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Introduction

This document provides an introduction to the available configuration and processor boot
modes of the Avnet ZedBoard development board. The example design used in this
guide is a basic Zynq™ -7000 All Programmable SoC design implemented and tested on
the Avnet ZedBoard development board. For more information about this provided
design or to build it for yourself please consult the ZedBoard: Zyng-7000 EPP Concepts,
Tools, and Techniques hands-on guide found at www.zedboard.org/design. Using this
example design this guide will show you how to use the JTAG configuration mode of the
ZedBoard as well as how to boot the processor and configure the programmable logic of
the Zyng-7000 device using the SD card and QSPI boot modes. The tasks performed in
this guide follow a logical progression such that it is expected that users will start at the
beginning and work their way toward the end.

Reference Design Requirements

Software

The software requirements for this reference design are:

e Linux, Windows XP, Windows 7
(www.xilinx.com/ise/ossupport/index.htm)

e Xilinx ISE Design Suite 14.1, with PlanAhead and SDK

Hardware

The hardware setup for this reference design is:

e Computer with 1.1 GB RAM and 1.1 GB virtual memory (recommended)
(www.xilinx.com/ise/products/memory.htm)

e Avnet ZedBoard development board

e USB-A to micro-B cables
o UART
o JTAG

e Power supply (12V)

AVNET 2
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Hardware Design Block Diagram

The hardware platform for this guide is based on the Processor System (PS) configuration
and Programmable Logic (PL) bitstream described in the ZedBoard: Zyng-7000 EPP
Concepts, Tools, and Techniques hands-on guide found at www.zedboard.org/design.
The following figure shows a high-level block diagram of the hardware design. The
design requires:

e 77020 Zyng-7000 AP SoC
e 512MB DDR3 SDRAM
e 256Mbit QSPI Flash
e USB UART Bridge Serial Port
e LEDs and push button switches
e Timer
PS Section
usB
UART |« »] UART |
Bridge
Central
Interconnect Application Processor Unit
LED LD9 |« GPIO |g=—p
? == Global Interrupt Controller I
EMIO Clock
Interface Generation _’I 32b GP AXI Master Port I
A 4
v
I AXI Interconnect I
AXI Timer AXI GPIO
PL Section 4
Switch Switch
BTNR BTNU

Figure 1 — Reference Design Block Diagram
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Supplied Files

The following directory structure is included with this reference design:
boot_image: Empty folder to use to create new BOOT.BIN boot image.

demo: Contains the script files, boot image, and application executables:
BOOT.BIN: Boot image of First Stage Boot Loader (FSBL), PL bistream, and
GPIO test application.
bootimage.bif: Boot image information text file.
cp_from_sdk.bat: Batch file to copy hardware bitstream and software
executables from the SDK workspace.
gpio_test_0.elf: The golden ARM executable for the GPIO test application.
load_bits.tcl: TCL script to load the PL bitstream via XMD.
make_bootbin.bat: Batch file to run the command to create the boot image file.
ps7_init.tcl: TCL script to initialize the ARM processor.
run_gpio_test.bat: Batch file to run the commands to load the PL bitstream of
the hardware design, initialize the processor, and download the GPI1O test
application.
run_uboot.bat: Batch file to run the commands to initialize the processor and
download the u-boot application.
system.bit: The golden FPGA bitstream of the hardware design required to run
the GPIO test application.
u-boot_autoboot_disabled.elf: The golden ARM executable for the u-boot
application used to program the QSPI Flash.
xmd.ini: Command file used by XMD to configure the PL with the hardware
bitstream, initialize the processor, and download the software applications.
zynq_fsbl_0.elf: The golden ARM executable for the Zyng FSBL.

doc: Contains documentation for this design:
ZedBoard_boot_guide IDS14 1 v1 1.pdf: This document.

pa: Contains the PlanAhead hardware project and SDK workspace files and folders.
SDK sw: Contains the GPIO test software application source files.
boot_image_golden.zip: Contains pre-built BOOT.BIN boot image for this design.

demo_golden.zip: Contains the golden copies of the files in the demo folder.

— AVNET 4
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First Things First
Setting Up the ZedBoard Development Board

Refer to the following figure and perform the following steps to set up the board for
running the applications.

12v JTAG

BATT GND

Configuration
Mode Pins

HIIIiIIllmw‘l’@w”lﬂl 5

PB200-248 REU'B

MIO[0]
IP6

ZedBoard

www. zedboard. org

Figure 2 - ZedBoard Development Board

1. Verify a jumper is installed on JP6 to enable the processor to boot from the SD card.
2. Plug a USB cable into the PC and the JTAG micro-B USB connector (J17).
3. Plug a USB cable into the PC and the UART micro-B USB connector (J14).

4. Plug the 12V power supply into the barrel jack (J20). Do not turn the board on.

I

==AVNET 5

=== olectronics morketing



ZedBoard Booting and Configuration Guide ISE Design Suite 14.1

Extract the Zip File

Since you are reading this guide you have probably already extracted the zip file
associated with this tutorial guide. Using Windows™ Explorer navigate to the folder
where the zip file was extracted (<installation> folder). Make sure there are NO
SPACES in this path. The Xilinx SDK, which is used later in this guide, does not
tolerate spaces in this file path.

PC Setup

Follow the figure below to connect the ZedBoard to the development host PC to establish
the USB connections for the UART and JTAG programming.

—
—
USB Cable (JTAG)
]
USB Cable (UART)
I |
—{UI0mog._ i
PC USB-B
| Micro
USB-B zynq
Z7020
AP SOC
Zedboard Development Board

Figure 3 — Board Connection Setup

Installing the UART Driver and Virtual COM Port

If the ZedBoard development board has not been connected to the host PC before, it may
be necessary to install the software driver for the virtual COM port. The driver
installation for the Cypress CY7C64225 USB-UART bridge is described in detail in the
CY7C64225 Setup Guide available at
http://www.zedboard.org/sites/default/files/CY7C64225 Setup Guide 1 1.pdf.

Installing a Serial Console on a Windows 7 Host

Starting with Windows 7, Microsoft no longer includes the HyperTerminal terminal
emulator software. However, this example design requires use of terminal emulation
software for a serial console connection to the ZedBoard Development Board. A suitable
free and open-source replacement for HyperTerminal is TeraTerm. Download and install
instructions for TeraTerm can be found at http://en.sourceforge.jp/projects/ttssh2. As an
alternative the Terminal applet in the Xilinx SDK may also be used.

— AVNET 6
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JTAG Configuration Mode

You can load the FPGA and run the example software application without building the
design by using the demo scripts and the pre-built hardware bitstream and software
application elf files. You must have the Xilinx tools installed on your host, and have the
hardware set up and connected as per the previous steps.

Application Download
1. Verify the ZedBoard is powered off and that the configuration Mode jumpers are set
for JTAG mode (all pins shunted to GND) as in the figure below:

2. Slide the power switch (SW8) to the ON position. You will see the green ‘power
good’ LED (LD13) illuminate.

3. Navigate to Control Panel — Device Manager — Ports (COM & LPT) and identify
the COM port connected to the ZedBoard. Start a serial terminal session for the
identified COM port and set the serial port parameters to 115200 baud rate, no parity,
8 bits, 1 stop bit and no flow control.

4. Open a command window in the <installation>\demo folder and enter:

run_gpio_test.bat

This batch file sets the proper environment variables and creates the xmd.ini script of
commands to be used by the Xilinx Microprocessor Debugger (XMD) tool to

program the PL bitstream, initialize the processor, download the application code, and
begin execution on the system by performing the following commands automatically:

source load bits.tcl
connect arm hw
source ps7_init.tcl
ps7_init

dow gpio_test O.elf
run

exit

I
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5. The FPGA bitstream will be downloaded, followed by the executable file for the

software application. Do not close the command window.

-

BER Administrator: C\Windows\system32\cmd.exe

Cortex&9 Processor Configuration

= =0 X 8x80000083
L e 1 Bx 28200000
Mo of PC Breakpolnts..vveevvensnnnan 6
Mo of Addr/Data Watchpoints......... 1

Connected to "arm" target. id = &4

Starting GDE serwver for "arm" target (id = 84) at TCP port no 1234

Downloading Program -- gpio_test_@.elf
section, .text: @x@81060080-8xB818TO7F
section, .init: 8x@818f@808-B8xBE18+897
section, .fini: Bx@B1BFA95-BxBA1BFAaT
section, .rodata: @xe8lefebe-8xeelefr73
section, .data: Bx@B1BF778-8xBA118383
section, .eh_frame: @x88118384-8x808118387
section, .bss: @x@8118388-8x80118463
section, .mmu_tbl: 8x@8118464-BxE811bFff
section, .ARM.exidx: @x8811c888-8x5a8llceay
section, .init_array: 8x881lcees3-exeallcess
section, .fini_array: 6x@8llcele-exeellcels
section, .heap: 8x8811lc8ld-8x881ledlf
section, .stack: @x8@lle@2@-8xB8122clf

Setting PC with Program 5tart Address @x@elesses

Processor started. Type "stop"™ to stop processor

RUNNING

4 |[.m

C:\Projects\2812\Zedboard_boot_guide\boot_image>y
-

o

6. When the executable has finished loading and is ready to run you should see the

following in your serial terminal window:

-

& COM5:115200baud - Tera Term VT

File Edit Setup Control Window Help

HEE Application Starts ##HEH

SELECT the Operation from the Below Menu
EEREEERE SRR EEHREESEEE Menu Starts BEEEEREERREEERREE RS
Press '1' to use NORMAL GPIOQ as an input (BTNU switch)
Press '2' to use EMIO as an input (BTNR switch)

Press any other key to Exit
SHEHHEEEEEEEEY Menu Ends SHHEEESIINHHS RN
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GPIO Test Demo
The GPIO Test application running on the ZedBoard takes user input to select which
push-button switch is used to trigger the timer to turn the LED on and off.

1. Follow the screen prompts to select the push button input. One push button is routed
to the AXI GPIO peripheral (BTNU) and the other is routed to the CPU GP10O
(BTNR) through the EMIO interface between the PS and PL sections. Run the
application as many times as you wish and alternate which push button is selected.
Leave the terminal window open when you are done. We will reuse this terminal
session again later.

¥ COMS5:115200baud - Tera Term VT = | B |

File Edit Setup Control Window Help

Select = -
Press Switch 'BTHNU' push button on board

EEEEEEEL LR LR LR LS RLERL L AL L AL L AL LA 0%

BETHNU PUSH Button pressed

LED 'LD9' Turned OFF

timer start

lait for the Timer interrupt to tigger

1333359355555353333559355555555333535535555555

BB EEREEERREEERREREEREBRREE

Inside Timer ISR
LED 'LD9' Turned ON
Timer ISR Exit

| B OB R R PR PR ERREEERRHEE

I S
Press '@®' to go to Main Menu

Press any other key to remain in AXI GPIO Test
I R

(]

== AVYNET
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SDK Software Tasks

This aspect of the design is performed inside a SDK workspace. As you may know, the
Xilinx SDK is the Integrated Design Environment (IDE) where all software related tasks
are performed for both Linux and standalone (bare metal) software application
development. Here we will import the pre-built GP10 test software application that is
described in the ZedBoard CTT guide and create the Zynq First Stage Boot Loader
(FSBL) that we will copy to the SD card and boot on the ZedBoard.

Create the SDK Workspace

1. Start in PlanAhead to generate an empty SDK workspace based on the pre-built
hardware platform described in the ZedBoard CTT guide. Navigate the Windows™

W-
Start Menu or double click on the icon on your desktop to open PlanAhead
and select Open Project.
Glrired M - [ESER
File Tools Window Help — Q- Search commands

PJ a‘hAﬁead 14.1

& XILINX.

Getting Started Documentation

A; i Create New Project

zwal Release Notes Guide

4

il

New Project Wizard wil guide you through the process of selecting Information about installation and new IDS features in this release.

design sources and a target device for a new project.

User Guide

Open any previously created project. More detailed info on Planahead commands, dialogs, and buttons.

I/JE“\\ Open Project

Open Example Project
> Open one of the tutorial projects.

4 m

PlanAhead Tutorials

Invaluable for first time users or to try new features.

Li!
/' Open Recent Project - Methodology Guides
\‘. Open one of the most recently used projects. W Further assistance adopting Planahead flows.

& Td Console

==AVNET 10
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2. Navigate to the <installation>\pa\project_1 folder and select the project_1.ppr

project file. Click OK to continue.

I=)
S

Recent Items

-ﬂ

Desktop

F

My Documents

Metwork

Look in: [

|/ project_1

| project_l.data
. project_l.runs
L project_1.sdk

project_1.srcs

K
@ project_1.ppr

File name: project_1.ppr

2B LsEOXS B

Recent Directories

[t

= Ci'Projects\2012VFedboard_boot_guide'pa'project_1 -
File Preview

Name: project 1 ppr M

Directory: C!\Projects'2012'Zedboard_boot_guide\pa'project_1 I

Modified: Thursday 08/09/12 11:10 AM

Size: 868 bytes

Type: PlanAhead project
I
i
I
N
|

Files of type: :PlanAhead, and ISE Praject Files (.ppr, xise) -

Cancel

IH
s

==AVNET
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3. The project will open and display the Flow Navigator and Project Manager view
with the Project Summary. Select File - Export — Export Hardware... from the
PlanAhead GUI.

[&] project_1 - [C:\Projects\2012\Zedboard_boot_guide'pa\praject_1\pro)

File | Edit Flow Tools Window Layout View Help

' MNew Project... b2 | ¥ [ | 2 DefaultLay,
* Open Project...

pnager - project_1

Open Recent Project 3
Open Example Project 3 )
LN
. bn Sources (1)
save Riject A=z k. system_stub (zystem_stub.v)
. Archive Project... traints (1)

Close Project

Mew File...
Open File... Ctrl+0
= |
- RS ¥ | IP Sources | Libraries | Compile
rces | 3 Templates
B  Add Sources... Alt+A
Export 4 Export Hardware...
Open Log File

Open Journal File

Exit

4. Accept the defaults and check the box to Launch SDK. Click OK to continue.

rE! Export Hardware @1

. | Export hardware platform for SDK.

Options
Source; ¥l system.xmp =
Export to; | &0 <Local to Project> -

Indude Bitstream

Export Hardware

[ Ok H Cancel l

e

PlanAhead will display the following window while the SDK workspace is created:

Ei Export Hardware

[4 Exporting hardware platform with bitstream for ‘system'... W

Backgruund

12
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5. The SDK will open with a new empty workspace with just the imported
system_hardware_platform similar to the window shown below.

C/C++ - system_hw_platform/system.xml - Xilinx SOK | | S
File Edit Source Refactor Mavigate Search Run  Project Xilinx Tools Window Help
ik B idE & graf-E- R R R R R & [Eoce
L5 Project Explorer &1 T B g systemaml = Bg= out = @ Ma ~ B |0 welcome &2 =08
E—— ~| Anoutl tavailable. roA
= || system_hw_platform Hardware Plg = ~" """ = neraveieie oA
3 system_hw_platform =
ps7_init.c Design Information . ili
ps7_init.h 3 @ XI|InX SDK
. - Target FPGA Device: xc72020
@ ps7_inithtml
. Created With: EDK141
2 pelinictc C d On: Wed Aug 1512:15:05 2012
| system.bit -reated On: e Aug 0 AR Kilime SDK is based on Eclipse 36 2 and |
|55 system.xml XPS Design Report: file://C:/Projects/2012/Zedb
New to SDK?
Address Map for processor ps7_cortexa% 0
ps7_uart 1 Ox=0001000 Ox=00011 ‘You can get started by clicking File -= b
ps7_sd 0 Oxe0100000 Oxe01004 Orwatch a 5 minute screencast demonst
ps7_ttc 0 0=£8001000 0xf8001 _
ps7_ethernet 0 Oxe000b000 Dxe0l0bf
ps7_usb 0 0==0002000 0xe0002{ .
| ps7_gspi 0 0x=000d000 0xe000d1| Documentation
ps7_gspi_linear 0 UxicOUUO00 Uxfcfffd
ps7_ddr 0 0x00100000 Oxlf£fEs o Getting Started with Xilinx SDK
P gio T==II0=T0T UH_m-rle = + EDK Concepts, Tools and Technic
psT_ddrc 0 0xf 8006000 Dxf 80061 « Wigrating from older versians of S0
ps7_dev_cfg 0 O=£&007000 0=E80071 _ » Frequently asked guestions
! = 2 Known Issues
Overview | Source
[g_ Problems | ¥ Tasks | B Console 2 = Properties| & Terminal =08 » Known issues in SDK
SDK L . - o JYilinx Answer Record Search
9 % g | of L mi
12:17:19 INFO : Processing command line option -hwspec C:/ = QUESﬁOnS‘ Comments..
o Xilink Forums
e Jilink Technical Suj
[ T = v < [ 3
B

6. Make note of the base address for the DDR3 SDRAM (ps7_ddr_0 - 0x00100000)
and the QSPI Flash (ps7_gspi_0 - OXEOOODO0O). We will need to know this when
we program the QSPI Flash later when we prepare to boot the ZedBoard in QSPI boot
mode.

13
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Create the Board Support Package

The first thing we need to create in our empty workspace is a Board Support Package
(BSP) on which individual projects can be built. Multiple BSPs and multiple application
projects can be held in a single SDK workspace. To begin, create a basic BSP that is
adequate for the GPIO test and FSBL applications we intend to run.

1. From the SDK main menu, select File - New — Xilinx Board Support Package.

CfC++ - system_hw_platform/system.eml - Xilinx SDK

Edit Source Refactor Mavigate Search FRun  Project  Xilinx Tools Window Help

Mew Alt+Shift+M » Q Kilinx C Project
Open File... Q Kilinx C++ Project
Close Cirle W [F+  Xilinx Hardware Platform Specification
Close All Cirl+ Shifts W Xilinx Board Support Package
% Project..
[ el ©

2. Accept the defaults for the Project name, Hardware Platform, CPU, and OS.
Click Finish to continue.

Mew Board Support Package Project I. E] | S
Xilinx Board Support Package FProject
Create a Board Support Package, :

Project name: | standalone_bsp_0

Uze default location

C\Projectsh\ 2012\ edboard_boot_guide\paproject 1\project_1.sdk\SDENSDK Browse..,

default
Target Hardware
Hardware Platform: [system_hw_platform v]
CPU: [ps?_ccrrtexag_ﬂ v]

Board Support Package 0%

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 features of a hosted environment, such as standard input and output,
profiling, abort and exit.

@:l Finish ] [ Cancel

== AVYNET 14
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3. At this point the basic software platform to build general applications for this board
has been created. We do not need to add additional software libraries to the BSP or
change any settings, so click OK to continue and the software platform will
automatically compile link.

Board Support Package Settings ﬁ
Board Support Package Settings
Control various settings of your Board Support Package.
4| Overview
standalone_bsp_0
standalone
4 drivers 0S5 Type:  standalone Standalone is a simple, low-level software layer. It provides access to basic processor features such as
cpu cortexad . - caches, interrupts and exceptions as well as the basic features of a hosted environment, such as standard
pu- 0 Version:  3.05.2 input and output, profiling, abort and exit.
Target Hardware
Hardware Specification: C:\Projects\2012\7edboard_boot_guide\pa\project_1\project_1.sdk\SDK\SDK_Export\system_hw_platform\system.xml N
Proceszor: ps7_cortexad_0 f

Supported Libraries

Check the box next to the libraries you want included in your Board Support Package.You can configure the library in the navigator on the left.

MName Version Description
[ hwip140 1.01.a IwIP TCP/IP Stack library: lwIP v1.4.0, Xilinx adapter v...
[] xilfatfs 1.00.a Provides read,/write routines to access files stored on...
[] xilflash 3.01.a Kilinx Flash library for Intel/AMD CFI compliant paral...
[ ilisf 2.04.a Kilinzx In-system and Serial Flash Library
[ xilmfs 1.00.a Kilinx Memory File System
[
1
@j QK ] ’ Cancel

15
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Import the GPIO Test Software Application

The GPIO test application is described in the Appendix A of the ZedBoard CTT and is
pre-built for us to use here. Feel free to examine and become familiar with the source
code for this application. The next step is to import this application so we can build and
run it on the board.

1. Go to File - Import — General — Existing Projects into Workspace

r Import I. (=] ﬁr

Select \
Create new projects from an archive file or directory. ' g - 5 I

Select an import source:

type filter text

4 = General

!  Archive File
r% Existing Projects into Workspace
[, File System i
|, Preferences
o= CfC++
¢ = Remote Systems
» = Run/Debug
= Team

.i?“- ..
. < DaCcK ks Ins ance
® oo ein] [
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2. Click Browse... and navigate to the <installation>\SDK _sw\gpio_test_0 folder.
Check the box to Copy projects into workspace and click Finish to continue. The
software application will automatically build and be added to the SDK workspace.

r Import I. (=] ﬁr

Import Projects
Select a directory to search for existing Eclipse projects. |; ;

-

(@ Select root directorys ChAProjectsh2012\Zedboard_boot_guide\SDK_sv Browse...

71 Select archive file: Browse...

Projects:

gpic_test 0 (CA\Projects’\2012\Zedboard_boot_guide\SDE_swhgpid ’ Select All ]

Deselect All

Refresh

1 | 1] b

Copy projects into workspace
Working sets
[T] Add project to working sets

Select...

@ Next > Finish | [ Cancel

LS

At this point the gpio_test_0 application is ready to run, but first we must setup the Xilinx
Microprocessor Debugger (XMD) options to download and run the software application.

17
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Running the GPIO Test Software Application
1. Turn off the ZedBoard if it is turned on. Verify the Configuration Mode jumpers are
set for JTAG mode (all pins shunted to GND) as in the figure below:

2. Slide the power switch (SW8) to the ON position. You will see the green ‘power
good’ LED (LD13) illuminate.

3. To prepare for running the gpio_test_0 software application later we will configure
the Zynq device with the PL bitstream that includes the AXI timer and GP10
peripherals. In the SDK main menu, select Xilinx Tools — Program FPGA or click

on the ‘22 on the SDK toolbar:

=

C/C++ - standalone_bsp_0/system.mss - Xilinx SDK

File Edit Source Refactor Mavigate Search Run  Project [XilinxTooIs] Window Help

L=3> - | &l l%' @- Tﬁ - 5% - E Generate linker script
- vt v - i}, Board Support Package Settings
= Repositories
) Project Explorer 3 B || 5 systemaml @ i
=] ﬁ - ctandalono IE‘ Program FPGA

==AVNET 18
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4. Since this is a Zynq hardware platform there is no BMM file or ELF file to initialize
in Block RAM, so accept the default for the system.bit file for the PL bitstream that
was exported from the PlanAhead hardware project earlier. Click Program to
continue:

[ Program FPGA @

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

Hardware Configuration
Hardware Specification: C\Projects\2012\Zedboard_boot_guide\pa'\project_1\project_1.sdk\SDKNSDK_Exporthsystern_hw_platformisystem.ml

Bitstream: I Ch\Projects\2012\7edboard_boot_guide\patproject_1\project_1.sd\SDIMSDE_Export\systern_hw_platform'system.bit l [ Browse..l

BMM File:

Software Configuration

Processor ELF File to Initialize in Block RAM

(:?j [ Program ] ’ Cancel ]

S

You will see the following window while the PL bitstream is downloaded. Once this is
complete the blue ‘DONE’ LED (LD12) will illuminate.

Progress Information — ; l S |-

Configure FPGA with bitstream: C:\Proj...K_Export\systern_hw_platform’\system.bit

== AVYNET 19




ZedBoard Booting and Configuration Guide

ISE Design Suite 14.1

5. Inthe Project Explorer window pane select the gpio_test_0 application and right-

click to select Run As — Run Configurations...

C/C++ - standalone_bsp_0/system.mss - Xilinx SDK

_—-

File Edit Source Refactor MNavigate

Search  Run

Project  Xilinx Tools

B 2 & @g-e-d-6-

Window Help

K- $-0-Q-

P v oG v % <::|v -
X

T = Y= —
[ Project Explorer O ||z system.xml ﬂi];.‘ system.mss 4
T B A
= R ? Board Support Package
= gpio_test 0 ew
- (i standalone Ge Into B
stem_h
> @ system_hw Open in Mew Window
[iE Copy Ctrl+C
Paste Ctrley  [geis compiled to run on the following target.
9 Delete Delete  [C\Projects'2012VZedboard_boot_guide IDS514 1
Move... ps/_cortexa?_0
Renarme... F2
gy Import.. 5.
Ly Export... pne
Build Project oneis a simple, low-level software layer. It provid
Clean Project pns as well as the basic features of a hosted envir
&7 Refresh Fpopoexidos
Close Project
Close Unrelated Projects
d Support Package.
Build Configurations » = |
Make Targets »
Index L - .
Console 23 =] Propertles] Pl Termmaq
Show in Remote Systems view
Convert To... p Size
Run As » g 1 Launch on Hardware
Debug As P | [E] 2Llocal C/C++ Application
Profile As v | ® 3 Remote ARM Linux Application
Team b Run Configurations...
|
VNET 20
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A o A A £
6. Click on the & Xilinx C/C++ ELF| option in the left panel and press the ' New to
create a new Debug run configuration for the gpio_test_0 software application.

05 | & (2=

type filter text

[t] C/C++ Application
[t] C/C++ Remote Applicat
[#= Launch Group

Remote ARM Linux App
$7 Kilinx C/C++ ELF

7. Select the new gpio_test_0 Debug run configuration. Click Run continue.

r
Run Configurations ﬂ
Create. manage. and run configurations ;
_0 =R | =) ::: v Name: gpio_test 0 Debug
type filter text |Z] Main . 7., Device Initialization | 7., STDIO Connection | |y, Profile Options | [3] Debugger Options | =] Commaen

[€] C/C++ Application
[E] €/C++ Remote Application
[ Launch Group Debug\gpio_test 0.elf Search Project...] [ Browse... ]

[ Remote ARM Linux Application Project:

2 $7 ilinx C/Ces ELF -
x gpio_test 0 Debug gpio_test 0

Build {if required) before launching

C/C++ Application:

Build configuration: | Debug ']
(71 Enable auto build (") Disable aute build
@ Use workspace settings Configure Workspace Settings...

Connect process input 8 output to a terminal.

. . Apply Revert
Filter matched 6 of 6 items

@] Run ] [ Close
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8. You will see the following window warning you that both CPU cores will be reset.
Since this system only uses one of the CPU cores it doesn’t matter that both will be
reset and we can ignore this warning. Click OK to continue.

Reset Status ﬁ

The current launch is configured to reset the entire systemn. However, the design
contains multiple processors, and resetting the systern will reset the other processors
as well. If you would like to avoid this, please update the launch configuration to
reset the processor only.

[ Da not show this message again.

9. You should see the following on the serial console:

&

¥ COMBS:115200baud - Tera Term VT = | O |

File Edit Setup Control Window Help
Hte Application Starts it

SELECT the Operation from the Below Menu
HERHEREEREEREERREREERE Menu Starts IESEEEREERgsiaagangyiesy
Press '1' to use WORMAL GPIO as an input (BTHU switch)
Press '2' to use EMIO as an input (BTHR switch)

Press any other key to Exit

FERHERHERERRRERREREEY Menu Ends SEEREENEEREERERRERRERRERy

10. You are now ready to run the GPIO test software application. The steps to run the
application are the same as running the demo you probably used earlier, except the
steps of downloading the PL bitstream and application executable are already
completed. Leave the terminal window open when you are done. We will reuse this
terminal session again later.
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Create the First Stage Boot Loader

To prepare for booting the gpio_test 0 software application at power-up later we will
need to create the first stage boot loader application. This application is one of the
example software applications built into the SDK.

1. Go to File - New — Xilinx C Project to open the window to select from the
available example software applications.

=

CfC++ - standalone_bsp 0/system.mss - Xilinx DK

Edit Source Refactor Mavigate Search Run  Project  Xilinx Tools Window Help
Mew Alt+Shift+N » | (&) Xilinx C Project
Open File... &0 Xilinx C++ Project
Close Cirle W [F+  Xilinx Hardware Platform Specification
Close All Cirl+ Shifts W il Xilinx Board Support Package
C  Project..
[ el ©

2. Select the Zyng FSBL project template. Accept the defaults for the Project Name
and Target Hardware Platform. Click Finish to continue:

New Xilinx C Project

r ~
New Project l E] | eS|
o

Create a managed make application project. Choose from one of the sample applications,

Project name:  zyng_fsbl_0

Use default location

C:\Projects\2012\Zedboard_boot_guide\pa\project_1\project_1.sdk\SDENSDE_Exp Browse...

default
Target Hardware
Hardware Platform: | system_hw_platform
Proceszor: ps7_cortexad 0 -

Target Software
Software Platform: @) Standalone () Linux

Select Project Template

Dhrystone Description
Empty Application First Stage Bootloader (FSBL) for Zyng. The FSBL -
Helle World

configures the FPGA with HW bit stream (if it exists) and
loads the Operating System (O5) Image or Standalone
(SA) Image or 2nd Stage Boot Loader image from the
Peripheral Tests non-volatile memory (NAND/NOR/QSPT) to RAM (DDR)
SREC Bootloader and starts executing it. It supports multiple partitions,

Hilkernel POSIX Threads Demo and each partition can be a code image or a bit stream.
Zyng FSBL

IwIP Echo Server
Memeory Tests

@:‘ < Back Mext » Finish ] [ Cancel
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Create the Boot Image

To boot the GPIO test application and configure the PL with the hardware bitstream at
power on we first need to create the boot image to be copied to our boot media. The boot
image is actually the GPIO test and FSBL application executable files and PL bitstream
packaged into a single BOOT.BIN file. The Zyngq boot ROM will look for this file on the
boot media. It must be named BOOT.BIN in upper-case letters.

1. Go to Xilinx Tools — Create Boot Image.

Fa

C/C++ - standalone_bsp_0/systerm.mss - Xilink SDK

File Edit Scurce Refactor Mavigate Search Run  Project | Xilink Tools | Window  Help
v = B 2R & i Tl Generate linker script
S S & = lif, PBoard Support Package Settings
X = (@  Repositories
L™ Project Explorer &2 B ||l systemaxml
P FPGA
15~ standalone_t &% | Program
7= src i E Program Flash
exit.c
@_ - Modify this BsPs (3 XMD Console
asm_vectors.s
boot.S F1 Launch Shell
) ini Target Informatio 3F Configure JTAG Settings
cpu_init.5 g g g
le| ddr_init.c This Board Suppon 8% System Generator Co-Debug Settings
i'Sk":"h Hardware Specific ] Create Boot Image

24




— 25

ZedBoard Booting and Configuration Guide ISE Design Suite 14.1

2. There are a few tasks we need to do while in this window. The PL bitstream and
GPIO test application elf file are added in the order they are needed during boot.
Since the PL needs to be configured before the PS runs the application executable the
PL bitstream is added first:

a. Accept the Bif file default Create a new bif file... The Bif file is a text file that
describes the contents of the boot image. This file can subsequently be used to
recreate or modify the BOOT.BIN boot image file

b. To specify the FSBL elf file click on Browse and navigate to
<installation>\pa\project_1\project_1.sdk\SDK\SDK_Export\zynq_fsbl_0\Debug
and select the zynq_fsbl_0.elf file.

c. To add the PL bitstream click on Add and navigate to
<installation>\pa\project_1\project_1.sdk\SDK\SDK_Export\system_hw_platform
and select the system.bit file.

d. To add the GPIO test software application executable click on Add again and navigate to
<installation>\pa\project_1\project_1.sdk\SDK\SDK_Export\gpio_test_0\Debug and
select the gpio_test 0.elf file.

e. To specify the Output file click on Browse and navigate to
<installation>\boot_image and name the file BOOT.BIN.

f. Click Create Image to continue:

r Create Zyng Boot Image @1

Create Zynq Boot Image -"‘
Creates Zynq Boot Image from given FSBL, bare-metal application and bit strearnioptional) file. ‘
Basic | Advanced

|| i ile | Create a new bif file... -|
FSBLelf  Ci\Projects\2012\Zedboard_boot_guide\pa\project_1\project_L.sdk\SDK\SDK_Export\zyng_fsbl_0\
List of partitions in the boot image.

File Offset Alignment Allocation

C\Projects\ 2012V 7edboard_boot_guide\pa\project 1\p..

CA\Projects\2012V7edboard_boot_guide\pa\project_ 14p..

| Ch\Projects\ 20124 edboard_boot_guide\pa\project 14p..
Output file C:\Projects\2012\Zedboard_beot_guide\boat_image\BOOT BIN
@:‘ Create Image ] ’ Cancel
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Booting From the SD Card

With the SDK tasks completed, we are now ready to boot our system from the SD card.

Prepare the SD Card

1. Take the SD card that came with the ZedBoard and install it in an open SD card slot
on your PC host. Using Windows Explorer identify the drive letter where the SD
card is mounted and backup the SD card contents to a folder of your choice on your
PC host. Once the SD card files are backed up on the PC, delete them from the SD
card.

2. In Windows Explorer navigate to <installation>\boot_image and copy the BOOT.BIN
file to the SD card.

3. Turn off the ZedBoard if it is turned on. Verify the Configuration Mode jumpers are
set for SD card mode as described and in the figure below:

e MODE3 (JP10) shunted to 3.3V
MODE2 (JP9) shunted to 3.3V
e All other MODE pins shunted to GND

4. Remove the SD card from the PC and insert it in the SD card slot of the ZedBoard.

5. Slide the power switch (SW8) to the ON position. You will see the green ‘power
good’ LED (LD13) will illuminate immediately and the blue ‘DONE’ LED (LD12)
will illuminate once the processor has been initialized and then configures the PL.
When booting from SD card this may take 10-15 seconds.

=<AVNET 2
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GPIO Test Demo
1. At power on the Zyng boot ROM samples the boot mode strapping pins and

determines the boot method. Once the boot method is determined the boot ROM will
search the boot media for the BOOT.BIN file and attempt to execute the First Stage
Boot Loader (FSBL). The FSBL will then configure the PL if a bitstream is found
and hand over system execution to the application executable. When booting from
SD card this process may take 10-15 seconds. You should see the following on the
serial console when the system has completed booting:

-

=

¥ COMBS:115200baud - Tera Term VT = | O |

File Edit Setup Control Window Help

Hte Application Starts it m

SELECT the Operation from the Below Menu
HERHEREEREEREERREREERE Menu Starts IESEEEREERgsiaagangyiesy
Press '1' to use NORMAL GPIO as an input (BTNU switch)
Press '2' to use EMIO as an input (BTNR switch)

Press any other key to Exit

FERHERHERERRRERREREEY Menu Ends SEEREENEEREERERRERRERRERy

You are now ready to run the GPIO test software application. The steps to run the
application are the same as running the demo you probably used earlier, except the
system has now booted from the SD card and the steps of configuring the PL with the
hardware bitstream and starting the application executable happened automatically at
power on. Leave the terminal window open when you are done. We will reuse this
terminal session again later.

= AVNET i
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Booting From QSPI Flash

To boot from QSPI flash the BOOT.BIN file must first be programmed to the base
address of the QSPI flash. Normally this could be done using the SDK, but that function
is not working with the current SDK tools. Instead we will use the flash programming
capabilities of the popular u-boot bootloader. As we did previously when booting the
ZedBoard in JTAG mode, we will use command line XMD scripts to initialize the CPU
and download the u-boot application to the board for execution.

Program the QSPI Flash

1. Verify the ZedBoard is powered off and that the configuration Mode jumpers are set
for JTAG mode (all pins shunted to GND) as in the figure below:

2. Verify the SD card is installed in the ZedBoard. We will be copying the BOOT.BIN
file on the SD card into DDR3 memory and then to QSPI Flash.

3. Slide the power switch (SW8) to the ON position. You will see the green ‘power
good’ LED (LD13) illuminate.

4. Open a command window in the <installation>\demo folder and enter:

run_uboot.bat

This batch file sets the proper environment variables and creates the xmd.ini script of
commands to be used by the Xilinx Microprocessor Debugger (XMD) tool to
initialize the processor, download the u-boot software application, and begin
execution on the system by performing the following commands automatically:

connect arm hw

source ps7_init.tcl

ps7_init

dow u-boot_autoboot disabled.elf
run

exit

AVNET 28
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5. The processor will be initialized and the u-boot application will be downloaded for
the execution. Do not close the command window.

-

BEX Administrator: C\Windows\system32icmd.exe = | B
Device ID Code IR Length Part Name -
1 4dbadady7 4 Cortex-A9
2 @3727893 B XC7Zeia

Cortexf9 Processor Configuration

== o L BxeeaRRRA3
Jser Il weuwsnnsnnnananannnannnnnnnns gxBoaaebas
Mo of PC Breakpoints..........oevonn. 6
Mo of Addr/Data Watchpoints......... 1

Connected to “arm" target. id = 64
Starting GDE serwver for "arm" target (id = &4) at TCP port no 1234
warning: FPOA is NOT Configured. Accessing FPOA Address space can
cause the System to hang. Use "fpga"™ command to Configure the FPGA
Downloading Program -- u-boot_autoboot_disabled.elf

section, .text: 8x84008080-8xB4828487

section, .rodata: 8x@4628488-@x84826bcc

section, .hash: @x@84826bd@-@xB4826CcaF

section, .data: BxB4826c1B-BxB482777F

section, .got.plt: @x84827788-8x8482778b

section, .u_boot_cmd: 8x@482778c-B8x@84827c3b

section, .rel.dyn: @x@4827c3c-8x0482cdb3

section, .dynsym: @x@482cdbd-@x8482c563

section, .bss: @x@4827c3c-BxB486a91F
Setting PC with Program 5tart Address @x@4888888

m

Processor started. Type "stop"™ to stop processor | |

RUNNI NG

C:\Projects\2812\Zedboard_boot_guidei\demo>g -
——

6. When the u-boot executable has finished loading and is ready to run you should see
the following in your serial terminal window:

© -
¥ COMS:115200baud - Tera Term VT = | B |
File Edit Setup Control Window Help
-~
U-Boot 2811.83-dirty (Aug 13 2812 - 13:18:58) b
DRAM: 512 MiB
MMC SDHCI: @
Using default environment
In: serial
out: serial
Err: serial
Met : ZYNg_gem
zed-boot> I
|
L - -
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7. Enter the following commands in the serial terminal window to initialize the SD card

and QSPI flash:

mmcinfo
st probe 0 0 0

-

& COM5:115200baud - Tera Term VT

File Edit Setup Control Window Help

DRAM: 512 MiB
MMC : SDHCI: @
Using default environment

In: zerial
out : zerial
Err: serial

MNet : Zyngq_gem

zed-boot> mmcinfo

Device: SDHCI

Manufacturer ID: 3

IDEM: 5344

Mame: SU84G

Tran Speed: 25808888

Rd Block Len: 512

sD version 1.18

|(High Capacity: Yes

Capacity: 3965198144

Bus Width: 1-bit

zed-boot> s probe 2 8 8

SF: Detected S25FL2565_4KE_A4KE with page size 256, total 128 KiB
128 KiB S25FL2565_4KB_G4KE at ©:8 is now current device
zed-boot> I

1

. = —
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8. Prior to copying the BOOT.BIN file from the SD card to DDR3 memory we need to

first write a block of OXFF to the area of DDR3 that we will use to temporarily store
the BOOT.BIN file. We do this so that when we copy the BOOT.BIN from DDR3 to
QSPI Flash, the data we copy beyond the end of the BOOT.BIN file will look like
empty memory space to subsequent use of the QSPI Flash. Strictly speaking this is
not necessary, but would be a help later if we needed to maximize use of the QSPI
flash for other purposes. The size of the boot image (BOOT.BIN) is 0x40D930
bytes, so we will prepare an area slightly larger. Recall earlier when we created the
SDK workspace that we made note of the system base address for the DDR3 SDRAM
(ps7_ddr_0 - 0x00100000). We need that information now. Use the u-boot
memory write command:

mw.b 0x00200000 OxFF 0x410000

The format of this command is:
mw.b <RAM address> <fill value> <length>

NOTE: The <RAM address> must be at an offset above the base address where the
u-boot application is running.

r 5

¥ COMS:115200baud - Tera Term VT = | B |

File Edit Setup Control Window Help

In: serial
Out zerial
Err: zerial
Met : ZYNg_gem

zed-boot> mmcinfo

Device: SDHCI

Manufacturer ID: 3

IDEM: 5344

Name: SU84G

Tran Speed: 258808888

Rd Block Len: 512

sD version 1.18

High Capacity: Yes

Capacity: 3965198144

Bus Width: 1-bit

zed-boot> sf probe @ @ @

SF: Detected S25FL2565_4KB_G4KB with page size 256, total 128 KiB
128 KiB S25FL2565_4KBE_G4KE at @:8 is now current device
zed-boot> mw.b

mwW - memory write (fill)

zed-boot> mw.b @x88280088 GxFF @xd416668
zed-boot> e

= SAVNET &



ZedBoard Booting and Configuration Guide ISE Design Suite 14.1

9. This step will copy the BOOT.BIN file from the SD card to DDR3 memory. Recall
earlier when we created the SDK workspace that we made note of the QSPI Flash
(ps7_qgspi_0 - 0OXxEO00DO0O0). We need that information now. Copy the boot image
from the SD card into RAM:

fatload mmc O 0x00200000 BOOT.BIN

The format of this command is
fatload <interface> <device> <RAM address> <filename>

-

& COM5:115200baud - Tera Term VT =0

File Edit Setup Control Window Help

MNet : Zyngq_gem .
zed-boot> mmcinfo
Device: SDHCI
Manufacturer ID: 3
IDEM: 5344

Mame: SU84G

Tran Speed: 25808888
Rd Block Len: 512

sD version 1.18

High Capacity: Yes
Capacity: 3965198144

Bus Width: 1-bit '
Mlzed-boot> =f probe @ @ 8

SF: Detected S25FL2565_4KE_G4KE with page size 256, total 128 KiB

128 KiB S25FL2565_4KB_G4KE at €:8 is now current device |

zed-boot> mw.b
mw - memory write (fill)

zed-boot> mw.b @x8820600860 8xFF 8xd4186860
zed-boot> fatload mmc @ @x88206888 BOOT.BIN
reading BOOT.BIM

4433888 bytes read
zed-boot> e
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10. Prepare the QSPI Flash. We must erase the area of flash first. The size of the boot
image (BOOT.BIN) is 0x40D930 bytes, so we will prepare an area slightly larger:

st erase 0 0x410000

The format of this command is:
st erase <offset> <length>

¥ COMS5:115200baud - Tera Term VT = | B |-
File Edit Setup Control Window Help
zed-boot> mmcinfo -

Device: SDHCI

Manufacturer ID: 3

IDEM: 5344

Mame: SU84G

Tran Speed: 25808888

Rd Block Len: 512

sD version 1.18

High Capacity: Yes

Capacity: 3965198144

Bus Width: 1-bit

zed-boot>» s¥ proche @ @ 8

SF: Detected 525FL2565_4KE_G4KB with page size 256, total 128 KiB
128 KiB S25FL2565_4KB_G4KE at €:8 is now current device
zed-boot> mw.b

mw - memory write (fill)

zed-boot> mw.b @x88260600860 OxFF 8xd418660
zed-boot> fatload mmc @ @x88286888 BOOT.BIN
reading BOOT.BIM

M433888 bytes read
zed-boot> s¥ erase @ 8xdlpepa
zed-boot> s
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11. Store the boot image to the QSPI Flash:
st write 0x00200000 O 0x410000

The format of this command is:
s write <source address> <offset> <length>

r B

¥ COMS:115200baud - Tera Term VT = | B S
File Edit Setup Control Window Help

Device: SDHCI -
Manufacturer ID: 3

DEM: 5344

Name: SU84G

Tran Speed: 25888888
Rd Block Len: 512

SD version 1.18

High Capacity: Yes
Capacity: 3965198144 N
Bus Width: 1-bit

zed-boot> s probe @8 8 @

SF: Detected S25FL2565_4KE_64KB with page size 256, total 128 KiB
128 KiB S25FL2565_4KB_B4KE at ©:8 iz now current device

zed-boot> mw.b

mw - memory write (F111)

N

zed-boot> mw.b @xB8200800 @xFF @xd4l1e008
zed-boot> fatload mmc @ 8x88288888 BOOT.BIN
reading BOOT.BIN

4433888 bytes read

zed-boot> sf erase @ 8x418808
zed-boot> s write 8x992000008 8 Bx410060 |_J
zed-boot>

1
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12. Turn off the ZedBoard. Verify the Configuration Mode jumpers are set for QSPI
boot mode as described and in the figure below:

e MODE3 (JP10) shunted to 3.3V
e All other MODE pins shunted to GND

al

i110is41) 1]
(o2

13. Slide the power switch (SW8) to the ON position. You will see the green ‘power
good’ LED (LD13) will illuminate immediately and the blue ‘DONE’ LED
(LD12) will illuminate once the processor has been initialized and then configures
the PL. When booting from QSPI Flash this may take a couple of seconds.

==AVNET 35
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GPIO Test Demo

1. At power on the Zyng boot ROM samples the boot mode strapping pins and
determines the boot method. Once the boot method is determined the boot ROM will
search the boot media for the BOOT.BIN file and attempt to execute the First Stage
Boot Loader (FSBL). The FSBL will then configure the PL if a bitstream is found
and hand over system execution to the application executable. When booting from
QSPI Flash this process happens very quickly. So quickly, in fact, that the GPIO test
application starts executing before the USB UART driver has a chance to load on the
host PC. This causes the serial terminal window to display a partial GUI or no GUI at
all. Based on our previous use of this application throughout this boot guide, though,
we know what keys to press to start using the application so proper display of the
GUI will resume. To start, press '1' to use NORMAL GPIO as an input (BTNU

switch):
¥ COMS:115200baud - Tera Term VT = | Bl S
File Edit Setup Control Window Help
Selection : 1

Press Switch 'BTHU' push button on board

EEEEEREER R R LR R R R R R AR R
ETNU PUSH Button pressed

LED 'LD9' Turned OFF

timer start

Wait for the Timer interrupt to tigger

EEEEE R R AR R RS R R R R

(B B R RO E R R R EERREBEEREE

Inside Timer ISR
LED 'LD9" Turned ON
Timer ISR Exit

(B B RO E R R R EERREREEREE

B R R R R R R R R R R
Press '@' to go to Main Menu

Press any other key to remain in AXI GPIO Test

B R R R R R R B R R -

2. You are now ready to run the GPIO test software application. The steps to run the
application are the same as running the demo you probably used earlier, except the
system has now booted from the QSPI Flash and the steps of configuring the PL with
the hardware bitstream and starting the application executable happened
automatically at power on. Close the terminal and command windows when you are
done. This concludes this design tutorial.

= SAVNET &
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Where to Get More Information

ZedBoard Website
e Documentation, Tutorials, and Reference Designs
www.zedboard.org

e ZedBoard Hardware User’s Guide
www.zedboard.orqg/sites/default/files/ZedBoard HW UG v1 3.pdf

e Cypress USB-to-UART Setup Guide
www.zedboard.org/sites/default/files/CY7C64225 Setup Guide 1 1.pdf

e Concepts, Tools and Techniques Guide
www.zedboard.org/design

Xilinx Website

e All Zyng Documentation
www.Xilinx.com/support/documentation/zyng-7000.htm

e Zyng-7000 AP SoC Software Developers Guide
www.Xilinx.com/support/documentation/user guides/ug821-zyng-7000-swdev.pdf

Revision History

Version Date Author Details
1.0 August 16, 2012 TC Initial release. ISE 14.1
1.1 August 17, 2012 TC Review notes from group review
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