.

Platform Designer GUI

Filter Tab - Filter Display in System View System View Tab - View Hierarchy and Make Connections
*. Platform Designer @ H - o x
File Edit System Generate: View Tools Help
- Filter 2 - of i TZ SystemView 9| Address Map % =
System: parameter pass Path: mm_bfidge 3.50
| [ show exports |“E=BF ;
_ | Hide unconnectabl.. Remave Dangl..,
v| Show connected modules [ Q . d
+ | Use |Connec.., Name Export Clock | Desci
|| wire-level Connection Editor 4 @ B0 dock_in Clock
M3 parameter_pass [paraneter_pass.qsys*] X O m=inclk dk exported |Clock
o= o clock_in — -a out_clk clock_in_.. |Clock
o £k reset_in =kl B €F reset_in Rese
o o iy mm. bridge_2 | o= cl clock_in... |Clock
o~ mm bridge 3 = C  »=in_reset reset [clk] Reset
- - -~ — =& out_reset [clk] Reset
v B £ my_mm_bridge_2 Avalo
- 2 = clk clack_in... |Clock
IP Catalo - -
g go | = reset (clk] Reset
< [ (=2 = s0 my_mm_bridge_2_s0 |[clk] valol
: =0 b= -a m0 my_mm_bridge_2_mo |[clk] valol
Project (=] ™ B £ mm_bridge_3 Avalo
W Wew Companent... »= cl clock_in... |Clock
o System > = reset [clk] Reset
Library c: = 50 [clk] Lovalo
& Basic Functions =a mod [clk] walo
o Bridges and Adapters
o DSP
@ Generic Component . [*
o= Intel FPGA Interconnect ] - .
& Interface Protocols k|t & Current filter: all Interfaces
& Memory Interfaces and Controllers —
o Frocessors and Feripherals >°<§ System Messages & Generation Messages & - o
o University Program
Type Path Message
Mew...
Component Instantiation: 0 Errors, 0 Warnings, System @ r y
Connectivity: 0 Errors, 0 Warnings [#] Sync System Infos - Aute ¥ validate System Integrity || Generate HOL.. ‘

IP Catalog - Parameterize and Instantiate IP System and Generation Messages

Platform Designer allows you to specify interface requirements and integrate IP
components within a graphical representation of the system. The Quartus Prime
software installation includes the Intel FPGA IP library available from the IP Catalog in
Platform Designer.

You can integrate optimized and verified Intel FPGA IP cores into a design to shorten
design cycles and maximize performance. Platform Designer also supports integration
of IP cores from third-parties, or custom components that you define.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel
Corporation or its subsidiaries. Intel warrants performance of its FPGA and semiconductor products to current
specifications in accordance with Intel's standard warranty, but reserves the right to make changes to any
products and services at any time without notice. Intel assumes no responsibility or liability arising out of the

Iso
9001:2015

application or use of any information, product, or service described herein except as expressly agreed to in Registered

writing by Intel. Intel customers are advised to obtain the latest version of device specifications before relying
on any published information and before placing orders for products or services.
*QOther names and brands may be claimed as the property of others.
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Platform Designer supports a hierarchical framework that offers fast response times
for interconnecting large systems and blackbox entities. Platform Designer supports a
variety of design entry methods, such as register transfer level (RTL) and schematic
entry. Platform Designer supports the creation of your own custom components, as
well as generic components that define only the interface and signal connections to
the rest of the system.

Platform Designer provides support for the following:

e Create and reuse components—define and reuse custom parameterizable
components in a Hardware Component Definition File (_hw.tcl) that describes
and packages IP components.

¢ Define generic IP components—instantiate generic IP components without an HDL
implementation.

e Incremental generation—optimize and generate IP components incrementally.

e Avalon® to AXI interconnect—Platform Designer generates appropriate types of
interconnect logic to handle protocol differences.

e Hierarchical system support—generates a separate . ip file that isolates the
system from the IP component parameterization. Change parameters of a single
IP component without regeneration of other IP components.

e Command-line support—optionally use command-line utilities and scripts to
perform functions available in the Platform Designer GUI.

e Up to 64-bit addressing.

e Optimization of interconnect and pipelining within the system and auto-adaptation
of data widths and burst characteristics.

e Inter-operation between standard protocols.

1.1. Platform Designer Interface Support

Platform Designer is most effective when you use standard interfaces available in the
IP Catalog to design custom IP. Standard interfaces operate efficiently with Intel FPGA
IP components, and you can take advantage of the bus functional models (BFMs),
monitors, and other verification IP that the IP Catalog provides.

Platform Designer also supports connections between Avalon and AXI interfaces by
generating the interconnect logic. This logic enables you to handle the protocol
difference. Platform Designer creates the interconnect logic by converting all the
protocols to a proprietary packet format. Then, the tool routes the packet through
network switches to the appropriate agents. Here, the packet converts to the agent's
protocol.(1)

Platform Designer supports the following interface specifications:
e Intel FPGA Avalon Memory-Mapped and Streaming

e Arm* AMBA* 3 AXI (version 1.0)

e Arm AMBA 4 AXI (version 2.0)

(1) This document now refers to the Avalon "host" and "agent," and the AXI "manager" and
"subordinate," to replace formerly used terms. Refer to the current AMBA AXI and ACE Protocol
Specification for the latest AMBA AXI and ACE protocol terminology.
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e Arm AMBA 4 AXI-Lite (version 2.0)

e Arm AMBA 4 AXI-Stream (version 1.0)

e Arm AMBA 3 APB (version 1.0)

IP components (IP Cores) can have any number of interfaces in any combination. Each
interface represents a set of signals that you can connect within a Platform Designer
system, or export outside of a Platform Designer system.

Platform Designer IP components can include the following interface types:

IP Component Interface Types

Interface Type Description

Memory-Mapped Connects memory-referencing host devices with agent memory devices. Host devices can be

processors and DMAs, while agent memory devices can be RAMs, ROMs, and control registers.
Data transfers between Avalon Memory Mapped host and agent may be uni-directional (read
only or write only), or bi-directional (read and write).

Streaming

Connects Avalon Streaming sources and sinks that stream unidirectional data, as well as high-
bandwidth, low-latency IP components. Streaming creates datapaths for unidirectional traffic,
including multichannel streams, packets, and DSP data. The Avalon interconnect is flexible and
can implement on-chip interfaces for industry standard telecommunications and data
communications cores, such as Ethernet, Interlaken, and video. You can define bus widths,
packets, and error conditions.

Interrupts

Connects interrupt senders to interrupt receivers. Platform Designer supports individual,
single-bit interrupt requests (IRQs). In the event that multiple senders assert their IRQs
simultaneously, the receiver logic (typically under software control) determines which IRQ has
highest priority, then responds appropriately.

Clocks

Connects clock output interfaces with clock input interfaces. Clock outputs can fan-out without
the use of a bridge. A bridge is required only when a clock from an external (exported) source
connects internally to more than one source.

Resets

Connects reset sources with reset input interfaces. If your system requires a particular
positive-edge or negative-edge synchronized reset, Platform Designer inserts a reset controller
to create the appropriate reset signal. If you design a system with multiple reset inputs, the
reset controller ORs all reset inputs and generates a single reset output.

Conduits

Connects point-to-point conduit interfaces, or represent signals that you export from the
Platform Designer system. Platform Designer uses conduits for component I/0 signals that are
not part of any supported standard interface. You can connect two conduits directly within a
Platform Designer system as a point-to-point connection. Alternatively, you can export conduit
interfaces and bring the interfaces to the top-level of the system as top-level system I/O. You
can use conduits to connect to external devices, for example external DDR SDRAM memory,
and to FPGA logic defined outside of the Platform Designer system.

Related Information
Exporting HDL Parameters to a System on page 189

1.2. Platform Designer System Design Flow

You can use the Platform Designer GUI to quickly create and customize a Platform
Designer system for integration with an Quartus Prime project. Alternatively, you can
perform many of the functions available in the Platform Designer GUI at the
command-line, as Platform Designer Command-Line Utilities on page 441 describes.

When you create a system in the GUI, Platform Designer creates a -qsys file that
represents the system in your Quartus Prime software project.
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Figure 2.

1.3. Creating or Opening a Platform Designer System
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You can launch Platform Designer from the Quartus Prime software to create or open a
Platform Designer system.

When you create or open a system, Platform Designer requires that you specify the
Quartus Prime project to contain this system. If this project does not yet exist, you
can define a new project from within Platform Designer. Alternatively, you can specify
an existing project. When you launch Platform Designer with an Quartus Prime project
open, Platform Designer automatically specifies that project by default. The target
device or board for the system reflects the project settings by default. Refer to Using
the Board-Aware Flow in Platform Designer on page 18.
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Follow these steps to create or open a Platform Designer system:

1. In the Quartus Prime software, click File O Open Project to open the Quartus
Prime project that you want to include the Platform Designer system. You can
optionally skip this step and launch Platform Designer in view-only mode without
opening a project.

2. Click Tools O Platform Designer. Platform Designer launches and displays the
Open Project dialog box automatically.

3. Specify the Quartus project. If you have a project open, this project name
appears automatically. Otherwise, browse for an existing project, or click the
Create New Quartus Project button and specify a new project name. Selecting
None for Quartus project opens Platform Designer in view-only mode.

Figure 3. System Tab of Open System Dialog Box

System | IP Variant | BSP Editor |

Select the Quartus Prime Pro project file and Platform Designer system file to open.

Quartus project: ‘/designs/pio_led/pio_led.qpf ‘v| ‘ b

Revision: pio_led ‘-| )
(reate New Platform

Loapl default Designer System Button

Device family: Agilex 7

Device part: AGFBO14R24A3E3VRO

Platform Designer s... r/designs/pio_led/pio_led.qsys ‘v| ‘ ¥

4. Select the Platform Designer system, or click the Create New Platform
Designer System button and specify the name of a new system. Optionally
select a specific revision of your project, or click the Create New Revision button
and define a new project revision.

5. Change the project associated with a Platform Designer system at any time by
clicking File O Select Quartus Project in Platform Designer.

1.3.1. Specifying the Target FPGA Device or Board for a System

When you create a new Platform Designer system, the system settings automatically
reflect the target device or board that the current Quartus Prime project targets. The
Platform Designer system generation output is specific to the target Intel® FPGA
Device family or Board specified for the project and system. The available IP
components, parameters, and output options for your system vary according to the
target Device family or Board.

Note: The System Settings tab now replaces the Device Family tab in Platform Designer.
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Figure 4.

Note:
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|' Parameters |
|™ Device Settings :I
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Device family: |Agilex 7 =
Device: AGFBO14R24B2E2V ‘ - |

[+ Interconnect Settings |

[V system Identifier |

[+ IP catalog Sertings |

After creating a system, you can modify the target Device family or Board setting
for your system on the Platform Designer System Settings tab. If you specify a
target Device family or Board that is different from the current project settings,
Platform Designer updates the target device family or board for the project to match
the Device family or Board specification. Platform Designer prompts you to upgrade
any IP components that are incompatible with the Device family or Board that you
specify.

To get started quickly with the board-aware flow, refer to Using the Board-Aware Flow
in Platform Designer on page 18.

1.3.2. Specifying Additional Application Memory

If Platform Designer requires more than the default memory to run efficiently, you can
increase the amount of application memory.

e From within the Quartus Prime software, increase memory for your Platform
Designer system, by clicking Tools [0 Options [0 IP Settings, and then
specifying the amount of memory with the Maximum Platform Designer
memory usage option.

e From the command-line, you can add an option to increase the memory. For
example, the following gqsys-edit command allows you to open Platform
Designer with 2 gigabytes of memory.

Figure 5. Specifying Additional Application Memory for Platform Designer
1P Settings |
Specify settings for creating and managing IP files.
Maximum Platform Designer memory usage: |Default ~ MB
Note: Select a value smaller than the available free memory. Selecting
avalue that is too low or too high may result in instability of IP-related
functionality.
gsys-edit --jvm-max-heap-size=2¢g
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1.3.3. Synchronizing IP File References

When you open a system containing IP components, Platform Designer confirms that
the list of IP files in your Platform Designer system matches the list of IP files included
in the corresponding Quartus Prime project.

The IP Synchronization Result dialog box automatically displays any discrepancies
between these IP file references in the system.

To manually start a check for IP reference mismatches between the system and
corresponding Quartus Prime project:

1. In Platform Designer, click File O Synchronize IP File References.

2. View the results of the synchronization. Platform Designer identifies the following
types of mismatches with the IP synchronization:

Table 2. IP Synchronization Results
Mismatch Type Description
Duplicate IP files The IP files references in the Platform Designer system and the associated Quartus

Prime project match. These IP files contain the same name, but are present in
different locations. In such cases, the IP files referenced in the Quartus Prime project
takes precedence. Platform Designer replaces the IP file reference in the system with
the one in the Quartus Prime project during compilation.

Note: If the Quartus Prime project contains more than one IP of the same file
name, Platform Designer retains the first instance and removes all other
occurrences of the IP file with the specific name.

Missing IP files Lists the IP file references missing from Platform Designer system and the
corresponding Quartus Prime project. In such cases, Platform Designer allows you to
specify the active IP file.

Missing Platform Designer IP Lists the IP file references missing from your Platform Designer system that the
files Quartus Prime project references. If Platform Designer locates a valid reference in
the Quartus Prime project, it replaces the missing reference in the Platform Designer
system with IP file reference from the Quartus Prime project.

Missing Quartus IP files Lists the IP file references missing from your Quartus Prime project that the Platform
Designer system references. Platform Designer adds the missing IP file reference to
the Quartus Prime project. If the project's .gsf file already contains reference to the
missing IP file, but the file cannot be located in the specified path, Platform Designer
removes the reference in the .qsf file, and adds the reference to the IP file in the
Platform Designer system.

1.3.4. Converting Incompatible Components

If you open a Platform Designer system with incompatible components, Platform
Designer prompts you to convert these components to the current Platform Designer
format. On conversion, the Platform Designer Conversion Results dialog box
appears, listing all the converted system and IP source files.

Platform Designer stores the converted . ip files inside an ip folder, relative to the
Platform Designer system file (.qsys) location. Platform Designer prefixes the system
name to the . ip file name. Platform Designer automatically adds these converted files
to the associated Quartus Prime project. Ensure that you maintain these . ip files,
along with your system files.
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1.4. Using the Board-Aware Flow in Platform Designer

Platform Designer allows you to create a system that targets a specific development
board, rather than only targeting a specific FPGA device. When you target a specific
development board, Platform Designer is aware of the target board (board-aware)
which simplifies the IP parameterization, pin assignments, and exporting interfaces for
the system.

The board-aware flow accelerates the process of appropriately configuring, connecting,
and validating IP for the target board by using IP presets together with a board
definition file that specifies the details of a target board. You can use (and reuse) the
board definition file and IP presets to automatically include the appropriate IP pin
assignments, parameters, and exported interfaces for the target development board
during system generation.

To use the board definition file and IP presets together, you first specify the board
information in a board file (_board.xml), and then apply IP presets that are
appropriate for the specific development board. IP preset files specify the list of valid
parameters and pin assignments that are appropriate for your target board of choice.
You can also define your own custom IP presets and board files. When you generate
the IP or system using this board-aware flow, Platform Designer performs the
following. Refer to Creating IP Presets Targeting Specific Boards on page 45 for
details.

e Presets appropriate IP parameters for the target board.
e Exports pin assignment to a .qip file read during design compilation.

e Exports the appropriate interfaces for the board.

In the FPGA system design flow, different engineers often handle specific steps of
development. For example, a board engineer often creates the board definition file. An
IP designer may create the board presets for specific IP. A system designer can use
the board file and IP presets to perform design entry. At each stage, you can share the
board file and IP presets to reduce any chance of configuration errors from hand-off
between developers or projects.

Figure 6. Board-Aware Flow Typical Tasks and Roles
Instantiates IP Selects Target Adds Board
Into the Board to Create File Paths to Creates Board
Platform Designer New Platform Platform Designer XML Files
System Designer System Serchibaths
Compiles Project
Creates Board Applies Board Auto-Exports Generates‘HDL and Compiler
Preset for ; Exports Pin p
Specific IP Preset for Each Interfaces with o o e
' Pin Constraints S :
IPin the System to QIP File QIP Assignments
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The board-aware flow helps to ensure the proper hand-off, consistency, and reuse of
configuration options across multiple projects, developers, and boards.
Related Information

e AN 988: Using the Board-Aware Flow in the Intel Quartus Prime Pro Edition
Software

e Board-Aware Flow Scripting Support on page 447

1.4.1. Accessing FPGA Design Examples

You can optionally base your design project on a pre-verified FPGA design example
that targets a specific FPGA board or development kit, or you can start with an empty
project. Access available design examples using any of the following methods:

¢ Pre-installed design examples—you can immediately access the design
examples that install along with the Quartus Prime software installation at:
<quartus>\acds\quartus\common\board_designs.

e Online design examples—you can access design examples hosted online, which
include designs from the Intel FPGA Design Store.

e Downloaded design examples—you can access previously downloaded design
examples, or any design example that you store in a local drive, under
downloaded design examples.

1.4.2. Specifying the Target Board for a Platform Designer System

You can specify a target board when you setup any Quartus Prime project. By default,
Platform Designer automatically inherits the target board information from the
currently open Quartus Prime project.

Specifying the target board for the system, rather than just specifying a target FPGA
device, helps to ensure the appropriate IP parameterization, pin assignments, and
export of interfaces for the system.

Use any of these methods to specify a target board for the project:
* New Project Wizard (File O New Project Wizard).

e Quartus Prime Home page, click Open Example Project icon.
¢ (Click File 0 Open Example Project.

e Board tab of the Device dialog Box (Assighments [0 Device [0 Board).
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Figure 7. Board Tab of Device Dialog Box

Device | Board

Select the board/development kit you want to target for compilation.
» Find Options
Family Agilex 7 -
Development Kit: | Any
Vendc Any

Show only boards/development kits with design examples

Filter: Device - v

Development Kit - | Family ~
Intel Agilex 7 I-Series FPGA Development Kit DK-DEV-AGIOZ27RES Agilex 7
Intel Agilex 7 F-Series Transceiver-SoC Development Kit DK-SI-AGFO14EA Agilex 7
Intel Agilex 7 F-Series FPGA Development Kit DK-DEV-AGFO14EA Agilex 7
Intel Agilex 7 2 F-Tile FPGA F-Series Development Kit Agilex 7’ -

1.4.2.1. Changing the Target Board for a Platform Designer System

After creating or opening a system, you can use any of the following methods to
change the target board for your system:

Figure 8. Change the Target Board in Platform Designer System Settings

& System Settings & |

|' Parameters |

|™ Device Settings _|
Board: Intel Agilex 7 F-Series Transceiver-SoC Development Kit DK-SI-AGFO14EA ‘ - |
Device family: |Agi|ex'.n' ‘v|
Device: |AGFBD14R24BZE2V ‘ = |

[V Interconnect Settings |

[V system Identifier |

[V 1P Catalog Settings |

Click System 0 System Settings in Platform Designer to change the target board at
any time.

Or

In Platform Designer's IP Catalog, click the Board tab, then select the target board in
the list and click Set. The board name appears in bold when set as the target board.
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Figure 9. Changing the Target Board in IP Catalog
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Alternatively, you can specify the target board by adding board arguments to gqsys-
edit and gsys-generate at the command line. The board argument is optional:

$qgsys-edit --board=[board name]
$gsys-edit --board=[board name] -family=[device family] --part=[device part]

gsys-edit opens the Open System dialog box and automatically sets the board that
the argument specifies.

Note: The --board option takes precedence over the device fami ly and device part
options. If you specify a board, the device fami ly and device part associated with
board automatically update to the board's default device family and part. If you

specify the board, device family, and device part , the board option with mapped
device family and part is selected.

1.4.2.2. Using Board Files

You can define a custom board file (_board.xml) that specifies target board
information for your system. You can then specify this board as the target for any
system. The board file specifies the following information about the target board:

e Board name, such as Agilex 7 F-Series FPGA Development Kit DK-DEV-
AGFO14EA

e Device part, such as AGFBO14R24B2E2V
* Device family, such as Agilex 7
e Board vendor, such as Intel

e Board file version, such as 1.0
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1.4.2.2.1. Creating a New Board File

Platform Designer displays all existing board files that have the _board.xml

extension in the Board Catalog. The Board Catalog is a tab of Platform Designer IP
Catalog.

By default, the Board Catalog shows the IPs that you associate with the current
selected board file. Under each board file name appears a list of any hardware
components associated with the board, such as a button, LED, or JTAG UART. Under
each component name appears the IP preset name that applies. Under each preset
name appears the IP name to which the preset applies.

To define a new board file in Platform Designer, follow these steps:

1. Click Tools O Platform Designer. Platform Designer launches and displays the
Open Project dialog box automatically.

2. Specify the Quartus project. If you have a project open, the project name
appears automatically. Otherwise, browse for an existing project, or click the
Create New Quartus Project button and specify a new project name. If Device
family or Device part are unsynchronized, click Retrieve Values.

3. Select the Platform Designer system, or click the Create New Platform
Designer System button and specify the name of a new system.

4. In the Platform Designer IP Catalog, click the Board tab. The Board tab displays
any existing board files (_board.xml) in <quartus>\ip\altera
\board_preset_ files\.

5. On the Board tab, click the New button. The Create New Board dialog box
appears with options that Create New Board Dialog Box Options on page 23
describes.

Figure 10. Board Catalog Displays Existing Boards Defined
Board Name

Filter 22 | |P Catalog - - o

- Board

x [

Intel Agilex 7 2_F-Tile FPGA F-Series Development ﬁ;‘
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o NIOSV

= OCM

# PIO &l Hardware Component Category
7 pio_out_fseries_fpga_dev_kit

IP Preset Name
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Intel Agilex 7 F-Series Transceiver SoC Develo mlenl hd
1 i »

To create a new board file, make sure that Enable Board Generation is on.

7. Specify the board Name, target Device family, Device part, board Vendor, and
board file Version. By default, Device part and Device family reflects the
current project settings.

8. For Product URL, optionally specify URL of a board product description online.
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9. Next to Board file, click the browse (...) button to specify a File name. Platform
Designer automatically adds the _board.xml extension. Click OK.

Figure 11. Create New Board Dialog Box

Create New Board 4+ 0 X

Enable Board Generation

Name: |Inte| Agilex 7 F-Series Transceiver SoC Development Kit ‘

Device Family:  |Agilex 7

-

M
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[ Generate Presets for All IPs
[l Generate Presets for IPs Associated with External Ports
Preset Directory: (]

Save Cancel

Note: Specifying an existing board file name for Board file overwrites the
selected board file with the new definition.

10. In the Create New Board dialog box, click the Save button. If the directory that

you specify is new, Platform Designer confirms adding this directory to the search
path.

11. To view the new board in the Board Catalog, click the Settings button on the right
side of the search field, and select Show All IPs.

Figure 12. Agilex™ 7 FPGA DevKit Board Visible in Board Catalog
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1.4.2.2.2. Create New Board Dialog Box Options

The Create New Board dialog box allows you to specify the details about your target
development board in Platform Designer. Platform Designer saves the board data in a
board file (_board.xml). You define the details of the board and then reuse that
board file for other projects that target the same board.
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Note: Turning on Enable Board Generation in combination with either the Generate
Presets for All IPs or Generate Presets for IPs Associated with External Ports
causes the system presets to target the new board that you are creating. Turning on
only Generate Presets for All IPs or Generate Presets for IPs Associated with
External Ports with Enable Board Generation turned off causes the system presets
to target the current board in Platform Designer.

Table 3. Create New Board Dialog Box Settings
Setting Name Description

Enable Board Turn on this option to generate a new board file (_board.xml) when you click the Save

Generation button. Leave this option off to generate only a system presets file (.qprs) based on the
current system and target board. This option is on by default.

Name Specifies the name for the board file that appears in the Platform Designer Board Catalog.

Device family Select the target design family for the Platform Designer system. This setting reflects the
current project settings by default.

Device part Select the target FPGA device part for the Platform Designer system. This setting reflects the
current project settings by default.

Vendor Specifies the vendor of the target board, such as Intel. This setting is optional.

Version Specifies the version number of the board file, such as 2.0. This setting is optional.

Board file Specifies the name of the new board file that you are creating.

Preset Directory Specifies the file name and path of the new system preset file (.qprs) that generates when

you click the Save button. If you instead select an existing preset file for this setting, that
file is overwritten with the new preset parameter values.

Generate Presets for All | Turn on this option to enable presets generation for all IPs in a pre-existing Platform
IPs Designer system.

Generate Presets for IPs | Turn on this option to enable presets generation for IPs with external ports only.
Associated with
External Ports

Save Creates (or overwrites) the board and preset files, according to your specifications in this
dialog box.

1.4.2.2.3. Viewing or Deleting Board Files

You can view or delete board files (_board.xml) in the Board Catalog. To view the
details of an existing board file in the Platform Designer Board Catalog, follow these
steps:

1. 1In Platform Designer, click the Board tab in IP Catalog. (View 0O IP Catalog).
The Board Catalog displays any board files (_board.xml) in the Platform
Designer search path.

2. On the Board tab, select the board that you want to view.
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Figure 13. Board File in Board Catalog
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3. Click the View button. The View Board dialog box displays the board properties,
as Create New Board Dialog Box Options on page 23 describes.
Figure 14. View Board Dialog Box
View Board 4 0O X
Name: Intel Agilex 7 FPGA F-Series Development Kit
Device Family: ‘Agilex 7 ‘v‘
Device Part: ‘AGFBOMRMBZEZV M
Vendor: Intel
Version: 1.0

Product URL:  https://www.intel.com/content/www/us/en/

Board file: |
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Deleting a Board File

To delete a board file from the Board Catalog, follow these steps:
1. On the Board tab, select the board file that you want to delete.
2. Click the Delete button. Click Yes to confirm the deletion of the board file.

1.4.3. Generating Board and Preset Files for Existing Systems

You can generate and apply board and preset files to an existing system design that
did not originally include board or preset files. This technique allows you to quickly
specify appropriate configuration options when you are targeting the same board and
IP as the board and preset files. You can apply the board and preset files to the
existing system using either the command-line or in Platform Designer.

1.4.3.1. Generating Board and Preset Files for Existing Systems Using Platform

Designer

D Send Feedback

To apply board and preset files to an existing Platform Designer system using the
Platform Designer GUI, you first load the pin assignments from the Quartus Prime
Settings File (-qsT). You then define a new board file that overwrites any existing
board file and IP presets. You must ensure that either the Generate Presets for All
IPs or Generate Presets for IPs Associated with External Ports option is on
when defining the new board. For details on creating IP presets, refer to Creating IP
Presets Targeting Specific Boards.
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Note: Before using this flow, you must regenerate the Platform Designer system and run

Quartus Prime Analysis and Synthesis.

To apply board and preset files to an existing system using Platform Designer, follow

these steps:

1. In the Quartus Prime software, open and compile the project that contains the
target Platform Designer system for board and preset files. The Fitter selects the
pin assignments or uses the constraints that you specify in the Pin Planner.

2. In Platform Designer, open the target system for application of board and preset
files.

3. Click File O Load Pin from Quartus Project. The pin assignments from the
current Quartus Prime project load into the Platform Designer system.

4. Confirm the loaded pin assignments in the Exported Interface tab, as Editing Pin
Assignments for Presets on page 53 describes.

5. Define a new board and presets by clicking New in the Platform Designer Board
Catalog. The Create New Board dialog box opens.

Figure 15. Create New Board Dialog Box
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Version: ‘1.0 |
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6. Specify options for the new board file, as Creating a New Board File on page 22
describes. When specifying options, turn on the Enable Board Generation and
either Generate Presets for All IPs or Generate Presets for IPs Associated
with External Ports to overwrite any existing board or preset files for the
system.

Click Save to generate the new board and preset files.
View the new system presets in the Board tab.
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Figure 16. System Presets in Board Tab
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1.4.3.2. Generating Presets for Existing Systems with Multiple Instances

Note: Before using this flow, you must regenerate the Platform Designer system and run
Quartus Prime Analysis and Synthesis.

When generating presets for existing Platform Designer systems with two or more
separate instances, Platform Designer displays a prompt allowing you to select the
relevant instance for the presets.

To generate presets for existing systems with multiple instances, follow these steps:
1. In Platform Designer, open the target system for application of system preset files.
2. Click File O Load Pin from Quartus Project.

3. If the system contains more than one instance, select the appropriate instance
path and click OK to confirm the correct instance path in the dialog box that
appears.

Figure 17. Select the Instance Path
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The pin assignments from the current Quartus Prime project load into the Platform
Designer system.

4. Confirm the loaded pin assignments in the Exported Interface tab, as Editing Pin
Assignments for Presets on page 53 describes.

5. Define a new board and presets by clicking New in the Platform Designer Board
Catalog. The Create New Board dialog box opens.
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6. Specify options for the new board file, as Creating a New Board File on page 22
describes. When specifying options, turn on the Enable Board Generation and
Enable System Preset Generation to overwrite any existing board or preset
files for the system.

Click Save to generate the new board and preset files.
View the new system presets in the Board tab.

1.4.3.3. Generating Board and Presets for Existing Systems Using Command Line

The command line method of applying board and presets to existing systems
implements the same steps in a script that you can perform in the Platform Designer
GUI. To apply board and preset files to an existing Platform Designer system using the
command line, you must first create a Tcl script that performs the following:

1. Loads the correct Platform Designer package version number with package
require.

2. Imports the pin assignments from the corresponding Quartus Prime Setting file
(-gsf) with load_pin_from_quartus_project.

3. Saves the system to apply the pin assignment to the system with save system.

4. Exports the system or IP presets and board file with export_system_preset.

The following shows an example script that implements these steps:

package require -exact gsys <version number>
load_pin_from_quartus_project

save_system

export_system preset test preset.qprs
export_board_file “<board name>" <filename_board.xml>

Note: The <version number> must be 22.4 or later.

The following command runs the example script:

$ gsys-script --script=export.tcl --quartus-project=[test_project] \
--system-file=[test_system.qgsys]

The following example shows the content of export.tcl if there is one instance in a
Platform Designer system in the project:

package require -exact gsys 22.4
load_pin_from_quartus_project
export_system_preset ip/presets
export_board_file "My Board" test_board.xml

The following example shows the content of export.tcl if there is more than one
instance in a Platform Designer system in the project:

package require -exact gsys 22.4
set instance_paths [get _quartus_instance_path_for_entity]

# select the correct Quartus instance path for your \
Platform Designer system (e.g using the 1st path)

set my_instance_path [lindex $instance_paths 0]
load_pin_from_quartus_project $my_ instance_path

export_system_preset ip/presets
export_board_file "My Board" test_board.xml
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1.4.3.4. Preset Files Saved

After you create system presets using System Preset Generation, each of the presets
for each of the IP in the Platform Designer system save into different .qprs files to
ensure easier modification (if needed) for preset .gprs files. For better organization,
you can create a specific folder for presets only, as the following example shows.

Figure 18. Example of Preset Files Saved
> ip » presets

MName
clock_in.gprs
intel_niosv_m_0.qprs
jtag_uart_O.qprs
onchip_memory2_0.qprs
pio_O.qprs

reset_in.gprs

1.5. Viewing a Platform Designher System

Platform Designer allows you to visualize all aspects of your system. By default,
Platform Designer displays the contents of your system in the System View tab
whenever you open a system. You can also access other tabs that allow you to view
and modify various elements of the system.

When you select or edit an item in one Platform Designer tab, all other tabs update to
reflect your selection or edit. For example, if you select the cpu_O in the Hierarchy
tab, the Parameters tab immediately updates to display cpu_O parameters.

Click the View menu to interact with the elements of your system in various tabs.

e The System View, Address Map, Exported Interfaces, and Details tabs
display in the central pane.

e By default, the IP Catalog and Filter tabs appear to the left of the System View
tab.

e Parameters, System Info, and Component Instantiation tabs appear to the
right of the System View tab when you open them.

e The System Messages and Generation Messages tabs display in the lower
portion of Platform Designer.
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Figure 19. Platform Designer GUI
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The Platform Designer GUI is fully customizable. You can arrange and display Platform
Designer GUI elements that you most commonly use, and then save and reuse useful
GUI layouts.

1.5.1. Viewing the System Hierarchy

The Hierarchy tab hierarchically displays the modules, connections, and exported
signals in the current system. You can expand and traverse though the system
hierarchy, zoom in for detail, and locate to elements in other Platform Designer panes.
The Hierarchy tab provides the following information and functionality:

e Lists connections between components.

e Lists names of signals in exported interfaces.

e Right-click to connect, edit, add, remove, or duplicate elements in the hierarchy.

e Displays internal connections of Platform Designer subsystems that you include as
IP components. By contrast, the System View tab displays only the exported
interfaces of Platform Designer subsystems.

Click the + icon to expand any interface in the Hierarchy tab to view sub-
components, associated elements, and signals for the interface. The Hierarchy tab
displays a unique icon for each element type in the system. In the example below, the

clock signal for the prbs_pattern_generator is selected in both the System
View and Hierarchy tabs.
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Figure 20. Expanding System View in the Hierarchy Tab
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1.5.2. Filtering the System View
You can use the filtering controls in System View and the Filter tab to change the
level of detail in the System View. You can filter for various component
characteristics, such as component, interface type, or instance name. Filtering the

System View allows you to simplify the display and focus only on the items you want.

Table 4. System View Tab Filtering Controls

Filter Control Description

Filter Button Defines the type of interfaces that the System View displays. The options are Clock
and Reset, Avalon Memory Mapped Interfaces, Avalon Streaming
Interfaces, Hide Resets, Hide Clocks, Hide Clocks and Resets, Hide
Interrupts, or a Custom Filter that you define.

Show Memory Mapped domains | Shows or hides all Avalon memory mapped domains present in the system in the

in the system table button System View.
Show reset domains in the Shows or hides all reset domains in the system in the System View.
system table
Show clock domains in the Shows or hides all clock domains in the system in the System View.
system table
Show connected modules Shows or hides the modules that have connections in the System View.
Hide unconnectable interfaces Shows or hides the modules not available for connection in the System View.
Remove Dangling Exports Removes unconnected exported connections from the System View.
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Figure 21. Filter Controls in System View Tab
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The Filter tab offers other filtering controls that change the display of components in
the System View. Select one or more components on the Filter tab (View O Filter)
to display only the selected component in the System View tab.

Figure 22. Filter Tab
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Table 5. Filter Tab Filtering Controls
Filter Control Description
Search text field In the Filter tab, displays the system, module, interface, and port names that match the
text string you enter.
Show exports option In the Filter tab, shows or hides the interfaces that you export.
Tree display list In the Filter tab, specifies the level of detail to display. Show or hide all systems,
modules, interfaces, and ports.
continued...
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Filter Control

Description

Show connected modules
option

In the System View, shows or hides the modules that have connections to the items
that you select in the Filter tab tree.

Show connected exports

In the System View, shows or hides the exports that have connections to the items that

you select in the Filter tab tree.

Wire-level Connection
Editor

In the System View, shows or hides all wire-level connections in the Connections

column.

Figure 23.

Wire-level Connection Editor
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1.5.3. Viewing Clock and Reset Domains

The Platform Designer Clock Domains and Reset Domains tabs list the clock and
reset domains in the Platform Designer system, respectively.

Click View 0 Clock Domains or click View 0 Reset Domains to display these tabs.

Platform Designer determines clock and reset domains by the associated clocks and
resets. This information displays when you hover over interfaces in your system.

The Clock Domains and Reset Domains tabs also allow you to locate system
performance bottlenecks. The tabs indicate connection points where Platform Designer
automatically inserts clock-crossing adapters and reset synchronizers during system
generation. View the following information on these tabs to create optimal connections
between interfaces:

e The number of clock and reset domains in the system

e The interfaces and modules that each clock or reset domain contains

e The locations of clock or reset crossings

e The connection point of automatically inserted clock or reset adapters

e The proper location for manual insertion of a clock or reset adapter
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Figure 24. Clock Domains, Reset Domains, and System View Tabs
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1.5.3.1. Viewing Clock Domains in a System

You can filter the System View tab to display a single clock domain, or multiple clock
domains. When you select an element in the Clock Domains tab, the corresponding
selection appears highlighted in the System View tab.

Follow these steps to filter and highlight clock domains in the System View:

1. Click View O Clock Domains.

2. Select any clock or reset domain in the list to view associated interfaces. The
corresponding selection appears in the System View tab.

3. To highlight clock domains in the System View tab, click Show clock domains
in the system table or at the bottom of the System View tab.

Figure 25. Shows Clock Domains in the System Table
Filter By Interface Type

Show Clock Domains--+ =t & Current filter: All Interfaces

4. To view a single clock domain, or multiple clock domains and their modules and
connections, select the clock name or names in the Clock Domains tab. The
modules for the selected clock domain or domains and connections highlight in the
System View tab. Detailed information for the current selection appears in the
clock domain details pane.

Note: If a connection crosses a clock domain, the connection circle appears as a
red dot in the System View tab

5. To view interfaces that cross clock domains, expand the Clock Domain

Crossings icon in the Clock Domains tab, and select each element to view its
details in the System View tab.
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Platform Designer lists the interfaces that cross clock domains under Clock
Domain Crossings. As you click through the elements, detailed information
appears in the clock domain details pane. Platform Designer also highlights the
selection in the System View tab.

1.5.3.2. Viewing Reset Domains in a System

On the Reset Domains tab, you can filter the System View tab to display a single
reset domain, or multiple reset domains. When you select an element in the Reset
Domains tab, the corresponding selection appears in the System View tab.

Follow these steps to filter and highlight reset domains in the System View:

1. To open the Reset Domains tab, click View 0 Reset Domains.

2. To show reset domains in the System View tab, click the Show reset domains
in the system table icon in the System View tab.

Figure 27. Show Reset Domains in the System Table
“l'"@ “1? \Ej Current filter: All Interfaces
L’
| Shiowe reset dorains in the syestern table |
3. To view a single reset domain, or multiple reset domains and their modules and
connections, click the reset names in the Reset Domain tab.
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Figure 28.
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Platform Designer displays your selection according to the following rules:

When you select multiple reset domains, the System View tab shows
interfaces and modules in both reset domains.

When you select a single reset domain, the other reset domains are grayed
out, unless the two domains have interfaces in common.

Reset interfaces appear black when connected to multiple reset domains.

Reset interfaces appear gray when they are not connected to all of the
selected reset domains.

If an interface is contained in multiple reset domains, the interface is grayed
out.

Detailed information for your selection appears in the reset domain details pane.
Red dots in the Connections column between reset sinks and sources indicate
auto insertions by Platform Designer during system generation, for example, a
reset synchronizer. Platform Designer decides when to display a red dot with the
following protocol, and ends the decision process at first match.

Multiple resets fan into a common sink.
Reset inputs are associated with different clock domains.
Reset inputs have different synchronicity.

1.5.4. Viewing System Connections

The Connections tab allows you to connect or un-connect every connection in the
Platform Designer system.

Click View O Connections to display this tab.

If you connect or unconnect modules on the Connections tab, the connection
immediately updates in the System View tab. You can also make connections in the
System View tab directly.
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Figure 29. Connections tabs in Platform Designer
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1.5.5. Viewing Avalon Memory-Mapped Domains in a System

The Domains tab displays a list of all the Avalon memory mapped domains in the
system, allowing you to specify interconnect parameters. When you select a domain in
the Domains tab, the corresponding selection highlights in the System View tab.
Click View O Domains to display this tab.

e Filter the System View tab to display a single Avalon domain, or multiple
domains. Further filter your view with selections in the Filters dialog box.

e To rename an Avalon memory-mapped domain, double-click the domain name.
Detailed information for the current selection appears in the Avalon domain details
pane.

e On the Domain tab, specify interconnect parameters, as Specifying Interconnect
Parameters on page 71 describes.

e To enable and disable the highlighting of the Avalon domains in the System View
tab, click the domain control tool at the bottom of the System View tab.
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Figure 30. Domains Tab
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1.5.6. Viewing the System Schematic

The Schematic tab displays a schematic representation of the current Platform
Designer system. You can zoom into a component or connection to view more details.
You can use the image handles in the right panel to resize the schematic image.

Click View O Schematic to display this tab.

If your selection is a subsystem, You can use the Move to the top of the hierarchy
Move up one level of hierarchy, and Drill into a subsystem to explore its
contents buttons to traverse the schematic of a hierarchical system.
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Figure 31. Schematic Tab
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Related Information
Editing a Subsystem on page 110

1.5.7. Customizing the Platform Designer Layout

You can arrange your workspace by dragging and dropping, and then grouping tabs in
an order appropriate to your design development, or close or dock tabs that you are
not using.

Dock tabs in the main frame as a group, or individually by clicking the tab control in
the upper-right corner of the main frame. Tool tips on the upper-right corner of the
tab describe possible workspace arrangements, for example, restoring or
disconnecting a tab to or from your workspace.

When you save your system, Platform Designer also saves the current workspace
configuration. When you re-open a saved system, Platform Designer restores the last
saved workspace.

The Reset to System Layout command on the View menu restores the workspace to
its default configuration for Platform Designer system design. The Reset to IP
Layout command restores the workspace to its default configuration for defining and
generating single IP cores.

Follow these steps to customize and save the Platform Designer layout:

1. Click items on the View menu to display and then optionally dock the tabs.
Rearrange the tabs to suit your preferences.

2. To save the current Platform Designer window configuration as a custom layout,
click View 0 Custom Layouts [0 Save. Platform Designer saves your custom
layout in your project directory, and adds the layout to the custom layouts list,
and the layouts. ini file. The layouts. ini file determines the order of layouts
in the list.

D Send Feedback Quartus Prime Pro Edition User Guide: Platform Designer

39


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

q Itero 1. Creating a System with Platform Designer

683609 | 2024.04.01

An Intel Company

Figure 32.

Platform Designer View Menu and Layouts
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3. Use any of the following methods to revert to another layout:

e To revert the layout to the default system design layout, click View [0 Reset
to System Layout. This layout displays the System View, Address Map,
Interconnect Requirements, and Messages tabs in the main pane, and the
IP Catalog and Hierarchy tabs along the left pane.

e To revert the layout to the default system design layout, click View [0 Reset
to IP Layout. This layout displays the Parameters and Messages tabs in
the main pane, and the Details, Block Symbol, and Presets tabs along the
right pane.

e To reset your Platform Designer window configuration to a previously saved
layout, click View 0O Custom Layouts, and then select the custom layout.
e Press Ctrl+3 to quickly change the Platform Designer layout.

4. To manage your saved custom layouts, click View 0 Custom Layouts. The
Manage Custom Layouts dialog box opens and allows you to apply a variety of
functions that facilitate custom layout management. For example, you can import
or export a layout from or to a different directory.

1.5.8. Changing the Platform Designer Font

Note:

Click Tools O Options O Fonts to change the font name, style, and size in Platform
Designer to suit your viewing preferences. A Sample pane displays a font example.
Click Finish to apply the setting.

Some GUI elements may require refresh (reopening) before font changes are visible.
Platform Designer prompts you to restart Platform Designer after changing font
settings so that font changes appear throughout.

You can click the Reset Font button to reset the Platform Designer font to the default
value.

1.6. Adding IP Components to a System

You can add Intel FPGA IP components to a system from the IP Catalog in Platform
Designer. The IP Catalog launches a parameter editor for specifying options and
generating the component's HDL. Your Platform Designer system can contain a single
instance of an IP component, or multiple, individually parameterized variations of
multiple or the same IP components.

When you first add Intel FPGA IP components to a system, Platform Designer
automatically adds the IP as a generic component (except for HPS IP components).
Generic components allow you to define only the interface and signal connections to
the rest of the system, without immediately defining the HDL implementation.
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To parameterize, and instantiate an IP component in a Platform Designer system:

1. Type some of the component’s name in the IP Catalog search box to find the IP by
name or category.

Figure 33. Platform Designer IP Catalog
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2. Double-click any component to launch the parameter editor. The
Parameterization Messages tab displays any parameterization errors.

3. After specifying parameters, click Finish to instantiate the component in the
system. The IP component appears in the System View and Component
Instantiation tabs. Platform Designer creates a corresponding - ip file for the IP
component on instantiation, and stores the file in the <ip> folder in the project
directory.

Platform Designer instantiates a generic component in place of the actual IP core
with a reference to the HDL entity name, module and interface assignments,
compilation library, HDL ports, interfaces, and system-info parameters.

Figure 34. Parameter Editor
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1.6.1. Modifying IP Parameters

The Parameters tab allows you to view and edit the current parameter settings for IP
components in your system.

To display a components parameters on the Parameters tab:

1.
2.

click View 00 Parameters.
Select the component in the System View or Hierarchy tabs.

Parameters field—adjust the parameters to align with your design requirements,
including changing the name of the top-level instance.

Component Banner—displays the hierarchical path for the component and internal
names. Displays the HDL entity name and the IP file path for the selected IP
component. Right-click in the banner to display internal parameter names for use
with scripted flows.

Details—displays links to detailed information about the component.

Parameterization Messages—displays parameter warning and error messages
about the IP component.

Figure 35. Platform Designer Parameters Tab
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Changes that you make in the Parameters tab affect your entire system, and
dynamically update other open tabs in Platform Designer. Any change that you make
on the Parameters tab, automatically updates the corresponding . ip file that stores
the component's parameterization.
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If you create your own custom IP components, you can use the Hardware Component
Description File (_hw.tcl) to specify configurable parameters.

Note: If you use the ip-deploy or gsys-script commands rather than the Platform
Designer GUI, you must use internal parameter names with these parameters.

1.6.1.1. Viewing Component or Parameter Details

The Details tab provides information for a component or parameter that you select.
Platform Designer updates the information in the Details tab as you select different
components.

To view a component's details:

1. Click the parameters for a component in the parameter editor, Platform Designer
displays the description of the parameter in the Details tab.

2. To return to the complete description for the component, click the header in the
Parameters tab.

1.6.1.2. Viewing a Component's Block Symbol

The Block Symbol tab displays a symbolic representation of any component you
select in the Hierarchy or System View tabs. The block symbol shows the

component's port interfaces and signals. The Show signals option allows you to turn
on or off signal graphics.

The Block Symbol tab appears by default in the parameter editor when you add a
component to your system. When the Block Symbol tab is open in your workspace, it
reflects changes that you make in other tabs.

Figure 36. Block Symbol Tab
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1.6.2. Applying Preset Parameters for Specific Applications

The Preset tab displays the names of available preset settings for an IP component. A
preset is a specific collection of parameter settings that are appropriate for a specific
protocol, application, or board. Double-click the preset name (or click Apply) to
instantly apply the parameter values defined in the preset to the current IP instance.
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Figure 37. Selecting Preset Parameters
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1.6.2.1. Customizing IP Presets

You can optionally define and save a custom set of parameter settings as an IP preset,

and then apply the preset whenever you add an instance of the IP component to any
system.

Follow these steps to save a custom IP preset:

1. In IP Catalog, double-click any component to launch the parameter editor.

2. To search for a specific preset to base initial settings, type a partial preset name in
the search box.

3. In the Presets tab, click New to specify the Preset name and Preset
description.

4. In the Board dropdown, specify the target board. The Default setting specifies
the current board as the target board for this preset.

Note: You can specify multiple boards for a preset, provided that the preset
parameters and assignments are applicable to all boards in the preset.

5. Under Select parameters to include in the preset, enable or disable the
parameters you want to include in the preset.

6. Specify the path for the Preset file that preserves the collection of parameter
settings. The location of the new _qprs preset file is added to the IP search path
automatically.
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Figure 38. Create New Preset
L e ~ox|

Name: [MewPreset 1 | version: a1 |+
Description: | |
Category: | |
Board: Intel Agilex 7 FPGA F-Series Development Kit 2xF-Tile DK-DEV-AGFO27F1ES

Parameter | [ Intel Agilex 5 FPGA E-Series DK ASED65BB32AES1 Premium Development Kit

[] Intel Agilex 5 FPGA E-Series MK ASEDBSBB32AEST Modular Development Kit

Select paray]
1 Intel Agilex 7

9 Bay Intel Agilex 7 FPGA F-Series Development Kit 2xF-Tile DK-DEV-AGFO27F1ES

[[] Intel Agilex 7 FPGA F-Series Development Kit P-Tile and E-Tile DK-DEV-AGFO14EA

? [ ou
D Intel Agilex 7 FPGA I-Series Development Kit 2xR-Tile and 1xF-Tile DK-DEV-AGIO27RBES

D Intel Agilex 7 FPGA F-Series Transceiver-SoC Development Kit P-Tile and E-Tile DK-SI-AGFO14EA

[] Intel Agilex 7 FPGA F-Series Transceiver-SoC Development Kit P-Tile and E-Tile DK-SI-AGFO14EB

9 Ed{ [ ] Intel Agilex 7 FPGA I-Series Development Kit DK-DEV-AGIO27RES

[intal Anilee 7 CDCAT Card iuar Vit £uC Tila W ST ACINANCEC =
|
|
5 e o -
9 Interrupt
Generate IRQ generatelRQ Ifalse - |
File: ip/presetsiNewP reset_1.qprs | D

7. Click Save.

To apply the preset to an IP component, click Apply. Preset parameter values that
match the current parameter settings appear in bold.

1.6.3. Creating IP Presets Targeting Specific Boards

Use the Presets tab in Platform Designer to define a custom group of preset
parameter settings and pin assignments appropriate for the target board.
Figure 39. Presets Tab Displays Available IP Presets
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You can apply the presets to IP, view and delete presets, and filter presets by board
name in the Presets tab. If you click on any IP in the System View, the Presets tab
displays the associated presets for each board. Turn off Show the Presets for
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Selected Board to display all available presets for the IP. Turn off this option to view
and apply preset files that do not contain board and pin information located under the
Library.

Note: You cannot edit a preset in the Preset tab. Rather than editing an existing preset,
create a new preset.

When you define an IP preset in the Presets tab, an underlying . gprs file stores the
following information about the preset:

e Preset name

e Preset description
e Preset category

e Supported board

e Parameter settings

e Pin assignments

1.6.3.1. Creating IP Presets
To create an IP preset with appropriate parameters and pin assignments for the target
board, follow these steps:

1. In the Platform Designer System View, select the IP that you want to create
presets for and view the Presets tab (View > Presets).

2. In the Presets tab click the New button to define a new IP preset file for the IP.
The New Preset dialog box appears.
Figure 40. Presets Tab

9} Presets - =
Presets for pio_0

[¥]'Show the Presets for Selected Board

LI Clear preset filters

b4

]

Project

Click New... to create a preset.
Library

[ pio_out

3. Enter a Preset name, Preset description, and Category.

Figure 41. New Preset Dialog Box

Preset name: |pi0_led | Component version: H

Preset description |pi0_ou1puts |

category |pio |
Board |defau|1 | - |
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4. In the Board list, specify the target board. The Default setting specifies the
current board as the target board for this preset.

Note: You can specify multiple boards for a preset, provided that the preset
parameters and assignments are applicable to all boards in the preset.

Figure 42. Create New Preset

=3 New Preset 4 0O X
Name: [pio_ted | version: Jan |+
Descriptior): [pio_outputs |
Category: , [pio |
Board: Intel Agilex 7 FPGA F-Series Development Kit 2xF-Tile DK-DEV-AGFO27F 1ES

———
Parameter| 7] Intel Agilex 7 FPGA F-Series Development Kit 2xF-Tile DK-DEV-AGFO27F1ES —
1
| - B - - -
Select parar] Intel Agilex 7 FPGA F-Series Development Kit P-Tile and E-Tile DK-DEV-AGFO14EA
ID Intel Agilex 7 FPGA F-Series Transceiver-SoC Development Kit P-Tile and E-Tile DK-SI-AGFO14EA E
r——|
? Bag [ ] Intel Agilex 7 FPGA F-Series Transceiver-SoC Development Kit P-Tile and E-Tile DK-SI-AGFO14EB
I
I [[] Intel Agilex 7 FPGA I-Series Development Kit 2xR-Tile and 1xF-Tile DK-DEV-AGIOZ7RBES
o |
| [] Intel Agilex 7 FPGA I-Series Development Kit DK-DEV-AGIO27RES
] g P

? ol [ Intel Agilex 7 FPGA 1-Series Transceiver Development Kit 6xF-Tile DK-SI-AGIO4FES

1
{ [ Intel Agilex 7 FPGA I-Series Transceiver-50C Development Kit {R-Tile and F-Tile)
{

? 99 [] Intel Agilex 7 FPGA 1-Series Transceiver-SoC Development Kit (R-Tile and F-Tile]

[l

5. On the Parameter Settings tab, enable or disable the appropriate parameters for
your target board.

6. To specify pin location and I/O standard assignments for the preset, click the Pin
Assignments tab.

7. For the exported interfaces, turn on the external_connection checkbox and
enter the exported signal name in the Exported Name cell.

Note: You can change the interface and signal names by double-clicking cells
under Exported Name. Alternatively, you can type the pin locations and
I/0 standard details in the cell without using the Board dropdown.

8. Select the appropriate Pin Location and I0 Standard for each exported signal.
Refer to Defining Preset Pin Assignments.

9. By default, the Preset file setting suggests a . qprs file name based on the
Preset name.

10. Click Save. The new IP preset appears in the Presets tab. Manage presets in the
Presets tab, as Viewing, Applying, and Deleting IP Presets on page 50 describes.
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Figure 43.

Figure 44.

Pin Assignments in New Preset Dialog Box

Parameter Settings | Pin Assignments |

Select pin assignments to include in the preset:

Pin constraint file: | ‘ EI |

Signal Name Exported Name Pin Location| 10 Standard

? external_connection

[l export[g]

external_connection.e... |<default>

| »

external_connection.e.. |<default=

external_connection.e... |<default= PIN_A101 1.1V

external_connection.e... [<default= |

external_connection.e... |<default> PIN_A1D1 [~
PIN_A103 (=
PIN_A10E

PIN_AT1
external_connection.e... [<default> PIN_AT10

external_connection.e.. |<default=

external_connection.e... |<default=

=& =& =

[N

SIRIN ALIZ =

New pio_led Preset Appears in Presets Tab
'@ Presets - o

Presets for pio_0

Show the Presets for Selected Board

[ Clear preset filters
3 X

Project
[ pio_led

1.6.3.2. Defining Preset Pin Assighments

You can define pin assignments that are included as part of an IP preset. When you
apply the IP preset to an IP instance, the pin assignments export during the IP or
system's HDL generation.

You define preset pin assignments in the Pin Assignments tab of the New Preset
dialog box, or in a Pin Assignments File (.tcl) that you create.

1.6.3.2.1. Defining Preset Pin Assignments in Pin Assignments Tab

The Pin Assignments tab allows you to specify the Exported Name of the signals,
to select the appropriate Pin Location, and to select the appropriate I0 Standard for
the target board.

By default, the Exported Name name takes the form of:

module_name + interface_name + pin_role

For example:
pio0_external_connection_export[0]
You can change the Exported Name by double-clicking on the Exported Name for

the interface and typing a new name. All of the signals of the interface then update
automatically to reflect the name you specify.
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Figure 45. Pin Assignments Tab

Parameter Settings ﬁl;\]\;;lér;r;]ér‘l};“
Select pin assignments to include in the preset:

- é{g;lglihiain;e 777777777 Exported Name| Pin Location IO Standard
L
!
!
!
L
!
!
!
L
!
!
!
L
!
!

{Pin Constraint File | IL
- clk
oL reset
o[ 51
? external_connection led

7 ¥ export[4]

external_connection.export[0] |led_export[0] |PIN_B31 1.2V
external_connection.export[1]{led_export[1] |PIN_D31 1.2V
external_connection.export[2](led_export[2] |PIN_A30 1.2V N
external_connection.export[3][led_export[3]  |PIN_C30 1.2V

e e -
Preset file: |Lfdesignsfpio_led.v’ip/presets/pio_Ied.qprs L

For example, typing led for the external_connection interface updates the signals
of the interface to led_export[n]. The external_connection is the interface name,
and external_connection_export(0) is the signal name.

1.6.3.2.2. Defining Preset Pin Assignments in a Pin File

Alternatively, you can specify the pin assignments in a Pin Constraints File (.tcl),
which can be more efficient for projects with many ports. You specify this . tcl file as
the Pin Constraint File on the Pin Assignments tab, and then click Load Pin. The
Pin Location and I0 Standard update per the loaded pin assignments.

Figure 46. Loading Pin Assignments from Tcl File

Parameter Settings | Pin Assignments |

Select pin assignments to include in the preset:

Pin Constraint File designsﬁédﬁ:ﬁiﬁsltif \ E Load Pin
Signal Name Exported Na..| Pin Location IO Standard

=L reset

o[ 51

? ¥ external_connection led

? export[4]

external_connection.export[0] (led_export[0] «(PIN_B31 1.2V . .
external_connection.export[1] |led_export[1] J[PIN_D31 1.2V Pin ASSIgnmentS
external_connection.export[2] (led_export[2] «[PIN_A30 1.2V Loaded from
external_connection.export[3] |led_export[3] J[PIN_C30 1.2V Ied4_pins.tc|

The following shows the contents of an example Pin Constraints File (-tcl):

set_instance_assignment -to "led_export[0]" -name 10_STANDARD "1.2 V"
set_location_assignment -to *“led_export[0]" "PIN_B31"
set_instance_assignment -to "led_export[1]" -name 10_STANDARD "1.2 V"
set_location_assignment -to "led_export[1]" "PIN_D31"
set_instance_assignment -to "led_export[2]" -name 10_STANDARD *1.2 V*
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set_location_assignment -to "led_export[2]" "PIN_A30"
set_instance_assignment -to "led_export[3]" -name 10_STANDARD "1.2 V"
set_location_assignment -to "led_export[3]" "PIN_C30"

1.6.3.3. Viewing, Applying, and Deleting IP Presets

You can view the properties of a preset, apply a preset, or delete any existing preset
in the Presets tab.

Figure 47. View, Apply, and Delete Presets in Presets Tab

‘e Presets & - =
Presets for pio_0

Show the Presets for Selected Board

[l Clear preset filters | -N

ew...

m [ View o
Project Delete

0 pio_led Show Preset Settings
Library ApDl

[ pio_out PRY

New
Note: Right-click a preset to access the same View, Apply, and Delete preset functions in

the context menu.

Viewing Presets

Click the View button to show the preset properties in the read-only Update Preset
dialog box.

Figure 48. View Button Opens View Preset Dialog Box

Preset name: Componen

Preset description:

Category

Board ‘ ‘ ‘

( Parameter Settings WPin Assignments |

Signal Name Exported Name | Pin Locati... 10 Stand.
external_connection.export[0] |led_export[0] PIN_B31 1.2V
external_connection.export[1] |led_export[1] PIN_D31 1.2V
external_connection.export[2] |led_export[2] PIN_A30 1.2V
external_connection.export[3] |led_export[3] PIN_C30 12V
Preset file:
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Right-click a preset and click Show Preset Settings to view a searchable report of
the preset settings.

Figure 49. Show Preset Settings Searchable Report

clock_50mhz

[Parameters -
Number of reset outputs = 1 |
Active low reset = 0 ||
Synchronous edges = deassert
Useresetrequestsignal = 0
Use synchronous resets = 0
Pin Assignments
Name Exported Name Location IO Standard
clk.clk default PIN_A10
in_reset.reset default PIN_A14

I:lﬂl

N “D

Applying Presets to IP Instances

Click the Apply button (or double-click) to apply the IP preset to the currently
selected IP. Applied presets appear in bold text.

Figure 50. Applied Presets Appear in Bold Text
'@ Presets & - o

Presets for pio_0

Show the Presets for Selected Board

LI Clear preset filters
A4 %

Project

[ pio_led
Library

[ pio_out

/| View Delete New...

Deleting Presets from the System

Click the Delete button to delete the current preset from the Platform Designer
system.

1.6.3.4. Auto-Exporting IP Preset Interfaces and Pins

Once you apply a preset with pin assignments to an IP instance, Platform Designer
automatically exports the preset interfaces that have pin constraints to external
systems.
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Note: If an IP with presets is not within the top-level Platform Designer system, you must
export those interfaces as well.
Figure 51. Auto-Exported LED Interface IP Preset
IZ System View -0
System: pio_led
O [JHide unconnectable inte... | Remove Dangling E...
*| | Use| Connections Name Description Export
| == LNTTET _SW_dyETTC AVAIUTT IVIETTTUTY WidPpPed .. =~
= dm_agent Avalon Memory Mapped ... B
=) B €F pio_0 PIO (Parallel I/0) Intel F...
= clk Clock Input
= reset Reset Input
= s Avalon Memory Mapped ...
<1 == external_connection |Conduit led =
B4 onchip_memory2 0 |On-Chip Memory (RAM o... ||
B » clki Clock Input Exported
= s Avalon Memory Mapped ...|||]terface =
al T I Tel |
After you click Generate HDL for the IP or system with pin assignment presets,
Platform Designer automatically exports the pin assignments to the system .qip file
for subsequent design compilation in the Quartus Prime software.
The following shows an example of the pin assignment Tcl commands exported to the
system .qip file:
set_instance_assignment -to "led_export[0]" -name 10_STANDARD ""1.2 V"
set_location_assignment -to "led_export[0]" "PIN_B31"
set_instance_assignment -to "led_export[1]" -name 10_STANDARD "1.2 V"
set_location_assignment -to "led_export[1]" "PIN_D31"
set_instance_assignment -to "led_export[2]" -name 10_STANDARD *"1.2 V"
set_location_assignment -to "led_export[2]" "PIN_A30"
set_instance_assignment -to "led_export[3]" -name 10_STANDARD "'1.2 V"
set_location_assignment -to "led_export[3]" "PIN_C30"
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1.6.3.5. Editing Pin Assignments for Presets

After you apply presets to IP, you can later view, edit, and remove those pin
assignments for selected signals in the Exported Interfaces tab in Platform
Designer. This action does not change the preset, but only changes the pin

assignments of the exported system signals. To edit pin assignments for an existing IP
preset, follow these steps:

Figure 52. Changing Preset Pin Location Assignments
Signal: led.led_export
Parameters
Name: |Ied_e>(port =
Signal Type: CJ
Width: 4
VHDL Signal Type: ‘
Direction: ‘ C
Pin: Index : Pin Location IO Standard
0 IPTN B31 |12V
1 iPIN_B31
%QPIN_EB:«;
IPIN_B35 L
iPIN_B37 he

1. In Platform Designer, click View 00 Exported Interfaces. The Exported
Interfaces tab displays the exported interfaces in the system.

2. Under Exported Interfaces, select a specific exported signal. The Parameters
field displays the signal and editable Pin assignment information. The interface
Name and signal name match the exported_interface_name and
exported_signal _name values in the preset .qgprs file.

3. To change the pin location or I/O standard for the signal, select a different Pin
Location or I0 Standard in the Pin field.

4. To remove any pin constraint, right-click the signal interface name under
Exported Interfaces, and then click Remove Current Pin Constraints.

Figure 53. Remove Current Pin Constraints

D Send Feedback

Exported Interfaces

»=clk Clock Input
- clk_clk [1] clk
»-led Conduit

4{ Remove Pin Constraints |‘

To change only the exported port hame, you can do so in the System View tab.
You must still make detail changes in the Exported Interfaces tab.

After design compilation, review the exported preset pin assignments in the
Quartus Prime software Pin Planner.
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Figure 54. Exported Interface Pins in Pin Planner After Design Compilation

All Pins B®
Named: * v ||« Edit: <<new node>> Filter:  Pins: all -
@Node Name @Direction ®Location @Fitter Location @I1/O Standard @I/(
2 led_export[3] Output PIN_C30 1.2V
s led_export[2] Output PIN_A30 12V
°2 led_export[1] Output PIN_D31 1.2V
2 led_export[0] Output PIN_B31 1.2V
o clk_clk Input PIN_C40 1.2V
= reset in clk clk Input PIN_A10 1.2V
"= reset_in...et_reset Input PIN_A14 1.2V

1.6.3.6. Viewing IP Presets In Board Catalog

You can easily view all presets defined for a target board in the Board Catalog in
Platform Designer. The Board Catalog lists the name of each board defined, followed
by a hierarchical list of the associated components, presets, and IP of the board.

You can use the search field and the adjacent Settings button to filter the list of list of
IP to match your needs:

Figure 55. Viewing pio_led and pio_out Presets in Board Catalog

IP | Board

L Settings Button - - -3¢-[5]
Intel Agilex F-Series Transceiver-SoC Development
o JTAG-UART
o NIOSV
= 0CM © Show All IPs
¢ PIO ® Show IP for Current Setting
77pio_led O Show IPs that contain Board Preset
L
. PIO (Paral ® Sort by Category
¥ .pio_out
< PIO (Paral © Sort by Name
Expand All
Collapse All

e Click the Settings button, and then select Show IPs that contain Board Preset.
The Board Catalog displays only the IPs that have presets for the target board.
Under the IP name, the available presets for that IP appear.

1.6.4. Applying Presets After Migrating a Board

You can save time by applying available presets when you migrate your design to a
different board. The Board Migration dialog box helps you to quickly apply
appropriate presets to each IP in the Platform Designer system to ensure consistency
and accuracy of the system on the migrated board, even for hierarchical systems.

The Board Migration dialog box allows you to readily view a comparison of the
parameters and pin assignments in the current system, versus the selected presets.
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You can access the Board Migration dialog box using any of the following methods:

Board Migration
Dialog Box Opens
Automatically

The Board Migration dialog box opens automatically using any of the following

methods:

e Click Assignments [0 Device [0 Board tab in the Quartus Prime Pro Edition

software.

e Click System 0 System Settings [ Device Settings [0 Board in Platform

Designer.

e Use the —-board option with the gsys-edit command.

Upon completing step 1, the Analyzing Board Migration window appears
showing the progress of system analysis and synchronization for the new target
board. Analysis messages eventually indicate either that Migration is needed or
No migration is needed to align with the target board. Click the Close button

when system migration analysis is compete.

Analyzing Board Migration Window

Anadyzang Beard begraben Flew Complared {an accadb3 T04)

Al D) D
IO Sy T G TR TR SEETTT IO IR oo TOT T _pr
@ Info: Gathering informarion and preset for dipsw_pio

@ Infoc Synchronizing System Information for led_pio

i d'j' Infa: Gathernng informaton and preset for led_pio

| |8 Tnfes Synchronazing System Informanton for pb_cpu_0

@ trifo: Gathering information and preset for ph_cpu_0

¥ Infoc Synchronazing Systemn Information for periph_dk
0 Infoc Gathering infarmation and preset for periph_clk

| :}J Infg: Synchronizing Systern Informaton for periph_rst_in
i tnifoc Gathering information and preset for periph_rst_in

() Analyzing Board Migration Flow: completed successfully.

i Infoc Migration is needed. 3 systemi(s) need to be configured to the new board.

]
il

Close |
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If migration is needed, the Board Migration dialog box opens automatically
displaying the systems and subsystems in the design you are migrating.

Figure 58. Board Migration Dialog Box

Board Migration Dialog 4 0 X

Board Migration Dialog allow users to apply presets to every IP within the system. Following is the presets available for the current board.

Current Board: Intel Agilex 5 FPGA E-Series DK ASE065BB32AEST Premium Development Kit

4 X System: gsys_m_top.qsys 3, b4 E
System ~lils... Name IP Core Type Pr... Comparisor
' gsys_m.top.qsys i clock_in altera_clock_bridge N/A

T intel_onchip_memory_0 intel_onchip_memory IN/A
| @ Jiopll_0 altera_iopll N/A
i niosv_m_subsystem_agile... [niosv_m_subsystem_agi...N/A
510_user_rst_clkgate_0 altera_s10_user_rst_clkg...|N/A ® Show Al Instances
Right-Click to Show All Instances creea

I Uncheck All

=l & Check or Uncheck All

| i IDEEE i | [ ¥
Apply presets for all systems ‘ | Apply presets to this system only | | Cancel ‘

3. By default, the Board Migration dialog box displays only IP that do not have
presets matching with the current configuration. To view all IP or systems, right-
click in the dialog box and then click Show All Instances.

Note: Using the --board option with gsys-generate command does not launch the Board
Migration dialog box. Rather, an information message appears suggesting that you to
launch Platform Designer and use the Board Migration dialog box to determine the
presets that apply to the new targeted board. The Board Migration dialog box does not
open for migration of designs containing IP subsystems.

1.6.4.1. Comparing and Applying IP Presets

Follow these steps to compare the parameter and pin assignment differences of your
current board configuration with your chosen board IP preset in the Board Migration
dialog box and apply the desired presets:

1. In the Preset column, type or select the preset name for the IP that you want to
compare against the current configuration. If you have multiple IP or systems,

type the IP or system name in the search bar to narrow the non-case-sensitive
search.

2. To begin comparison, click the Compare button. Following comparison, the
Parameter Settings and Pin Assignments tabs show the comparison results
(differences) for parameter settings and pin assignments, respectively.
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Figure 59. Setup Comparisons
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IP with matching configurations and presets display Matched in green under
Comparison Status. IP with no presets available display N/A in the Preset
column.

Figure 60. Pin Assighment and Parameter Setting Comparison Results

HewidMigrasan Diateg
Companisan batwesn kd_pls |P configuration 1o the ke plo_agta?_iseries. dev kit presat

Parameater Settings -_‘__Pm Assignmants ._

Comparisan babwesn bl pka 1P configuralion 1o i Rl ako_spre?_Jeanles dive Kt preset
Parameter Settings | Pin Assignments |
Diffeences in Fin Assigniments

Signal Nama

Jedwmal_connection xportft] | FnEn wentisl Bgnaling §

[tarmal connection wport1] PIN_D32 Trua Diffarantial Signaling *
laxbam &l connection port]?] PIN_B33 Trua Diffarantisl Signaling :
tarmal_etnrtion axpor]y] Bin_oad True Dittarantial Sgnaling o

3. When the presets match the board configuration as desired, click either the Apply
Presets to This System Only button or the Apply Presents for All Systems
button. The presets apply to your system according to your specifications.

Figure 61. IP with No Presets Available Display N/A

Beard Migraten a6y allow Lsrs 1o apply presets (9 svarg IF within the systam. Felewing s i presets mali far tne cument saard.
Cumant Boasd bl Agive T H5ars FPGA Devsapmant Kit DK-DEVAGOITRES
A "% [ | syt subsys soni neps Y x &
i Srate [T | Heira [ Pooalyt  Laaes Prasel | Camosnson status |
) E;Tﬁmn B emecapeted atera hoa, e Inter aoe Spimter .
T | B A o
| ] ormil_somel_adapte’ 0 alara ol to_sormel_adapiet
D Send Feedback Quartus Prime Pro Edition User Guide: Platform Designer

57


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Quartus%20Prime%20Pro%20Edition%20User%20Guide%20Platform%20Designer%20(683609%202024.04.01)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

q Itero 1. Creating a System with Platform Designer
™ 683609 | 2024.04.01

An Intel Company

1.6.5. Adding Third-Party IP Components

You can add third-party IP components created by Intel partners to your Platform
Designer system. Third-party partner IP components have interfaces that Platform
Designer supports, such as Avalon memory mapped or AMBA AXI. Third-party partner
IP components can also include timing and placement constraints, software drivers,
simulation models, and reference designs.

To locate supported third-party IP components on the Intel web page, follow these
steps:

1. From the Intel website, navigate to the Find IP page, and then click Find IP on the
tool.

2. Use the Search box and the End Market, Technology, Devices or Provider
filters to locate the IP that you want to use.

3. Click Enter.

Sort the table of results for the Platform Designer Compliant column. You
cannot use non-compliant components in Platform Designer.

5. Click the IP name to view information, request evaluation, or request download.
After you download the IP files, add the IP location to the IP search path to add
the IP to IP Catalog, as IP Search Path Recursive Search on page 58 describes.

Related Information

Find Intel FPGA and Partner IP

1.6.5.1. IP Search Path Recursive Search

The Quartus Prime software automatically searches and identifies IP components in
the IP search path. The search is recursive for some directories, and only to a specific
depth for others. During a recursive descent search, whenever search finds a
_hw_tcl or .ipx file, search does not descend further.

In the following list of search locations, ** indicates a recursive descent.

Table 6. IP Search Locations
Location Description
PROJECT_DIR/* Finds IP components and index files in the Quartus Prime project directory.
PROJECT_DIR/ip/**/* Finds IP components and index files in any subdirectory of the Zip subdirectory of the
Quartus Prime project directory.
1.6.5.1.1. IP Search Path Precedence
If the Quartus Prime software recognizes two IP cores with the same name, the
following search path precedence rules determine the resolution of files:
Quartus Prime Pro Edition User Guide: Platform Designer D send Feedback
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Project directory.
Project database directory.

3. Project IP search path specified in IP Search Locations, or with the
SEARCH_PATH assignment for the current project revision.

4. Global IP search path specified in IP Search Locations, or with the
SEARCH_PATH assignment in the quartus2.ini file.

5. Quartus software libraries directory, such as <Quartus I nstall ati on>
\libraries.

1.6.5.1.2. IP Component Description Files

The Quartus Prime software identifies parameterizable IP components in the IP search
path for the following files:

e Component Description File (_hw.tcl)—defines a single IP core.

e [P Index File (. ipx)—each . ipx file indexes a collection of available IP cores. This
file specifies the relative path of directories to search for IP cores. In
general, - IpX files facilitate faster searches.

1.6.5.2. Defining the IP Search Path with Index Files

You can create an IP Index File (. ipX) to specify a path that Platform Designer
searches for IP components.

You can optionally specify the search path in a user_components. ipx file, in
addition to Tools O Options 0 IP Catalog Search Locations. The
user_components. ipx file allows you to add locations independent of the default
search path.

A <path> element in a . ipxX file specifies a directory where Platform Designer can
search for IP components. A <component> entry specifies the path to a single
component. <path> elements allow wildcards in definitions. An asterisk matches any
file name. If you use an asterisk as a directory name, it matches any number of
subdirectories.

Example 1. Path Element in an .ipx File
<library>
<path path=".<user directory>" />
<path path=".<user directory>" />
Qcomponent .. File=".<user directory>" />

</library>

A <component> element in an . ipX file contains several attributes to define a
component. If you provide the required details for each component in an . ipX file,
the startup time for Platform Designer is less than if Platform Designer must discover
the files in a directory.
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Example 2.

Note:

Component Element in an .ipx File

The example shows two <component> elements. Note that the paths for file names
are specified relative to the . ipx file.

<library>
<component
name=""A Platform Designer Component"
displayName="Platform Designer FIR Filter Component"
version="2.1"
file="_./components/qsys_filters/fir_hw._tcl"
/>
<component
name=""rgb2cmyk_component"
displayName="RGB2CMYK Converter(Color Conversion Category!)"
version="0.9"
file="_./components/qsys_converters/color/rgh2cmyk_hw.tcl"
/>
</library>

You can verify that IP components are available with the ip-catalog command.

Related Information

Create an .ipx File with ip-make-ipx on page 449

1.6.6. Specifying IP Component Instantiation Options

When you instantiate an Intel FPGA IP component in a system, Platform Designer
instantiates the IP as a generic component that contains references to the HDL entity
name, module and interface assignments, compilation library, HDL ports, interfaces,
and system-info parameters. You can specify options that control the appearance of a
component in the system.

To specify options that control the appearance of IP details and symbol in the system,
follow these steps:

1. To open the Component Instantiation tab, click View 0 Component
Instantiation.

2. For Implementation Type, select the IP (Default), HDL, or Blackbox type.
Component Implementation Type Options on page 61 defines these types.

3. Under Compilation Info, specify the HDL Entity name and HDL compilation
library name for the implementation. These values are fixed for the IP
Implementation Type.

4. In the Signals & Interfaces tab, define the port boundary of the component.
Click <<add interface>> or <<add signal>> to add the interfaces and signals.

5. Optionally, click the Block symbol tab to visualize the signals and interfaces
added in the Signals & Interfaces tab.

6. Optionally, in the Export tab you can export the signals and interfaces of an IP
component as an IP-XACT file or a _hw_tcl file.
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Figure 62. Component Instantiation Tab
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Note: Platform Designer supports importing and exporting files in IP-XACT 2009
format and exporting IP-XACT files in 2014 format.

1.6.6.1. Component Implementation Type Options

Table 7. Component Implementation Type Options
Implementation Type Description
IP The default implementation type for any new component. Platform Designer reads the IP

Implementation Type to perform the following functions:

e Runs background checks against the port widths between the IP component and
the . ip file to ensure continuity.

e Scans the . ip file for the error flag to determine if any component has
parameterization errors.

e Checks for system-info mismatches between the IP file and the IP component in the
system, and prompts resolution with IP instantiation warnings in the Instantiation
Messages tab.

HDL Allows you to define a component in your system from existing RTL. You can populate the
signals and interfaces parameters of the generic component from an RTL file.

Blackbox Defines a component that represents only the signal and interface boundary of an entity,
without providing the component's implementation. You then provide the implementation of
the component for processing with the Quartus Prime software or an RTL simulator.
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1.6.7. Creating or Opening an IP Core Variant

In addition to creating a system, Platform Designer allows you to define a stand-alone
IP core variant that you can add to your Quartus Prime project or to a Platform
Designer system.

Follow these steps to define an IP core variant in Platform Designer:

1.
2.
3.

In Platform Designer, click File 0 New IP Variant.

On the IP Variant tab, specify the Quartus project to contain the IP variant.
Specify any of the following options:

e Revision—optionally select a specific revision of a project.

o Device family—when defining a new project or None, allows you to specify
the target FPGA device family. Otherwise this field is non-editable and displays
the Quartus project target device family. Click Retrieve Values to populate
the fields.

e Device part—when defining a new project or None, allows you to specify the
target FPGA device part number. Otherwise this field is non-editable and
displays the Quartus project target device part number.

Specify the IP variant name, or browse for an existing IP variant.

For Component type, click Select and select the IP component from the IP
Catalog.

Click Create. The IP parameter editor appears. Specify the parameter values that
you want for the IP variant.

To generate the IP variant synthesis and optional simulation files, click Generate
HDL, specify Generation Options, and click Generate. Refer to Generation
Dialog Box Options on page 90 for generation options.

Figure 63. Platform Designer IP Variant Tab
2 (©) Create New IP Variant = OXO) ()
[ system | IP variant | BSF Editor |
Creating new IP variant file,
Quartus project: ffplatform_designer_ﬂ1;chiptrip_nf.qpf |v| III %
Revisian: |chiptrip_nf |v| | % |
Device family: |Strati>{ 10
Device part: |156280LN3F43E1VG
IF wariant: ffp!atform_desﬁgner_zllftestfrestfrest.fp |v| III ¥
Component type: altera_nios2_genz:19.1.0
Create | | Cancel
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1.7. Connecting System Components

You must appropriately connect the components in your Platform Designer system.
The System View and Connections tabs allow you to connect and configure IP
components quickly. Platform Designer supports connections between interfaces of
compatible types and opposite directions.

For example, you can connect a memory-mapped host interface to an agent interface,
and an interrupt sender interface to an interrupt receiver interface. You can connect
any interfaces exported from a Platform Designer system within a parent system.

Figure 64. Connections Column in the System Contents Tab

1= system view Soa 32 Component Connections e
System: jtag_master Path:cClock_in
] [ ] Hide unconnectable interfaces
4| | Use ! Connections Marme Deascription Expor
.! i E LF clock_in Clock Eridge Intel FPGA IP
(mey = in_clk Clock Input ck
X N =& out_clk Clock Qutput
A B I reset_in Reset Bridge Intel FPGA IP
| =k Clock Input
] = B= in_reset Feset Input reset
1 — - aut_reset Feset Qutput
= { B iF my_host! Custom_IP_Bridge
] =k Clock. Input
¥ { = clk_reset Reset Input
1 =& host Aaralon Memoaory Mapped Ma. .
{ =-a host_reset Feset Qutput
| B F s10_mailbox_client_0 |Mailbox Client Intel Stratix..
] B= 31T Lwalon Memaory Mapped Agent
| B=in_clk Clock Input
] B= r_reset Feset Input
] | B=irg Interrupt Sencder
1] Il | [»

Platform Designer uses the high-level connectivity you specify to instantiate a suitable
HDL fabric to perform the needed adaptation and arbitration between components.
Platform Designer generates and includes this interconnect fabric in the RTL system
output. Potential connections between interfaces appear as gray interconnect lines
with an open circle icon at the intersection of the potential connection.

Figure 65. Potential and Implemented Connections in System View
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To implement a connection, follow these steps:

1. Click inside an open connection circle to implement the connection between the
interfaces. When you make a connection, Platform Designer changes the
connection line to black, and fills the connection circle. Clicking a filled-in circle
removes the connection.

2. To display the list of current and possible connections for interfaces in the
Hierarchy or System View tabs, click View O Connections.

Connection Display for Exported Interfaces
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3. Perform any of the following to modify connections:

e On the Connections tab, enable or disable the Connected column to enable
or disable any connection. The Clock Crossing, Data Width, and Burst
columns provide interconnect information about added adapters that can
result in slower fyax or increased area utilization.

e On the System View tab, right-click in the Connection column and disable
or enable Allow Connection Editing.

e On the Connections tab view and make connections for exported interfaces.
Double-click an interface in the Export column to view all possible
connections in the Connections column as pins. To restore the representation
of the connections, and remove the interface from the Export column, click
the pin.

1.7.1. Platform Designer 64-Bit Addressing Support

Platform Designer interconnect supports up to 64-bit addressing for all Platform
Designer interfaces and IP components, with a range of: 0xO000 0000 0000 0000
to OXFFFF FFFF FFFF FFFF, inclusive.

The address parameters appear in the Base and End columns in the System View
tab, on the Address Map tab, in the parameter editor, and in validation messages.
Platform Designer displays as many digits as needed in order to display the top-most
set bit, for example, 12 hex digits for a 48-bit address.

A Platform Designer system can have multiple 64-bit hosts, with each host having its
own address space. You can share agents between hosts, and hosts can map agents
to different addresses. For example, one host can interact with agent O at base
address 0000_0000_0000, and another host can see the same agent at base address
c000_000_000.

Quartus Prime debugging tools provide access to the state of an addressable system
via the Avalon memory mapped interconnect. These tools are also 64-bit compatible,
and process within a 64-bit address space, including a JTAG to Avalon host bridge.
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Platform Designer supports auto base address assignment for Avalon memory mapped
components. In the Address Map tab, click Auto Assign Base Address.

1.7.1.1. Support for Avalon Memory Mapped Non-Power of Two Data Widths

Platform Designer requires that you connect all multi point Avalon memory mapped
connections to interfaces with data widths that are equal to powers of two.

Platform Designer issues a validation error if an Avalon memory mapped host or agent
interface on a multi-point connection is parameterized with a non-power of two data
width.

Note: Avalon memory mapped point-to-point connections between an Avalon memory
mapped host and an Avalon memory mapped agent are an exception, you can set
their data widths to a non-power of two.

1.7.2. Connecting Hosts and Agents

Specify connections between host and agent components in the Address Map tab.
You specify the address range that each memory-mapped host uses to connect to an
agent in the Platform Designer system.

The Address Map tab shows the agents on the left, the hosts across the top, and the
address span of the connection in each cell. If there is no connection between a host
and an agent, the table cell is empty. In this case, use the Address Map tab to view
the individual memory addresses for each connected host.

Platform Designer enables you to design a system where two hosts access the same
agent at different addresses. If you use this feature, Platform Designer labels the
Base and End address columns in the System View tab as "mixed" rather than
providing the address range.

To create or edit a connection between host and agent IP components:

1. In Platform Designer, click the Address Map tab.

2. Locate the table cell that represents the connection between the host and agent.

3. Type in a base address, or update the current base address in the cell. The base
address of an agent component must be a multiple of the address span of the
component.

Figure 67. Address Map Tab for Connection Hosts and Agents
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1.7.3. Connecting NoC IP in Platform Designer

Note:

Agilex™ 7 M-Series FPGAs support an integrated Network-on-Chip (NoC) to facilitate
high-bandwidth data movement between the FPGA core logic and memory resources,
such as HBM2e and DDR5 memories.

In the regular NoC compilation flow, you specify connections between NoC IP in the
NoC Assignment Editor after running Analysis & Elaboration. You also specify address
mapping and performance requirements for these connections in the NoC Assignment
Editor. These assignments are required to perform RTL simulation of your design.

An optional early RTL simulation flow is available where you can specify NoC IP
connection and addressing in Platform Designer. In this early simulation flow, you can
perform RTL simulation after generating HDL for your Platform Designer system, but
before running Analysis & Elaboration and making assignments in NoC Assignment
Editor.

If you use this early RTL simulation flow, you must still run Analysis & Elaboration and
make connection and addressing assignments in NoC Assignment Editor before
performing compilation.

If you want to enable early RTL simulation for your design, follow the steps below to
specify NoC IP connectivity and addressing in Platform Designer. If you run Analysis &
Elaboration and use the NoC Assignment Editor to make these assignments before
running simulation, these steps are unnecessary.

1. Connect the AXI4 NoC manager ports to appropriate AXI4 NoC subordinate ports
in the Platform Designer System View tab. The AXI4 NoC manager ports are on
the NoC Initiator Intel FPGA IP. The AXI4 NoC subordinate ports are on the High
Bandwidth Memory (HBM2E) Interface Agilex 7 FPGA IP and on the External
Memory Interfaces Agilex 7 Intel FPGA IP.

2. Click the Address Map tab in Platform Designer to assign starting addresses for
each NoC initiator to target connection. If an initiator connects to multiple targets,
ensure that each target has a unique starting address. The end address is auto
calculated based on the memory span.

3. Save you system and click Generate HDL. Platform Designer stores the NoC
connectivity and addressing as assignments in the project -qgsf¥.

Note: This connectivity and addressing is not present in the HDL netlist that
Platform Designer generates.

When using the Platform Designer flow for specifying NoC connectivity and addressing,
the design is ready for RTL simulation after generating HDL for the Platform Designer
system. For details on simulation, refer to Agilex 7 M-Series FPGA Network-on-Chip
(NoC) User Guide.

Related Information
Agilex 7 M-Series FPGA Network-on-Chip (NoC) User Guide

1.7.4. Wire-Level Connectivity

Wire-level connectivity enables you to manipulate wire-level connections in the system
level view of Platform Designer. For example, you can enter a Verilog style syntax
expression to drive an input port of an IP component. You can implement wire-level
connectivity with the Platform Designer GUI or with the qsys-script utility.
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After applying the expression, the port you specify moves from the current interface
into a Wire-Level Endpoint interface. The new interface name appends _wirelevel
to the existing interface name. If you remove the wire-level expression, the port
restores to the original interface. However, not all interfaces are restorable to legal
interfaces after certain ports change. Moving a port from its original interface might
result in validation errors on the original interface.

After you move a port to a Wire-Level Endpoint interface, wire-level expressions
must drive all bits in the vector. You cannot connect ports contained within this new
interface type to any other interfaces.

The following general rules apply to wire-level expressions:

e Wire-level connectivity is only available on optional input ports.

e Wire-level expressions can consist of input, output, and bi-directional ports,
constant values, and logic terms using standard Verilog syntax.

e Wire-level expressions can only consist of ports within the same level of hierarchy.
If you require elements from a higher or lower hierarchy, you must export the
appropriate elements to the same hierarchical context.

e You can apply multiple expressions to a single input port unless they collide or
cause bus contention.

e You must resolve validation errors occurring on the original interface for the
interface to function correctly.

Platform Designer validates the wire-level expressions and provides messages for
syntax, port existence, and other systematic errors. This validation includes the
following:

e Validation of Verilog syntax.

e Warning if any sub-operator elements don’t match bit size.

e Warning if resulting combined bit size does not match the driven input port.
e Validation that all module and port names exist.

e Validation that all ports in a wire-level interface are input ports.

e Validation that all wire-level expressions drive each input port within a wire-level
interface.

e Validation of no bus-contention, meaning that no one wire is driven by more than
one expression.

e Inacomposed hw.tcl module, validation that all ports driven by wire-level
expressions are not in any connection.

e Inacomposed hw.tcl module, validation that all ports driven by wire-level
expressions are not exported.

After you define wire-level expressions, generate the system to create the Verilog
files. When the Platform Designer GUI or gqsys-script utility applies the expression,
the expression inserts into the Verilog wrapper file that generates for your system.
When you apply the wire-level connections with composed _hw.tcl commands, the
wire-level expression inserts in the IP component's Verilog wrapper file.
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1.7.4.1. Editing Wire-Level Expressions

After you add a wire-level expression to an optional input port, you can add, edit, or
remove wire-level expressions and connections in the Platform Designer GUI.

Follow these steps to edit wire-level expressions in the Platform Designer GUI:

1. To specify a new wire-level expression, right-click an input port in the Hierarchy
tab and click Add Wire-Level Expression. The Edit Wire-Level Expression
dialog box appears.

2. To construct the expression, drag operators or ports from the list of operators or
ports, and drop them into the expression field. Refer to Wire-Level Expression
Syntax on page 69 for a list of legal operators.

3. Click the text field at the top of the Edit Wire-Level Expression dialog box and
press the Down Arrow key to enable the expression assistant. The assistant
provides a context sensitive list of available operators at the cursor position.

Figure 68. Edit Wire-Level Expression Dialog Box
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4. Modify the elements of the expression in the workspace:
e To add a value to an expression, right-click a node and select Insert Value.
¢ Double-click on a value to enter a numeric value or port name.
e Click an operator node to change the operator type.
e Reorder nodes or move nodes between operators by dragging them.

5. To manage all wire-level expressions, click View 0 Wire-Level Expression
Editor. The Wire-Level Expression Editor allows you to add new wire-level
expressions, edit, or remove existing wire-level expressions.
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Figure 69. Wire-Level Expression Editor
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1.7.4.2. Wire-Level Expression Syntax

The wire-level expression derives from Verilog syntax. The following is an example

and list of legal operators and elements that you can use for wire-level expressions.

Example Expressions:

fool.portl[5:0] = foo2.portl[5:0]
foo3.portl[8:4] = foo5.portl[4:0] & 57b10101
foo6.portl[0] = “bl

foo7.portl = foo8.portl

foo09.portl[0] = ~fool0.portl[0]
f0010.portl[3:0] fooll.port2[1:0] + 4’b1100
fool2:portl[3:0] {4{0}}

fool3.portl[7:0] {fool4.portli[3:0], 4°b0011}

Table 8. Ports
Port Description
<instance_name>.<port_name> Whole port
<instance_name>.<port_name>[x] Wire x of port
<instance_name>.<port_name>[y:x] Wires x to y of port. Port ranges must be in decreasing
order, for example a[1:0].
<constant base x values> For example: 1, ‘b1, 4'hf, 4’07, 32'd9

Table 9. Operators (Bitwise)

Operator Description
~ Negation
& AND
| OR
~& NAND
continued...
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Operator Description
~ NOR
n XOR
~A XNOR
Table 10. Operators (Logical)
Operator Description
? Conditional
! Negation
&& AND
I OR
Table 11. Operators (Relational, Equality, and Shift)
Operator Description
> Greater Than
< Less Than
>= Greater Than or Equal To
<= Less Than or Equal To
== Equal To
= Not Equal To
<< Shift Left
>> Shift Right
Table 12. Operators (Mathematical)
Operator Description
+ Addition
- Subtraction
* Multiplication
/ Division
% Modulus
Table 13. Operators (Other)
Operator Description
{integer {x}} Replication of x
{x, ¥, ...} Concatenation

1.7.4.3. Adding or Removing Ports from Wire-Level Endpoint Interfaces

You can quickly add or remove ports from wire-level interfaces.

Follow these steps to add or remove ports from wire-level endpoint interfaces:
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1. To move the port to a wire-level endpoint interface, in the Hierarchy tab, right-
click a port and then click Move Port to Wire-Level Interface. After you move a
port to a wire-level endpoint interface, you can view and edit it in the Component
Instantiation tab.

2. To remove the port from a wire-level endpoint interface, in the Hierarchy tab,
right-click a port and then click Remove Port from Wire-Level Interface.

1.7.4.4. Scripting Wire-Level Expressions

Platform Designer supports system scripting commands to apply wire-level
expressions to input ports in IP components.

The following commands function with the gsys-script utility or in a _hw._tcl file
to set, retrieve, or remove an expression on a port:

set_wirelevel_expression <instance_or_port_bit> <expression>
get_wirelevel_expressions <instance_or_port_bit>
remove_wirelevel_expressions <instance_or_port_bit

These commands require a string that you compose from the left-handed and right-
handed components of the expression. Platform Designer reports errors in syntax,
existence, or system hierarchy.

Related Information

e Wire-Level Connection Commands on page 633

e set_wirelevel_expression on page 633

e get_wirelevel_expressions on page 634

e remove_wirelevel_expressions on page 635

1.8. Specifying Interconnect Parameters

Specify system-wide or domain-specific interconnect parameters on the Domains tab.
Interconnect parameters allow you to customize the implementation of the system
interconnection.

The Domains tab displays the memory mapped interfaces in your system, and allows
you to specify legal values for available system-level or interface parameters. While
specifying parameters, you can click Show System with Interconnect to view a
schematic preview of the Platform Designer complete system interconnect.

Follow these steps to specify interconnect parameters:
1. Open or create a Platform Designer system.
2. Click View 0 Domains.

3. Under Memory Mapped Domains, select one or more domains.
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Figure 70. Domains Tab
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4. On the Domain tab, specify values for interconnect parameter settings, as
Interconnect Parameters on page 73 describes.

5. To view a preview of the Platform Designer complete system interconnect, click
Show System with Interconnect. Refer to Previewing the System Interconnect
on page 74 for detailed description of this preview.

6. To manually add pipeline stages to the interconnect schematic, refer to Add
Pipeline Stages to the Interconnect Schematic on page 330.

Related Information

e Avalon Interface Specifications

e Correcting Platform Designer System Timing Issues on page 76

e Interconnect Pipelining on page 328

e Burst Adapter on page 273

e Width Adaptation on page 271

e Platform Designer Interconnect on page 251

e Reset Interfaces on page 316

e Domains and Interfaces on page 483
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1.8.1. Interconnect Parameters
The following parameters are available on the Domains tab:

Table 14. Interconnect Parameters

Option

Description

Enable all pipeline
stages

e FALSE—default setting. The Limit interconnect pipeline stages to value and post-
adaptation assignments control pipeline insertion.

e TRUE—enables all pipeline stages within this domain. Ignores the Limit interconnect
pipeline stages to and any post-adaptation assignment. Also disables manual editing of
pipelines in the schematic. Although this setting ignores post-adaptation assignments, the
assignments still remain in the design.

Limit interconnect
pipeline stages to

Specifies the maximum number of pipeline stages that Platform Designer can insert in each
command and response path to increase the fyax at the expense of additional latency.

You can specify between 0 and 4 as the maximum number of pipeline stages to insert. The
default value is 1. A value of 0 indicates no pipelines and a combinational datapath. When you
specify 1 or greater, Platform Designer inserts up to the number you specify, depending on
availability of pipeline locations.

Note: If certain adapters or IP components are not present in the interconnect, or if there are
not enough pipelineable locations in the interconnect, Platform Designer does not add all
of the pipeline stages specified. Click Show System with Interconnect to view the
number of stages added for a particular domain.

Clock crossing
adapter type

Specifies the default implementation for automatically inserted clock crossing adapters:

o Handshake—this adapter uses a simple handshaking protocol to propagate transfer control
signals and responses across the clock boundary. This methodology uses fewer hardware
resources because each transfer is safely propagated to the target domain before the next
transfer can begin. The Handshake adapter is appropriate for systems with low throughput
requirements.

e FIFO—this adapter uses dual-clock FIFOs for synchronization. The latency of the FIFO-
based adapter is a couple of clock cycles more than the handshaking clock crossing
component. However, the FIFO-based adapter can sustain higher throughput because it
supports multiple transactions at any given time. FIFO-based clock crossing adapters
require more resources. The FIFO adapter is appropriate for memory-mapped transfers
requiring high throughput across clock domains.

e Auto—if you select Auto, Platform Designer specifies the FIFO adapter for bursting links,
and the Handshake adapter for all other links.

Automate default
slave insertion

Directs Platform Designer to automatically insert a default Avalon agent or AXI subordinate for
undefined memory region accesses during system generation.(2)

Enable
instrumentation

When you set this option to TRUE, Platform Designer enables debug instrumentation in the
Platform Designer interconnect, which then monitors interconnect performance in the system
console.

Interconnect reset
source

Select Default or a specific reset signal in your design.

Burst adapter
implementation

Allows you to choose the converter type that Platform Designer applies to each burst.

e Generic converter (slower, lower area)—default setting. Controls all burst conversions
with a single converter that is able to adapt incoming burst types. This results in an adapter
that has lower fyax, but smaller area.

e Per-burst-type converter (faster, higher area)—controls incoming bursts with a
particular converter, depending on the burst type. This results in an adapter that has higher
fmax, but higher area. This setting is useful when you have AXI managers or subordinates
and you want a higher fyax.

continued...

(2) This document now refers to the Avalon "host" and "agent," and the AXI "manager" and
"subordinate," to replace former terms. Refer to the current AMBA AXI and ACE Protocol
Specification for the latest AMBA AXI and ACE protocol terminology.
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Option

Description

Width adapter
implementation

¢ Generic converter (slower, lower area)—default. Controls all width adaptations with a
single converter that is able to adapt incoming widths. This results in an adapter that has
lower fuax, but smaller area.

« Optimized converter (faster, higher area)—controls width adaptations with a particular
converter, depending on the width. This results in an adapter that has higher fyax, but
higher area. This setting is useful when you have AXI managers or subordinates and you
want a higher fyax.

Enable ECC protection

Specifies the default implementation for ECC protection for memory elements.

e FALSE—default. Disables ECC protection for memory elements in the Platform Designer
interconnect.

¢ TRUE—enables ECC protection for memory elements. Platform Designer interconnect sends
uncorrectable errors arising from memory as DECODEERROR (DECERR) on the Avalon
response bus.

For more information about Error Correction Coding (ECC), refer to Error Correction Coding
(ECC) in Platform Designer Interconnect on page 331.

Use synchronous
reset

When set to TRUE, all registers in the interconnect use synchronous reset. Assert the reset for
at least 16 cycles and start transactions 16 cycles after deassertion of the reset. This period
allows all the IP components to reset and come out of the reset state. To avoid deadlocks in the
interconnect, reset hosts and agents simultaneously. If hosts and agents have different resets,
agents must reset only after responding to all necessary transactions. The Use synchronous
reset option is enabled by default for Hyperflex® architecture devices, but is disabled by
default for all other devices. Enabling synchronous reset for the interconnect does not enable
synchronous reset for IP components in the system. You must separately enable the
synchronous reset parameter for any component.

Optimize size for
Avalon Response Data
Fifo

When enabled, Platform Designer does not increase the size of the Avalon interface agent read
FIFO to the next power of 2. You can enable this setting to decrease the size of the FIFO if
needed.

Response FIFO Type

Specifies the implementation method for the Platform Designer response FIFO that stores
information for processing of response in the interconnect, such as width adaptation and
routing to the Avalon host or AXI manager. The following options are available:

* Register Based—default option that implements the response FIFO using registers. When
Register Based is selected, FIFO uses the LUT's to hold responses. This consumes more
LUT’s, but the minimum response latency is 1.

¢ Embedded Memory Based—implements the response FIFO using M20K memory blocks,
rather than LUTs. When you specify Embedded Memory Based, the minimum response
latency is 3, and FIFO consumes far fewer LUT resources, but consumes M20K memory
resources.

1.8.2. Previewing the System Interconnect

You can review a graphical representation of the Platform Designer interconnect before
you generate the system. The System with Platform Designer Interconnect window
Platform Designer's conversion of connections between interfaces to interconnect logic
during system generation.

To open the System with Platform Designer Interconnect window, click System O
Show System With Platform Designer Interconnect, or click the Show System
With Interconnect button in the Domains tab.
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Figure 71. System with Platform Designer Interconnect window
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The System with Platform Designer Interconnect window has the following tabs:

e System Contents—displays the original instances in your system, as well as the
inserted interconnect instances. Connections between interfaces are replaced by
connections to interconnect where applicable.

e Schematic—displays a schematic representation that shows the multiple
interconnects together as a complete system.

e Hierarchy—displays a system hierarchical navigator, expanding the system
contents to show modules, interfaces, signals, contents of subsystems, and
connections.

e Parameters—displays the parameters for the selected element in the Hierarchy
tab.

¢ Memory-Mapped Interconnect—allows you to select a memory-mapped
interconnect module and view its internal command and response networks. You
can also insert pipeline stages to achieve timing closure.

The System Contents, Hierarchy, and Parameters tabs are read-only. Edits that
you apply on the Memory-Mapped Interconnect tab are automatically reflected on
the Interconnect Requirements tab.

The Memory-Mapped Interconnect tab in the System with Platform Designer
Interconnect window displays a graphical representation of command and response
datapaths in your system. Datapaths allow you precise control over pipelining in the
interconnect, as Add Pipeline Stages to the Interconnect Schematic on page 330
describes. Platform Designer displays separate figures for the command and response
datapaths. You can access the datapaths by clicking their respective tabs in the
Memory-Mapped Interconnect tab.

Each node element in a figure represents either a host or agent that communicates
over the interconnect, or an interconnect sub-module. Each edge is an abstraction of
connectivity between elements, and its direction represents the flow of the commands
or responses.

Click Highlight Mode (Path, Successors, Predecessors) to identify edges and
datapaths between modules. Turn on Show Pipelinable Locations to add greyed-out
registers on edges where pipelining is allowed in the interconnect.
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1.9. Correcting Platform Designer System Timing Issues

You can help alleviate Platform Designer system timing issues by adjusting the
following interconnect parameters on the Domains tab:

e Limit interconnect pipeline stages to—increase the use of interconnect
pipeline stages in each command and response path by increasing the value of
this option up to 4. Platform Designer can insert up to four pipeline stages,
depending on availability of pipeline locations, at the possible expense of
additional latency and area. The default value is 1 pipeline stage.

o Burst adapter implementation—enable the HiConnect converter (Improved
timing and area) or Per-burst-type HiConnect converter (faster, higher
area) implementation to control incoming bursts with optimized burst adapters.
These settings produce an adapter that has improved timing, but may require
more device resources for implementation.

e Width adapter implementation—enable the Optimized converter (faster,
higher area) implementation to control width adaptation with a particular
converter. This setting produces an adapter that has higher fyax, but requires
more device resources for implementation.

Figure 72. Correcting Platform Designer System Timing Issues with Domains Tab

Settings
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Note: To manually add pipeline stages to the interconnect schematic, refer to Add Pipeline

Stages to the Interconnect Schematic on page 330.

Related Information

e Specifying Interconnect Parameters on page 71
e Interconnect Pipelining on page 328

e Burst Adapter on page 273

e Width Adaptation on page 271
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1.10. Specifying Signal and Interface Boundary Requirements

Figure 73.
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If you export an interface that does not match the interface requirements of the
system, Platform Designer generates component instantiation errors. You must match
all the exported interfaces with the interface requirements of the system.

The Interface Requirements tab allows you to assign a component's top-level HDL
module signals to an interface, specify the expected signal and interface boundary
requirements for the interface, and to resolve any interface requirement mismatches.
You can also modify the signal names in an exported interface.

1. Click View 0O Interface Requirements.

2. To load the interface requirements from a Platform Designer system, click Import
Interface Requirements in the Interface Requirements table. Select
the . ipxact representation of the Platform Designer system.

3. To manually add new interface or signal requirements, click <<add interface>> or
<<add signal>> in the Interface Requirements table.

4. To correct the mismatches, select the missing or mismatched interface or signal in
the Current System table and click >>.

Note: Platform Designer highlights the mismatches between the system and
interface requirements in blue, and highlights the missing interfaces and
signals in green.

5. To rename an exported signal or interface, use any of the following methods:
e Double-click the signal or interface in Current System table.
e Select the signal or interface in the Current System table and press F2.

e Select the signal or interface in the Current System table and rename from
the Current Parameters pane at the bottom of the tab. The Current
Parameters pane displays all the parameters of the selected interface or
signal.

Interface Requirements Tab
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Related Information
Editing Exported Interface Signal Names on page 78
1.10.1. Interface Requirements Tab Fields
The Platform Designer Interface Requirements tab contains the following fields.

Table 15. Interface Requirements Tab Fields

Name Description

Current System Displays all the exported interfaces in the current Platform Designer system. Add
or remove the interfaces in the Current System by adding or removing
components from the System View tab.

Interface Requirements This table shows all the interface requirements set for the current Platform
Designer system.

Parameter Differences This table lists the Parameter Name, Current System Value, and Interface
Requirement Value for the selected mismatched interface.

Note: The Interface Requirements tab highlights in blue the signals and

interfaces that are the same, but have different parameter values.
Selecting a blue item populates the Parameter Differences table.

Import Interface Requirements This button allows you to populate the Interface Requirements table from an
IP-XACT(3) file representing a generic component or an entire Platform Designer
system.

Parameters This table lists the signal and interface parameters for the selected interface.

You can view the table as Current Parameters when you select an interface or
signal from the Current System table, and as Required Parameters when you
select the signal or interface from Interface Requirements table.

You can modify the name of the exported signal or interface from this table. For

more information about how to edit the name of an exported signal or interface,
refer to Edit the Name of Exported Interfaces and Signals.

1.10.2. Editing Exported Interface Signal Names

To rename an exported signal or interface:

e Double-click the signal or interface in Current System table.

e Select the signal or interface in the Current System table. Edit the interface or
signal's parameters in the Current Parameters pane.

Figure 74. Editing the Name of Exported Interfaces and Signals

Current Parameters

Marme: |reset_reset

Signal Type: | L

midth: 1

Note: All other parameters in the Current Parameters except Name are read-only for the
current system.

(3) Platform Designer supports importing and exporting files in IP-XACT 2009 format and
exporting IP-XACT files in 2014 format.
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1.11. Configuring Platform Designer System Security
Specify system or interconnect Security requirements on the Domains tab.

Platform Designer interconnect supports the Arm TrustZone® security extension. The
Platform Designer Arm TrustZone security extension includes secure and non-secure
transaction designations, and a protocol for processing between the designations.(#)

The AXI AXPROT protection signal specifies a secure or non-secure transaction. When
an AXI manager sends a command, the AXPROT signal specifies whether the
command is secure or non-secure. When an AXI subordinate receives a command, the
AXPROT signal determines whether the command is secure or non-secure.
Determining the security of a transaction while sending or receiving a transaction is a
run-time protocol.

AXI managers and subordinates can be TrustZone-aware. All other host and agent
interfaces, such as Avalon memory mapped interfaces, are non-TrustZone-aware.

The Avalon specification does not include a protection signal. Consequently, when an
Avalon host sends a command, there is no embedded security and Platform Designer
recognizes the command as non-secure. Similarly, when an Avalon agent receives a
command, the agent always accepts the command and responds.

To set compile-time security support for non-TrustZone-aware components:

1. To begin creating a secure system, add Avalon hosts and agents and AXI
managers and subordinates to your system, as Adding IP Components to a
System describes.

2. Make connections between the hosts and agents and between the managers and
subordinates in your system, as Connecting Hosts and Agents describes.

3. Click View 0 Domains.

Figure 75. Security Settings in Domains Tab

[~ Interconnect Parameters

Domain [ Interface | Post-Adaptation |

Configure interconnect parameters for interfaces in selected domains. |=

! Identifier Setting | Walle
'mm_bridge_3.m0  |Security . |Non-secure

{Hon-secure

|Secure

iSecure ranges...
iTrustZone-aware

-

| Il | [¥]

4. To specify security requirements for an interconnect, click the Interface tab under
Interconnect Parameters,

(4) This document now refers to the Avalon "host" and "agent," and the AXI "manager" and
"subordinate," to replace formerly used terms with inclusive language. Refer to the current
AMBA AXI and ACE Protocol Specification for the latest AMBA AXI and ACE protocol
terminology.
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Click the Add button.

In the Identifier column, select the interconnect in the new_target cell.
In the Setting column, select Security.

In the Value column, select the appropriate Secure, Non-Secure, Secure

Ranges, or TrustZone-aware security for the interface. Refer to System
Security Options for details of each option.

9. After setting compile-time security options for non-TrustZone-aware manager and
subordinate interfaces, you must identify those managers that require a default
subordinate before generation, as Specifying a Default Avalon Agent or AXI
Subordinate describes.

Related Information

e Platform Designer Interconnect on page 251

e Platform Designer System Design Components on page 367

1.11.1. System Security Options

Table 16.

Security Options

Option

Description

Secure

The Avalon host or AXI manager sends only secure transactions, and the Avalon agent
or AXI subordinate receives only secure transactions. Platform Designer treats
transactions from a secure manager as secure. Platform Designer blocks non-secure
transactions to a secure agent or subordinate and routes to the default agent or
subordinate.

Non-Secure

The host or manager sends only non-secure transactions, and the agent or subordinate
receives any transaction, secure or non-secure. Platform Designer treats transactions
from a non-secure host or manager as non-secure. Platform Designer allows all
transactions, regardless of security status, to reach a non-secure agent or subordinate.

Secure Ranges

Applies to only the agent or subordinate interface. Allows you to specify secure memory
regions for an agent or subordinate. Platform Designer blocks non-secure transactions
to secure regions and routes to the default agent or subordinate. The specified address
ranges within the agent or subordinate's address span are secure, all other address
ranges are not. The format is a comma-separated list of inclusive-low and inclusive-
high addresses, for example, 0x0: OxfFf,0x2000:0x20FF

TrustZone-aware

TrustZone-aware managers have signals that control the security status of their
transactions. TrustZone-aware subordinates can accept these signals and handle
security independently.

The following applies to secure systems that mix secure and non-TrustZone-aware
components:

e All AXI, AMBA 3 AXI, and AMBA 3 AXI-Lite managers are TrustZone-aware.

e You can set AXI, AMBA 3 AXI, and AMBA 3 AXI-Lite subordinates as TrustZone-
aware, secure, non-secure, or secure range ranges.

e You can set non-AXI host interfaces as secure or non-secure.

e You can set non-AXI agent interfaces as secure, non-secure, or secure address
ranges.

1.11.2. Specifying a Default Avalon Agent or AXI Subordinate

If an AXI manager issues "per-access" or "not allowed" transactions, your design must
contain a default subordinate. Per-access refers to the ability of a TrustZone-aware
AXI manager to allow or disallow access or transactions.
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You can achieve an optimized secure system by partitioning your design and carefully
designating secure or non-secure address maps to maintain reliable data. Avoid a
design that includes a non-secure AXI manager or Avalon host that initiates
transactions to a secure subordinate or agent resulting in unsuccessful transfers,
within the same hierarchy.

A transaction that violates security is rerouted to the default subordinate or agent and
subsequently responds to the AXI manager or Avalon host with an error. The following
rules apply to specifying a default subordinate or agent:

e You can designate any AXI subordinate or Avalon agent as the default subordinate
or agent.

¢ You can share a default subordinate or agent between multiple AXI managers or
Avalon hosts, respectively.

e You should have one default subordinate or agent for each interconnect domain.

e An interconnect domain is a group of connected memory-mapped managers and
subordinates or hosts and agents that share the same interconnect. The
altera_error_response_slave component includes the required TrustZone
features.

e Note: If you do not specify a value for the Default Slave option, and the
Automate default slave insertion option is off, Platform Designer
automatically assigns the AXI subordinate or Avalon agent in the system.
Platform Designer automatically assigns the AXI subordinate or Avalon
agent that has largest address span within the memory map for the issuing
AXI manager or Avalon host. In the case of multiple, large AXI subordinates
or Avalon agents that have the same address span, Platform Designer
selects the AXI subordinate or Avalon agent at the lowest base offset.

To designate a subordinate or agent interface as the default subordinate or agent for
non-TrustZone-aware interfaces, follow these steps:

1. Specify interconnect security settings, as Configuring Platform Designer System
Security on page 79 describes.

2. In the System View, right-click any column and turn on the Security and
Default Slave columns.

3. In the System View tab, turn on the Default Slave option for the subordinate or
agent interface. A manager or host can have only one default subordinate or
agent.
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Figure 76. Security and Other Columns
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Table 17. Secure and Non-Secure Access Between Manager or Host, Subordinate or
Agent, and Memory Components

Transaction Type TrustZone-aware Non-TrustZone-aware | Non-TrustZone-aware
manager manager/host manager/host
Secure Non-Secure
TrustZone-aware subordinate memory | OK OK OK
Non-TrustZone-aware subordinate/ Per-access OK Not allowed

agent (secure)

Non-TrustZone-aware subordinate/ OK OK OK
agent (non-secure)

Non-TrustZone-aware memory (secure | Per-access OK Not allowed
region)
Non-TrustZone-aware memory (non- OK OK OK

secure region)

Related Information
e Error Response Slave Intel FPGA IP on page 390
¢ Designating a Default Agent on page 396

1.11.3. Accessing Undefined Memory Regions

Access to an undefined memory region occurs when a transaction from an AXI
manager or Avalon host targets a memory region unspecified in the AXI subordinate
or Avalon agent memory map. To ensure predictable response behavior when this
condition occurs, you must specify a default subordinate or agent, as Specifying a
Default Avalon Agent or AXI Subordinate on page 80 describes.
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You can designate any memory-mapped subordinate or agent as a default subordinate
or agent. You may have only one default subordinate or agent for each interconnect
domain in your system. Platform Designer then routes undefined memory region
accesses to the default subordinate or agent, which terminates the transaction with an
error response.

Note: If you do not specify a value for the Default Slave option, and the Automate
default slave insertion option is off, Platform Designer automatically assigns the AXI
subordinate or Avalon agent in the system. Platform Designer automatically assigns
the AXI subordinate or Avalon agent that has largest address span within the memory
map for the issuing AXI manager or Avalon host. In the case of multiple, large AXI
subordinates or Avalon agents that have the same address span, Platform Designer
selects the AXI subordinate or Avalon agent at the lowest base offset.

Accessing undefined memory regions can occur in the following cases:

e When there are gaps within the accessible memory map region that are within the
addressable range of subordinate or hosts, but are not mapped.

e Accesses by a manager or host to a region mapped to that manager or host that
does not belong to any subordinates or agents.

e When a non-secured transaction is accessing a secured subordinate. This applies
to only subordinates that are secured at compilation time.

e When a read-only subordinate or agent is accessed with a write command, or a
write-only subordinate or agent is accessed with a read command.

1.12. Upgrading Outdated IP Components in Platform Designer

When you open a Platform Designer system containing outdated IP components, you
can retain and use the RTL of previously generated IP components within the Platform
Designer system. If Platform Designer is unable to locate the IP core’s original version,
you cannot re-parametrize the IP core without upgrading the IP core to the latest
version. However, Platform Designer allows you to view the parametrization of the
original IP component without upgrading.

To upgrade individual IP components in your Platform Designer system:

1. Click View 0O Parameters.

2. Select the outdated IP component in the Hierarchy or the System View tab.

3. Click the Parameters tab. This tab displays information on the current version, as
well as the installed version of the selected IP component.

4. Click Upgrade. Platform Designer upgrades the IP component to the installed
version, and deletes all the RTL files associated with the IP component.
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Figure 77.
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Upgrade IP Component in your Platform Designer System

= [mf [=

Path: increment_reset_bridge_0

HDL entity IP
name: increment_reset_brich  file: ipfincrement fincrement_reset_kri

Any changes here will be immediately written out to disk.

'Generic Component

| altera_generic_component
[~ Generic Component
Your component is out of date.

| Upgrade

IP core name: Reset Bridge

IP core type: altera_reset_bridge
Current version: 16.1

Installed version: 17.0

J Details |

[~ Parameters

NUM_RESET _OUTPUTS: 1
AUTO_CLK_CLOCK_RATE: 0
SYMCHROMNOUS_EDCES:  deassert
ACTIWE_LOW_RESET: 0]
USE_RESET _REQUEST: 4]

To upgrade an IP component from the command-line, type the following:

gsys-generate --upgrade-ip-cores <ip_fil e>

To upgrade all the IP components in your Platform Designer system, open the
associated project in the Quartus Prime software, and click Project O Upgrade IP

Components.

1.13. Synchronizing System Component Information

When a component instantiation values do not match the component's
corresponding . ip file, Platform Designer reports these mismatches as Component
Instantiation Warnings in the System Messages tab.

You must synchronize any mismatches between the component instantiation, and the
component's corresponding . ip prior to system generation.

Follow these steps to synchronize one or more components in your system:

1. Select the mismatched signal or interface in the System View tab, and then click
View 00 System Info. Alternatively, you can double-click the corresponding
Component Instantiation Warning in the System Messages tab.
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Figure 78. System Info Tab
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2. View any component mismatches in the System Info tab. Select individual
interfaces, signals, or parameters to view the specific value differences in the
Component and IP file columns. Value mismatches between the Component
Instantiation and the IP file appear in blue. Missing elements appear in green.

3. To synchronize the Component Instantiation and IP file . ip values in the
system, perform one or more of the following:

e Select a specific mismatched parameter, interface, or signal and click >> to
synchronize the items.

e Click Sync All to synchronize all values for the current component.

e Click Sync System Infos to synchronize all IP components (except "Missing
Items") in the current system at once.

Note: The following guidelines apply to synchronizing system elements that
Platform Designer identifies as "Different Items" and "Missing Items":

¢ You can synchronize "Different Items" but not "Missing Items."

e For "Missing Items," you must replace the IP component in the Platform
Designer system to ensure that the number and names of the
parameters match.
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1.13.1. System Info Tab Fields

Table 18. System Info Tab Fields

Name Description

Component Instantiation Lists the signals and interfaces for the selected component with respect to the
component instantiation. Value mismatches between the Component Instantiation
and the IP file appear in blue. Missing elements appear in green.

IP file Lists the signal and interface information with respect to the . ip file. Value
mismatches appear in blue. Missing elements appear in green.

Component Column Displays the selected interface parameter value with respect to the Component
Instantiation.

IP File Value Displays the selected interface parameter value with respect to the IP file.

>> Manually synchronizes the selected mismatch between signals and interfaces in the
Component Instantiation and the IP file.

Sync All Synchronizes Component Instantiation and IP file mismatches in the current
system.

1.14. Validating System Integrity

You can use any of the following methods to validate Platform Designer system
integrity.

e To perform system integrity check for the entire system, click the Validate
System Integrity button at the bottom of main Platform Designer window. If
validation finds errors, click Reload and Update All Components to reload
signal and interface values from the corresponding IP component file.

Figure 79. Validating System Integrity

".. Validate Component Footprint Completed (4

[a] @40

@ Infa: onchip_memory: All Generic Component instances match their respective ip files.

:|— Q Yalidate Component Footprint: completed successfully

| Reload and Update All Camponents..

= Auta || a\-’alidate Syetem Integrity || Cenerate HOL. .. |

e View any errors and warnings on the System Messages tab. Double-click the
warning or error messages to locate the issue in the System View or
Parameters tab to correct the issue. Platform Designer generates the following
types of system validation errors and warnings:
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Table 19. System Messages Types in Platform Designer

System Messages Types Description

Component Instantiation Warning Indicates the mismatches between system information parameters or IP core
parameterization errors. A system information parameters mismatch refers to the
mismatch between an IP component's system parameter expectations and the
component's saved system information parameters in the corresponding . ip file.
For example:

e Interface types do not match

e Interface is missing

e Port has been moved to another interface

e Port role has changed

e Interface assignment is mismatched

e Interface assignment is missing

Component Instantiation Error Indicates the mismatches between HDL entity name, compilation library, or ports
which results in downstream compilation errors. The component instantiation
errors always indicate the fundamental mismatches between generated system
and interconnect fabric RTL. For example:

e Port is missing from the ip file

e Port is missing from instantiation

e Port direction has changed

e Port HDL type has changed

e Port width has changed

e Interface Parameter is mismatched
e Interface Parameter is missing

System Connectivity Warning Platform Designer system connectivity warnings.

System Connectivity Error Platform Designer system connectivity errors.

1.14.1. Validating the System Integrity of Individual Components

To validate the system integrity for your IP components:
1. Select the IP component in the System View tab.

2. Right-click and select Validate Component Footprint to check for any
mismatches between the IP component and its . ip file representation.

3. If there are any errors, click Reload Component Footprint to reload the signals
and interfaces for the component from the . ip file.

1.15. Preserving System Elements for Debug

The Compiler optimizes the module, interface, and port names in your Platform
Designer system during synthesis and place-and-route. Unless preserved, the module,
interface, and port nhames in your system may not exist in the post-fit netlist after
optimizations. For example, synthesis can merge duplicate registers, or add tildes (~)
to net names that fan-out from a node.

You can use any of the following methods to prevent synthesis from performing
optimizations on specific modules, interfaces, or port names, allowing the names to
persist into the post-fit netlist for Signal Tap and other debug monitoring.

1. Enable preserve for debug using any of the following methods:
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e On the System View tab, right-click any module, interface or port, and click
Preserve for Debug in the context menu.

e On the Filter tab, right-click any module, interface, or port, and click
Preserve for Debug in the context menu. A green icon color in the Filter tab
indicates that preservation is applied.

Applying Preserve for Debug adds corresponding assignments to the _qip.
Once applied, you can verify the assignments are correct in the _qip.

2. Recompile the design to apply the Preserve for Debug and view the preserved
nodes following compilation.

Figure 80. Preserve for Debug from System View
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Note: For more information about preserving signals, refer to Preserving Registers During
Synthesis, in Hyperflex Architecture High-Performance Design Handbook. Specifying
preservation synthesis attributes may increase device resource utilization or decrease

timing performance when the attribute is active.
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1.16. Generating a Platform Designer System

Platform Designer system generation creates the interconnect between IP
components, and generates files for Quartus Prime synthesis and simulation in
supported third-party tools.

If you make changes to your system, Platform Designer prompts you to generate your
system before closing. Generate your system to ensure that the Compiler includes any
changes you make to your s