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Lab 6: Basic Hardware Design with the Vivado
Design Suite and PetalLinux Tool

Introduction

The real power of Linux on an FPGA platform comes when the custom logic resources of the FPGA are
combined with the usability and software infrastructure of the operating system. Xilinx provides a powerful
tool to ease FPGA design. The purpose of this lab is to go through the Vivado® Design Suite and Vivado
IP integrator (IPI) and learn how to use the PetaLinux tools to configure an embedded Linux system for a
new platform.

In the previous labs, you learned how to configure and build embedded Linux systems. Embedded Linux
always runs on a certain hardware platform. In this lab, you will create a Linux-capable FPGA platform
from scratch.

Objectives

After completing this lab, you will be able to:

e Create a Vivado Design Suite project for a Zyng® All Programmable SoC system

e Use the Petalinux tools to create a new embedded Linux target for the hardware platform
e Build and boot the new embedded Linux system

Preparation

If this is the first lab that you are performing, then refer to the “Before You Start” section of Lab 1 for
necessary preparatory information on how to set up the environment.

Please refer to the “Initializing the Workshop Environment” section of Lab 1 for detailed information.

General Flow for this Lab

Step 1: Step 2: Step 3: Step 4: CStep 5:
Creating a Creating Building the Exporting reating a
Project |:> system using |:> Hardware |:> Bitstream and |:> New Platform I:>
IP Integrator Bitstream Hardware
Step 6: Step 7: Step 8: Step 9:
Configuring Booting the Booting the Booting the
and Building |:> Image from I:> Image using I:> Image from
the Linux SD Card JTAG QSPI
System
Creating a Vivado Design Suite Project Step 1

The Vivado Design Suite provides a design flow to help you manage a complex system
design. In this step, you will learn how to build a Vivado Design Suite project.

1.1. Start the Vivado Design Suite and set the project path.

1.1.1. Create and change to the lab directory by using the following commands:
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[host] $ mkdir ~/emblnx/labs/lab6
[host] $ mkdir ~/emblnx/labs/lab6/hardware

[host] $ cd ~/emblnx/labs/lab6/hardware

1.1.2. Run the following command to launch the Vivado Design Suite:
[host] $ wvivado

If the program does not start then source the program settings by executing the following
command:

[host] $ source /opt/pkg/Xilinx/Vivado/2014.2/settings32.sh

™ Vivado 2014.2

File Flow Tools Window Help

Search commands

VIVADO! s s £ XILINX

Quick Start

A Y-
Y = '

Create New Project Open Project Open Example Project

Tasks

;_g’: ﬂ@iﬁ’f 5 [ i
=5 E
y 3 o )
Manage IP Open Hardware Manager Xilinx Tcl Store
Information Center

Documentation and Tutorials Quick Take \ideos Release Notes Guide

2 Tel console

Figure 1. Vivado Design Suite’s Getting Started screen

If a Xilinx License Error dialog box displays, click OK to continue. Click Close in the Xilinx
License Configuration Manager dialog box if displayed. You will need a valid license to run the
program. Obtain and install the valid license.

1.1.3. Click Create New Project.

This will launch the New Project Wizard.

1.1.4. Click Next.

1.2. You will now encounter a series of dialog boxes asking you to enter
different pieces of information describing the project.

1.2.1. Enter lab6 in the Project name field.
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1.2.2. Enter /home/petalinux/embinx/labs/lab6/hardware in the Project location field.
Alternatively, you can use the browse feature to navigate to where you want the project to reside.

1.2.3. De-select the Create project subdirectory option as leaving this checked will create an
unnecessary level of hierarchy for the lab.

=

% New Project

Project Name

Enter a name for your project and specify a directory where the project data
files will be stored

Project name: | labs| |

Project location: [/home/petalinuyemblrylabs/|abs/hardware| ||:]

Oicreate project subdirectory

Project will be created at: /home/petalinux/emblnylabs/abs/hardware

N

| = Back “ Next = “ Einish || Cancel J

Figure 2. Entering the Project Name and Location

1.2.4. Click Next.

This next dialog box invites you to choose between an RTL project or a post-synthesis project.
Simply put, an RTL project enables you to add or create new HDL files and synthesize them
whereas the post-synthesis project requires pre-synthesized files. When creating an empty
design, an RTL Project is used.

1.2.5. Select RTL Project.

1.2.6. Select Do not specify sources at this time, which makes the created project blank. Click Next.

£ @ New Project
Project Type

Specify the type of project to create. h ‘

ETL Froject
You will be able to add sources, create block designs in IP Integrater, generate IP, run RTL
analysis, synthesis, implementation, design planning and analysis.

[#]Co not specify sources at this time
() Post-synthesis Project

You will be able to add sources, view device resources, run design analysis, planning and
implernentation,

[ Do not specify sources at this time

() V0 Planning Project
Do not specify design sources. You will be able to view part/package resources,

) Imported Project
Create a Vivado project froam a Synplify, XST or ISE Project File,

| = Back ‘I MNext = || Einish || Cancel

Figure 3. Selecting Project Type

v www.xilinx.com/support/university Zybo 6-3
i‘ XI I—I NX® xup@xilinx.com

© Copyright 2014 Xilinx



Lab 6: Basic Hardware Design with the Vivado Design Suite and PetaLinux Tool Lab Workbook

1.3. You can now select the target board by first filtering by board and then
selecting the board. If you are not using a supported board, you will need
to filter by part.

1.3.1. Under the Specify area, select Boards. Select your board (Zybo). Click Next.

L

%@ New Project

Default Part
Choose a default Xilinx part or board for vour project. This can be changed later, ‘

Specify Filter

& Parts wendor |AII I |
Display Mame |AII = |
Eoard Rey |Latest = |

| Reset All Filters |

Search: | |
Dizsplay MName ‘ Wendor Board Rev‘ Part ‘I;’O Pin Count‘FiIe
digilentinc.com b & 1e7z010cig400-1 400 1.0
E MicroZed Board erm.avnet.com e e 72010¢cIg400-1 400 1.0
H# ZedBoard Zyng Evaluation and Development Kit em.avnet.com d § 1e72020cIg484-1 484 1.0
E Artix-7 ACTO01 Evaluation Platform Hilins com 1.0 § xc7a200tfthbge76-2 676 1.0
H Kintex-7 KC705 Evaluation Platform Hilinx.com 1.1 @ xc7k325tffge00-2  o00 1.0
@ virtex-7 WC707 Evaluation Platform Hilinx.com 1.1 @ xe T4 85tffgl 761-2 1,761 1.0
M virtex-7 WC709 Evaluation Platform Hilins com 1.0 & ueTwE00tffgl 761-2 1,761 1.0
E ZvNG-7 ZC702 Bvaluation Board wilirx com 1L,(0) @ wc72020c!g484-1 424 L)
B zvyNGQ-7 ZC706 Evaluation Board Hilimx com 1.1 1 72045ffgo00-2 [Te]0] 1.0

Figure 4. Selecting a part using the Boards filter
A summary of your project is displayed. If you want to change any of the information that you
entered, you can do so now by clicking Back until you reach the correct dialog box and make the
correction, or you can create the project now and edit the project properties, add or remove files,
etc. later.

1.3.2. Click Finish.

Your project is constructed and the Vivado Design Suite GUI is launched.
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o 1abs - [/home/petalinux/emblnx/labs/labé/hardware /labé.xpr] - Vivado 2014.2

File Edit Flow Tools Window Layout View Help

A2 wma P> H(S K E @Bocfatiaonr - [ & X |©
Flow Navigator «/| | Project Manager Izb6 <
azsg Sourcas X || I Project Summary x [=NERY
AT =W ba : = |

4 Project Manager = | Project Settings £d

3 Project Settings Cotane ' Project name: lab8

&% Add Sources & Simulation Sources Product family: Zyng-7000

1F IP ¢atalog 1sim_1 Froject part: ¥c72020clg484-1

Top module name:  Not defined

4 1P Integrator

& create Block Design Synthesis %2 Implementation

# Open Block Design Status: = Mot started Status: = Not started
Generate Block Design Messages: No errors or warnings Messages: No errors or warnings
. i Hierarchy | Libraries (4 b @ Part: X€72020¢lg484-1 e i
? Templates & Sources Strategy:  Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults

(et i Incremental Compile: None

@ Run Simulation =B —_—
4 RTL Analysis DRC Violations 4 Timing

> ¥ Open Elaborated Design

4 Synthesis DRC information is not available because it hasn't been rn Tirming information is not available because it hasn't been

45 Synthesis Settings

Creating System Using the IP Integrator

# Run Synthesis utilization A Power
> B¥ Open Synthesized Design L : BE
gl
4 Implementation
3 Implementation Settings Design Runs S E
> Run Implementation Ly Name [ Constraints | WS [ TMS | WHS | THS | TPWS [ FailedRoutes | LUT | FF | BRAM [ DSP | Start [
P = | @ synth 1 constrs_1
> B¥ Open Implemented Design &7 Lo impl 1 constrs 1
4 Program and Debug
3 Bitstream Settings M
¥ Generate Bitstream »
> @ Open Hardware Manager «
5
Kl 1
B Tc Console | © Messages Gllog 3 Reports 9 Design Runs [N

Figure 5. Vivado design suite GUI

Step 2

2-1.

Use the Vivado IP integrator to create a new block design, and generate the
ARM® Cortex™-A9 processor-based system for the targeted board.

In the Flow Navigator, click Create Block Design under IP Integrator.

Enter system for the design name.

@ @ Create Block Design

o Please specify name of block design

Design name: |system |

Directory: |o.-:LocaI to Project= - |

] | Cancel

N | oK

Figure 6. Creating a new block design

Click OK.

IP from the IP Catalog can be added in different ways. Click Add IP in the message at the top of
the Diagram panel (1), or click the Add IP icon in the block diagram side bar (2), or press
<Ctrl+lI> or right-click anywhere in the diagram workspace and select Add IP (3)

& XILINX.
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&= Diagram X

| s system

O\

@ Regenerate Layout
T Save as POF File...

2
o % Froperties.., Ctri+E
[ @ X Delete Delete
' B Copy CtrlC
] | Paste Ctrl+
® Search... Ctrl+F
_ I Select all Ctra
(.__ £ add 1P, Crl+
" Ly validate Design F&
T Create Hierarchy...
¥ Create Comment
@ Create Port... Crl+k
ol Create Interface Port... Ctri+L

Figure 7. Adding IP to block diagram

@+ () This design is empty. To gat star‘tedom the catalog.

/@)

Once the IP catalog opens, you can search for the Zynq All Programmable Soc processor block.

Enter part of the processor name into the Search field to narrow the search parameters (1).

For example, type zynq for the Zynq All Programmable SoC. Note that the Zynq PS IP will only
appear when Zyng-7000 All Programmable SoCs or boards with these parts have been selected

2-1-5

for the design.

(2 matches)
ZYNQ?7 Processing System,

Select and press ENTER or drag and drop, ESC to cancel

Figure 8. Narrowing search parameters (Zynq AP SoC)
2-1-6. Double-click the processor name entry to add its IP block to the design (2).

The ZYNQ block will be added with the instance name, processing system7 0.
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Z= Diagram x [ Address Editor X
*| & system
O¢ | % Designer Assistance available, Bun Block Automation
.:'_';.‘:
i processing_system7_0
[ -~ ~
- DDR = |||
=" - FIXED_1O4 |||
=M _AXI GPD ACLK ZYNO M_AXI_GPO4 |||
=N : FCLK CLKOpm=
& FCLK_RESETO N
- L .
s ZYMNQ7T Processing System
3

Figure 9. Zynq Processing system IP

Notice the message at the top of the Diagram window that Designer Assistance available.

2-1-7. Click Run Block Automation and select /processing_system7_0.

!

Diagram x & Address Editor X O

&, system

(% Designer Assistance available. RBun Block Automation

| iF /processing_system?7_0

Figure 10. Designer Assistance message

2-1-8. Click OK when prompted to run automation.

Run Block Automation

Zyng7 block automation applies current board preset and generate external
 connections for FIXED |10, Trigger and DOR interfaces

MNOTE: Apply Board Preset will discard existing IP configuration - please uncheck this box,
if you wish to retain previous configuration

Instance: /processing_system?_0

Make Interface External: FIXED_|O, DDR
Apply Board Preset: v

Cross Trigger In:
Cross Trigger Qut:

I OK |] | Cancel

Figure 11. Run Block Automation
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2-2.

Once block automation has been completed, notice that ports have been automatically added for
the DDR and fixed 1/O, and some additional ports are now visible. A default configuration for the
Zynq All Programmable SoC has been applied, which you will now modify.

DDR 4= DDR
FIXED 104 )):BFIXEDJO

SDIO_04 ||

USBIND_0 4 |||
- M_AXI_GPO-

MAXLGPOACLK ZYNO TTCO_WAVED_OUT |
TTCO_WAVEL OUT
TTCO_WAVE2 OUT
FCLK_CLKO
FCLK_RESETO_N

processing_system7_0

ZYNQ7 Processing System

Figure 12. Zynq Block with DDR and Fixed /O Ports

Customize the ZYNQ?7 processing system (PS).

2-2-1. Double-click the ZYNQ7 Processing System block.
The Re-customize IP dialog box opens.
Take a moment to view the architecture of the PS. Click the blocks in green to view the available
settings. There are dozens of registers that need to be configured. Some of these registers
include DDR configuration information. Because this is an established board, it is much easier to
import an existing configuration and modify it to your needs.
ZYNQ7 Processing System (5.4) ‘
ﬁj Documentation @ Presets ] IP Lacation Eﬁk Import XPS Settings
Page Mavigator <« || Zynq Block Design Summary Report
Zyng Block Design
PS-PL Corfiguration r 7l ey General
5P 0 Settings Application Processor Unit (APU) h
Peripheral IO Pins Bankd 5P| 1
e 1200
MIO Configuration (15:0) 12C1 1 | ARM Cortex"4g ARM Cortex"A9
ol System Level cru cPu
Clock Configuration CANL —_— Control Regs
UART O 64b
DDR Configuration o UARTL ¥ U
il G0V [ Snaap Control unit | bl
SMC Timing Calculation (M0} S0 v L] 4| Dmas — 5'12 T ::’::
Interrupts I i lSJEBIU v ’J:nal‘ !
e CoreSight In(e?(f]ﬂne(l 255:"\543
Dl e
Bankl — Interconnect f
Mo FLASH Memory e n T
53:16) Interfaces  [y—i DAP ‘
- SRAM/NGR Memory Interfaces
WAND.
L D t—|oerc | | | fosemmse  (—v [ooERTmOR] <
SHC Timing Interconnect =¥
Calculation
= DMA Bync 2[1E[1]15
— ‘ ‘ Ge(“:]r(a':n" ;;;31 | | | | Processing System(PS)
off 2031 LEEE] MA g | Q| High Performamece
MES?Eﬁend: e ?:’ii i%ip e Esiﬁg :X!ig;g;ﬁ::ﬂawe 2A |
Parts Ports
Programmable Logic(PL)
| oK | cancel
Figure 13. Zynqg system configuration view
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The following is a list of requirements for a Zynq All Programmable SoC hardware project to boot
Linux:

o One triple timer counter (TTC):

» If there are multiple TTCs that are enabled, the Zynq All Programmable SoC Linux
kernel uses the first TTC block from the device tree.

= Make sure that the TTC is not used by anything else.

External memory controller (DDR controller)

UART for serial console

Non-volatile memory (QSPI Flash, SD, for example)

Ethernet

o O O O

2-2-2. Select MIO Configuration in the Page Navigator.
2-2-3. Expand I/O Peripherals.
2-2-4. De-select USB0 and GPIO MIO.
2-2-5. Select Clock Configuration in the Page Navigator.
2-2-6. Expand PL Fabric Clocks.
2-2-7. Observe that FCLK_CLKaO is enabled with 100 MHz frequency.
2-2-8. Click OK.
2-3. Add the GPIO instance that connects to the switches.
2-3-1. Click the Add IPicon —  and search for gpio.
Search: |2~ gpio | {1 match)

| Mame 1

[TF A% GPIO

Select and press ENTER or drag and drop, ...

Figure 14. Searching for GPIO IP
2-3-2. Double-click the AXI GPIO to add the core to the design.
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xup@xilinx.com
© Copyright 2014 Xilinx



Lab 6: Basic Hardware Design with the Vivado Design Suite and PetaLinux Tool Lab Workbook

The core will be added to the design and the block diagram will be updated.

processing_system7_0

ook 4 [——{ DDR
axi_gpio 0 FIXED_IO 4 ||l FIXED_IO

spIo_04k |||

- M_AXI GPO |||

M_AX| GPO ACLK ZYNQ TTCO_WAVED OUT
" TTCO_WAVEL OUT

AXlI GPIO TTCO_WAVE2_OUT
FCLK_CLKO
FCLK_RESETO_N

Sl dhs_AXI
s axiack  GPIOZ ||
5 _axi_aresetn

ZYNQT Processing System

Figure 15. Zynq system with AXI GPIO added

2-3-3. Click the AXI GPIO block to select it.
2-3-4. In the Properties tab, change the name to sw_4Bits.
Elock Properties — O
- K
iF sw 4Bits
Parent name: system
General Properties
Figure 16. Changing the AXI GPIO default name to sw_4Bits
2-4. Customizing the AXI GPIO.
2-4-1. Double-click the AXI GPIO block to open the customization window.
As the target board was selected during project creation, and a board support package is
available for the targeted board, the Vivado Design Suite has the knowledge of the available
resources on the targeted board.
2-4-2. Select Generate Board based 10 Constraints in the Board tab.
2-4-3. Under Board Interface for GPIO, click Custom to view the drop-down list options.
Zybo 6-10 www.xilinx.com/support/university i' XILINX
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2-4-4. Select sws 4bits.
Board |IP Configuration

[#] Generate Eoard based 10 Constraints

Associate IP interface with DIGILENTIMC, COM: 2¥B0:PARTO:1.0 Board interface

IP Interface Board Interface
GRIO Custom -
GPIO2 Custom

btrs 4hits

leds 4hits

sws dhits N

Figure 17. Configuring the GPIO instance

2-4-5. Select the IP Configuration tab.

Note that the GPIO width is set to 4. Also notice that the peripheral can be configured for two
channels.

But because you want to use only one channel without an interrupt, leave GPIO Supports
Interrupts and Enable Channel 2 unchecked.

Board IP Configuration

GPI

GPIO Wittt h [4] | 11.22]

Figure 18. GPIO width set according to the board resources

2-4-6. Click OK to save and close the customization window.

2-5. Use Run Connection Automation to make the connections for the sw_4Bits
instance.

2-5-1. Notice that Designer Assistance is available.

2-5-2. Click Run Connection Automation and select /sw_4Bits/S_AXI.

Qr u& Designer Assistance available. Run Connection Automation
@« I} /5w ABits/5_AX [}_
b jsw_ABits/GPIO

A

Figure 19. Selecting Run Connection Automation for sw_4Bits GPIO
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2-5-3. Click OK when prompted to automatically connect the master and slave interfaces.

@ Run Connection Automation

@ Connect Slave interface {fsw_4Bits/S_4XI) to a selected Master address space.

Master fprocessing_system?_0/M_AX_GPO

Clock Connection (for unconnected clks): |Auto - |

Figure 20. Running Connection Automation for sw_4Bits GPIO

Notice that two additional blocks (Proc Sys Reset and AXI Interconnect) have been automatically
been added to the design.

processing system? 0 axi periph

:
rst_processing_system?7_0_100M {H[-RS00_AX]
ACLK
R el Tl B L sw 4Bits
ARESETH
_raset_in bus_struct_reset[0:0] pm I M -
i > _ACLK MOO_AXI L | 15 AXI
—aux_reset_in peripheral_reset{0:0]pm o B :
_ARESETH _axi_ ario gl
—mb_debug_sys_rst interconnect_aresetn[0:0] S ne ‘
—dem_locked peripheral_aresetn[0:0] =
_ARESETN T
- AX1 GPIC
Processor System Reset _ h
. AXl Interconnect
processing_system7_0 =

ooR | {2 DDR
Fixen_o-b[} {3 FIXED_IO
soio_a_ufl|
— M_AX1_GPO - [t
B e
TTCO_WAVEZ_OUT
FCLK_CLKO e
FCLE_RESETO_M|

ZYNQ7 Processing System

Figure 21. Design with sw_4Bits automatically connected

2-6. Similarly, add two more instances of GPIO naming them as btn_4Bits and
led_4Bits. Connect them using the Run Connection Automation wizard.
« btn_4Bits (select the board interface as btns 4Bits)
» led_4Bits (select the board interface as leds 4Bits)

2-6-1. Follow the previous steps to add two more GPIO instances.

2-6-2. Name the added instances as btn_4Bits and led_4Bits.

2-6-3. Click on the Run Connection Automation link and connect the interfaces for each added
peripherals.

2-6-4. Configure the added instances to use the following board interfaces:

Peripheral Board
Name Interface
btn_4Bits btns 4Bits
led_4Bits leds 4Bits
Zybo 6-12 www.xilinx.com/support/university i' XILINX
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2-7.

2-7-1.

2-7-2.

2-7-3.

2-7-4.

Use Run Connection Automation to create a port for the switches, buttons
and leds instances.

Click Run Connection Automation and select /btn_4Bits/GPIO.

In the Run Connection Automation dialog box, in the Select Board Interface drop-down list, select
btns_4bits.

o Run Connection Automation

0 Connect Board Part Interface to IP interface: fbtn_4Bits/GRIO

Select Board Part Interface: |btns_4bits -

btns_4bits k
leds_4bits
sws_4bits
Custom

[ Ok l | Cancel

Figure 22. Selecting the Board Interface

Click OK.

Similarly, use Run Connection Automation to create an external port for the sw_4Bits and
led_4Bits instances.

Your design should look similar to the figure below. You can click the Regenerate icon (4@) to

redraw diagram.

& XILINX.

btn_4Bits
R 5 _axi
_ax_aclk  GPIOS |[|———{T bins_4bits
processing_system7_0_axi_periph —s_axi_aresetn
g0 axi AX] GPIO
ACLK led 4Bits
rst i tem7_0_100M e ldn s axi
processing system o
———S00_ACLK | 3 ’
Jowest_sync_clk mb_reset]- 500_ARESETN MOO_AXISE 1 _ax!_acIkEt ariod | {2 leds_4bits
t reset in bus_struct._reset] 0:0]m MOD_ACLK MO1_AXIS [ R |
=—aux_reset_in peripheral_reset[0:0 | 100_ARESETH MOZ_AXIgR AX] GPIO -
=mb_debug_sys rst interconnect aresetn[0:0]p MO1_ACLE | 4
ldem_locked peripheral_aresetn[0:0] M01_ARESETH Eu i =
- = . MO2_ACLE Ik & _Axl |
Processor System Reset M02_ARESETN _axi_aclk GPIOE || D sw 4Bits
p—s_zxi_aresetn | )
AX SO0 N EC — /
processing_system?_0 AX] Interconnect X GFID
DDR(|]: {_» DDR
FIXED_I0<k|] {_» FIXED_IO
SDI0_0h ||
- M_AXI_GP Ol |||l
M_AXI_GPO_ACLK TTCO_WAVED_OUT =
ZYNG TTCO_ WAVEL OUT =
TTCO_WAVEZ_OUT =
FCLK_CLKO|
FCLK_RESETO_MpP—!
ZYNQT Pr oCessing B -,u':t.en'; .
Figure 23. All peripherals added and signals connected
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2-8. Assign addresses to the peripherals added to the design.

2-8-1. Select the Address Editor tab.
2-8-2. From the vertical toolbar, click Expand All (53).

You will find the unmapped peripherals.

2-8-3. From the vertical toolbar, click Auto Assign Address (ﬁ ).
The addresses are automatically assigned to the peripherals.

&= Diagram X [ Address Editor x

Q, | Cell | Interface Pin | Base Mame | Offset Address| Range | High Address

w= | §-IF processing_system7_0
=3 | & B Data (32 address bits : 4G

= = gw_4Bits 5_AxXl Reg 0x 41200000 G4k * Ox4120FFFF
= btn_4Bits 5_AxXl Reg Ox41210000 G4k * Ox4121FFFF
= |ed_4Bits 5_AxXl Reg Ox 41220000 G4k * Ox4l22FFFF

Figure 24. Addresses assigned to the peripherals

2-8-4. Select File > Save Block Design to save the design.

2-9. Validate the design to catch any connection and address map errors.

2-9-1. Select Tools > Validate Design.
Any issues are displayed in the Console window.

2-10. Generate the output products.
2-10-1. Select the Sources > Hierarchy tab.
2-10-2. Under Design Sources, right-click system (system.bd) and select Generate Output Products...

2-10-3. Click Generate.

Building the Hardware Bitstream Step 3

The embedded portion of the design is now specified. The next step in the design
process is running the Xilinx implementation tools to generate a bitstream then
exporting the hardware design including the bitstream

3-1. The embedded processing system is a component in the overall design. It
is now necessary to create a top-level wrapper. Many designs will require
other components to be added to the project by instantiating them within
the top-level wrapper, while others are sufficient with only the embedded
system in the top-level wrapper. For this design, only the embedded
system is required. The template that you create will be in the language
specified in the Project Settings.
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3-1-1. From the Flow Navigator, click Project Settings under Project Manager.
3-1-2. Verify that Verilog is the target language in the General settings.
3-1-3. Click OK.
3-2. Create the HDL wrapper for the embedded system.
3-2-1. In the Sources window, select the Hierarchy tab.
3-2-2. Under Design Sources, right-click system (system.bd) and select Create HDL Wrapper.
Spurces — 0O wv = &= Diagram x B Acﬁ
SE =T a &
= Design Sources (1 == ®-4F processing_
@, system (system.bd) (7] pin
' Constraints| | Source Node Properties... CtriH+E
' Simulation * Open File Al+O
( create HDL ‘wrapper... )
View Instantiation Template
Generate Output Products...

Figure 25. Generating a top-level wrapper for the embedded system
3-2-3. Use the default Let Vivado manage wrapper and auto-update option and click OK.

This feature builds an editable wrapper for the embedded system in the language you select (in

this case, Verilog by default).

Optionally, you can double-click system_wrapper to see what was created.
3-3. Now you will run the synthesis.
3-3-1. In the Flow Navigator, under Synthesis, click Run Synthesis.

Once the synthesis completes, the Synthesis Completed dialog box opens.
3-3-2. In the Synthesis Completed dialog box, select Open Synthesized Design.
3-3-3. Click OK.
3-4. Verify the I/O pin constraints of the peripheral instance.
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3-4-1. Select I/0 Planning from the Layout drop-down menu.

|§ Default Layout - |

S0 Default Lavout

25 Clock Planning

S Floorplanning

S Debug

BS Timing &nalysis

BE Save As New Layout...
Reset Layout F3

Figure 26. Selecting the 10 Planning layout

3-4-2. In the I/O ports tab, expand GPIO_9965 > btns_4Bits_tri_i, GPIO_34507 > leds_4Bits_tri_o,
and GPIO_22516 > sw_4Bits_tri_i.

Notice that pins have already been assigned to this peripheral. The pin information was included
in the board support package and was automatically assigned when the IP was automatically
connected to the port.

IO Ports
Q Name [ Direction [Board Part Pin[ Board Part Interface| Wegq Diff Pair [Site| Fixed| Bank | 140 Std | weeo | wref [ Drive Strength|
= | ¢ All ports (142
e 2-03 DDR 1497 (71) In/out A (Multiple)* 1.500 (Multiple)
(=] 2=E FIXED 101497 (59) In/Out ] (Multiple)* (Multiple) (Multiple) (Multiple)*
E 3-lg: GPI0_9965 (4) Input o] 34 LVCMOS33* - 3.300
— 5%, btns_4bits_tri_i (4 Input = 34 LVCMOS33* ~ 3.300
=3 - btns_4bits_tri i[3] Input btns_dbits_tr.. vie o 34 LVCMOS33* - 3.300
=] & btns_dbits_tri i[2] Input btns_4bits_tr.. vie 34 [VCMOS33* ~ 3.300
- btns_4bits_tri_i(1] Input btns_4bits_tr.. P16 M 34 WVCMOS533% - 3.300
= - btns_4bits_tri_i[0] Input btns_4bits_tr.. R18 M 34 LWVCMOS33* hé 3.300
v T Scalar ports (0
5[z GPIO_22516 (4) Tnput M (Multiple) LVCMOS33* - 3.300
b sw_4bits_tri i (4 Input W  (Multiple) LVCMOS 33+ - 3.200
- sw_4bits_tri_i[3] Input sws_4bits_tri.. | Ti6 M 34 LVCMOS33+% hé 3.300
- sw_4bits_tri_i[2] Input sws_4bits_tri.., wis M 34 LVCMOS33* - 3.300
R sw_dbits_tri_i[1] Input sws_4bits_tri.., P15 34 LVCMOS33+ A 3.300
- sw_4bits_tri_i[0] Input sws_4bits_tri.. | Gls M 35 LWCMOS33% - 3.300
= Calar ports (0
@ GPIO_34507 (4) Output ] 35 LWVCMOS533% - 3.300 e =
543 leds_dbits tri_o (4)  Output =] 35 LVCMOS33* - 3.300 12 -
-4 leds_4bits_tri_ o[3] Output leds_dbits_tri.| Dieg M 35 LWCMOS33#* s 3.300 12 s
|-<@ leds_abits_tri_o[2] Output  leds_abits_tri.] Gl4 W 35 LVCMOS33* - 3.300 12 -
< leds_4bits_tri_o[l] Output leds_4bits_tri.) M15 [ 35 LVCMOS33* = 3.300 12 -
L3 leds_4bits_tri_o[0] Output leds_4bits_tri.| M14 35 LWVCMOS533% hd 3.300 12 hd
= Calar ports (07
L Scalar ports (0

Figure 27. 10 Ports assigned according to the board interface details

3-5. Generate the bitstream.
3-5-1. In the Flow Navigator, click Generate Bitstream.

3-5-2. Click Yes if the No implementation Results Available dialog box opens.

The Bitstream Generation Completed dialog opens.
3-5-3. Select Open Implemented Design.
3-5-4. Click Yes to close the Synthesized Design before opening Implemented Design dialog box.

3-5-5. Click OK to continue.
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Exporting Bitstream and Hardware Step 4

After you have configure your hardware project build bitstream if it is necessary.
Petalinux project requires hardware description file. You can pass the hardware
description file by running "Export Hardware" from Vivado.

Petalinux tools will generate device tree source file, u-boot config header files, and
enable some Xilinx IP kernel drivers based on the hardware description file.

4-1. While still in the Vivado IDE, with the block design and implemented design
open, export the embedded system’s hardware.

4-1-1. Select File > Export > Export Hardware.
4-1-2. Select Export Hardware.

4-1-3. Make sure that the Include bitstream box is checked.

Export Hardware

Export hardware platform for
software development tools

[ Include bitstream

Export to: |o- =local to Project= - |

| (a]'4 || Cancel |

Figure 28. Exporting the processor hardware
4-1-4. Click OK.
4-1-5. In the Vivado Design Suite, select File > Exit.

4-1-6. Click OK to exit.

Creating a New Platform with PetaLinux Configuration Options Step 5

The next step is to create a new PetalLinux software platform, ready for building a Linux
system customized to your new hardware platform.

5-1. Verify the PetaLinux working environment or set it by running the
PetalLinux setup script.

5-1-1. Run the following command on the host machine to see if the Petalinux tools are installed and
sourced properly

[host] $ echo S$PETALINUX
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It should display

/opt/pkg/petalinux-v2014.2-final

5-1-2. If it doesn’t then run the following command on the host machine to source the set up script:

[host] $ source /opt/pkg/petalinux-v2014.2-final/settings.sh

5-2. Use the petalinux-create command to create a new embedded Linux
platform in the project directory.

5-2-1. Change to the project directory. Enter the following command:

cd ~/emblnx/labs/labé6

5-2-2. Run the following command to create a new Petalinux project:
[host] $ petalinux-create -t project —-—-name software

petalinux@ubuntu:~/emblnx/labs/1lab6S petalinux-create -t project --name software
INFO: Create project: software

INFO: MNew project successfully created in fhome/petalinux/emblnx/labs/lab6/software
petalinux@ubuntu:~/emblnx/1labs/1lab6% I

Figure 29. Creating a New Petalinux Project

Configuring and Building the Linux System Step 6

The final step is to customize the software platform template to precisely match your
unique hardware system. This is done by copying and merging the platform
configuration files generated during the hardware build phase into the newly created
software platform.

6-1. Configure the kernel to enable the AXI GPIO driver.

6-1-1. Change the directory to the <XSDK workspace directory> directory:

[host] $ cd ~/emblnx/labs/lab6/hardware/lab6.sdk

6-1-2. Use the petalinux-config command to import the hardware configuration:

[host] $ petalinux-config -—get-hw-description -p
~/emblnx/labs/lab6/software

It launches the top system configuration menu when petalinux-config --get-hw-description runs for
the first time for the PetalLinux project or the tool detects there is a change in the system primary
hardware candidates.
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Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </=>

for Search. Legend: [*] built-in [ ] excluded <M> module < >

I linux Components Selection --->
Auto Config Settings ---=

-*- Subsystem AUTO Hardware Settings --->
Kernel Bootargs ---=>
u-boot Configuration ---=
Image Packaging Configuration ---=
Firmware Version Configuration ---=

< Exit = < Help = < Save > < Load =

Figure 30. Configuring the software platform

6-1-3. Select the Subsystem AUTO Hardware Settings (using down arrow key and pressing Enter) to
go into the sub-menu.

6-1-4. Move down to Advanced bootable images storage Settings option and press Y or space bar to
enable the setting.

Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>

for Search. Legend: [*] built-in [ ] excluded <M> module < >

--- Subsystem AUTO Hardware Settings

system Processor (ps7_cortexa9 @) ---»
Memory Settings ---=

serial Settings ---»>

Ethernet Settings ---»

Flash Settings ---=>

SD/SDIO Settings --->

Advanced bootable images storage Settings --->

< Exit > < Help > < Save > < Load >

Figure 31. Enabling the Advanced bootable images storage settings

This sub-menu allows users to specify where bootable images are. The settings of this menu are
used by Petalinux auto configured u-boot.

6-1-5. Press Enter to go into the Advanced bootable images storage Settings sub-menu.

6-1-6. Go into the boot image storage > image storage media (primary flash) and select the primary
sd option.
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Advanced bootable images storage Settings
Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module =< >

--- Advanced bootable images storage Settings
NN oo i atera e

u-boot env partition settings --->
kernel image sef boot image settings 1
iffs2 rootfs img Arrow keys navigate the menu. <Enter> selects submenus --->.

dtb image settin Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc»<Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

|
|
ge storage media ‘
(boot) flash partition name (NEW) |
(BOOT.BIN) 1 image storage media

< Exit 4 Use the arrow keys to navigate this window or press the hotk
the item you wish to select followed by the <SPACE BAR>. Pre
<?> for additional information about this option.

an rimary flash
() Nanualﬁ

[
|
{

< Help >

Figure 32. Selecting boot device
6-1-7. Press Enter.
6-1-8. Select <Exit> to go one level up.

6-1-9. Similarly, select the kernel image settings and select the image storage media as primary sd.

Advanced bootable images storage Settings 1
Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <¥> includes, <N> excludes,
<M> modularizes features. Press <Esc»><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module =< >

--- Advanced bootable images storage Settings

boot image settings --->
u-boot env partition settings ---=
i
jffs2 rootfs image settinas --->
dtb image settings ---> ; kernel image settings
Arrow keys navigate the menu. <Enter> selects submenus --->.

Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module =< >

= | | image storage media (primary sd --->

(image.ub) image name (NEW)
< Exit > < He'

< ExXit > < Help > < Save > < Load >

Figure 33. Selecting the kernel image storage media as SD

6-1-10. Press Enter, and select exit to go one level up to Subsystem AUTO Hardware Settings.
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6-2. Modify the Ethernet settings to use the static IP address.

6-2-1. Use the down arrow key to select the Ethernet Settings sub-menu.

Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc»><Esc> to exit, <?> for Help, </=>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

--- Subsystem AUTO Hardware Settings

system Processor (ps7_cortexad9_8) --->

Memory Settings --->

Serial Settings --->
I

-lash settings --->

sD/SDIO Settings --->
[*] \dvanced bootable images storage Settings --->

= Exit = < Help = < Save = < Load =

Figure 34. Selecting Ethernet Settings sub-menu

6-2-2. Use the down arrow key to go to the Obtain IP address automatically, and press space bar to
unselect it.

Notice that the Static IP address, Static IP netmask, and static IP gateway menus show up.
6-2-3. Change the Static IP address to 192.168.1.2 as we will use that address for the target board.
6-2-4. Leave the Static IP netmask to 255.255.255.0 as we use the same netmask for the host machine.

6-2-5. Change the Static IP gateway to 192.168.1.1 as we will use that address for the target board
gateway.

Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y¥> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

“rimary Ethernet (ps7_ethernet_8) ---=
[ ] rRandomise MAC address
(00:0a:35:00:7c:8e) Ethernet MAC address
[ ] obtain IP address automatically
(192.168.1.2) Static IP address
(255.255.255.0) Static IP netmask (NEW)
(fl2.168.1.1) Static IP

< Exit > < Help = < Save > < Load =

Figure 35. Setting static IP address

6-2-6. Exit the configuration and save the configuration.
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6-2-7.

6-3.

6-3-1.

6-3-2.

6-3-3.

6-3-4.

This step may take a few minutes to complete. This is due to the tool will parse the hardware
description file to get the hardware information to update the device tree, PetalLinux u-boot
configuration files and the kernel config files based on the "Auto Config Settings" and "Subsystem
AUTO Hardware Settings".

For example, If you select ps7_ethernet_0 as the Primary Ethernet, the tool will automatically
enable its kernel driver if user selects to auto update kernel config, it will also update the u-boot
configuration headers for u-boot to use the selected ethernet controller if user selects to auto
update u-boot config.

The PetaLinux tools generate the hardware configuration files, if required, and copies the
configuration files to the correct location in your project directory.

[F® Home emblnx labs lab6 software subsystems linux

o wd - -

build components hw-description subsystems

H=
#
config.project

Figure 36. Directories created under the project folder software

Change into the root directory of your Petalinux project:

[host] $ cd ~/emblnx/labs/lab6/software

Launch petalinux-config and change the host name and product name.

Launch the top-level system settings configuration menu:

[host] $ petalinux-config
Select the Firmware Version Configuration option and hit Enter.
Select (software) Host name and hit Enter.

Clear the default name by using the Backspace key and enter the new host name as petalinux.

Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

inux Components Selection ---=
uto Config Settings ---=
-*- Subsystem AUTO Hardware Settings ---=>
Kernel Bootargs ---=
u-boot Configuration --->
‘mage Packaging Configuration --->

Firmware Version Configuration ---3|

Please enter a string value. Use the <TAB> key to move from
field to the buttons below it.

petalinuxl

Figure 37. Changing the Host Name
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6-3-5. Click OK.

6-3-6. Similarly, change the product name to lab6.

6-3-7. Click Exit twice and select Yes to save the new configuration.

6-4. Launch the Linux kernel configuration menu and configure it to meet your
requirements.

6-4-1. Run the following command in the terminal:

[host] $ petalinux-config —-c kernel

6-4-2. Review the menus.

For example, review the Device Drivers > GPIO Support menu.
No changes are required at this time.

6-4-3. Select Exit.

6-5. Launch the rootfs configuration menu and configure it to meet your
requirements:

6-5-1. Run the following command in the terminal:

[host] $ petalinux-config -c rootfs

6-5-2. Select Apps.

6-5-3. Enable gpio-demo by clicking <Y>.

6-5-4. Select Exit and save the configuration.

6-6. Build the system image.

6-6-1. Copy the provided system-top.dts file from the ~/emblnx/sources/1labé6 and place it in the
~/emblnx/labs/lab6/software/subsystems/linux/configs/device—tree directory
replacing the existing file. This is required as ZYBO uses 50 MHz clock as the input to PS
compared to standard 33.333333 MHz clock used the PetaLinux tool.

6-6-2. Copy the provided platform-top.h file from the ~/emblnx/sources/1labé6 and place itin the
~/emblnx/labs/lab6/software/subsystems/linux/configs/u-boot directory
replacing the existing file. This is required as ZYBO uses 50 MHz clock as the input to PS
compared to standard 33.333333 MHz clock used the PetaLinux tool.

6-6-3. Run the petalinux-build command again to build the system image:

[host] $ petalinux-build
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Booting the PetaLinux Image with SD Card Step 7

Having configured to use the SD card as the primary boot device, you will create a boot
image file that contains the Zynq All Programmable SoC FSBL, the BIT file for the
programmable logic (PL) configuration, u-boot, and the Linux image for the SD card

boot.
7-1. Create a BOOT.BIN file to boot from the SD card.
7-1-1.  Change the directory to where linux image is generated by executing the following command.
[host] cd ~/emblnx/labs/lab6/software/images/linux
7-1-2. Enter the following command in the console:
petalinux-package —--boot —--fsbl zyng fsbl.elf —--fpga
~/emblnx/labs/lab6/hardware/lab6.runs/impl_1/system_wrapper.bit —-uboot
The BOOT.BIN file will be generated and the system_wrapper.bit file will be copied in the linux
image directory;i.e., ~/emblnx/labs/lab6/software/images/linux.
7-1-3. Copy the BOOT.BIN and image.ub files from the
~/emblnx/labs/lab6/software/images/1linux directory to the micro-SD card.
7-2. Set the jumper settings for booting from micro-SD card. Connect the board
and power it ON and set the serial port terminal.
7-2-1. Make sure that the JP7 is set to select USB power.
7-2-2. Make sure that the jumper settings for booting from SD card are set as shown below.
JPS
MicroSD
Cmmc  QSPI Flash
JTAG
Figure 38. Jumper setting for SD card boot
7-2-3. Power ON the board.
7-2-4. Make sure that /dev/ttyUSB1 is set to read/write access:
[host] $ sudo chmod 666 /dev/ttyUSB1
7-2-5. In the dashboard, in the Search field, enter the serial port.
7-2-6. Select the Serial port terminal application and select the appropriate port and 115200 baud.
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7-3. Explore the built Linux system.
7-3-1. In the terminal, press the <Enter> key.

7-3-2. Use root as the login and password.

7-4. \Verify the LEDs by using the devmem command.

7-4-1. In the console, enter the following command:

~#devmem 0x41220000 32 Oxf
All the LEDS on the board will be ON.

7-5. Now use the gpio-demo application.

7-5-1. In the console, enter the following command:
~#gpio-demo -g 248 -o 0

All the LEDS on the board will be OFF.

Booting the PetalLinux Image using JTAG Step 8

You can also program the hardware and boot the Linux image using JTAG mode.

8-1. Set the jumper settings for the JTAG mode booting. Connect the board with
two micro-usb cables and power it ON and set the serial port terminal.

8-1-1. Make sure that the jumper settings for the JTAG mode booting are set as shown below.

MicroSD
QSPI Flash

JTAG

Figure 39. Jumper setting for the JTAG boot

8-1-2. Connect a micro-usb cable to the JTAG UART port.

8-1-3. Power ON the board.

8-1-4. Make sure that /dev/ttyUSB1 is set to read/write access:

[host] $ sudo chmod 666 /dev/ttyUSB1

8-1-5. In the dashboard, in the Search field, enter the serial port.
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8-1-6. Select the Serial port terminal application and select the appropriate port and 115200 baud.

8-2. Program the FPGA with the bitstream and download the Linux kernel.

8-2-1. Change the directory to where linux image is generated by executing the following command.

[host] cd ~/emblnx/labs/lab6/software/images/linux

8-2-2. Update the prebuilt image for the built design and images using the following command.

[host] petalinux-package —--prebuilt —--force —--fpga system_wrapper.bit

The will create or update the pre-built directory under the ~/emblnx/labs/lab6/software
directory.

8-2-3. Goto~/emblnx/labs/lab6/software/pre-built/linux/implementation directory
and rename the system_wrapper.bit file to download.bit file.

8-2-4. Download the kernel using the following command.
[host] petalinux-boot —--jtag —-prebuilt 3

Wait for the DONE LED to lit and then wait for few minutes to download the image and execute.

8-3. Explore the built Linux system.
8-3-1. In the terminal, press the <Enter> key.

8-3-2. Use root as the login and password.

8-4. \Verify the LEDs by using the devmem command.

8-4-1. In the console, enter the following command:

~#devmem 0x41220000 32 Oxf
All the LEDS on the board will be ON.

8-5. Now use the gpio-demo application.

8-5-1. In the console, enter the following command:
~#gpio-demo -g 248 -o 0

All the LEDS on the board will be OFF.
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Booting the PetaLinux Image from QSPI Step 9

You will need to configure the software plateform to use the QSPI flash as the primary
boot device. You will create a boot image file that contains the Zynq All Programmable
SoC FSBL, the BIT file for programmable logic (PL) configuration, u-boot, and the Linux
image for the QSPI boot.

9-1. Use the petalinux-config command from the software project directory
to select the primary boot device as QSPI.

9-1-1. Change to the project directory. Enter the following command:
cd ~/emblnx/labs/lab6/software

9-1-2. Use the petalinux-config command to open the software configuration:
[host] $ petalinux-config

9-1-3. Select the Subsystem AUTO Hardware Settings (using down arrow key and pressing Enter) to
go into the sub-menu.

9-1-4. Move down to Advanced bootable images storage Settings option and press Y or space bar to
enable the setting.
This sub-menu allows users to specify where bootable images are. The settings of this menu are
used by Petalinux auto configured u-boot.

9-1-5. Press Enter to go into the Advanced bootable images storage Settings sub-menu.

9-1-6. Go into the boot image storage > image storage media (primary flash) and select the primary
flash option.

9-1-7. Click Enter.

9-2. Change the image name to BOOT.mcs and kernel image media to QSPI.

9-2-1. Use the down arrow key to select the image name, and change the image to BOOT.mcs

9-2-2. Click OK.

9-2-3. Select <Exit> to go one level up.

9-2-4. Similarly, select the kernel image settings and select the image storage media as primary flash.

9-2-5. Use Exit twice to come back to Subsystem AUTO Hardware Settings sub-menu.

9-2-6. Use down-arrow key to select Flash Settings and hit Enter.
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Notice the settings. The partition 0 size is 0x500000 whereas partition 1 size is 0x20000. So the
partition 2 where the kernel image will reside is at 0x520000.

Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

| B Primary Flash (ps7 gspi @ - - -3
[ ] Advanced Flash Auto Configuration
xu& nartition 6 ***
(boot) name
(0x500000) =ize
*%% partition 1 **#*
(bootenv) name
(0x20000) =ize
*%% partition 2 ***
(kernel) name

< Exit > < Help > < Save > < Load >

Figure 40. Flash settings

9-2-7. Exit the configuration and save the configuration.

The PetaLinux tools will update the image files in the
~/emblnx/labs/lab6/software/images/linux directory.

9-2-8. Change into the root directory of your Petalinux project:

[host] $ cd ~/emblnx/labs/lab6/software

9-3. Build the system image.

9-3-1. Run the petalinux-build command to build the system image:

[host] $ petalinux-build
9-4. Create a flash boot image using the provided output .bif file, and the
bootgen and zyng flash commands.

9-4-1. Copy the provided output.bif file from the ~/emblnx/sources/1labé6 and place it in the
~/emblnx/labs/lab6/ directory.

This file lists where various files (zyng_fsbl.elf, system_wrapper.bit, u-boot.elf, and image.ub) are
located. Make necessary changes if the directory paths to these files are different.

9-4-2. Change to the 1ab6 home directory.
9-4-3. Make sure that the board is in the JTAG boot mode, connected, and is powered ON.

9-4-4. Execute the following bootgen command to generate the BOOT.mcs file.

[host] $ bootgen —-image output.bif -o i
/home/petalinux/emblnx/labs/lab6/BO0T.mcs
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9-4-5. Execute the following command to program the device.
[host] $ zyng_flash —-f /home/petalinux/emblnx/labs/lab6/BO0OT.mcs -
offset 0 —-flash_type gspi_single -cable type xilinx_tcf
This process will take about four minutes to complete.
9-4-6. Now that you have programmed the flash, power OFF the board because you need to change the
jumper settings for the flash boot.
9-5. Verify the jumper settings for booting from flash.
9-5-1. Make sure that the jumper settings for booting from flash are set as shown below.
MicroSD
QSPI Flash
JTAG
Figure 41. Jumper Setting for QSPI Boot
9-6. Power on the board and set the serial port terminal.
9-6-1. Power ON the board.
9-6-2. Make sure that /dev/ttyUSB1 is set to read/write access:
[host] $ sudo chmod 666 /dev/ttyUSB1
9-6-3. In the dashboard, in the Search field, enter the serial port.
9-6-4. Select the Serial port terminal application.
9-7. Explore the built Linux system.
9-7-1. In the terminal, press the <Enter> key.
9-7-2. Use root as the login and password.
9-8. Verify the LEDs by using the devmem command.
9-8-1. In the console, enter the following command:
~#devmem 0x41220000 32 0Oxf
All the LEDS on the board will be ON.
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9-9. Now use the gpio-demo application.

9-9-1. In the console, enter the following command:
~#gpio-demo -g 248 -o 0

All the LEDS on the board will be OFF.

Conclusion

In this lab, you have learned how to:

e Use the Vivado Design Suite to create a Zyng AP SoC project

Build a bitstream

Create a new embedded Linux platform with the PetaLinux tools support
Build an embedded Linux system for a hardware platform

Boot the system using SD card, JTAG, and QSPI flash modes

Completed Solution

(i) SDCard Boot: If you want to run the solution then copy BOOT .bin and image . ub from the
labsolution\lab6\SDCard directory onto a SD card. Place the SD card in the Zybo board. Set Zybo
in the SD Card boot mode. Connect the Zybo to the host machine using Ethernet cable.

Run the following command to start DHCP server on the host:
[host] $ sudo service isc-dhcp-server restart
Power ON the board. Set the terminal session.

Login into the system and test the lab.

(if) FlashBoot: If you want to run the solution using FLASH as the boot device, then place the board in the
JTAG boot mode and power ON the board. Execute the following command to program the flash,
adjusting the path to BOOT.mcs file:

[host] $ zyng_flash —-f /home/petalinux/emblnx/labs/lab6/BO0OT.mcs -
offset 0 —-flash_type gspi_single -cable type xilinx_tcf

Once the program is completed, turn OFF the board, set the board to boot in the QSPI mode, and power
ON the board. Set the terminal session. Login into the system and test the lab.

(iii) JTAG Boot: If you want to run the solution using JTAG as the boot device, then place the board in the
JTAG boot mode and power ON the board. Set the terminal session.

Download the image (including bitstream) using the following command from the directory from the
jtag-boot/software directory.

[host] petalinux-boot —--jtag —-prebuilt 3
Wait for the DONE LED to lit and then wait for few minutes to download the image and execute.

Login into the system and test the lab
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