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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 14.6.

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 14.5.

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 Zyng All Programmable SoC 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.

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:

« Embedded/Soft 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 ISE Design Suite 14: Release Notes,
Installation, and Licensing. 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 1.0 evaluation board. To use this guide, you need the
following hardware items, which are included with the evaluation board:

e The ZC702 evaluation board

« AC power adapter (12 VDC)

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

- Digilent 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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Chapter 2

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 Zynq®-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.
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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

Embedded System Construction

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 4.03.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 Jﬂﬂ
12 5 el
IP Catalog +08 % + Zyng  Businterfaces | Ports | Addresses 12| Bus Interface Filters |ﬂ
; Name | IP Version | IP Type | El By Connection m
= — = . ol LB © - #Comnected 2
Description |IP Versnorﬁ e processing s... 4.03.8 AL processing_system? [¥] Unconnected 5{
[l Bus and Bridge i~ By Bus Standard @
Clock, Reset and Interrupt =8 By Interface Type
Communication High-Speed Slaves
Communication Low-Speed Masters
DMA and Timer aster Slaves
Debug onitors
FPGA Reconfiguration argets
General Purpose IO - ] Initiators
Interprocessor Communication
Memory and Memory Controller
PCI
Peripheral Controller
Processar
- MicroBlaze 8.50.b
2% Processing System 4.02a
Processing System SR
ity
[#- Verification -
1| | _le —Legend
diMaster P Slave diMaster/Slave B-Target <Initiator OConnected JUnconnected I Monitor
Search IP Catzlog: | Clear | Production @Llcense (paid) @L\cense (eval) %Loca\ Z&Pre Production | %Beta H4Development
! Superseded Discontinued
& Proect @ IPCatslog | . Design Summary —| &  System Assembly View [2] m Graphical Design View J

Warnings

1

Console _ﬁ Warnings @ Errorsl

N
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Embedded System Construction

5. Click the Zynq tab in the System Assembly View to open the Zynq Processing System block
diagram.
2ma | B | P | addesns |
@ - o> @
Help Import Export  Summary
— Processing System (PS)
LO BedGhecaa |I Gor.urvl Reset | Application Processor Unit (APU) |
- | NEON™/FPU Engine NEON ™/FPU Engine
B.:;'éf - Cortex™-A9 Cottul';-lta
{18D) = ?:::T‘ MMuU MPSE':I. MMU MPgE:I‘
Control 32 KB I 32 KB D 32KB I 32KB D 64b
| Regs Cache Cache Cache | Cache red
e ’l > Snoop Control Unit i "?-‘:P.
3 oMAS rY ave
[ tﬂlill;‘) - - * 612 KB L2 Cache & Controller l
- ocm 256 KB OCM
.hum?—moellw
Bank1 Im::r-er:r‘::loel = i 3
Mio ¥ v
(63:16) DAP | iz -
- : Y
e Programmabls DDR2/3, LPDDR2
—— - terzonnets "
Input Clock Sync EUJL;"E
'—Errr."'a—‘ 213) Eiaiats]
Extended MIO A P I
(EMIO) c;?::"p’:tu mrets c::%q 'R rx?'umu Slave xaee
o — : Programmable Logic (PL) Select
bps) m:::e&-g;nmcun?':.nﬂ-m et PCle
¥ 3 32 bit/ AHB 32 bit /] APB 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.

-7 Import Zyng Processing System Configurations 1'

—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 Erlabl_ed default MIO 46 .. 47[23.8095
CAN1 Disabled

EMETO Enabled default MIO 16 .. 27100 MBPS

GRP_MDIO MIO 52.. 53

EMET1 Disabled

GFIO Enabled default MIO -
[2C0 Enabled default MIO 50 .. 51
GRP_INT EMIO

[2Cc1 Disabled
MODE Disabled
MNAND Disabled

OR Disabled
PITAG Disabled
[QsPI Enabled | Hefault MO1..6 hd|

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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Embedded System Construction

Note the change to the Zynq block diagram. The I/O Peripherals become active.

2 | Baieriaces | o | Adenen |

@ - - (o
Help Import Export  Summary

Processing System (PS)

/O Peripherals I General I T | Application Processor Unit (APU) |
- NEON™/FPU Engine NEON™/FPU Engine
- Cortex™-AS Cortex™-A9
= MPCore ™ MMLU MPCore ™
= CPU CPU
32 KB D 32KB I 32KB D &ab
Cache Cache Cache AN
1! Snoop Control Unit <—) ACP
* — Slave
‘ 612 KB L2 Cache & Controller ot
OCM 266 KB OCM
Interconnect| g troOM
Central ) -
Interconnect - ‘
v

"~ Xkl

DMA Conﬂg| IRQ | High Pe formance I XADC ]

Input Clock
b i!roq L
v
Extended MIO Ty

(EMIO) Clock Ports

B Memoryinterfaces
L =
- Programmable DDR2/3, LPDDR2
htit] Logicto Mem ory |
| SEIERIEL

annels  AES/ AX| 32b/6Ab Slave

T Programmable Logic (PL) Select
AMB AR Connection Legend
(12.5G Arrow direction shows control, Data flows both directions
bps) Configurable AXI3 32 bit/64 bit PCle
AXI3 B4 Bit [ AXI3 32 bit / AHB 32 bit / APE 32 bit Genz2

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, UARTL 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 4l%Es 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.
Zynq AP SoC CTT www.xilinx.com 18
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4. Click OK; SDK opens.

Notice that when SDK launches, the hardware description file is automatically read in. The
system.xml tab shows the address map for the entire Processing System.

B CICE =cysteo Ind iplatiscn: e =10l x|
File | Edit Source Refactar Mavigake Search Run Project  ®ilink Taols  Window Help
r 2 . 4 e
[ i |2 |22m|@ |-G |[D-5-|%-0-Q- 5 | B cier+
J = - I B J - - - -
‘P Project Explorer % 3 system.xml E@\ ==
=
system_hw_platform Hardware Platform Specification = B
= Q sysbem_h»u:latform (®)
[@ ps7_iit.c Design Information =
o[l ps7_inith - =
e et i Target FPGA DEVI.\ZEI xc72020 =
e Created With: EDK 14.4
[Eh L Created On: Mon Nov 26 13:54:22 2012 =

- system.xml

XPS Design Report:  file: //C:/CTT/ZYNG CTT) CTT 14.4/Zyng CTT Designforoiect ifproject i.sd

Address Map for processor ps7_cortexad_0

ps7_uart_1 Ox=0001000 Oxe000L1f££
ps7_i2c_ 0 Oxe0004000 Oxel004£££
ps7_afi_0 0=xf 8008000 O=xfa00BfEf
ps7_afi_i 0=f2009000 Oxf8009fff
ps7_afi_2 0xf 8002000 OxfB00afff
ps7_afi_3 0=xf800bLO00 Oxfa00bfEf
ps7_can_0 Oxe0008000 Ox=0008fff
ps7_sd_0 Dxe=0100000 Oxe=0100f££
ps7_tic 0 DxfBO01000 Dxf8001FEf
ps7_ethernet_ 0 Oxe000b000 Oxe000bfff
ps7_usb_0 Dxe=0002000 Dz=0002£££
ps7_gspi 0 0x=000d000 Oxe000df £ f
ps7_gspi_linear 0 Oxfc000000 Oxfcffffff
ps7_wdt 0 0x£B005000 0=xfB00G£EE
ps7_ddr 0 0x00100000 Ox3fffffff
ps7_agpio 0 Oxe0002000 Oxe000afff
ps7_ddrc 0 0x£B006000 0xfB006£EE
ps7_dev_cfg_0 DxfB007000 Oxf&007EEE
ps7_dma_s OxfE003000 0xfR8003££1
ps7_iop_bus_config_0 0xe0200000 Oxe0200£f££
ps7_ram_0 0x00000000 Ox0002E£ff
ps7ram_1 Oxf£££0000 Oxfffffdff
ps7_scugic 0 OxfB£00100 O=fBE001£f

ps7_scutimer 0 0xfBf00600 0xfSEO061E _';I

< | »
Overview | Source |

Figure 2-5: Address Map in SDK system.xml Tab

5. Close SDK.

What Just Happened?

The PlanAhead design tool exported the Hardware Platform Specification for your design
(system.xml in this example) to SDK. In addition to system.xml, there are four more files
exported to SDK. They are ps7_init.c, ps7_init.h, ps7_init.tcl, and ps7_init.html.

The system.xml file opens by default when SDK launches. The address map of your system read
from this file is shown by default in the SDK window.

The ps7_init.c and ps7_init.h files contain the initialization code for the Zynq Processing
System and initialization settings for DDR, clocks, plls, and MIOs. SDK uses these settings when
initializing the processing system so that applications can be run on top of the processing system.
There are some settings in the processing system that are fixed for the ZC702 evaluation board.

What's Next?

Now you can start developing the software for your project using SDK. The next sections help you
create a software application for your hardware platform.
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2.1.3 4%Es Take a Test Drive! Running the “Hello World” Application

1. Connect the power cable to the board.

2. Connect a Digilent cable between the Windows Host machine and the Target board with the
following SW10 switch settings:

o BitlisO
o Bit2is1l
Note: 0 = switch is open. 1 = switch is closed.

3. Connect a USB cable to connector J17 on the target board with the Windows Host machine. This
is used for USB to serial transfer.

4. Power on the ZC702 board using the switch indicated in Figure 2-6.

ﬁ IMPORTANT: Ensure that jumpers J27 and J28 are placed on the side farther from the SD card slot and
change the SW16 switch setting as shown in Figure 2-6.

Figure 2-6: ZC702 Board Power Switch

5. Open SDK and Set workspace path to <project dir>/project_1l/project_1.sdk/SDK/
SDK_Export.

6. Select Xilinx Tools > Configure JTAG Setting.

The Configure JTAG Settings wizard opens.
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Embedded System Construction

In the wizard, under the JTAG Cable > Type drop-down menu, ensure Type is set to Xilinx Auto
Detect.

Click OK.

Open a serial communication utility for the COM port assigned on your system. SDK provides a
serial terminal utility; select Window > Show View > Terminal to open it.

Note: The standard configuration for Zynq Processing System is: Baud rate 115200; 8 bit;
Parity: none; Stop: 1 bit; Flow control: none.

Select File > New > Application Project.
The New Project Wizard opens.

Use the information in the table below to make your selections in the wizard screens.

Wizard Screen System Property Setting or Command to Use

Project Name hello_world

Use Default Location Select this option

Hardware Platform system_hw_platform

Application Project Processor PS7_cortexa9_0

OS Platform standalone

Language C

Board Support Select Create New and provide the name of
Package hello_world bsp.

Templates Available Templates Hello World

SDK creates the hello_world application project and hello world_bsp BSP project under the project
explorer. It automatically compiles both and creates the ELF file.
Right-click hello_world and select Run as > Run Configurations.

Right-click Xilinx C/C++ application (GDB) and click New.
SDK creates the new run configuration, named hello_world Debug.

The configurations associated with the application are pre-populated in the Main tab of the
launch configurations.

Click the Device Initialization tab in the launch configurations and check the settings here.

Notice that there is a configuration path to the initialization TCL file. The path of
ps7_init.tcl is mentioned here. This file was exported when you exported your design to
SDK; it contains the initialization information for the processing system.

The STDIO Connection tab is available in the launch configurations settings. You can use this to
have your STDIO connected to the console. We will not use this now because we have already
launched a serial communication utility. There are more options in launch configurations but
we will focus on them later.

Click Run.

"Hello World" appears on the serial communication utility.
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Note: There was no bitstream download required for the above software application to be
executed on the Zynq evaluation board. The ARM Cortex A9 dual core is already present on the

board. Basic initialization of this system to run a simple application is done by the Device
initialization TCL script.

Zynq AP SoC CTT www.xilinx.com 22

UG873 (v14.6) June 19, 2013 I Send Feedback l



http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug873&Title=Zynq-7000%20All%20Programmable%20SoC%3A%20Concepts,%20Tools,%20and%20Techniques%20Guide%20Concepts,%20Tools,%20and%20Techniques%20Guide&releaseVersion=14.6&docPage=22
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug873&Title=Zynq-7000%20All%20Programmable%20SoC%3A%20Concepts,%20Tools,%20and%20Techniques%20Guide&releaseVersion=14.6&docPage=22

i: X”.'NX Embedded System Construction

What Just Happened?

The application software sent the “Hello World” string to the UART1 peripheral of the PS section.

From UART1, the “Hello world” string goes, byte by byte, to the serial terminal application running
on the host machine, which displays it as a string.

Associated Training Lab

The corresponding lab course for this Test Drive is Zyng-7000 All Programmable SoC Design
Workshop Bare Metal Software Development.

This lab course demonstrates:

« Importing a hardware description into SDK

« Creating and customizing a BSP

« Downloading, debugging, and running software using SDK.

« Profiling a simple application to determine where the software is spending its time.

« Performing on chip debug to observe AXI transactions using ChipScope Pro Analyzer.

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

2.1.4 Additional Information

Board Support Package

The board support package (BSP) is the support code for a given hardware platform or board that
helps in basic initialization at power up and helps software applications to be run on top of it. It can
be specific to some operating systems with bootloader and device drivers.

Standalone OS

Standalone is a simple, low-level software layer. It provides access to basic processor features such
as caches, interrupts, and exceptions, as well as the basic processor features of a hosted
environment. These basic features include standard input/output, profiling, abort, and exit. It is a
single threaded semi-hosted environment.

The application you ran in this chapter was created on top of the Standalone OS.
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Chapter 3

Embedded System Design Using the Zynq
Processing System and Programmable
Logic

One of the unique features of using the Xilinx® Zynq®-7000 AP SoC processor All Programmable
SoC as an embedded design platform is in using the Zynq Processing System (PS) for its ARM
Cortex A9 dual core processing system as well as Programmable Logic (PL) available on it.

In this chapter we will be creating a design with:

«  AXI GPIO and AXI Timer with interrupt from fabric to PS section
e ChipScope™ IP instantiated in the PL
* Zynq PS GPIO pin connected to the PL side pin via the EMIO interface

The flow of this chapter is similar to that in Chapter 2. If you have skipped that chapter, you might
want to look at it because we will keep referring to the material in it many times in this chapter.

3.1 Adding IPs in Fabric to Zynq PS

There is no restriction on the complexity of an IP that can be added in fabric to be tightly coupled
with the Zynq PS. This section covers a simple example with AXI GPIO, AXI Timer with interrupt, PS
section GPIO pin connected to PL side pin via EMIO interface, and ChipScope instantiation for the
proof of concept.

In this section, you'll create a design to check the functionality of the AXI GPIO, AXI Timer with
interrupt instantiated in fabric, and PS section GPIO with EMIO interface. The block diagram for the
system is as shown in Figure 3-1.
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UART

LED
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PS Section

Adding IPs in Fabric to Zynq PS

Application Processor Unit
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Interconnect

>I Global Interrupt Controller

EMIO
Interface

CLOCK

Generation

32b GP AXI Master Port

SW7

,]' AXI INTERCONNECT

Interrupt
—>

AXIGPIO

AXI Timer

PL Section

SW5
Figure 3-1: Block Diagram

This system covers the following connections:

Chipscope
AXI Monitor

» Fabric-side AXI GPIO has only 1 bit channel width and it is connected to the push-button
switch 'SW5' on the ZC702 board.

*  PS section GPIO also has 1 bit interface routed to fabric pin via EMIO interface and connected
to the push-button switch 'SW7' on the board.

* In the PS section another 1 bit GPIO is connected to the LED 'DS23' on board which is on MIO

port.

« AXI timer interrupt is connected from fabric to the PS section interrupt controller. The timer
starts when you press any of the selected push buttons on the board. After the timer expires,
the timer interrupt is triggered.

You will write the application software code. When you run the code, a message appears in the
serial terminal and asks you to select the push button switch to use on the board (either sw7 or
Sw5). When the button is pressed, the timer starts automatically, switches OFF LED DS23, and waits
for the timer interrupt to happen. After the Timer Interrupt, LED DS23 switches ON and execution
starts again and waits for you to again select the push button switch in the serial terminal.

You will add the ChipScope Integrated Controller ICON) and AXI Monitor IPs to the design so that
in a later section you can learn how to debug hardware using the AXI monitor.

The sections of Chapter 2 are valid for this design flow also. You'll use the system created in that
chapter and pick up the procedure following 2.1.1 Take a Test Drive! Creating a New Embedded
Project With a Zynq Processing System.
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& XILINX. Adding IPs in Fabric to Zynq PS

3.1.1 4@%Es Take a Test Drive! Checking the Functionality of the IPs
Instantiated in the Fabric

In this test drive, you'll check the functionality of the AXI GPIO, AXI Timer with interrupt instantiated
in fabric and EMIO interface.

1. In the PlanAhead™ tool Sources pane, invoke XPS by double-clicking
system_i-system(system.xmp). This is the embedded source you created in Take a Test
Drive! Creating a New Embedded Project With a Zynqg Processing System, page 12.

2. In the XPS System Assembly View, click the Bus Interfaces tab.

3. From the IP catalog, expand General Purpose IO and double-click AXI General Purpose IO to
add it.

A message appears asking if you want to add the axi_gpio 1.01.b IP instance to your design.
4. Click Yes.

The configuration window for GPIO opens.
5. Expand Channel 1 to view configuration parameters for channel 1.

6. Notice GPIO Data Channel Width with value 32. Change it to 1 as your design needs only one
bit of input to work. Leave all other parameters as they are.

7. Click OK.

A message window opens with the message "axi_gpio" IP with version number 1.01.b is
instantiated with the name “axi_gpio_0". It will ask you to determine to which processor to
connect. Remember you are designing with a dual core ARM processor. The message also says
XPS will make the Bus Interface Connection, assign the address, and make IO ports external.

The default choice of processor is "processing_system7_0". Do not change this.
8. Click OK.
There are a few connections that are not done automatically and must be done manually.

Note: The AXI interconnect automatically gets instantiated between the Fabric IPs and the PS
Section Interconnect. In this example, AXI GPIO is connected to PS through AXI interconnect.

9. IntheIP Catalog, expand DMA and Timer and double-click the AXI Timer/Counter IP to add
it.

A dialog box appears asking if you want to add the axi_timer_1.03.a IP instance to your design.
10. Click Yes.

The configuration window for TIMER opens. Leave all other parameters as they are.
11. Click OK.

A message window opens with the message "axi_timer" IP with version number 1.03.a is
instantiated with the name "axi_timer_0." It will ask you to determine to which processor to
connect. Remember you are designing with a dual core ARM processor. The message also says
XPS will make the Bus Interface Connection, assign the address, and make IO ports external.

The default choice of processor is "processing_system7_0". Do not change this.
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Adding IPs in Fabric to Zynq PS

12. Click OK.
You'll connect the AXI timer Interrupt to the PS section interrupt manually later in this section.

13. In the IP Catalog, expand Debug and add two IPs to the design: ChipScope AXI Monitor and

ChipScope Integrated Controller. Do not make changes to the configuration of either IP.

14. Click the Ports tab, which lists the IPs and their ports. Expand axi_interconnect_1,

axi_gpio_ 0, axi_timer_ 0, chipscope_axi_monitor_0, and chipscope_icon_0.

15. Review the following IP connections. If any of these aren’t already connected, connect them
now
Table 3-1: IP Connections

IP Port Connection

axi_interconnect_1 INTERCONNECT_ACLK processing_system7_0 : FCLK_CLKO

INTERCONNECT_ARESETN processing_system7_0:FCLK_RESETO_N

axi_gpio_0 (BUS_IF) S_AXI::S_AXI_ACLK processing_system7_0: FCLK_CLKO
(IO_IF) gpio_0:GPIO_IO External Port ::axi_gpio_0_GPIO_IO_pin
axi_timer_0 (BUS_IF) S_AXI_::S_AXI_ACLK processing_system7_0 : FCLK_CLKO

Chipscope_axi_monitor_0 | CHIPSCOPE_ICON_CONTROL Chipscope_icon_0 ::control0

(BUS_IF) MON_AXTI:
MON_AXI_ACLK

processing_system7_0 : FCLK_CLKO

Chipscope_icon_0 Control0 Chipscope_axi_monitor0::CHIPSCOPE_ICON_C
ONTROL
Your Ports tab should be similar to Figure 3-2.
Name |Connected Port Direction Range Class | Frequency(Hz) | Rese
- External Ports
=i axi_interconnect_1
- INTERCONNECT_ACLK processing_system7_D::FCLK_CLKO 1 CLK
- INTERCONNECT_ARESETN processing_system7_0::FCLK_RESETO_N 1 RST
- processing_system7_0
=1 axi_gpio_0
=- (BUS_IF) S_AXT Connected to BUS axi_interconnect_1 %]
¢ S_AXI_ACLK processing_system7_0::FCLK_CLKD 21 CLK
=- (I0_IF) gpio_0D Connected to External Ports %]
i GPIO_10_I L1
-~ GPIO_IO_O Zo
-~ GPIO_IO_T £o
- GPIO_IO External Ports::axi_gpio_0_GPIO_IO_pin 210
- axi_timer_0
- CaptureTrig0 21
- CaptureTrgl 21
- GenerateOuto Zo
- GenerateOut1 Zo
- PWMO Zo
- Interrupt Zo INTERRUPT
- Freeze 21
=- (BUS_IF) S_AXT Connected to BUS axi_interconnect_1 %]
S AXI_ACLK processing_system7_D::FCLK_CLKO 21 CLK
H- chipscope_axi_maonior_@
- CHIPSCOPE_ICON_CONTROL chipscope_icon_0::control0 21 [35:0]
- RESET 21
-~ MON_AXL_TRIG_OUT o
[+- (BUS_IF) MON_AXI Not connected to BUS or External Ports j
B chpscope_icon_@
*- controld chipscope_axi_monitor_0::CHIPSCOPE_ICON] £ O [35:0]
dl | i
Figure 3-2: Completed Port Connections
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& XILINX. Adding IPs in Fabric to Zynq PS

16. Collapse all IPs and expand processing_system7_0. If the following port connection is not
made, do it now. It should look like Figure 3-3.

IP Port Connection

(BUS_IF) M_AXI_GPO::

M AXI GPO ACLK processing_system7_0 :: FCLK_CLKO

Processing_system7_0

Name Connected Port | Direction Range Class | Frequency(Hz) | F;I
- processing_system7_0
- M_AXI_GPO_ARESETN Lo RST
- FCLK_CLK3 o CLK
- FCLK_CLK2 Lo CLK
- FCLK_CLK1 o CLK
processing_system7_0::[M_AXI_GP0]::M_AXI_GP.#
axi_gpio_0::[S_AXI]::S_AXI ACLK
Fel ey axi_interconnect_1::[S_AXI_CTRL]::INTERCONNE... @ el
axi_timer_0::[S_AXI]::S_AXI_ACLK
- FCLK_CLKTRIG3_N 8
FCLK_CLKTRIGZ_N 21
FCLK_CLKTRIG1_N /1
FCLK_CLKTRIGO_N 21
FCLK_RESET3_N o] RST
FCLK_RESET2_N 4o RST
FCLK_RESET1_N o RST
- FCLK_RESETO_N axi_interconnect_1::INTERCONNECT_ARESETN # O RST
- IRQ_F2P L to H: No Connection |1 INTERRUPT
- Core0_nFIQ 1 INTERRUPT
- Core0_nIRQ 1 INTERRUPT
- Corel_nFIQ 1 INTERRUPT
- Corel_nIRQ 1 INTERRUPT
- IRQ_P2F_QSPI Lo INTERRUPT
- IRQ_P2F_GPIO o INTERRUPT
- IRQ_P2F_USBO Lo INTERRUPT
- IRQ_P2F_ENETO o INTERRUPT
- IRQ_P2F_ENET_WAKEQ Lo INTERRUPT
- IRQ_P2F_SDIO0 o INTERRUPT
- IRQ_P2F_I2C0 Lo INTERRUPT o
- IRQ_P2F_CANO o INTERRUPT
- IRQ_P2F_UART1 fo INTERRUPT
=+ (BUS_IF) M_AXI_GPO Connected to BUS axi_interconnect_1 | s]
- M_AXL_GPO_ACLK processing_system?7_0::FCLK_CLKO A1 CLK
(I0_IF) MEMORY_0O Connected to External Ports -
| & (I0_IF) PS_REQUIRED_EXTERNAL... Connected to External Ports - | i
4 3

Figure 3-3: Processing_system7_0 Expanded and M_AXI_GPO_ACLK Connected
17. Connect the Timer interrupt on the fabric side to the PS side interrupt controller by doing the
following:

a. In the Connected Port column of Processing_System7_0, click L to H: No Connection.

The Interrupt Connection dialog box opens.

#% Interrupt Connection Dialog B
Interrupt ControHerIprncessing_system?_ﬂ 'I I Show Net Name

Unconnected Interrupt(s) Connected Interrupt(s)
Instance Name | Port Name |

Interrupt

1t
kad bey

oK I Cancel | Help |

Figure 3-4: Interrupt Connection Dialog Box
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& XILINX. Adding IPs in Fabric to Zynq PS

b. In the Unconnected Interrupts list, select axi_timer_0 and click the right arrow button to
move it to the Connected Interrupts list.

Figure 3-5 displays the axi_timer_0 interrupt instance connected with Interrupt ID 91.

#% Interrupt Connection Dialog B
Interrupt ControHerIprncessing_system?_ﬂ 'I I Show Net Name
Unconnected Interrupt(s) Connected Interrupt(s)
Instance Name | Port Name | Instance Name | Port Name
91 |axi_timer_0 Interrupt
T
& 2
&a =
I

oK I Cancel | Help |

Figure 3-5: Interrupt Connection Dialog Box with Connected Interrupt

c. Click OK.

XPS connects the timer interrupt on the Fabric side to the PS section interrupt controller.

(R N FapV) not

FCLK_RESET2_N Lo RST
FCLK_RESET1_N Lo RST
FCLK_RESETO_N axi_interconnect_1::INTERCONNECT_ARESETN # O RST

INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT

TMTEDDIIDT

IRQ F2P L to H: axi_timer_0_Interrupt
‘Core0_nFIQ
Core0)_nIRQ
Corel_nFIQ

Faral nlDM

1
1
1
1
T

Figure 3-6: Timer Interrupt Connected on the Fabric Side

18. Click the Bus Interfaces tab and expand chipscope_axi_monitor_0.
19. In the Bus Name column, click No Connection. Using the drop-down list that appears, connect

chipscope_axi_monitor to axi_gpio_0.S_AXT.

By making this connection, you can monitor any type of AXI-related transactions on the
axi_gpio_0 slave AXI bus using ChipScope Analyzer.

Name | 1P Version | Bus Name 1P Type
axi_inferconnect_1 1.06.a AL axi_intercor
processing_system”_0 4.00.a LL processing_
axi gpio 0 1.01b LL axi_gpio
axi_timer_0 1.03.a AL axi_timer
B chipscope_axi_monitor 0 3.03a L chipscope i
& MON_AXT axi_gpio_0.5_AXI
chipscope_icon 0 1.06.a L chipscope_i

Figure 3-7: Connected chipscope_axi_monitor

20. Route the PS section GPIO to the PL side pad using the EMIO interface by doing the following:
a. Inthe XPS System Assembly View, click the Zynq tab.
b. Click the 1/0 Peripherals button to open the Zynq PS Configuration dialog box.
¢. Inthe Zynq PS Configuration tab, expand the GPIO item.
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21.
22.

23.

24.
25.

26.
27.

Adding IPs in Fabric to Zynq PS

d. Click to select the EMIO GPIO (Width) check box.

The Width of EMIO GPIO setting is enabled on the next column. The default setting is 64.

e. Change the EMIO GPIO width to 1 and click Close.

f. In the System Assembly View, click the Ports tab and expand processing_system7_0.

You can see that the GPIO port is not connected to an external port.

Py rer_unna PR wvLnnur
i B (EUSJF) M_AXI_GPO Connected to BUS axi_interconnect_1 ﬂ
g - M_AXT_GPO_ACLK processing_system?7_0::FCLK_CLKO A1 CLK

Not connected to External Ports

_IF) MEMORY_D Connected to External Ports
;B (I0_IF) PS_REQUIRED_EXTERNAL... Connected to External Ports
Pom iy TRATTIE N MAt ~rannactad tn Fytarnal Darke

Figure 3-8: GPIO Port Not Connected to External Ports

Expand (IO_IF)GPIO_0 and select GPIO.

Click the drop-down arrow in the Connected Port column and select External Ports.

Making this connection allows you to assign the PL section pin location to PS GPIO in the user
constraint file (UCF) later in this chapter.

Run Design Rule Check. Ensure there are no errors in the console.

Note: If there are errors, double-check the steps you followed.

Figure 3-9: Design Rule Check Warnings

Close XPS. The PlanAhead™ design tool window becomes active again.

In Design Sources, click on your embedded source and then right-click it and select Create Top
HDL. The PlanAhead tool generates the system_stub.v file.

In the Project Manager list of the Flow Navigator, click Add Sources.

In the dialog box that opens, select Add or Create Constraints, then click Next.

28. Click Create File. In the Create Constraints File dialog box that opens, name the file system
and click OK.
29. Click Finish.
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Adding IPs in Fabric to Zynq PS

30. Expand the Constraints folder in the Sources window. Notice that the blank file system.uct
was added inside constrs_1.

Sources

™ Gl o 3 .
a2 hE

0O
Tu
i

[=1-45> Design Sources {1

| EHEES system_stub (syste
; - JF] system_i - system (sy:
== Constraints {1)

| Bl constrs_1

E ~-HY system.ucf
- Simulation Sources (1)

IP Sources | Libraries | Compile Order |

_\_éub Sources L ./ Templates I

Figure 3-10: system.ucf File Added

31. Type the following text in the UCF file:

# Connect to Push Button "SW5"

NET axi_gpio_0_GPIO_IO_pin IOSTANDARD=LVCMOS25 | LOC=Gl9;

# Connect to Push Button "SW7"
NET processing system7_0_GPIO_pin IOSTANDARD=LVCMOS25 | LOC=F19;

The following settings are made:

o The LOC constraint for NET "axi_gpio_0_IO_pin” connects the AXI GPIO pin to the G19 pin
of the PL section and physically connects it to the SW5 push button on the board.

o The LOC constraint for NET “processing_system7_0 GPIO pin” connects the PS section GPIO
to the F19 pin of the PL section and physically connects it to the SW7 push button on the

board.

- The IOSTANDARD=LVCMOS25 constraint sets both pins to LVCMOS 2.5V 1/O standard.

32. Save all modified files.

33. In the Program and Debug list in the Flow Navigator, click Generate Bitstream. Ignore any
critical warnings that appear.

34. After the Bitstream generation completes, export the hardware and Launch SDK as described in
Chapter 2. For this design, since there is a bitstream generated for the PL Fabric, this will also be

exported to SDK.
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& XILINX. Adding IPs in Fabric to Zynq PS

Associated Training Lab

The corresponding lab course for this Test Drive is Zyng-7000 All Programmable SoC Hardware
Development.

This lab demonstrates the recommended embedded design flow for creating an embedded Zynq™
All Programmable SoC system and utilizing peripherals in both the processing system (PS) and
programmable logic (PL).

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

3.1.2 @%@ Take a Test Drive! Working with SDK

1. SDK launches with the "Hello World" project you created with the Standalone PS in Chapter 2.
2. Select Project > Clean to clean and build the project again.

3. Openthe helloworld.c file and modify the application software code as described in
Standalone Application Software for the Design, page 33.

4. Open the serial communication utility with baud rate set to 115200.
Connect the board.

6. Because you have a bitstream for the PL Fabric, you must download the bitstream. To do this,
select Xilinx Tools > Program FPGA. The Program FPGA dialog box, shown in Figure 3-11,
opens. It displays the bitstream exported from PlanAhead.

4% Program FPGA B

Program FPGA
Spedify the bitstream and the ELF files that reside in BRAM memory

r~Hardware Configuration
Hardware Specification: C:\workspace\ZC702_hw_platform\system.xm/
Bitstream: |C:\workspace\ZC?D2_hw_platform\system.bl Browse..
BMM File: | Browse..
r Software Configuration
Processor | ELF Fie to Inftialize in Block RAM |
@:‘ Brograrm I Cancel |

Figure 3-11: Program FPGA Dialog Box

7. Click Program to download the bitstream and program the PL Fabric.

8. Run the project similar to the steps in Take a Test Drive! Running the “Hello World” Application,
page 20.

9. In the system, the AXI GPIO pin is connected to push button SW5 on the board, and the PS
section GPIO pin is connected to push button SW7 on the board via an EMIO interface.

10. Follow the instructions printed on the serial terminal to run the application.
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& XILINX. Standalone Application Software for the Design

3.2 Standalone Application Software for the Design

The system you designed in this chapter requires application software for the execution on the
board. This section describes the details about the application software.

The main () function in the application software is the entry point for the execution. This function
includes initialization and the required settings for all peripherals connected in the system. It also
has a selection procedure for the execution of the different use cases, such as AXI GPIO and PS
GPIO using EMIO interface. You can select different use cases by following the instruction on the
serial terminal.

3.2.1 Application Software Steps
Application Software comprises the following steps:

1. Initialize the AXI GPIO module.

2. Set a direction control for the AXI GPIO pin as an input pin, which is connected with SW5 push
button on the board. The location is fixed via LOC constraint in the user constraint file (UCF)
during system creation.

Initialize the AXI TIMER module with device ID 0.
4. Associate a timer callback function with AXI timer ISR.

This function is called every time the timer interrupt happens. This callback switches on the LED
'DS23' on the board and sets the interrupt flag.

Themain () function uses the interrupt flag to halt execution, wait for timer interrupt to
happen, and then restarts the execution.

Set the reset value of the timer, which is loaded to the timer during reset and timer starts.
Set timer options such as Interrupt mode and Auto Reload mode.

Initialize the PS section GPIO.

©® N o w

Set the PS section GPIO, channel 0, pin number 10 to the output pin, which is mapped to the
MIO pin and physically connected to the LED 'DS23' on the board.

9. Set PS Section GPIO channel number 2 pin number 0 to input pin, which is mapped to PL side
pin via the EMIO interface and physically connected to the SW7 push button switch.

Zynq AP SoC CTT www.xilinx.com 33

UG873 (v14.6) June 19, 2013 I Send Feedback l



http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug873&Title=Zynq-7000%20All%20Programmable%20SoC%3A%20Concepts,%20Tools,%20and%20Techniques%20Guide%20Concepts,%20Tools,%20and%20Techniques%20Guide&releaseVersion=14.6&docPage=33
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug873&Title=Zynq-7000%20All%20Programmable%20SoC%3A%20Concepts,%20Tools,%20and%20Techniques%20Guide&releaseVersion=14.6&docPage=33
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10. Initialize Snoop control unit Global Interrupt controller. Also, register Timer interrupt routine to
interrupt ID '91", register the exceptional handler, and enable the interrupt.

11. Execute a sequence in the loop to select between AXI GPIO or PS GPIO use case via serial
terminal.

The software accepts your selection from the serial terminal and executes the procedure
accordingly.

After the selection of the use case via the serial terminal, you must press a push button on the
board as per the instruction on terminal. This action switches off the LED 'DS23', starts the timer,
and tells the function to wait infinitely for the Timer interrupt to happen. After the Timer
interrupt happens, LED 'DS23" switches ON and restarts execution.

For more details about API related to device drivers, refer to the Zyng-7000 Software Developers
Guide (UG821). A link to this document is available in Appendix A, Additional Resources.

3.2.2 Application Software Code

The Application software for the system is included in helloworld.c, which is available in the
ug873-design-files.zip file, which accompanies this guide. A link to this ZIP file is located in
Appendix A, Additional Resources.
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Chapter 4

Debugging with SDK and ChipScope

This chapter describes two types of debug possibilities with the design flow you've already been
working with. The first option is debugging with software using SDK. The second option is
hardware debug supported by the ChipScope™ software.

4.1 4% Take a Test Drive! Debugging with Software
Using SDK

First you will try debugging with software using SDK.

1. Inthe C/C++ Perspective, right-click on the Hello_world Project and select Debug As > Launch
on Hardware (System Debugger).

The Debug Perspective opens.

Note: If the Debug Perspective window does not automatically open, select Window > Open
Perspective > Other, then select Debug in the Open Perspective wizard.

m
Elf¢ hello_woerld Debug (SDK Hardware Server)

&2 xc7zoz0
=52 apU
El-g¥ ARM Cortex-A3 MPCore #0 (Breakpoint)
| L= 0x001004ec main(: .. fsrc/helloworld.c, line 40

= 0Ox001006530 _start(): xil-crt0.5, line 145
= 0x00100690 _start(): xil-crt0.s, line 149

dj"i’ ARM Cortex-AS MPCore #1 (Suspended)

Figure 4-1: Debug Perspective Suspended

Note: The addresses shown on this page may slightly differ from the addresses shown on your
system.

The processor is currently sitting at the beginning of main () with program execution
suspended at line 0x001004ec. You can confirm this information with the Disassembly view,
which shows the assembly-level program execution also suspended at 0x001004ec.

Note: If the disassembly view is not visible, select Window > Show view > Disassembly.
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& XILINX. Take a Test Drive! Debugging with Software Using SDK

The helloworld.c window also shows execution suspended at the first executable line of C code.
Select the Registers view to confirm that the program counter, pc register, contains 0x001004ec.
Note: If the Registers window is not visible, select Window > Show View > Registers.

2. Double-click in the margin of the helloworld.c window next to the line of code that reads
init_platform (). This sets a breakpoint at init_platform (). To confirm the
breakpoint, review the Breakpoints window.

Note: If the Breakpoints window is not visible, select Window > Show View > Breakpoints.

3. Select Run > Resume to resume running the program to the breakpoint.

Program execution stops at the line of code that includes init_platform (). The
Disassembly and Debug windows both show program execution stopped at 0x001004f4.

4. Select Run > Step Into to step into the init_platform () routine.
Program execution suspends at location 0x00100554. The call stack is now two levels deep.
5. Select Run > Resume again to run the program to conclusion.

When the program completes running the Debug window shows that the program is suspended
in a routine called exit. This happens when you are running under control of the debugger.

6. Re-run your code several times. Experiment with single-stepping, examining memory,
breakpoints, modifying code, and adding print statements. Try adding and moving views.

7. Close SDK.

Associated Training Lab

The corresponding lab course for this Test Drive is Zynqg®-7000 All Programmable SoC Design
Workshop Bare Metal Software Development.

This lab demonstrates:

« Importing a hardware description into SDK

« Creating and customizing a BSP

« Downloading, debugging, and running software using SDK

« Profiling a simple application to determine where the software is spending its time

« Performing on chip debug to observe AXI transactions using ChipScope Pro Analyzer

A link to training labs is available in Appendix A, Additional Resources.
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& XILINX. Take a Test Drive! Debugging Hardware Using ChipScope Software

4.2 4% Take a Test Drive! Debugging Hardware Using
ChipScope Software

Next you will try debugging hardware using the ChipScope software using the same application
you created in 3.1.2 Take a Test Drive! Working with SDK.

1. Re-download the bitstream and application to the ZC702 as described in 3.1.2 Take a Test
Drive! Working with SDK.

2. Run the Application and Close SDK.
Open ChipScope Pro™ Analyzer.

4. Make sure the hardware is connected to the USB port of your computer with a Digilent cable.
You must also have the cable device driver installed.

5. Select JTAG Chain > Open Plug-in.
The Open Plug-in wizards opens.

6. Type xilinx_tcf url=tcp: in Plug-in parameters.
Click OK.
Import a *.cdc file in ChipScope and do the following:
a. Select Dev 1 Mydevicel(XC7020).
b. Select File > Import.

c. Click Select New File and select the chipscope_axi_monitor_0.cdc file from
<project_path>\<project_name>.srcs\sources_1l\edk\system\implementat
ion\chipscope_axi_monitor_0_wrapper.

d. Click OK.
9. Click the Open/Search JTAG Cable button =
10. Click OK.

11. Set a trigger at the "ARVALID" signal by doing the following.
a. Expand the Trigger Setup window.

b. For the M1:MON_AXI_ARADDRCONTROL unit, change the value of
axi_gpio_0_S_AXI/MON_AXI_AVALID from the default of X to 1. With this setting, any

positive transaction on this signal triggers the waveform.
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& XILINX.

d.

The trigger channel changes from MO to M1; the ARVALID signal is on the M1 channel.

Take a Test Drive! Debugging Hardware Using ChipScope Software

{3 Trigger Setup - DEV: MyDevice (XCTZ020) UNIT:0 WyILAD (LA) i i H i e
[ Match Uit Funcion I Value I Radix 1 Counter N
2| o- CIMIMON_AX_ARADDR = | J000_J000_JG00X_I00%_XX0%_00XK_X000K_J0X| Bin | disabled 4|
9 £ MIMON_AX_ARADDRCONTROL = 100K Bin | disabled
[ i _gpio_0.5_AXIMON_£X_ARVALID 1 |
ax_gpio_0.5_AWMON_AX_ARREADY X |
al_gpiv_0 S_AMON_&X_ARPROTI2 X |
[} 2_gpio_0.S_AXMON_AX_ARPROT]1] | X |
[) ax_gpio_0 S_AWMON_AX_ARPROT0] | X |
::r_duz-l.i&‘l__-&f_w.'—'uqn = | OOOK_J00C_JCO0K_ID00X_X0XRK_JOO0K_KR0C_I000 Bin | msabled
o~ CM3MON_AX1_AWADDRCONTROL = \ T Bn asaled
o T M4 MON_AX_BRESP = | 000 Bin | disabled
o= (= M5MON_A]_GLOBAL = | X Bin | disabled
o MG MON_AY_RDATA = | 0008000 _IGO04_IG0_XR_00_InDO_Iook Bin | disabled
o [ M7MON_AXI_RDATACONTROL = 000, Bin | @sabled
[ [ MEMON_AX1_WDATA = JO00C_J00_J00K_J000_X006_I000 X000 000X Bn i @satled
o MIMON_AX_WDATACONTROL = 300000 Bin | disabled
3
é E m ] Tﬂgﬂ?l Condition Name Tﬂggﬂl Conddtion EM‘UH OglputEnaDIa il
De L) | TriggerConditiond L] Disabled =
é’ Type: [Wingow || Windows: | 1 Depty [1024 |'i Position
| storage Qualifcation: AlData

Figure 4-2: Trigger Setup Window, MON_AXI_AVALID Setting

In the Trig section of the Trigger Setup window, click MO in the Trigger Condition Equation

column.

The Trigger Condition dialog box opens.

In the Enable column, deselect MO and select M1.

Trigger Condition: TriggerCondition0

Boolean Sequencer

@ AND Equation () OR Eqguation

[_] Megate Whole Equation

Match Unit

Enable

Negats

M0

W1

M2

M3

(1

4

ME

ME

M7

W3

(k]

Trigger Condition Equation

Figure 4-3:

12. Click OK.
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Take a Test Drive! Debugging Hardware Using ChipScope Software

13. In the Capture section of the Trigger Setup window, change the Position setting from 0 to 512.

The Trigger Point moves to the middle of the waveform as the sample depth changes to 1024.

14. Click the Run button

D -

ChipScope Analyzer waits for the trigger event.

15. Follow the instructions on the serial terminal to select the AXI GPIO use case. This triggers the

waveform.

Waveform - DEV:1 MyDevice1 (XC72020) UNIT:0 MylLAQ (ILA}

P

Bus/Signal

axi_gpio 0....

o axi_gpio 0....
| & axi_gpio 0....
| - axi_gpic 0....
|- axi_gpio ...
| & axi_gpio 0....
| & axi_gpio 0....

¢ axi_gpio 0....

| & axi_gpio 0....

| - axi_gpio 0....
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W i e
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Associated Training Lab

Figure 4-4: Waveforms

The corresponding lab course for this Test Drive is Zyng-7000 All Programmable SoC Design
Workshop Bare Metal Software Development.

This lab demonstrates:

« Importing a hardware description into SDK

« Creating and customizing a BSP

» Downloading, debugging, and running software using SDK

« Profiling a simple application to determine where the software is spending its time

* Performing on chip debug to observe AXI transactions using ChipScope Pro Analyzer

A link to training labs is available in Appendix A, Additional Resources.
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Chapter 5

Linux Booting and Application Debugging
Using SDK

This chapter describes the steps to boot the Linux OS on the Zynq®-7000 AP SoC board. It also
provides information about downloading images precompiled by Linux on the target memory using
a JTAG interface. The later part of this chapter covers programming of the following non-volatile
memory with the Linux precompiled images, which are used for automatic Linux booting after
switching on the board:

+ On-board QSPI Flash

+ SD card

This chapter also describes using the SDK remote debugging feature to debug Linux applications
running on the target board. The SDK tool software runs on the Windows host machine. For

application debugging, SDK establishes an Ethernet connection to the target board that is already
running the Linux OS.

5.1 Requirements

In this chapter, the target platform points to a Zynq board. The host platform points a Windows
machine that is running the ISE® Design Suite tools.

Note: The Das U-Boot universal bootloader is required for the tutorials in this chapter. It is
included in the precompiled images that you will download next.

From the Xilinx documentation website, download the ug873-design-files.zip file. A link to
this document is available in Appendix A, Additional Resources. It includes the following files:

e BOOT.bin: Binary image containing the FSBL and U-Boot images produced by bootgen.

+ cdma_app: Standalone Application software for the system you will create in Chapter 6.

« devicetree.dtb: Device tree binary large object (blob) used by Linux, loaded into memory
by U-Boot.

« helloworld.c: Standalone Application software for the system you created in Chapter 3.

e linux_cdma_app: Linux OS based Application software for the system you will create in
Chapter 6.

+ uramdisk.image.gz: Ramdisk image used by Linux, loaded into memory by U-Boot.

+ README. txt: Description of the release.
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 u-boot.elf: U-Boot file used to create the BOOT.BIN image.
* ulImage: Linux kernel image, loaded into memory by U-Boot
« zync_fsbl _0.elf:FSBL image used to create BOOT.BIN image

e stub.tcl: Script file used for steps in 5.2.3 Take a Test Drive! Linux Booting Using JTAG
Mode.

5.2 Booting Linux on a Zynq Board

This section covers the flow for booting Linux on the target board using the precompiled images
that you downloaded in 5.1 Requirements.

Note: The compilations of the different images like Kernel image, U-Boot, Device tree, and root file
system is beyond the scope of this guide.

5.2.1 Boot Methods

The following boot methods are available:

« Master Boot Method
« Slave Boot Method

Master Boot Method

In the master boot method, different kinds of non-volatile memories like QSPI, NAND, NOR flash,
and SD cards are used to store boot images. In this method, the CPU loads and executes the
external boot images from non-volatile memory into the Processor System (PS). The master boot
method is further divided into Secure and Non Secure modes. Refer to the Zynq-7000 Extensible
Processing Platform Technical Reference Manual (UG585) for more detail. A link to this document is
available in Appendix A, Additional Resources.

The boot process is initiated by one of the ARM Cortex-A9 CPUs in the processing system (PS) and
it executes on-chip ROM code. The on-chip ROM code is responsible for loading the first stage
boot loader (FSBL). The FSBL does the following:

« Configures the FPGA with the hardware bitstream (if it exists)

« Configures the MIO interface

« Initializes the DDR controller

« Initializes the clock PLL

» Loads and executes the Linux U-Boot image from non-volatile memory to DDR

The U-Boot loads and starts the execution of the Kernel image, the root file system, and the device
tree from non-volatile RAM to DDR. It finishes booting Linux on the target platform.
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Slave Boot Method

Booting Linux on a Zynq Board

JTAG can only be used in slave boot mode. An external host computer acts as the master to load the

boot image into the OCM using a JTAG connection.

Note: The PS CPU remains in idle mode while the boot image loads. The slave boot method is

always a non-secure mode of booting.

In JTAG boot mode, the CPU enters halt mode immediately after it disables access to all security
related items and enables the JTAG port. You must download the boot images into the DDR

memory before restarting the CPU for execution.

5.2.2 Booting Linux from JTAG

The following flow chart describes the process used to boot Linux on the target platform.

Figure 5-1:

Zynq AP SoC CTT
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5.2.3 4@ Take a Test Drive! Linux Booting Using JTAG Mode

1. Check the following Board Connection and Setting for Linux booting using JTAG mode:

o Ensure that the settings of Jumpers J27 and J28 are as described in Take a Test Drive!
Running the "Hello World” Application, page 20.

o Ensure the SW16 switch setting as shown in Figure 5-2.
- Connect an Ethernet cable from the Zynq board to your network.
o Connect the Windows Host machine to your network.

o Connect the power cable to the board.

JnaleaRs s

.I
'l
-
=
=
-
-
L
-
|

Figure 5-2: Ensure the SW16 Switch Setting

2. Connect a Digilent cable between the Windows host machine and the target board with the
following SW10 switch settings:

- BitlisO
- Bit2is1
Note: 0 = switch is open. 1 = switch is closed.

3. Connect a USB cable to connector J17 on the target board with the Windows Host machine. This
is used for USB to serial transfer.

4. Change Ethernet Jumper J30 and J43 as shown in Figure 5-3.
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;;

L)

......... ‘

Figure 5-3: Change Jumpers J30 and J43

5. Power on the target board.
6. Launch SDK and open same workspace you used in Chapter 2 and Chapter 3.

7. If the serial terminal is not open, connect the serial communication utility with the baud rate set
to 115200.

8. Download the bitstream by selecting Xilinx Tools > Program FPGA, then clicking Program.
9. Open the XMD tool by selecting Xilinx Tools > XMD console.
10. At the XMD prompt, do the following:

a. Type connect arm hw to connect with the PS section CPUL.

b. Type source <Project Dir>/project_1l/project_1.sdk/SDK/SDK_Export/
system_hw_platform/ps7_init.tcl and then type ps7_init to initialize the PS
section (such as Clock PLL, MIO, and DDR initialization).

c¢. Type ps7_post_config to enable level shifters between PS to PL and to clear fabric port
resets.

d. Type source stub.tcl.
CPU2 continuously waits for the event from CPUL.

Note: The stub. tcl fileis available inug873-design-files.zip, which accompanies
this guide. A link to this ZIP file is located in Appendix A, Additional Resources.
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e. Type target 64 to provide execution control to CPU1.
f. Type dow <path>/u-boot.elf to download Linux U-Boot.

g. Type con to start execution of U-Boot.
On the serial terminal, the autoboot countdown message appears:

Hit any key to stop autoboot: 3
h. Press Enter.

Automatic booting from U-Boot stops and a command prompt appears on the serial
terminal.

i. Atthe XMD Prompt, type stop.
The U-Boot execution is stopped.
j. Type dow -data uImage 0x3000000 to download the Linux Kernel image at location

0x3000000.

k. Type dow -data uramdisk.image.gz 0x2000000 to download the Linux root file
system image at location 0x2000000.

|.  Type dow -data devicetree.dtb 0x2A00000 to download the Linux device tree at
location 0x2A00000.

m. Type con to start executing U-Boot.

11. At the command prompt of the serial terminal, type bootm 0x3000000 0x2000000
0x2A00000.
The Linux OS boots.

12. If required, provide the Zynq login as root and the password as root on the serial terminal to
complete booting the processor.
After booting completes, # prompt appears on the serial terminal.

13. At the zyng> prompt, do the following:

a. Check the IP address of the board by typing the following command at the Zyng> prompt:
ifconfig ethO

This command displays all the details of the currently active interface. In the message that
displays, the inet addr value denotes the IP address that is assigned to the Zynqg board.

b. Check the connection with the board by typing ping followed by the board IP address on
the Windows machine command prompt. The ping response displays in a loop.

This response means that the connection between the Windows host machine and the
target board is established.

c. Press ctrl+c to stop displaying the ping response.

Linux booting completes on the target board and the connection between the host machine
and the target board is done. The next Test Drive describes using SDK to debug the Linux
application.
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Associated Training Lab

The corresponding lab course for this Test Drive is Running and Debugging a Linux Application on
the Zyng Platform.

This lab demonstrates:

« Importing a hardware description into SDK
« Creating and building a Linux software application

« Downloading, debugging, and running software using SDK.

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

5.2.4 dl%XEs Take a Test Drive! Debugging the Linux Application Using
SDK Remote Debugging

In this section, you will create an SDK default Linux hello world application and practice the
steps for debugging the Linux application from the Windows host machine.

1. Open SDK.

2. Select File > New > Application Project.
The New Project Wizard opens.

3. Use the information in the table below to make your selections in the wizard screens.

Wizard Screen System Property Setting or Command to Use
Project Name linux_hello_world
Use Default Location Select this option
Hardware Platform system_hw_platform
Application Project

Processor PS7_cortexa9_0

OS Platform Linux
Language C

Templates Available Templates Linux Hello World
4. Click Finish.

The New Project Wizard closes and SDK creates the linux_hello_world project under the project
explorer. SDK also automatically compiles the project and generates the file
linux_hello_world.elf.

5. Right-click 1inux_hello_world and select Debug as > Debug Configurations.
The Debug Configuration wizard opens.

6. Inthe Debug Configuration wizard, right-click Remote ARM Linux Application and click
New.In the Connection drop-down list, click New.

The New Connection wizard opens.
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10.
11.

12.

13.
14.

15.

16.

Booting Linux on a Zynq Board

Click the SSH Only tab and click Next.
In the Host Name tab, type the target board IP.

Note: To determine the target IP, type ipconfig etho at the zyng> prompt in the serial
terminal. The terminal displays the target IP that is assigned to the board.

Set the connection name and description in the respective tabs.
Click Finish to create the connection.

In the Debug Configuration wizard, under "Remote Absolute File Path for C/C++ Application,”
click the Browse button. The Select Remote C/C++ Application File wizard opens.

In the wizard, do the following:
a. Expand the root directory to open the Enter Password wizard.

b. Provide the user ID and Password (root/root); select the Save ID and Save Password
options.

c. Click OK.

Note: If a warning message appears, you can safely close it by clicking YES.

The window displays the root directory contents, because you previously established the
connection between the Windows host machine and the target board.
d. Right-click on the “/" in the path name and create a new folder; name it Apps.

e. Under "Remote Absolute File Path for C/C++ Application,” Enter the path as
/Apps/linux_hello_world.elf.

Click Apply.
Click Debug.

The Debug Perspective opens.

Follow the debugging procedure outlined in Take a Test Drive! Debugging with Software Using
SDK, page 35.

Note: The Linux application output displays in the SDK console, not the Terminal window used
for running Linux.

After you finish debugging the Linux application, close SDK.

5.2.5 4@ Take a Test Drive! Booting Linux from QSPI Flash

This Test Drive covers the following steps:

1
2
3.
4

Create the First Stage Boot Loader Executable File

Make a Linux Bootable Image for QSPI Flash

Program QSPI Flash With the Boot Image Using JTAG and U-Boot Command
Booting Linux from QSPI Flash

Create the First Stage Boot Loader Executable File

1.

Open SDK.
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2.

Booting Linux on a Zynq Board

For SDK, you must run the TCF agent on the host machine. Select Xilinx Tool > Launch
Hardware Server.

In SDK, select File > New > Application Project.
The New Project wizard opens.

Use the information in the table below to make your selections in the wizard screens.

Wizard Screen System Property Setting or Command to Use
Project Name zynq_£sbl 0
Use Default Location Select this option
Hardware Platform system_hw_platform
Application Project Processor PS7_cortexa9_0
OS Platform Standalone
Language C
Select Create New and provide the name of

Board Support Package zyng £sbl 0 bsp.

Templates Available Templates Zynq FSBL

Click Finish.

The New Project Wizard closes. SDK creates the zynqg_fsbl_0 application project and the
zynqg_fsbl_0_bsp BSP project under the project explorer. SDK also automatically compiles the
project and generates the zyng_fsbl_0.elf file.

Make a Linux Bootable Image for QSPI Flash

1. 1In SDK, select Xilinx Tools > Create Zynq Boot Image.
The Create Zynq Boot Image wizard opens.

2. Provide the zyng_ fsbl_0.elf path in the FSBL ELF tab.
Note: You can find zyng_fsbl_0.elf in
<project dir>/project_1l/project_1.sdk/SDK/SDK_Export/zyng_ fsbl_ 0/Debug.
Alternately, you can use zyng_fsbl_0.elf from the file you downloaded in
5.1 Requirements.
Note: Files - u-boot.elf, uImage.bin, devicetree.dtb, and uramdisk. image.gz are
available in ug873-design-files.zip, which accompanies this guide. A link to this ZIP file
is located in Appendix A, Additional Resources.

3. Add the U-Boot image, u-boot.elf.

4. Add the Linux Kernel image, such as uImage.bin, and provide the offset 0x100000.

f IMPORTANT: There is a Known Issue with the Bootgen command: it does not accept a file without a
file extension. To work around this issue, change the uImage downloaded file to uImage.bin.

5.

Add the device tree image (devicetree.dtb) and provide offset - 0x600000.
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6. Add the root file system image (uramdisk.image.gz) and provide offset 0x620000.

The provided offsets are predefined in the U-Boot. U-Boot expects those addresses when
booting from QSPI flash. If you want to change the offset, you must modify and rebuild the
U-Boot.

7. Provide the output folder name in the Output Folder tab.

x
Create Zyng Boot Image -
Creates Zyng Boot Image in .bin and .mcs formats from given FSBL elf and partition files in specified output folder., ‘
Basic | Advanced I
Bif file IC:\Baqup‘l,C‘IT'l,ZYNQ_C‘I'I"l,ZYNQ_CTF_14. SYinux_file\yashu\bootbootimage. bif j
FSBL elf | C:'\Backup \CTT\ZYNG_CTT\ZYNQ_CTT_14. 5Vinux_file\yashu'zyng_fsbl_0.elf Browse |
List of partitions in the boot image.
File | offset | Mlignment [ Allocation | Add |
C:\Backup\CTTIZYNQ_CTT\ZYNG_CTT_14. 5Yinux_file\yash. ..
C:\Backup\CTT\ZYNQ_CTT\ZYNQ_CTT_14.5Vinux_fileyash... _IRE""""E
C:\Backup \CTT\ZYNG_CTT\ZYNQ_CTT_14.5Vinux_file\yash...  0x100000 Up
C:\Backup \CTT\ZYNGQ_CTT\ZYNQ_CTT_14.5Yinux_file\yash...  0x600000
C:\Backup \CTT\ZYNGQ_CTT\ZYNQ_CTT_14.5Yinux_file\yash...  0x620000 (el |
Output folder | Browse |
(?) Create Image Cancel

Figure 5-4: Creating a Zynq Boot Image

8. Click Create Image.
The Create Zynq Boot Image window creates following files in the specified output folder:

- bootimage.bif
o u-boot.bin

- u-boot.mcs
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Program QSPI Flash With the Boot Image Using JTAG and U-Boot Command

You can program QSPI Flash with the boot image using JTAG and the U-Boot command.

TIP: You can also program QSPI flash using iMPACT. See the topic “Zyng-7000 All Programmable
O SoC Operations in iMPACT".

1. Power on the ZC702 Board.
2. If a serial terminal is not open, connect the serial terminal with the baud rate set to 115200.
3. Select Xilinx Tools > XMD Console to open the XMD tool.
4. From the XMD prompt, do the following:
a. Type connect arm hw to connect with the PS section CPU.

b. Type source <Project Dir>/project_1l/project_1.sdk/SDK/SDK_Export/
system_hw_platform/ps7_init.tcl and then type ps7_init to initialize the PS
section.

c¢. Type ps7_post_config to enable level shifters between PS to PL and clear fabric port
resets.

d. Type dow u-boot.elf to download the Linux U-Boot to the QSPI Flash.

e. Type dow -data u-boot.bin 0x08000000 to download the Linux bootable image to
the target memory at location 0x08000000.

Note: You just downloaded the binary executable to DDR memory. You can download the
binary executable to any address in DDR memory.

f.  Type con to start execution of U-Boot.
On the serial terminal, the autoboot countdown message appears:
Hit any key to stop autoboot: 3
5. Press Enter.

Automatic booting from U-Boot stops and the U-Boot command prompt appears on the serial
terminal.

6. Do the following steps to program U-Boot with the bootable image:
a. At the prompt, type s£ probe 0 0 0 to select the QSPI Flash.
Type sf erase 0 0x01000000 to erase the Flash data.
This command completely erases 16 MB of on-board QSPI Flash memory.

c. Type sf write 0x08000000 0 OxFFFFFF to write the boot image on the QSPI Flash.

Note that you already copied the bootable image at DDR location 0x08000000. This
command copied the data, of the size equivalent to the bootable image size, from DDR to
QSPI location 0x0.

For this example, because you have 16 MB of Flash memory, you copied 16 MB of data. You
can change the argument to adjust the bootable image size.

7. Power off the board.
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Booting Linux from QSPI Flash

1. After you program the QSPI Flash, set the SW16 switch on your board as shown in Figure 5-5.

1 . L]
|
w
q_'.
®

|.2|.3]
:I.,.-

Sl

Figure 5-5: Jumper Settings for Booting Linux from QSPI Flash

2. Connect the Serial terminal with a 115200 baud rate setting.

3. Switch on the board power.

A Linux booting message appears on the serial terminal. After booting finishes, the Zyng>
prompt appears.

4. Check the Board IP address connectivity as discussed in Take a Test Drive! Linux Booting Using
JTAG Mode, page 43.

For Linux Application creation and debugging, refer to Take a Test Drive! Debugging the Linux
Application Using SDK Remote Debugging, page 46.
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5.2.6 dlXEe Take a Test Drive! Booting Linux From the SD Card
1. Change the SW16 switch setting as shown in Figure 5-6.

Figure 5-6: Jumper Settings for Booting Linux from SD Card
2. Make the board settings as described in Take a Test Drive! Linux Booting Using JTAG Mode,
page 43.

3. Create an FSBL for your design as described in Create the First Stage Boot Loader Executable
File, page 47.

Note: If you do not need to change the default FSBL image, you can use the zyng_fsbl_.elf
file that you downloaded as part of the .zip file for this guide.

4. 1In SDK, select Xilinx Tools > Create Boot Image to open the Create Zynq Boot Image wizard.

TIP: If there is no change in the zyng fsbl_0.elf and u-boot.bin downloaded files, you can
O use the downloaded BOOT. bin file as a bootable image and skip steps 5, 6, and 7.

5. Add zyng fsbl _0.elf and u-boot.elf.
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6. Provide the output folder path in the Output folder field.

Create Zynq Boot Image
Creates Zyng Boot Image in .bin and .mcs formats from given FSBL elf and partition files in specified output folder.

Basic | Advanced I

Bif file ICreahe a new bif file...

FSBL elf | C:Wilinx\filesystem'Release\zyng_fsbl_0.elf Browse

List of partitions in the boot image.
File | Offset | Alignment | Allocation | Add
C:Wilinx\filesystem'\Release\zyng_fsbl_0.elf
C:Wilinx\flesystem'\Release u-boot. elf

Remove

(R}

Qutput folder | C:\CTTVZyng Browse

| LIk D g,

@J Create I.magel Cancel

Figure 5-7: Creating the Zynq Boot Image

7. Click Create Image. SDK generates the u-boot .bin file in the specified folder.
8. Rename u-boot.bin to BOOT.bin.

9. Copy BOOT.bin devicetree.dtb and uramdisk.image.gz to the SD card.

i? IMPORTANT: Do not change the file names. U-Boot searches for these file names in the SD card while
booting the system.

10. Turn on the power to the board and check the messages on the Serial terminal. The Zyng>
prompt appears after Linux booting is complete on the target board.

11. Set the board IP address and check the connectivity as described in Take a Test Drive! Linux
Booting Using JTAG Mode, page 43.

For Linux application creation and debugging, see Take a Test Drive! Debugging the Linux
Application Using SDK Remote Debugging, page 46.
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Chapter 6

System Design Using Processing System
High Performance Slave Port

In this chapter, you will instantiate AXI CDMA IP in Fabric and integrate it with the processing
system high performance (HP) 64 bit slave port. In this system, AXI CDMA acts as master device to
copy an array of the data from the source buffer location to the destination buffer location in DDR

system memory. AXI CDMA uses processing system HP slave port to get read/write access of DDR
system memory.

You will also write Standalone application software and Linux OS based application software using
mmap () for the data transfer using AXI CDMA block. You will also execute both standalone and
Linux based application software separately on the ZC702 board.

6.1 Integrating AXI CDMA with Zynq PS HP Slave Port

Xilinx® Zynq®-7000 AP SoC devices internally provide four high performance (HP) AXI slave
interfaces. These are used to connect programmable logic (PL) bus masters with the
high-bandwidth datapaths to the double data rate (DDR) and on-chip memory.

There are four high performance (HP) slave AXI interface connects programmable logic (PL) to
Asynchronous FIFO Interface (AFI) blocks in the processing system (PS). The goal of the high
performance AXI interface module is to enable a high throughput data path between AXI masters
in programmable logic and the processing system's memory system (DDR and On-chip memory).
HP slave ports are configurable to 64 bit or 32 bit interfaces.
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In this section, you'll create a design using AXI CDMA IP as master in fabric and integrate it with the
PS HP 64 bit slave port. The block diagram for the system is as shown in Figure 6-1.

PS Section

Application Processor Unit
Memory

Central Interface
Interconnect

DDR

Global Interrupt Controller I

Programmable logic to
memory interconnect

CLOCK

Generation 32b GP AXI I : I I
Master Port High performance AXI 32b/64b

Slave Ports

| AXIINTERCONNECT | | AXIINTERCONNECT |

1024 bits

Interrupt

PL Section

Figure 6-1: Block Diagram
This system covers the following connections:

1. AXI CDMA Slave Port is connected to the PS General Purpose master port 1 (M_AXI_GP1). It is

used by the PS CPU to configure the AXI CDMA register set for the data transfer and also to
check the status.

2. AXI CDMA Master Port is connected to the PS High performance Slave Port 0 (S_AXI_HPQ). It is
used by the AXI CDMA to reads from the DDR system memory. It acts as the source buffer
location for the CDMA during data transfer.

3. AXI CDMA Master Port is connected to the PS High performance Slave Port 2 (S_AXI_HP2). It is
used by the AXI CDMA to write the data to the DDR system memory. It acts as a destination
buffer location for the CDMA during the Data transfer.

4. AXI CDMA interrupt is connected from fabric to the PS section interrupt controller. After Data
Transfer or Error during Data transaction, the AXI CDMA interrupt gets triggered.

In this system, you will configure HP slave port 0 to access DDR memory location range from
0x20000000 to Ox2FFFFFFF. This DDR system memory location acts as the source buffer location
to CDMA for reading the data.

You will also configure HP slave Port 2 to access DDR memory Location range from 0x30000000 to

0x3FFFFFFF. This DDR system memory location acts as a destination location to CDMA for writing
the data.
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You will also configure AXI CDMA IP data width of the Data Transfer channel to 1024 bits with
Maximum Burst length set to 256. With this setting, COMA Maximum transfer size is set to
1024x256 bits in one transaction.

You will write the application software code for the above system. When you execute the code, it
first initializes the source buffer memory with the specified data pattern and also clears the
destination buffer memory by writing all zeros in it. Than it starts configuring the CDMA register for
the DMA transfer. It writes the source buffer location, destination buffer location, and number of
bytes to be transferred to the CDMA registers and waits for the CDMA interrupt. When the interrupt
occurs, it checks the status of the DMA transfers.

If Data transfer status is successful, it compares the source buffer data with the destination buffer
data and displays the comparison result on the serial terminal.

If Data transfer status is an error, it displays the error status on the serial terminal and stops
execution.

6.1.1 Take a Test Drive! Integrating AXI CDMA with the PS HP Slave Port

1. Start with one of the following:

o Use the system you created in Take a Test Drive! Checking the Functionality of the IPs
Instantiated in the Fabric, page 26.

o Create a new project as described in Take a Test Drive! Creating a New Embedded Project
With a Zynq Processing System, page 12.

2. Inthe PlanAhead tool Sources pane, double-click system_i-system(system.xmp) to invoke
XPS.

In the XPS System Assembly View, click the Bus Interfaces tab.
4. From the IP catalog, expand DMA and Timer and double-click AXI Central DMA to add it.

A message appears asking if you want to add the axi_cdma 3.04.a IP instance to your
design.

5. Click Yes.
The configuration window for COMA opens.

6. In CDMA Configuration window, click the User tab. Change the data width of the data transfer
channel option to 1024 and maximum Burst Length to use option to 256.

7. Click OK.

A message window opens with the message “axi_cdma IP with version number 3.03.a is
instantiated with the name "axi_cdma_0." XPS asks you to determine to which processor to
connect.

8. Select User will make necessary connections and settings.

Note: This setting requires that you manually make the AXI CDMA connection.
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Integrating AXI CDMA with Zynq PS HP Slave Port

Click OK.

An unconnected axi_cdma_0 IP gets instantiated in the design. To cross check, click the Bus
Interfaces tab in the XPS System Assembly View. You can find the unconnected axi_cdma_0
in the list.

In the IP Catalog, expand Bus and Bridge and double-click AXI Interconnect IP to add it.

A dialog box opens to verify that you want to add the axi_interconnect 1.06.a IP instance to your
design.

Click Yes.

The configuration window for AXI interconnects opens. Type axi_interconnect_gpl as the
component instance name.

Click OK.

XPS adds the unconnected AXI interconnect IP, axi_interconnect_gpl, to the system. To
cross verify, click the Bus Interface tab in the XPS System Assembly view.

Note: Later in this chapter, you will connect the AXI CDMA slave port and PS GP master port 1
with this interconnect. This interface is used to configure CDMA registers set from the PS CPU.

Repeat the previous three steps to add one more AXI interconnect IP with the Instance name
axi_interconnect_hp.

Note: Later in this chapter, you will connect the AXI CDMA Master Port and PS HP Slave port 0
and Port 2 with this Interconnect. It is used for data copying from source to destination DDR
memory locations.

Click the Zynq tab in the XPS System Assembly View to open the Zynq Processing System block
diagram.

Click the green 32b GP AXI Master Port block to open the processing_system7_0
Configuration wizard.

In the User tab, expand General Purpose Master AXI Interface and select the Enable
M_AXI_GP1 Interface option.

Click OK to enable the GP Master port 1 interface between the PS and fabric.

In the Zynqg Processing System block diagram, click on the green high performance AXI
32/64b Slave Ports block to open the processing_system7_0 Configuration wizard.

In the User tab, expand High Performance Slave AXI Interface and make the following
settings:

a. Select the Enable S_AXI_HPO interface check box to enable HP Slave port 0 interface
between PS section and fabric.

b. Change the HPO base address to 0x20000000 and HPO High Address to 0x2FFFFFFF.

This sets the HP Slave Port 0 to access DDR system memory from location 0x20000000 to
O0x2FFFFFFF. It acts as the source buffer location from which the CDMA reads data.

c. Select the Enable S_AXI_HP2 interface check box to enable HP Slave port 2 interface
between PS section and fabric.
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i: X”.'NX Integrating AXI CDMA with Zynqg PS HP Slave Port

d. Change the HP2 base address to 0x30000000 and HP2 High Address to Ox3FFFFFFF,

This sets the HP Slave Port 2 to access DDR system memory from location 0x30000000 to
Ox3FFFFFFF. It acts as the destination location to which the CDMA writes data.

. X
Component Instance Name processing_system7_0
User Interconnect Settings for BUSIF ] HOL ﬂ :?_
‘= High Performance Slave AXI Interfaces ..t.j
Enable S_AXI_HPO interface i
Enable HPD access for HIGHOCM address range i
HPO Base Address | 0x20000000 E-:
HPO High Address | Dx2FFFFFFF E-:
C_5_AXI_HPO_DATA_WIDTH 64 -
Enable S_AXI_HP1 interface i
r
HP 1 Base Address AT J
HP 1 High Address AUTO __j
C_5_AXIHP1 DATA WIDTH [ =l
Enable S_AXI_HP2 interface i
Enable HP2 access for HIGHOCM address range |
HP2 Base Address ! 0x30000000 Ew;
HP2 High Address ! 0x3FFFFFEF Ew; | |
C_5_AXI_HP2_DATA_WIDTH 64 -
Enable S_AXI_HP3 interface |
4| ]
s s Enable HP3 access for HIGHOCM address range L L!

oK | Cancel l Help I

Figure 6-2: XPS Core Config Window Settings

Note: By default, the HP slave port is configured to 64 bit interface.
e. Click OK.
20. Click the Bus Interfaces tab and make the following connections:

a. Under processing system7_0, click M_AXI_GP1 and select No Connection in the Bus
Name column. Using the drop-down list that appears, connect M_AXI_GP1 to
axi_interconnect_gpl.

b. Collapse processing_system7_0.
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Integrating AXI CDMA with Zynq PS HP Slave Port

Under axi_cdma_0, click S_AXI_LITE, and in the Bus Name column, click No Connection
to open the Connection dialog box.

In the Select AXI Interconnect list, click axi_interconnect_gpl.

Notice that processing_system7_0.M_AXI_GP1 appears in the Select Master(s) list.
Click the processing system7_0.M_AXI_GP1 check box to select it.

Select AXI Interconnect Select Master(s)

No Connection processing_system7_0.M_AXI_GP1
axi_interconnect_1
axi_interconnect_gp1

[ ] cone

Figure 6-3: AXI Connection Dialog Box

Click OK.

XPS connects the axi_cdma_0 Slave port interface with the processing_system7_0 GP
master Port 1 interface via axi_interconnect_gpl.

Select M_AXI in axi_cdma_0 and in the Bus Name column, and select No Connection.
Using the drop-down list that appears, connect M_AXI to axi_interconnect_hp.

Expand processing_system7_0 and select S_AXI_HPO. In the Bus Name column, click
No Connection to open the Connection dialog box.

In the Select AXI Interconnect list, click axi_interconnect_hp.

Notice that axi_cdma_0.M_AXT appears in the Select Master(s) list. Click the
axi_cdma_0.M_AXI check box to select it.

Click OK.

XPS connects axi_cdma_0 Master port to processing_system7_0 HP Slave Port 0 via
axi_interconnect_hp.
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Integrating AXI CDMA with Zynq PS HP Slave Port

j. Repeat the previous 3 steps to connect axi_cdma_0 master port with
processing_system7_0 HP slave port 2 via axi_interconnect_hp.

& 2Zynq  Businterfaces | Ports | Addresses |

Name | 1P version [ Bus Name
axi_interconnect_I 1.06.a
axi_interconnect_goi 1.06.a
axi_interconnect_ho 1.06.a
Bl processing_system7 0 4.00.a
M_AXI_GPO axi_interconnect 1
M_AXI_GP1 axi_interconnect_gp1
S_AXI_HPO axi_interconnect_hp:axi_cdma_0.M_AXI
S_AXI_HP2 axi_interconnect_hp:axi_cdma_0.M_AXI
- axi_cdma_0 3.03.a _
S_AXI_LITE axi_interconnect_gp1:processing_system7_0.M_AXI_GP1
M_AXI axi_interconnect_hp
- axi_goio 0 1.01b
B axi_tmer_0 1.03.a
[ chipscope_axi_monitor_0 3.03.a
| chinscope icon 0 1.06.a |
4

Figure 6-4: Ports Tab

21. Click the Ports tab, which lists the IPs and their ports. Expand axi_interconnect_gpl,
axi_interconnect_hp, and axi_cdma_0.

22. Review the following IP connections. If any of these aren't connected, connect them now.

Table 6-1: IP Connections

IP

Port

Connection

axi_interconnect_gpl

INTERCONNECT_ACLK

processing_system7_0 : FCLK_CLKO

INTERCONNECT_ARESETN

processing_system7_0::FCLK_RESETO
N

axi_interconnect_hp

INTERCONNECT_ACLK

processing_system7_0 : FCLK_CLKO

INTERCONNECT_ARESETN

processing_system7_0:FCLK_RESETO
N

axi_cdma_0

(BUS_IF) S_AXI_LITE::s_axi_lite_aclk

processing_system7_0 : FCLK_CLKO

(BUS_IF) M_AXI:: m_axi_aclk

processing_system7_0 : FCLK_CLKO
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& XILINX. Integrating AXI CDMA with Zynq PS HP Slave Port

Your Ports tab should look similar to Figure 6-5.

& 2ymq | Busnterfaces  Ports | Addresses | B
[+~ External Ports
[*1- axi_interconnect_1
[=}- an interconnect goi
| INTERCONNECT_ACLK processing_system7_0::FCLK_CLKO 71 I cK
INTERCONNECT ARESETN ocessing system7 0::FCLK RE§ETEI N 71 RST
=1 Mhmrmmg
INTERCONNECT _ACLK processing_system?7_0::FCLK_CLKD } I CLK
INTERCONNECT _ARESETN processing_system7_0::FCLK_RESETO_N /1 RST
T processng,_system7. 0
g qing 0
cdma_introut processing_system7_0::IRQ_F2P Zo INTEF
[ (BUS_IF) S_AXI_LITE Connected to BUS axi_interconnect_gp1 =]
s_axi_lite_adk processing_system7_0::FCLK_CLKOD 71 CLK
(= (BUS_IF) M_AXI Connected to BUS axi_interconnect_hp _;‘j
m_axi_ack processing_system7_0::FCLK_CLKO I cK
T ax_gpo_0
B} axi_tmer_0
[ chipscope_axi_monvtor_0
- chipscope_icon_0
4 |
Figure 6-5: Completed Port Connections
23. Collapse all IPs and expand processing_system7_0. If the following port connection is not
made, do it now. It should look like Figure 6-6.
Table 6-2: Processing_system7_0 Port Connections
IP Port Connection
Processing_system7_0 | (BUS_IF) M_AXI_GP1:M_AXI_GP1_ACLK processing_system7_0 :
FCLK_CLKO
(BUS_IF) S_AXI_HPO:S_AXI_HPO_ACLK processing_system7_0 ::
FCLK_CLKO
(BUS_IF) S_AXI_HP2::S_AXI_HP2_ACLK processing_system7_0 :
FCLK_CLKO
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& XILINX. Integrating AXI CDMA with Zynq PS HP Slave Port

% g | Businterfaces  Ports | Addresses | B
Name | connected Port |orecton [Range [ class [Frequency(iz)  |Resetpolarity [ sensitvity
5 processing_system7_0

M_AXI_GPO_ARESETN s0o RST
M_AXI_GP1_ARESETN sFo RST
S_AXI_HPO_ARESETN fo RST
S_AXI_HP2_ARESETN Jo RST
FOLK_CLK3 fo ax
FOLK_CLK2 Fo ax
FOK_CLK1 fo ak
rd
FOLK_CLKD o ax
ad_interconnect_hp::[S_AXI_CTRL]::INTERCONNECT _ACLK
FOLK_CLKTRIG3_N f1
FOLK_CLKTRIG2_N I
FOLK_CLKTRIG1_N L1
FOLK_CLKTRIGO_N ra!
FOLK_RESET3_N fo RST
FOLK_RESETZ_N 7o RST
FCLK_RESETIN fo RST
a0d_interconnect_1::INTERCONNECT_ARESETN 4
FOLK_RESETO_M a0d_interconnect_gp 1::INTERCONNECT _ARESETN o RST
2_interconnect_hp::INTERCONNECT _ARESETN
IRQ F2®@ LitoH: 2 timer 0 Internpt J1 INTER EDGE RIS
Core0_nF1Q 1 INTER EDGE_RIS
Cored_nIRQ I INTER EDGE_RIS
Corel_nFIQ 1 INTER EDGE_RIS
Corel nIRQ 1 INTER EDGE_RIS
IRQ_P2F_QSPI /0 INTER EDGE_RIS
IRQ_P2F_GFIO s0o INTER EDGE_RIS
IRQ_P2F_USB0 Fo INTER EDGE RIS
IRQ_P2F_ENETO fo INTER EDGE_RIS
IRQ_P2F_ENET_\WAKED /0o INTER EDGE_RIS
IRQ_P2F_SDIOO fo INTER EDGE_RIS
IRQ_P2F_12C0 fo INTER EDGE_RIS
IRQ_P2F_CANO fo INTER EDGE_RIS
IRQ_P2F_UART1 so INTER EDGE_RIS
A (BUS_IF) M_AXI_GPO Connected to BUS axi_interconnect_1 ;]
= 1 Coonected tn BUS axi_ntercoonect ool -
M_AXI_GP1_ACLK processing_system7_0::FCLK_CLKD 1 ax
=1 (BUS_IF) S_AXI_HPO Connected to BUS axi_interconnect_hp %|
S_AXI_HPO_ACLK processing_system7_0::FCLK_CLKD 71 ak
& (BUS_IF) S_AXI_HP2 Connected to BUS axi_nterconnect_hp >
HPZ2 ACLK i 2 1 QK
& (0_IF) GPI0_0 ‘Connected to External Ports ~
& (IO_IF) MEMORY_0 Connected to External Ports Z‘
| |

Figure 6-6: Processing_system7_0 Connections
24. Connect the CDMA interrupt on the fabric side to the PS side interrupt controller by doing the
following:
a. In the Connected Port column of Processing_System7_0, click L to H: No Connection.

Note: If you are modifying the system you created in chapter 3, select
L to H : axi_timer_0_interrupt in the Connected Port tab.

The Interrupt Connection dialog box opens.

b. In the Unconnected Interrupts list, select axi_cdma_0 and click the right arrow button to
move it to the Connected Interrupts list.

c. Click OK.

XPS connects the CDMA interrupt on the Fabric side to the PS section interrupt controller.

25. Click the Addresses tab and click the Generate Addresses button ﬂ| to generate addresses
for unmapped devices.

Notice that axi_cdma_0 is assigned an address range inside the processing_system7_0
address range.
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& XILINX. Standalone Application Software for the Design

26. In the address map for processing_system7_0, change the axi_cdma_0 base address to
0x80200000 and High address to 0x8020FFFF.

This ensures that the address range for axi_cdma_0 is fixed at 0x80200000 to 0x8020FFFF,
which is within the processing_system7_0 address space.

27. Run Design Rule Check. Ensure there are no errors in the console.

28. Close XPS. The PlanAhead™ design tool window becomes active again.

29. In Design Sources, click on your embedded source and then right-click it and select Create Top
HDL. The PlanAhead tool generates the system_stub.v file.

30. Save all modified files.

31. In the Program and Debug list in the Flow Navigator, click Generate Bitstream. Ignore any
warnings that PlanAhead generates.

32. After the Bitstream generation completes, export the hardware and Launch SDK as described in
Chapter 2. For this design, since there is a bitstream generated for the PL Fabric, this will also be
exported to SDK.

6.2 Standalone Application Software for the Design

The CDMA-based system that you designed in this chapter requires application software to execute
on the board. This section describes the details about the CDMA based Standalone application
software.

The main () function in the application software is the entry point for the execution. It initializes
the source memory buffer with the specified test pattern and clears the destination memory buffer
by writing all zeroes.

The application software then configures the CDMA registers sets by providing information such as
source buffer and destination buffer starting locations. To initiate DMA transfer, it writes the
number of bytes to be transferred in the CDMA register and waits for the CDMA interrupt to
happen. After the interrupt, it checks the status of the DMA transfer and compares the source
buffer with the destination buffer. Finally, it prints the comparison result in the serial terminal and
stops running.
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& XILINX. Standalone Application Software for the Design

6.2.1 Application Software Flow
The application software does the following:

1. Initializes the source buffer with the specified test pattern. The source buffer location ranges
from 0x20000000 to Ox2FFFFFFF.

Clears the destination buffer by writing all zeros. The destination buffer location ranges from
0x30000000 to Ox3FFFFFFF.

2. Initializes AXI CDMA IP and do the following:
a. Associates a CDMA callback function with AXI CDMA ISR and Enable the Interrupt.

This Callback function executes during the CDMA interrupt. It sets the interrupt Done
and/or Error flags depending on the DMA transfer status.

Application software waits for the Callback function to populate these flags and executes
the software according to the status flag.

b. Configures the CDMA in Simple mode.
¢. Checks the Status register of the CDMA IP to verify the CDMA idle status.
d. Sets the source buffer starting location, 0x20000000, to the CDMA register.

Sets the destination buffer starting location, 0x30000000, to the CDMA register.

f.  Sets the number of bytes to transfer to the CDMA register. The application software starts
the DMA transfer.

3. After the CDMA interrupt is triggered, checks the DMA transfer status.

If the transfer status is successful, the application software compares the source buffer location
with the destination buffer location and display the comparison result on the serial terminal,
then exits from the execution.

If the transfer status displays an error, the software prints the error status in the serial terminal
and stops running.

6.2.2 4@ Take a Test Drive! Running the Standalone CDMA
Application Using SDK

1. Open SDK.

2. Check that the Target Communication Frame (TCF) (hw_server.exe) agent is running on your
Windows machine. If it is not running, in SDK select Xilinx Tool > Launch Hardware Server.

3. In SDK, select File > New > Application Project.

The New Project wizard opens.
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4. Use the information in the table below to make your selections in the wizard screens.
Wizard Screen System Property Setting or Command to Use
Project Name cdma_app
Use Default Location Select this option
Hardware Platform system_hw_platform
Application Project Processor PS7_cortexa9_0
OS Platform Standalone
Language C
Board Support Select Create New and provide the name of
Package cdma_app_bsp.
Templates Available Templates Empty Application

5. Click Finish.

The New Project Wizard closes and SDK creates the cdma_app application project and the
cdma_app_bsp BSP project under the project explorer. SDK also automatically compiles the
project and generates the BSP.

Note: If SDK returns the error “arm-xilinx-eabi-gcc: command not found," refer to Answer
Record 53306.

6. In the Project Explorer tab, expand the cdma_app project, right-click the src directory, and
select Import to open the Import dialog box.

7. Expand General in the Import dialog box and select File System.

8. Click Next.

9. Add the cdma_app.c file and click Finish.

SDK automatically builds the application and displays the status in the console window.
Note: The Application software file name for the system is cdma_app. c. It is available in
ug873-design-files.zip, which accompanies this guide. A link to this ZIP file is located in
Appendix A, Additional Resources.

10. Open the serial communication utility with baud rate set to 115200.

11. Make sure that the hardware board is set up and turned on.

Note: Refer to section 2.1.3 Take a Test Drive! Running the “Hello World" Application for
information about setting up the board.

12. In SDK, select Xilinx Tools > Program FPGA to open the Program FPGA dialog box. The dialog
box shows the bitstream path.

13. Click Program to download the bitstream and program the PL Fabric.

14. Run the project similar to the steps in 2.1.3 Take a Test Drive! Running the “Hello World"
Application.

15. Check the Status of the CDMA transfer in the Serial terminal. If the transfer is successful, the
message "DMA Transfer is Successful" displays. Otherwise, the serial terminal displays an error
message.
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6.3 Linux OS based Application Software for the CDMA
system

In this section, you will create a Linux-based application software for CDMA using the mmap ()
system call provided by Linux and run it on the hardware to check the functionality of the CDMA IP.

The mmap () system call is used to map specified kernel memory area to the User layer, so that you
can read or write on it depending on the attribute provided during the memory mapping. Detail
about mmap () system call is beyond the scope of this guide.

C CAUTION! Use of the mmap () call is not the recommended way to write a Linux application. It might
crash the kernel if it accesses, by mistake, some restricted area or shared resources of the Kernel.

The main () function in the application software is the entry point for the execution. It initializes
the source array with the specified test pattern and clears the destination array. Then it copies the
source array contents to the DDR memory starting at location 0x20000000 and makes the DMA
register setting to initiate DMA transfer to the destination. After the DMA transfer, the application
reads the status of the transfer and displays the result on the serial terminal.

6.3.1 Application Software Steps
Application Software comprises the following steps:
1. Initialize the whole source array, which is in the User layer with value 0xA5A5A5A5.

Clear the whole destination buffer, which is in the User layer, by writing all zeros.

2. Map the kernel memory location starting from 0x20000000 to the User layer with writing
permission using mmap () system calls.

By doing so, you can write to the specified kernel memory.

Copy the source array contents to the mapped kernel memory.
4. Un-map the kernel memory from the User layer.

Map the AXI CDMA register memory location to the User layer with reading and writing
permission using the mmap () system call. Make the following CDMA register settings from the

User layer:
a. Reset DMA to stop any pervious communication.
b. Enable interrupt to get the status of the DMA transfer.

]

Set the CDMA in simple mode.
Verify that the CDMA is idle.
Set the source buffer starting location, 0x20000000, to the CDMA register.

o

f. Set the destination buffer starting location, 0x30000000, to the CDMA register.

g. Setthe number of bytes to be transferred in the CDMA register. Writing to this register
starts the DMA transfer.
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6. Continuously read the DMA transfer status until the transfer finishes.

7. After CDMA transfer finishes, un-map the CDMA register memory for editing from the User
layer using the mumap () system call.

8. Map the kernel memory location starting from 0x30000000 to the User layer with reading and
writing attributes.

9. Copy the kernel memory contents starting from 0x30000000 to the User layer destination
array.

10. Un-map the kernel memory from the User layer.
11. Compare the source array with the destination array.

12. Display the comparison result in the serial terminal. If the comparison is successful, the
message "DATA Transfer is Successful” displays. Otherwise, the serial terminal displays an error
message.

6.4

6.4.1

6.4.2

4@ Take a Test Drive! Running Linux CDMA
Application using SDK

Running a Linux OS based application comprises the following steps:

1. Booting Linux on the Target Board
2. Building an Application and Running it on the Target Board Using SDK

Booting Linux on the Target Board

Boot Linux on the Zynq ZC702 target board, as described in Chapter 5, Linux Booting and
Application Debugging Using SDK.

After booting completes, the zyng> prompt displays on the serial terminal. Set the IP address of
the board as mentioned in step 13 of 5.2.3 Take a Test Drive! Linux Booting Using JTAG Mode.

Building an Application and Running it on the Target Board Using
SDK

1. Set up your Windows machine as host, as described in step 2 of 5.2.4 Take a Test Drive!
Debugging the Linux Application Using SDK Remote Debugging.

2. In SDK, select Xilinx Tools > Program FPGA to open the Program FPGA dialog box, which
shows the bitstream path.

3. Click Program to download the bitstream and program the PL fabric.

Note: Zync PS is in suspended position now, with no response on Zync Linux terminal. Refer to
Answer Record 55150 to resume Zync.

4. Select File > New > Application Project.
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5. Use the information in the table below to make your selections in the wizard screens.

Wizard Screen System Property Setting or Command to Use
Project Name Linux_cdma_app
Hardware Platform system_hw_platform
Application Project Processor PS7_cortexa9_0
OS Platform Linux
Language C
Templates Available Templates Linux Empty Application

6. Click Finish.

The New Project Wizard closes and SDK creates the Linux_blinkled_app project under the
project explorer.

7. Inthe Project Explorer tab, expand 1inux_cdma_app project, right-click the src directory, and
select Import to open the Import dialog box.

8. Expand General in the Import dialog box and select File System.

9. Click Next.

10. Add the 1inux_cdma_app. c file and click Finish.

SDK automatically builds the application and generates the 1inux_cdma_app.elf file. Check
the console window for the status.

Note: The Application software file name for the system is 1inux_cdma_app.c. This file is
available in ug873-design-files. zip file, which accompanies this guide. A link to this ZIP
file is located in Appendix A, Additional Resources.

11. Right-click 1inux_cdma_app and select Run As > Run Configurations to open the Run
Configuration wizard.

12. In the Run Configuration wizard, right-click Remote ARM Linux Application and click New.
13. In the Connection drop-down list, click New to open the New Connection wizard.

14. Click the SSH Only tab and click Next.

15. In the Host Name tab, type the target board IP.

Note: To determine the target IP, type ipconfig eth0 at the Zyng> prompt in the serial
terminal. The terminal displays the target IP that is assigned to the board.

16. Set the connection name and description in the respective tabs.
17. Click Finish to create the connection.

18. In the Run Configuration wizard, under Remote Absolute File Path for C/C++ Application,
click the Browse button. The Select Remote C/C++ Application File wizard opens.
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19. Do the Following:
a. Expand the root directory. The Enter Password wizard opens.

b. Provide the User ID and Password (root/root); select the Save ID and Save Password
options.

c. Click OK.

The window displays the root directory contents, because you already established the
connection between the Windows host machine and the target board.
d. Right-click on the "/" in the path name and create a new folder; name it Apps.
e. Provide an application absolute path, such as /Apps/linux_cdma_app.elf.
20. Click Apply.
21. Click Run to begin execution of the application.

22. Check the status of the CDMA transfer on the Serial terminal. If the transfer is successful, the
message "DMA Transfer is Successful" displays. Otherwise, the serial terminal displays an error
message.

23. After you finish debugging the Linux application, close SDK.
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Chapter 7

Software Profiling using SDK

In this chapter, you will enable profiling features for the Standalone BSP and the Application related
to AXI CDMA, which you created in Chapter 6.

7.1 Profiling an Application using SDK

Profiling is a method by which the software execution time of each routine is determined. You can
use this information to determine critical pieces of code and optimal code placement in a design.
Routines that are frequently called are best suited for placement in fast memories, such as cache

memory. You can also use profiling information to determine whether a piece of code can be placed
in hardware, thereby improving overall performance.

7.1.1 4#%Es Take a Test Drive! Application Software Profiling using

SDK

1. Launch Xilinx® SDK and open the same workspace you used in Chapter 2 and Chapter 3.

2. Ifthe serial terminal is not open, connect the serial communication utility with the baud rate set

to 115200.

3. In SDK, select File > New > Application Project.

The New Project wizard opens.

4. Use the information in the table below to make your selections in the wizard screens.

Wizard Screen System Property Setting or Command to Use
Project Name cdma_app_profile
Use Default Location Select this option
Hardware Platform system_hw_platform
Application Project Processor PS7_cortexa9_0
OS Platform Standalone
Language C
Board Support Select Create New and provide the name of
Package cdma_app_ profile_ bsp.

Templates Available Templates Empty Application

Zynq AP SoC CTT
UG873 (v14.6) June 19, 2013

www.xilinx.com | Send Feedback | 70


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug873&Title=Zynq-7000%20All%20Programmable%20SoC%3A%20Concepts,%20Tools,%20and%20Techniques%20Guide%20Concepts,%20Tools,%20and%20Techniques%20Guide&releaseVersion=14.6&docPage=70
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=ug873&Title=Zynq-7000%20All%20Programmable%20SoC%3A%20Concepts,%20Tools,%20and%20Techniques%20Guide&releaseVersion=14.6&docPage=70
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Profiling an Application using SDK

5. Click Finish.
The New Project Wizard closes and SDK creates the cdma_app application project and the
cdma_app_bsp BSP project under the project explorer. SDK also automatically generates the
BSP.
6. In the Project Explorer tab, expand cdma_app_profile project, right-click the src directory,
and select Import to open the Import dialog box.
7. Expand General in the Import dialog box and select File System.
8. Click Next.
9. Add cdma_app.c file and click Finish.
SDK automatically builds the application and displays the status in the console window.
Note: The Application software file name for the system is cdma_app . c. This file is available
inthe ug873-design-files.zip file, which accompanies this guide. A link to this ZIP file is
located in Appendix A, Additional Resources.
10. In the Project Explorer tab, right-click cdma_app_profile_bsp and select Board Support
Package Settings top open the Board Support Package Settings dialog box.
11. In the Board Support Package Settings dialog box, select standalone in the left navigation
pane. Select the enable_sw_intrusive_profiling option in the list and set its value to true.
X
Board Support Package Settings
Control various settings of your Board Support Package. }
B- Overview
Configuration for OS:  standalone
B dyers Name [ value | Defauit | Type
Pu_cortmxad stdin ps7_uart_1 none peripheral
stdout ps7 uart 1 none peripheral
| ® enable_sw_intrusive_profiing true false | boolean
[+ 2 y false false boolean
4 | |
@ o | cance |
Figure 7-1: BSP Settings standalone Configuration
This enables software intrusive profiling. It is considered intrusive because extra code is added
to your code to make it work.
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& XILINX. Profiling an Application using SDK

12. In the left navigation pane of the Board Support Package Settings dialog box, under drivers,
select cpu_cortexa9. In the extra_compiler_flags setting, type the value -pg as shown below.

Board Support Package Settings
Control various settings of your Board Support Package.
- Overview
standalone Configuration for driver: cpu_cortexa9
- drivers e Mame | value | Default I Type
=l compiler arm-xilinx-eabi-gcc arm-xilinx-eabi-gcc string
archiver arm-xdlinx-eabi-ar arm-xilinx-eabi-ar string
compiler flags 02 string
| extra_compiler_flags g g | string
4| 2
?) ok | cacel |

Figure 7-2: BSP Settings cup_cortexa9 Settings
13. Click OK.
SDK starts building BSP again with the new profiling options.

14. In the Project Explorer tab, right-click cdma_app_profile and select the C/C+ + Build setting to
open the Properties dialog box.

15. In the Properties dialog box, click the Tool Settings tab. Expand ARM gcc compiler, select
Profiling, and select the Enable Profiling (-pg) option.

16. Select Optimization in the properties list and set the optimization level to None (-00).
17. Select Debugging in the properties list and set the debug level to Default (-g).
18. Click OK.

SDK rebuilds the application again and generates the cdma_app_profile.elf file. Check the
console window for the status.

7.1.2 4l%Es Take a Test Drive! Running the Application with the
Profiling Option

1. Make sure that the hardware board is set up and turned on, as described in 2.1.3 Take a Test
Drive! Running the "Hello World" Application.

2. In SDK, select Xilinx Tools > Program FPGA to open the Program FPGA dialog box, which
shows the bitstream path.

Click Program to download the bitstream and program the PL Fabric.

4. In the Project Explorer tab, right-click the cdma_app_profile project and select Run As > Run
Configurations to open the Run Configuration dialog box.

5. Inthe Run Configuration dialog box, double-click Xilinx C/C+ + application (GDB) to create a
new configuration.
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6. Select the Profile Options tab and set the following parameters, as shown in Figure 7-3:
a. Click to select the Enable Profiling check box.
b. Set the Sampling Frequency (Hz) to 10000.

The sampling frequency is the interrupt interval that the profiling routine uses to
periodically check which function is currently being executed. The routine performs the
sampling by examining the program counter at each interrupt.

c. Set the Histogram Bin Size (Words) to 4.

The histogram bin size is the resolution for examining the program counter location used to
determine the function that is currently being executed.

d. Set the scratch memory address to 0x00300000.

The scratch memory address is the location in DDR3 memory that the BSP profiling services
use for data collection. The application program should never touch this space.

£ Run Configurations a x|

Create, manage, and run configurations @

= 787‘ 7‘17 :’i' % || Name: |cdma7appyoﬂe Debug
[ -] Main [, Device Initialization | ., STDIO Connection f!; Profile Options . [3] Debugger Options | 1 Common| |

B-{e] E;++Wcaﬁm - [¥ Enable Profiing
L¢ | Application Debug 2
i (€] Dummy_Application [ Profiing Optioos
[€] c/c++ Remote Applicati Sampling Frequency (Hz): | 10000

P aundi Group Histogram Bin Size (words): |4
=] . Remote ARM Linux Applic
B inux_hello_world_ot Scratch memory address to collect profile data: ] 0x300000
=-§7 xiinx C/C++ELF
¥ cdma_app_profie De

87 linux_hello_world_0..¥
4 »

Filter matched 10 of 10 items |

@ Crn ] ome |

Figure 7-3: Enabling Profiling

Click Run to create the configuration and run it.

Click OK on the Reset Status dialog box.

When profiling completes, a dialog box opens to indicate the location of the results file.
9. Click OK.
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& XILINX. Profiling an Application using SDK

10. In the Project Explorer tab, expand the Debug folder under the cdma_app_profile project
and double-click gmon.out to open the Gmon File Viewer dialog box.

x|
Binary File
Please enter here the binary file who produced the trace

[ C:\ProjectTEST_2YNQ\ZYNQ_DMA_TRY\  Workspace... | Fie System... |

o] e |

Figure 7-4: Gmon File Viewer Dialog Box

11. Click OK to open the profiling results (gmon.out) in a gprof tab in the right window area. It will
look similar to Figure 7-5.

ﬁm{ﬁwdmem E‘%Iﬁﬂm”@@@‘g‘ﬁgvmﬁ

gmon file: C:\CTTVZYNQ_CTT\ZYNQ_CTT_14.3\ZYNQ_CTT_Design'project_1\project_1.sdk\SDK\SDK_Exporticdma_app_profile\Debugigmon.out
program file: C:/CTT/ZYNQ_CTT/ZYNQ_CTT_14.3/Z¥YNQ_CTT_Design/praject_1/project_1.sdk/SDK/SDK_Export/cdma_app_profile/Debug/cdma_app_profile.elf
16 bytes per bucket, each sample counts as 99,93%s

Name (ocation) = | Samples | Calls | TimefCall | STime -
[=] Summary 528
=L 528 _
CDMATransfer a 2 ons 0.0%
Cdma_CallBack 0 2 ons 0.0%
DisableIntrSystem 0 1 Ons 0.0%
IRQInterrupt 1] 0 0.0%
MULT_SHIFT_LOOP 163 256 66.15us B20Ek:
MUL_SHIFT_30 24 262144 Sns hSS%
SetupIntrSystem 1] 1 ons 0.0%
TestPattern_Initislization 0 1 ons 0.0%
XAxiCdma_Cfglnitialize 0 i Ons 0.0%
XAxiCdma_Interrupt 1] 1 ons 0.0%
XAxiCdma_IntrEnable 0 1 ons 0.0%
XAxiCdma_IntrHandler 0 2 Ons 0.0%
XAxiCdma_TsBusy 1] 2 ons 0.0%
X¥AxiCdma_lsSimpleMode 0 2 ons 0.0%
XAxiCdma_LookupConfig 0 1 Ons 0.0%
XAXICdma_Reset 1] 1 ons 0.0%
XAxiCdma_ResetIsDone 0 1 ons 0.0%
XAxiCdma_SimpleTransfer 0 2 Ons 0.0%
*5cuGic_Cfglnitialize 1] 1 ons 0.0%
XScuGic_Connect 0 1 ons 0.0%
XScuGic_Devicelnitialize 0 1 Ons 0.0%
X5cuGic_DevicelnterruptHal 0 533 Ons 0.0%

Figure 7-5: Viewing the gmon.out File
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Chapter 8

Accelerator Coherency (ACP) Port

The processing system ACP port is an AXI-compliant 64-bit slave port interface on the Snoop
Control Unit (SCU) that provides an asynchronous cache-coherent access point directly from the
processor logic (PL) to the processing system (PS) Cortex-A9 MP-Core processor subsystem.
Transactions on the ACP port can be marked as coherent or non-coherent. The AXI master on the
fabric side indicates coherent read transactions by ARUSERS[0] and ARCACHES[11, and write
transactions by AWUSERS[0] and AWCACHES[1] AXI bus related signals. Device or strongly
ordered transactions are always treated as non-coherent.

Note: Device or strongly ordered transactions are types of transfers generated by the AXI master
interface. They refer to non-cacheable and non-bufferable transactions. They always generate a
fixed size and number of the transaction.

8.1 Introduction

Non-coherent transactions pass through the SCU and are presented unchanged on the AXI master
interface. Coherent AXI transactions on the ACP slave are changed into more or fewer transactions
on the AXI master interface with some of their attributes changed appropriately.

When a coherent write request is received on the ACP from the external master, the SCU checks the
L1 data caches of the cores for the address. If present, the coherency protocol cleans and
invalidates the appropriate lines in the Cache and merges the cleaned data with the write request.

Read requests from the external master to a coherent region of memory interact with the SCU to
test whether the required data is already stored within the processor L1 caches. If the data is
present in L1 cache, the SCU returns the data directly to the requesting component. If the data is
not present in the L1 cache, the SCU checks the L2 cache before sending the request to the main
memory.
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i: X”.'NX ACP Requests

Figure 8-1 shows the possible connection between an AXI-4 compliant master and an ACP 64 bit
port with the help of the AXI interconnect.

A1 Q-SPl MEON NEON
124,80 PS Secti :syslasa"cl'.l I $2s orvedersP $2 onvecorosP
mLeve 128-bitVector 128-bit Veclor
Parallel 8-bit ection Control Registers
ARM A9 ARM A9 L FOR_B
I 32KB -Cache 32KB I-Cache _
i APB 32K8 D-Cache 32KB D-Cache Beser | srsT_8
Register Access
USBx 1 DNIA ' E‘“‘E T | scu-snoop Cantrolunt
L") CLK/ PLL cLK
GigE x 1 DMA 4 ¥ ¥ 1 cruooriou [*]
MIO SDx2 DMA
< L2 ocM
= GPIO x54, x64 ‘Cache Memory ©On Chip Memory
UART X 1 le= 256KB _ 256KE
EERE L Central > DDR DDR
SPl x2 Interconnect 1 Memory il kg
CANX1 _DAP Controller
TTCMDT — PLIMEM
channel i
[ G tttt
] Coresiont vy 11
Trace In GP_M#x2 GP_S#x2 ACP HP#x4 ovi
EMIO Trace Out pose po: AXI Coherent AXI Data Processor Config
Cross Trigger 32-bitAXI Master || 32-bitaxi Slave 64-bit Slave 32064-bit Slave . Access Port
AXIINTERCONNECT |
AXI Master (Accelerator)
JTAG PL Section GTX PCIE
BSCAN (12.5bps) Gen2

Figure 8-1: Possible Connection Between AXI-4 Compliant Master and ACP 64-bit Port

8.2 ACP Requests

The read and write requests performed on the ACP behave differently with coherent requests than
with non-coherent requests.

8.2.1 ACP Coherent Read Requests

An ACP read request is coherent when both ARUSER[0] = 1 and ARCACHE[1] = 1 are alongside
ARVALID. In this case, the SCU enforces coherency. When the data is present in the caches of one
of the Cortex-A9 processors, the PS core reads the data directly from the relevant processor and
returned to the ACP port. When the data is not present in the cache of either of the Cortex-A9
processors, the read request is issued to either L2-cache or the main memory on one of the
Cortex-A9 processors AXI master ports, along with all its AXI parameters, with the exception of the
locked attribute.

8.2.2 ACP Non-Coherent Read Requests

An ACP read request is non-coherent when either ARUSER[0] = 0 or ARCACHE[1] =0 is
alongside ARVALID. In this case, the SCU does not enforce coherency, and the read request is
directly forwarded to one of the available SCU AXI master ports to the L2 cache controller or OCM.
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i: X”.'NX ACP Limitations

8.2.3 ACP Coherent Write Requests

An ACP write request is coherent when both AWUSER[0] = 1 and AWCACHE[1] =1 are alongside
AWVALID. In this case, the SCU enforces coherency. When the data is present in the L1-Cache of one
of the Cortex-A9 processors, the PS section logic first cleans and invalidates the data from the
relevant CPU. When the data is not present in any of the Cortex-A9 processors, or once it has been
cleaned and invalidated, the write request is issued to either L2-Cache or the main memory on one
of the Cortex-A9 processor AXI master ports. The write request is also issued to all corresponding
AXI parameters, with the exception of the locked attribute.

Note: The transaction may optionally allocate into the L2 cache if the write parameters are set
accordingly.

8.2.4 ACP non-coherent write requests

An ACP write request is non-coherent when either AWUSER[0] = 1 or AWCACHE([1] = 0 is
alongside AWVALID. In this case, the SCU does not enforce coherency, and the write request is
forwarded directly to one of the available SCU AXI master ports.

8.3 ACP Limitations

The accelerator coherency port (ACP) has the following limitations:
« Exclusive access is not allowed for coherent memory access.
« Locked access is not allowed for coherent memory access.

« Write transactions with length = 3, size = 3, and write strobe # 11111111 can cause the cache
line in the CPU to become corrupted.

« Continuous accesses to the OCM over the ACP can starve access from other AXI masters.

To allow access from other masters, the ACP bandwidth to OCM should be moderated to less than
the peak OCM bandwidth. This can be accomplished by regulating burst sizes to fewer than eight
64-bit words.

Note: The PS processor cores can be used to flag the third limitation (cache lines being corrupted).

If enabled, the Xilinx® ACP adapter watches for transactions that could potentially corrupt the
cache and generates an error response to the master that requested the write request. The PS
section allows the write transaction from master to proceed to the ACP interface, so the possibility
of cache corruption is NOT eliminated. The PS section notifies the master of the possible problem
in order to take the appropriate action. The ACP adapter can also generate an interrupt signal to the
CPUs, which the software can use to detect such a situation.

Refer to following for more information regarding the ACP port. Links to these documents are
available in Appendix A, Additional Resources.

«  Zyng®-7000 AP SoC Technical Reference Manual (UG585)

« The Effect and Technique of System Coherence in ARM Multicore Technology by John Goodacre,
Senior Program Manager, ARM Processor Division

« ARM Cortex-A9 MPCore Technical Reference Manual, section 2.4, Accelerator Coherency Port
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Chapter 9

Creating Your own Intellectual Property
and Device Driver for Linux OS

In this chapter, you will create an Intellectual Property (IP) using the Create and Import Peripheral
(CIP) wizard. You will also design a system using created IP for the Xilinx® Zynq®-7000 AP SoC
device.

For the IP, you will develop a Linux-based device driver as a module that can be dynamically loaded
onto the running kernel.

You will also develop Linux-based application software for the system to execute on the Zyng-7000
ZC702 board.

9.1 Requirements

In this chapter, the target platform points to a ZC702 board. The host platform points a Windows
machine that is running the ISE® Design Suite tools.

The requirements for Linux-based device driver development and kernel compilation are as follows:

Linux-based Workstation. The workstation is used to build the kernel and the Device driver for
the IP.

CodeSourcery toolchain. An Eclipse-based Integrated Development Environment (IDE) that
incorporates the GNU Toolchain for cross development for target architectures. For Tool
related information and installation, refer to http://wiki.xilinx.com/zyng-tools.

Kernel Source Code and build environment. Refer to http://wiki.xilinx.com/zyng-linux, which
provides details about the Linux kernel specific to Zynq FPGAs. You can download the Kernel
Source files and also get the information for building a Linux kernel for the Zyng FPGA.

Note: You can download kernel source files and u-boot source files with the tag
"xilinx-14.4-build" from http://qgit.xilinx.com.

Device driver software file (blink.c) and the corresponding header file (b1ink.h). These
files are available in the ug873-design-files. zip file, which accompanies this guide.
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& XILINX. Creating Peripheral IP

» Application software (1inux_blinkled_apps.c) and corresponding header file (b1ink.h).
These files are available in the ug873-design-files.zip file, which accompanies this
guide.

» If you want to skip the Kernel and device driver compilation, use the already complied images
that are required for this section. These images are available in the
ug873-design-files.zip file.

Note: A link to the ug873-design-files.zip file is located in Appendix A, Additional
Resources.

CAUTION! You must build Peripheral IP loadable kernel module (LKM) as part of the same kernel build
process that generates the base kernel image. If you want to skip kernel or LKM Build process, use the
precompiled images for both kernel and LKM module for this section provided in
ug873-design-files.zip.

9.2 Creating Peripheral IP

In this section you will create an AXI4-Lite compliant slave peripheral IP framework using the CIP
wizard. You will also add functionality and port assignment to peripheral IP framework.

The Peripheral IP you'll create is AXI4-Lite compliant Slave IP. It includes a 28 bit counter. 4 MSB bits
of the counter is driving the 4 output ports of the peripheral IP. The Block Diagram is shown in
Figure 9-1.

Peripheral IP

Counter
Logic

= MM ~ N = m M D
5
c
d
x4
c
T
-]

Figure 9-1: Block Diagram for Peripheral IP
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& XILINX

The block diagram has following configuration register:

Table 9-1: Block Diagram Configuration Register Details

Register Name

Control Register

Relative Address

0x0000_0000

Width

1 bit

Access Type

Read/Write

Creating Peripheral IP

Description Start/Stop the Counter
Field Name Bits Type Reset Value Description
Control Bit 0 R/W 0x0 1 : Start Counter

0 : Stop Counter

9.2.1 4l Take a Test Drive! Creating Peripheral IP

In this section, you will create an AXI4-lite compliant slave peripheral IP.

1. Create a new project as described in 2.1.1 Take a Test Drive! Creating a New Embedded Project
With a Zynq Processing System.

2. To Create Peripheral IP, refer following sections of UG683: EDK Concept Tools and Techniques

Guide:

- Take a Test Drive! Generating and Saving Templates

- Take a Test Drive! Modifying the CIP Wizard Template Files

Note: A link to UG683: EDK Concept Tools and Techniques Guide is provided in Appendix A,

Additional Resources.
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& XILINX. Integrating Peripheral IP with PS GP Master Port

9.3 Integrating Peripheral IP with PS GP Master Port

You will create a system for the ZC702 board by instantiating the peripheral IP as a slave in the Zynq
processing logic (PL) section and connect it with the PS processor through the processing system
(PS) general purpose (GP) master port. The block diagram for the system is shown in Figure 9-2.

PS Section

Application Processor Unit

Central
UART LR Interconnect

CLOCK
Generation

| Global Interrupt Controller |

32h GP AXI Master Port I

- AXIINTERCONNECT |

FCLKO
CLOCK

Peripheral IP

DS15
DS16
Ds17
DS18

PL Section

Figure 9-2: Block Diagram
This system covers the following connections:

« Peripheral IP connected to PS General Purpose master port 0 (M_AXI_GPO0). This connection is
used by the PS CPU to configure Peripheral IP register configurations.

« Four output ports of Peripheral IP connected to DS15, DS16, DS17, and DS18 on-board LEDs.

In this system, when you run application code, a message appears on the serial terminal and asks
you to choose the option to make the LEDs start or stop blinking.
« If you select the start option on the serial terminal, all four LEDs start blinking.

« If select the stop option, all four LEDs stop blinking and retain the previous state.

9.3.1 4@ Take a Test Drive! Integrating Peripheral IP with the PS GP
Master Port

1. In the PlanAhead™ tool Sources pane, invoke XPS by double-clicking system_i-system
(system.xmp).

2. In XPS, select File > Open.

3. Open the MPD file for the blink pcore from the <project dir>\project_1\
project_1.srcs\sources_1l\edk\system\pcores\blink_vl_00_a\data directory.
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Integrating Peripheral IP with PS GP Master Port

4. Under the Comment ##Ports, add the following line:
PORT LEDs = "", DIR = O, VEC = [3:0]
5. Save the file.
6. In XPS, select Project > Rescan User Repositories to force XPS to recognize the changes made
to the blink pcore.
7. From the IP catalog, expand USER under Project Local PCores and double-click BLINK to add it.
A message appears asking if you want to add the blink 1.00.a IP instance to your design.
8. Click Yes.
The configuration window for Blink opens.
9. In the BLINK Configuration Window, leave the default settings as is and click OK.
A message window opens with the message "blink IP with version number 1.00.a is instantiated
with name blink_0". It asks you to determine to which processor to connect. Remember that you
are designing with a dual core ARM processor. The message also says XPS will make the Bus
Interface Connection, assign the address, and make IO ports external.
The default choice of processor is processing_system7_0. Do not change this.
10. Click OK.
11. Click the Ports tab, which lists the IPs and their ports. Expand axi_interconnect_1 and
blink_0.
12. Review the following IP connections. If any of these aren't already connected, connect them
now.
IP Port Connection
axi_interconnect_1 INTERCONNECT_ACLK processing_system7_0::FCLK_CLKO
INTERCONNECT_ARESETN processing_system7_0::FCLK_RESETO_N
blink_0 LEDs External Ports::blink_0_LEDs_pin
13. Collapse all IP and expand processing_system7_0. If the following port connection is not
made, do it now.
IP Port Connection
Processing_system7_0 (BUS_IF) M_AXI_GPO0::M_AXI_GPO_ACLK | processing_system7_0 :: FCLK_CLKO
14. Click the Addresses tab and click the Generate Addresses button £ to generate addresses
for unmapped devices.
Notice that blink_0 is assigned an address range inside the processing_system7_0
address range.
Note: In case of error, double-check the previous step.
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15.

16.
17.

18.

19.
20.
21.
22.
23.
24.
25.

Integrating Peripheral IP with PS GP Master Port

In the address map for processing_system7_0, do the following:

a. Change the blink_0 Base address to 0x7C600000.

b. Change the blink_0 High Address to 0x7C60FFFF.

Run Design Rule Check (DRC). Ensure that there are no errors in the console.

Close XPS.
The PlanAhead™ design tool window becomes active again.

In Design Sources, click on your embedded source and then right-click it and select Create Top
HDL. The PlanAhead tool generates the system_stub.v file.

In the Project Manager list of the Flow Navigator, click Add Sources.

In the dialog box that opens, select Add or Create Constraints.

Click Next.

Click Create File.

In the Create Constraints File dialog box that opens, name the file system and click OK.

Click Finish.

Expand the Constraints folder in the Sources window. Notice that the blank file system.uct
was added inside constrs_1.

Sources T |
™ Gl —3 e
QTE e RE

=14z Design Sources {1

T
*

[=}-E 2% system_stub (syster

-] system_j - system (=ystem.xmp)
E-= Constraints (1)

| [k constrs_1

i HY system,ucf

-5 Simulation Sources (1)

IP Sources |L|braries | Compile Order |

\écb Sources |~ . Templates J

Figure 9-3: Sources Window
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26. Type the following text in the UCF file:

# Connect to LED DS17
NET blink 0_LEDs_pin<0> IOSTANDARD=LVCMOS18 | LOC=V7;
# Connect to LED DS16
NET blink_0_LEDs_pin<l> IOSTANDARD=LVCMOS18 | LOC=W10;
# Connect to LED DS15
NET blink_0_LEDs_pin<2> IOSTANDARD=LVCMOS18 | LOC=P18;
# Connect to LED DS14
NET blink_0_LEDs_pin<3> IOSTANDARD=LVCMOS18 | LOC=P17;

This information connects Blink IP 4 output ports with the four LEDs on the board.

27. In the Program and Debug list in the Flow Navigator, click Generate Bitstream.
Note: If any critical warnings appear, you can safely ignore them.

28. After the Bitstream generation completes, export the hardware and launch SDK as described in
Chapter 2, Embedded System Design Using the Zynq Processing System.

9.4 Linux Based Device Driver Development for the
Peripheral IP

Modules in Linux are pieces of code that can be loaded and unloaded into the kernel on demand.
A piece of code that you add in this way is called a loadable kernel module (LKM). These modules
extend the functionality of the kernel without the need to reboot the system. Without modules, you
would have to build monolithic kernels and add new functionality directly into the kernel image.
Besides having larger kernels, this has the disadvantage of requiring you to rebuild and reboot the
kernel every time you want new functionality.

LKMs typically are one of following things:

« Device drivers. A device driver is designed for a specific piece of hardware. The kernel uses it
to communicate with that piece of hardware without having to know any details of how the
hardware works.

» Filesystem drivers. A filesystem driver interprets the contents of a file system as files and
directories.

« System calls. User space programs use system calls to get services from the kernel.

On Linux, each piece of hardware is represented by a file named as a device file, which provides the
means to communicate with the hardware. Most hardware devices are used for output as well as
input, so device files provide input/output control (ioctl) to send and receive data to and from
hardware. Each device can have its own ioctl commands, which can be of the following types:

+ read ioctl. These send information from a process to the kernel.

« write ioctl. These return information to a process.

« Both read and write ioctl.

+ Neither read nor write ioctl.

For more details about LKM, refer to http://tldp.org/LDP/lkmpg/2.6/html/index.html.
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9.4.1

In this section you are going to develop a Peripheral IP Device driver as a LKM, which is dynamically
loadable onto the running Kernel. You must build Peripheral IP LKM as part of the same kernel build
process that generates the base kernel image.

Note: If you don't want to compile the device driver, you can skip the test drive of this section and
jump to 9.5 Loading Module into Running Kernel and Application Execution. In that section, you'll
use a compiled kernel object image for the Peripheral IP, such as blink.ko, which is available in
the LKM folder of the ug873-design-files.zip file, which accompanies this guide. A link to
this ZIP file is provided in Appendix A, Additional Resources.

For kernel compilation and device driver development, you must use the Linux workstation.
Before you start developing the device driver, the following steps are required:

1. Set the CodeSourcery toolchain path in your Linux Workstation.

2. Download kernel source code and compile it. For downloading and compilation, refer to the
steps mentioned in http://wiki.xilinx.com/zyng-linux.

4% Take a Test Drive! Device Driver development

You will use a Linux workstation for this test drive. The device driver software and the make file are
provided in the LKM folder of the ug873-design-files.zip file. A link to this zip file is located
in Appendix A, Additional Resources.

1. Copy the LKM folder to your Linux workstation.

2. In the LKM folder, open the makefile and specify the KER_DIR parameter with the path of the
downloaded Linux kernel directory.

Note: For more information regarding the module compilation, see file
linux/Documentation/kbuild/modules. txt.

3. Inthe LKM folder, type make clean on the command prompt to clean any object files that
exist.

4. At the command prompt, type make to build the device driver. Check for the Compilation
messages.

After Completion, the device driver generates the blink.ko kernel object. Later, you will load
* ko into the running kernel.

9.5 Loading Module into Running Kernel and Application

Execution.

In this section you will boot Linux onto the Zynq Board and load the peripheral IP as a LKM onto it.
You will develop the application for the system and execute it onto the hardware.
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& XILINX. Loading Module into Running Kernel and Application Execution.

9.5.1

Loading Module into Kernel Memory

The basic programs for inserting LKMs are insmod. insmod makes an init_module system call to
load the LKM into kernel memory. The init_module system call invokes the LKM's initialization
routine immediately after it loads the LKM. As part of its initialization routine, insmod passes to the
address of the subroutine to init_module.

In the peripheral IP device driver, you already set up init_module to call a kernel function that
registers the subroutines. It calls the kernel's register_chrdev subroutine, passing the major
and minor number of the devices it intends to drive and the address of its own "open" routine
among the arguments. The subroutine register_chrdev specifies in base kernel tables that
when the kernel wants to open that particular device, it should call the open routine in your LKM.

9.5.2 Application Software

9.5.3

The main () function in the application software is the entry point for the execution. It opens the
device file for the peripheral IP and then waits for the user selection on the serial terminal.

If you select the start option on the serial terminal, all four LEDs start blinking. If you select the stop
option, all four LEDs stop blinking and retain the previous state.

4% Take a Test Drive! Loading a Module into Kernel and
Executing the Application

Booting Linux on the Target Board

Boot Linux on the Zynq ZC702 target board, as described in 5.2 Booting Linux on a Zynq Board.

Loading Modules and Executing Applications

Note: In this section, you'll use the SDK tool that is installed on the Windows machine.
1. Open SDK.

2. For SDK, you must run the Target Communication Frame (TCF) agent on the host machine.
Select Xilinx Tool > Launch Hardware Server.

3. In SDK, select File > New > Application Project.

The New Project wizard opens.
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4.

10.

11.
12.

13.
14.

15.

Loading Module into Running Kernel and Application Execution.

Use the information in the table below to make your selections in the wizard screens.

Wizard Screen System Property Setting or Command to Use

Project Name linux_blinkled_app

Use Default Location Select this option

Hardware Platform system_hw_platform

Application Project
Processor PS7_cortexa9_0

OS Platform Linux

Language C

Templates Available Templates Linux Empty Application

Click Finish.

The New Project wizard closes and SDK creates the linux_blinkled_app project under the project
explorer.

In the Project Explorer tab, expand the linux_blinkled_app project, right-click the src directory,
and select Import.

The Import dialog box opens.

Expand General in the Import dialog box and select File System.
Click Next.
Add the 1inux_blinkled_app.c and blink.h files.

Note: The Application software file name for the system is 1inux_blinkled_app.c and the
header file name is blink.h. These files are available in the LKM folder of the
ug873-design-files.zip file, which accompanies this guide. A link to this ZIP file is located
in Appendix A, Additional Resources.

Click Finish.

SDK automatically builds the application and generates the 1inux_blinkled_app.elf file.
Check the console window for the status of this action.

Connect the board.

Because you have a bitstream for the PL Fabric, you must download the bitstream. Select Xilinx
Tools > Program FPGA. The Program FPGA dialog box opens. It displays the bitstream
exported from PlanAhead.

Click Program to download the bitstream and program the PL Fabric.

Copy blink.ko, which you created in 9.4.1 Take a Test Drive! Device Driver development, from
your Linux Workstation to your windows machine.

Note: Later in this section, you are going to establish a connection between the Windows
machine and the board to copy the blink.ko and application elf files into the board memory
for the execution.

Note: Zync PS is in suspended position now, with no response on Zync Linux terminal. Refer to
Answer Record 55150 to resume Zync.

Select Windows > Open Perspective > Other.
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16.

17.

18.
19.

20.

Loading Module into Running Kernel and Application Execution.

The Open Perspective windows appear.
Select Remote System Explorer and click OK.
SDK opens the Remote Systems Perspective explorer.

In the Remote Systems Perspective, do the following:

a. Right-click and select New > Connection.
The New Connection wizard opens.

b. Click the SSH only tab and click Next.
c. Inthe Host Name tab, type the target board IP.

Note: To determine the target IP, type ifconfig eth0 at the zyng> prompt in the serial
terminal. The target IP assigned to the board displays.

d. Set the connection name as blink and type a description.
e. Click Finish to create the connection.
f.  Expand blink > sftp Files > Root. The Enter Password wizard opens.

g. Provide the user ID and Password (root/root); select the save ID and Save Password
options.

h. Click OK.

The window displays the root directory contents, because you previously established the
connection between the Windows host machine and the target board.

i. Right-click the "/" in the path name and create a new directory; name it Apps.

j. Using the Remote Systems Perspective explorer, copy the 1inux_blinkled_app.elf file

from the <project-dir>/project_1/project_1.sdk/SDK/SDK_Export/
linux_blinkleds_apps/Debug folder and paste it into the /Apps directory under blink
connection.

k. Copy the blink.ko file, which you already moved from the Linux workstation to the
windows machine, and paste it in the /Apps folder under blink connection.

In the Serial terminal, type ed Apps at the zyng> prompt to open the Apps directory.
Type insmod blink.ko at the zyng> prompt to insert the module into the kernel memory.

Note: The message "Registration is a success" displays along with the major number assigned
to the module. This message verifies that your module is correctly inserted inside kernel
memory.

Now you must create a device file to use it. Check the print messages on the serial terminal. The
message that displays is regarding the mknod command with arguments.

Type the printed mknod command message from the previous step at the zyng> prompt,
exactly as it appears.

The application creates a device file with the name and major number that was displayed in the
mknod command message.
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Loading Module into Running Kernel and Application Execution.

21. At the zyng> prompt, Type chmod 777 Linux_blinkled_app.elf to change the
linux_blinkled_app.elf file mode to executable mode.

22. At the zyng> prompt, type . /Linux blinkled_app.elf to execute the application.
23. Follow the instruction printed on the serial terminal to run the application.

24. After you finish debugging the Linux application, close SDK.
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Appendix A

Additional Resources

A.1 Resources for This Document

« The .zip file associated with this document contains the design files for the tutorials in
Chapter 5. You can download this file, ug873-design-files.zip, from:
http://www.xilinx.com/support/documentation/zyng-7000_user_guides.htm

e EDK Concepts, Tools, and Techniques Guide, Chapter 6, “Creating Your Own Intellectual Property
http://www.xilinx.com/support/documentation/sw_manuals/xilinx14_6/edk_ctt.pdf

e The Effect and Technique of System Coherence in ARM Multicore Technology by John Goodacre,
Senior Program Manager, ARM Processor Division
(www.mpsoc-forum.org/previous/2008/slides/8-6%20Goodacre.pdf)

« ARM Cortex-A9 MPCore Technical Reference Manual, section 2.4, Accelerator Coherency Port
(http://infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.ddi0407e/CACGGBCF.html)

« "Zyng-7000 All Programmable SoC Operations in iMPACT"
(http://www.xilinx.com/support/documentation/sw_manuals/xilinx14_4/pim_r_zyng_ops_in_im
pact.htm)

A.2 Training Labs

Training labs relating to Test Drives in this guide are located at
http://www.xilinx.com/training/embedded/embedded-design-tutorials.htm.

A.3 Xilinx Resources

« ISE Design Suite 14: Release Notes, Installation, and Licensing Guide (UG631):
http://www.xilinx.com/support/documentation/sw_manuals/xilinx14_6/irn.pdf

¢ Xilinx® Documentation:
http://www.xilinx.com/support/documentation

« Xilinx Glossary:
http://www.xilinx.com/support/documentation/sw_manuals/glossary.pdf

« Xilinx Support:_http://www.xilinx.com/support/
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i: X”.'NX@ EDK Documentation

A.4 EDK Documentation

You can access the entire documentation set online at:
http:/ /www.xilinx.com /support/documentation/dt_edk_edk14-6.htm

« EDK Concepts, Tools, and Techniques (UG683):
http://www.xilinx.com/support/documentation/sw_manuals/xilinx14_6/edk_ctt.pdf

« Embedded System Tools Reference Manual (UG111):
http://www.xilinx.com/support/documentation/xilinx14_6/est_rm.pdf

« MicroBlaze™ Processor User Guide (UG081):
http://www.xilinx.com/support/documentation/sw_manuals/xilinx14_6/mb_ref guide.pdf

« Platform Specification Format Reference Manual (UG642):
http://www.xilinx.com/support/documentation/xilinx14 _6/psf rm.pdf

« Zynqg-7000 AP SoC Software Developers Guide (UG821):
http://www.xilinx.com/support/documentation/user_quides/ug821-zynqg-7000-swdev.pdf

« Zynqg-7000 AP SoC Technical Reference Manual (UG585):
http://www.xilinx.com/support/documentation/user_quides/ug585-Zynqg-7000-TRM.pdf

« All Zynq™-7000 AP SoC Documentation:
http://www.xilinx.com/support/documentation/zyng-7000.htm

A.5 EDK Additional Resources

« Xilinx Platform Studio and EDK website:
http://www.xilinx.com/ise/embedded_design_prod/platform_studio.htm

« Xilinx Platform Studio and EDK Document website:
http://www.xilinx.com/ise/embedded/edk_docs.htm

« Xilinx XPS/EDK Supported IP website:
http://www.xilinx.com/ise/embedded/edk_ip.htm

«  Xilinx Tutorial website:
http://www.xilinx.com/support/documentation/dt_edk _edk14-6_tutorials.htm

« Xilinx Data Sheets:
http://www.xilinx.com/support/documentation/data_sheets.htm

« Xilinx Problem Solvers:
http://www.xilinx.com/support/troubleshoot/psolvers.htm

« Xilinx ISE® Design Suite Manuals:
http://www.xilinx.com/support/software_manuals.htm

« GNU Manuals:
http://www.gnu.org/manual
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