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Chapter 1

Introduction

1.1 About this Guide

This document provides an introduction to using the Xilinx® ISE® Design Suite flow for using the
Zynq™-7000 All Programmable SoC. The examples are targeted for the Xilinx ZC702 Rev 1.0
evaluation board and the tool version used in 14.4.

Note: The Test Drives in this document were created using Windows 7 64-bit operating system.
Other versions of Windows might provide varied results.

Note: The sequence mentioned for booting Linux on the hardware in the test drives for chapters 5,
6, and 9 is specific to the Linux kernel released for 14.3.

This guide contains the following chapters:

Chapter 1 (this chapter) provides a general overview.

Chapter 2, Embedded System Design Using the Zynq Processing System, describes creation of
a system with the Zynq Processing System (PS) and running a simple "Hello World" application.

Chapter 3, Embedded System Design Using the Zynq Processing System and Programmable
Logic, describes how to create a system using the Zynq Processing System (PS) and the
Programmable Logic (PL, or “fabric”) and how to use a simple application to exercise both the
PS and PL.

Chapter 4, Debugging with SDK and ChipScope provides debugging information from two
perspectives: Software (using SDK Debug) and Hardware (using the ChipScope™ software).

Chapter 5, Linux Booting and Application Debugging Using SDK provides information about
booting the Linux OS on the Zynq™-7000 AP SoC board and application debugging.

Chapter 6, System Design Using Processing System High Performance Slave Port provides
information about instantiating AXI CDMA IP in Fabric and integrate it with processing system
High performance (HP) 64 bit slave port.

Chapter 7, Software Profiling using SDK describes the profiling feature for the Standalone BSP
and the Application related to AXI CDMA, which you created in Chapter 6.

Chapter 8, Accelerator Coherency (ACP) Port, provides information about ACP coherent and
non-coherent read and write requests.

Chapter 9, Creating Your own Intellectual Property and Device Driver for Linux OS guides you
through creating an Intellectual Property (IP) using the Create and Import Peripheral (CIP)
wizard. You will also design a system using your created IP for the Xilinx® Zynq™-7000 AP SoC
device.

Appendix A, Additional Resources provides links to additional resources related to this guide.
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1.1.1

ﬁ Take a Test Drive!

The best way to learn a software tool is to use it, so this guide provides opportunities for you to
work with the tools under discussion. Specifications for a sample project are given in the Test Drive
sections, along with an explanation of what is happening behind the scenes.

Test Drives are indicated by the car icon, as shown beside the heading above.

1.1.2 Additional Documentation

Additional documentation is listed in Appendix A, Additional Resources.

1.1.3 Training Labs

Some Test Drives have associated training labs that you can use for further practice with the
associated tasks. When applicable, a description of the associated lab is given at the end of the Test
Drive.

A link to training labs is available in Appendix A, Additional Resources.

1.2 How Zynq AP SoC and EDK Simplify Embedded

Processor Design

Embedded systems are complex. Hardware and software portions of an embedded design are
projects in themselves. Merging the two design components so that they function as one system
creates additional challenges. Add an FPGA design project to the mix, and the situation has the
potential to become very complicated.

The Zynq Extended Processing Platform (EPP) solution reduces this complexity by offering an ARM
Cortex A9 dual core as Hard IP and programmable logic along with it on a single SoC. It is the first
of its kind in the market and has tremendous potential as a complete system.

To simplify the design process, Xilinx offers several sets of tools. It is a good idea to get to know the
basic tool names, project file names, and acronyms for these tools. You can find EDK-specific terms
in the Xilinx Glossary: http://www.xilinx.com/support/documentation/sw_manuals/glossary.pdf.

The Embedded Development Kit (EDK) is combination of Xilinx Platform Studio (XPS) and the
Software Development Kit (SDK). It offers hardware and software application design, debug, and
execution, and helps to take the design onto actual boards for verification and validation.
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1.2.1 The ISE Design Suite, Embedded Edition

Xilinx offers a broad range of development system tools, collectively called the ISE Design Suite. For
embedded system development, Xilinx offers the Embedded Edition of the ISE Design Suite. The
Embedded Edition comprises:

« Integrated Software Environment (ISE)

« PlanAhead™ design analysis tool

« ChipScope Pro, which is useful for on-chip debugging of FPGA designs

+ Embedded Development Kit (EDK).

EDK is also available with the ISE Design Suite: System Edition, which includes tools for DSP design.

For information on how to use the ISE tools for FPGA design, refer to the documentation available
in Appendix A, Additional Resources.

1.2.2 The Embedded Development Kit

EDK is a suite of tools and IP that you can use to design a complete embedded processor system for
implementation in a Xilinx FPGA device.

Xilinx Platform Studio

Xilinx Platform Studio (XPS) is the development environment used for designing the hardware
portion of your embedded processor system. You can run XPS in batch mode or using the GUI,
which is demonstrated in this guide.

Software Development Kit

The Software Development Kit (SDK) is an integrated development environment, complementary to
XPS, that is used for C/C++ embedded software application creation and verification. SDK is built
on the Eclipse open-source framework and might appear familiar to you or members of your design
team. For more information about the Eclipse development environment, refer to
http://www.eclipse.org.

Other EDK Components

Other EDK components include:

- Hardware IP for the Xilinx embedded processors
« Drivers and libraries for the embedded software development

«  GNU compiler and debugger for C/C++ software development targeting the ARM
Cortex-A9MP processors in the Zynqg Processing System

« Documentation

« Sample projects
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1.3 How the ISE Tools Expedite the Design Process

The PlanAhead design and analysis tool is used to add design sources to your hardware. You can
create this hardware system using XPS. XPS makes it very easy to add desired IPs to your existing
design source and create connections for ports (such as clock and reset).

« You use XPS primarily for embedded processor hardware system development. Specification of
the microprocessor, peripherals, and the interconnection of these components, along with
their respective detailed configuration, takes place in XPS.

*  You use SDK for software development. SDK is also available as a standalone application. It can
be purchased and used without any other Xilinx tools installed on the machine on which it is
loaded. SDK can be used to debug software applications.

The Zyng Processing System (PS) can be booted and made to run without anything being
programmed inside FPGA programmable logic (PL). However, in order to use any soft IP in the
fabric, or to bond out PS peripherals using EMIO, programming of the PL is required. You can do
this step from within SDK.

For more information on the embedded design process as it relates to XPS, see the "Design Process
Overview" in the Embedded System Tools Reference Manual. A link to this document is provided in
Appendix A, Additional Resources.

Note: For this early version of the Zynq development tools, direct simulation of the Processing
System is not available.

1.4 What You Need to Set Up Before Starting

Before discussing the tools in depth, let's make sure they are installed properly and that the
environments you set up match those required for the "Test Drive" sections of this guide.

1.4.1 Installation Requirements: What You Need to Run EDK Tools

The PlanAhead Tool and EDK

The PlanAhead design tool and EDK are both included in the ISE Design Suite, Embedded Edition
software. Be sure that the software, along with the latest update, is installed. Visit
http://support.xilinx.com to confirm that you have the latest software versions.

Software Licensing

Xilinx software uses FLEXnet licensing. When the software is first run, it performs a license
verification process. If it does not find a valid license, the license wizard guides you through the
process of obtaining a license and ensuring that the Xilinx tools can use the license. If you are only
evaluating the software, you can obtain an evaluation license.

For more information about licensing Xilinx software, refer to the Xilinx Design Tools: Installation
and Licensing Guide. A link to this document is provided in Appendix A, Additional Resources.
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1.4.2 Hardware Requirements for this Guide

This tutorial targets the Zynq ZC702 Rev C evaluation board. To use this guide, you need the
following hardware items, which are included with the evaluation board:

« The ZC702 evaluation board

e AC power adapter (12 VDC)

« USB Type-A to USB Mini-B cable (for UART communications)

« Xilinx Platform Cable and Digilet cable for programming and debugging via JTAG
« SD-MMC flash card for Linux booting

« Ethernet cable to connect target board with host machine
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Embedded System Design Using the Zynq
Processing System

Now that you've been introduced to the Xilinx® Embedded Development Kit (EDK), you'll begin
looking at how to use it to develop an embedded system using the Zyng™-7000 AP SoC Processing
System.

The Zyng AP SoC consists of ARM Cortex A9 hard IP and programmable logic. This offering can be
used in two ways:

1. The Zynq PS can be used in a standalone mode, without attaching an additional IP to it from
fabric.

2. IPs can be instantiated in fabric and attached to the Zynq PS. You can use this PS + PL
combination to achieve complex and efficient design of a single SOC.

2.1 Embedded System Construction

Creation of a Zyng system design involves configuring the PS to select appropriate boot devices
and peripherals. As long as the PS peripherals and available MIO connections meet the design
requirements, no bitstream is required. This chapter guides you through creating one such design.

2.1.1 @%@ Take a Test Drive! Creating a New Embedded Project With
a Zynq Processing System

For this test drive, you start the ISE® PlanAhead™ design and analysis tool and create a project with
an embedded processor system as the top level.

Starting Your Design in the PlanAhead Design Tool

1. Start the PlanAhead tool.

2. Select Create New Project to open the New Project wizard.
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3. Use the information in the table below to make your selections in the wizard screens.

Embedded System Construction

Wizard Screen

System Property

Setting or Command to Use

Project Name

Project name

Specify the project name.

Project location

Specify the directory in which to store
the project files.

Create Project Subdirectory

Leave this checked.

Project Type

Specify the type of sources for
your design. You can start with
RTL or a synthesized EDIF

Use the default selection, RTL Project.

Add Sources

Do not make any changes on this screen.

Add Existing IP

Do not make any changes on this screen.

Add Constraints

Do not make any changes on this screen.

Default Part

Specify

Select Boards.

Board

Select Zynq-7 ZC702 Evaluation
Board.

New Project
Summary

Project summary

Review the project summary before
clicking Finish to create the project.

When you click Finish, the New Project wizard closes and the project you just created opens in the
PlanAhead design tool.

You'll now use the Add Sources wizard to create an embedded processor project.

1. Click Add Sources in the Project Manager.

The Add Sources wizard opens.

2. Select the Add or Create Embedded Sources option and click Next.

In the Add or Create Embedded Source window, click Create Sub-Design.

4. Type a name for the module and click OK. For this example, use the name system.

The module you created displays in the sources list.

5. Click Finish.

The PlanAhead design tool creates your embedded design source project. It recognizes that

you have an embedded processor system and starts XPS.

Zynq AP SoC CTT
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Embedded System Construction

Continuing Your Design in XPS

You can design a new embedded system in XPS using two methods:

Using the Base System Builder (BSB) wizard

In the BSB wizard, you can select and configure the processing system 1/O interface and add
default peripherals to the fabric. Xilinx recommends using the BSB wizard to create the
foundation for any new embedded design project.

Creating a Blank Project

With this option, you must manually add Processing system to your design and do the
configuration for I/O interface.

Designing a New Embedded System Using the BSB Wizard

1. In the dialog box opens to ask if you want to create a Base System using the BSB wizard, click
Yes.
The first window of the BSB asks you to elect whether to create an AXI-based or PLB-based
system.
2. Select AXI system and click OK.
3. Inthe Base System Builder wizard, create a project using the settings described in the following
table. If no setting or command is indicated in the table, accept the default values.
. System .
Wizard Screens Property Setting or Command to Use
Board and System | Board Use the default option to create a system for the Zynq
Selection ZC702 Evaluation Platform Revision C.
Note: This is pre-populated because you selected
this board in the PlanAhead tool.
Board This information is pre-populated based on your board
Configuration selection.
Select a System | Zynq Processing System 7
Peripheral Select and Remove the following from the Included Peripherals list:
Configuration Configure + GPIO_SW
Peripherals « LEDs 4Bits
4. To generate your design, click Finish.

Close the XPS window. The active PlanAhead tool session updates with the project settings.

For Exporting System information to SDK for software development, refer to 2.1.2 Take a Test
Drive! Exporting to SDK.
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Designing a New Embedded System Using a Blank Project

If you already created a default embedded system using the BSB wizard, skip this section and move
on to 2.1.2 Take a Test Drive! Exporting to SDK.

1. In the dialog box that opens to ask if you want to create a Base System using the BSB wizard,
click No.

For this example, you will manually add a processor to your system
2. In the IP Catalog, select Processor > Processing System to add it to the system.

A dialog box opens, asking if you want to add one processing_system7 4.02.a instance to your
design.

Click Yes to add the processor instance.

4. Click the Bus Interfaces tab. Notice that processing system7 was added.

8- File Edit ' View Project’ Hardware Debug Window Help ;IEIEI
IDaad lsbhx®elecnlBE=]Ele clza TR
IF Catalog + 08 X & Zyng Bus Interfaces I Ports I Addresses [#1 | Bus Interface Filters ﬁl
| @] = ) Name IE\tersmn |LDType B-8y Cnecﬁnn o
Description BB orocessing_s... 4.02.a ﬁ processing_system7 Unconnected E
H @
Bus and Bridge i~ By Bus Standard
¥ Clock, Reset and Interrupt =

[#}- Communication High-Speed

Communication Low-Speed

[+l DMA and Timer

[+ Debug

FPGA Reconfiguration

[+ General Purpose 10

- Interprocessor Communication

Memory and Memory Controller

B PCI

[#]- Peripheral Contraller

[l Processor

i Lo g MicroBlaze 3.40.b
i AL Processing System 4.02a
[#+ USER.
Utiity - 4 | Milal |+l
4 » ~Legend

wiMaster @Slave diMaster/Slave B=Target {Initiator @ Connected JUnconnected bl Monitor

Search IP Catalog: Clear | YrProduction (Bllicense (paid) (Slicense (eval) SiLocal iPre Production WeBeta E&Development

(! Superseded Discontinued
& Project @ [P Catalog = Design Summary FI| @  system Assembly view r& Graphical Design View | |
Console «+08f X
Assigned Driver generic 1.00.a for instance processing system7 0 d

processing_system7_0 has been added to the project
A INFC:EDK:3301 - please connect bus interface, set up port and generate address manually

4 i

[E] conscle | A\ Warnings |° Erm(sl

Figure 2-1: XPS System Assembly View
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5. Click the Zynq tab in the System Assembly View to open the Zynq Processing System block
diagram.

2ma | attrtaces | Ports | Adbeses |

[} - - =
Help Import Export  Summary
Processing System (PS)
rr] 11O Peripherals I I
General Reset | Application Processor Unit (APU)
NEON ™/FPU Engine NEON ™/FPU Engine
Bank0
MIO Cortex™-A9 Cortex™-A9
(160) - System MMuU MP Core ™ MMU MPCore ™
P cPU cPU
Control 32 KB I 32 KB D 3ZKB I 32ZKB D G4b
Regs Cache Cache Cache Cache A1
> Snoop Control Unit [—] ACP
o ¥ DMAS 5 Slave
e ‘I‘l.lilg, 1 * 612 KB L2 Cache & Controller .
B ocm 256 KB OCM
Central
Br::g" Interconnect ¥ ‘
v
(63:16) DAP
__oa_| _
- s L4 -
Programmable DDR2/3, LPDDR2
- DEVC
Legicto Mamory
T Interconnest K
Input Clock DMA] Syn Fo T fiofax]
-+.._ — £ 3
AN EIE]| CIENEIED
Extended MIO M Config | IRQ High Performance XADC
(EMIO) Clock Ports AXI A nnsis A=/ AX| 32b/64b Slave
o . Programmable Logic (PL) Select
ANB AR Connection Legend
{12.6G Arrow direction shows control, Data flows both dire ctions
bps) Configurable AXI3 32 bit/64 bit PCle
bit f AXI3 32 bit / AHB 32 bit F APE 32 bit Gen2

Figure 2-2: Zynq Processing System

Review the contents of the block diagram. The green colored blocks in the Zynq Processing
System diagram are items that are configurable. You can click a green block to open the
coordinating configuration window.

6. Click the Import Zynq Configurations button < .

The Import Zyng Configurations dialog box opens.
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7. Select a configuration template file for the ZC702 board. The template selected by default is the
one in the installation path on your local machine that corresponds to the ZC702 board.

~i» Import Zynq Processing System Configurations ﬂ

—Select Configuration

System Template (Configurations available in the installed area) :

ZedBoard Development Board Template
ZC702 Development Board Template
ZC706 Development Board Template

User Template (Configurations created by User) :

Summary of selected Configuration:

Zynq PS configuration —

Peripheral [Status|[Signal Group MIO Freq
CAND Enabled | default MIO 46 .. 47)[23.8095
ICAN1 Disabled

EMETO Enabled | default MIO 16 .. 27100 MBPS

GRP_MDIO MIO 52.. 53

EMET1 Disabled

GFIO Enabled | default MIO -
[2co Enabled | default MIO 50 .. 51
GRP_INT EMIO

[2C1 Disabled

MODE Disabled

MAND Disabled

MOR Disabled

PITAG Disabled

[asPT Enabled| Hefault MO1..6 x|

OK | Cancel | Help |

Figure 2-3: Import Zyng Configurations Dialog Box

8. Click OK.

9. In the confirmation window that opens to verify that the Zynq MIO Configuration and Design
will be updated, click Yes.
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10. Note the change to the Zynq block diagram. The I/O Peripherals become active.

11.

12.
13.

Figure 2-4: Updated Zynq Block Diagram
In the block diagram, click the green 1/O Peripherals box.

Many peripherals are now enabled in the Processing System with some MIO pins assigned to
them as per the board layout of the ZC702 board. For example, UART1 is enabled and UARTO is
disabled. This is because UARTL is connected to the USB - UART connector through UART to the
USB converter chip on the ZC702 board.

Close the Zyng PS MIO Configurations window.

Close the XPS window. The active PlanAhead tool session updates with the project settings.

For Exporting System information to SDK for software development, refer to 2.1.2 Take a Test
Drive! Exporting to SDK.

2.1.2 4% Take a Test Drive! Exporting to SDK
In this test drive, you will launch SDK from the PlanAhead tool.
1. Under Design Sources in the Sources pane, right-click system(system.xmp) and select Create
Top HDL.
PlanAhead generates the system_stub.v top-level module for the design.
2. In the PlanAhead tool, Select File > Export > Export Hardware for SDK.
The Export Hardware dialog box opens. By default, the Export Hardware check box is checked.
3. Check the Launch SDK check box.
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