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Summary

This document provides guidance on using the ARM Development Studio 5 (DS-5) design suite
for the development, build, and debug of bare metal software for the Xilinx Zyng-7000 All
Programmable SoC, which is based on the ARM Cortex™-A9 processor. This process is
described in the following steps:

Xilinx SDK: Board Support Package (BSP) creation for custom hardware design
DS-5 tools: BSP import and build

DS-5 tools: Application build

Xilinx SDK and DS-5 tools: Zynqg device FSBL Changes for ARMCC build

DS-5 tools: Debugger target configuration for Zynq device custom design

AR I .

Introduction

Tools
Configuration

This document assumes that you have a basic understanding of the architecture, boot flow, and
associated Xilinx design tools for the Zyng-7000 product family as well as a basic
understanding of the ARM DS-5 toolchain.It also assumes that the development host operating
system is Windows. To complete the procedure in this application note, you must have installed
the following host-based software tools:

* Xilinx Software Development Kit (SDK) 2013.3, which you can download at this link.

* ARM Development Studio 5 (DS-5) tool suite, which you can download at this link.
Note: A 30-day evaluation is available for the DS-5 tool suite.

Currently Xilinx only supports the ARM commercial C and C++ compiler, not the Linaro GCC
that is also distributed with the DS-5 tool suite.

Associated Design Files

You need to customize the 2013.3 Standalone Board Support Package and First Stage Boot
Loader (FSBL) template distributed by Xilinx. The design files for this application note (available
at this link) provide these customizations as well as updated repositories. The design files also
include a target initialization file and linker script example for use in the DS-5 tools, as
described by this document. The Standalone BSP included in the design files is similar to the
standalone_v3_11_a available from 2013.3 with a few changes to inline assembly functions.

Download and unzip the design files. Note the directory name and location where you save the
files.

The procedure in this application note requires that you use the ARM compiler toolchain from
within the Xilinx SDK environment, which necessitates that the corresponding ARM
executables need to be visible outside of the DS-5 tool environment and its command prompt.
To achieve this visibility, you need to modify the Windows system environment variables as
shown in Figure 1.
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation & XILINX.

Step 1 - Xilinx
SDK:
Standalone
Board Support
Package
Creation

Ensure that the appended path (shown highlighted in the illustration) matches your actual
install location.

System Properties RS

Computer Name | Hardware | Advanced |Sy5tem Protection I Remote|

P
T
Envircnment Variables PS
Edit System Variable ==
1
Variable name: Path
Variable value: EAE R A e SAtC: \Program Files\DS-51bin]

[ OK H Cancel I '[

Figure 1: Edit Windows System Environment Variable

Xilinx SDK dynamically assembles a customized BSP based on the selected hardware design,
whether that is a customized design imported from Vivado® design suite or a preconfigured
platform. This assembled BSP includes a collection of CPU complex-specific configuration and
startup code along with platform address and configuration information for both hardened
processing system and soft, programmabile logic peripherals, which is effectively everything
needed to link against when creating an application project.

You complete the physical process of creating this data-driven BSP through a Library
Generator (libgen) utility, which is an integral part of the Xilinx SDK environment. Therefore,
development in the ARM DS-5 tools must also baseline from this BSP. However, there is
GCC-specific assembler code included in the default start-up files, which therefore require
customization. Part of this process is automated. The design files included with this application
note patch the files for this release.

Use the following steps to build the patched Standalone BSP repository from Xilinx SDK.

1. Invoke Xilinx SDK, then create and configure the workspace.
a. Open Xilinx SDK and create a new workspace (suggested name: XSDK_Workspace).

Select a workspace

Hiliree SDE stores your projects in a folder called a workspace,
Choose aworkspace folder to use for this session,

Wiorkspace: c:\)(SDK_Workspacel - Browse...

[T Use this as the default and do not ask again
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation

& XILINX.

b.

In Xilinx SDK, click Project and disable the Build Automatically option. This setting
allows you to change the compiler option before building a project.

[Project| Xilinx Tools Window Help

Open Project

Close Project

Build All Ctrl+B
Build Configurations »
Build Project

Build Working Set »

Clean...

\x Build Automatically

Make Target »

F'i(upi:itai:.?

() Praject Explarer &2

@ C/C-+ - Xiinc SOK el e ]
Fie Edt Source Refactor Navigste Search Run_Project [XlinTools] Window _Help
=he 2R E & s (e

1

43
|
\
‘ Rescon Repostoris
& e ey ==
Descr ’ ' (renmeoenas] [ pomy ) Wi
@ e
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation & XILINX.

c. Click Xilinx Tools > Repositories and click New on the Local Repositories box.
Browse to the xapPp1185 folder in the application note design files and add the
patched Standalone BSP as new repository.

C/C++ - Xilinx SDK.

e |
File Edit Source Refactor Navigate Search Run Project [ilinx Tools | Window Help
(iR - @ - & v 69 v [¢f [ Generate linker script 2R E & S [
- ~ - - Wy Board Support Package Settings
= Repositories ) = — - —
[ Project Explorer 13 [=| (@ ke 1 0152 qut % @ Ma o
2| %

2% ‘ 4 A outline is not available,

Add, ramova or change the ordar of SOK's software repositorias. MR R

2
“

= O3

| Poders  Prushathanan paanchamy

sk ew Foicr ux Corcel

[ pre v eg

0 itern:

Restore Defauits Aply Type

(T

o® 0 itemns selected

2. Create a new Standalone application project and Standalone BSP (ARMCC version).

XSDK provides a New Project creation wizard, which guides you through the process of
creating a new project in a coordinated way. This wizard is used in the following
illustrations. Project settings may deviate from what is shown based on individual needs.

This application note uses the Hello World application example created in Xilinx SDK as
the first ‘C’ application to run on the target built through the DS-5 tools. If you do not need
to create a sample application project, you can either individually create a BSP against a

previously imported hardware platform or manually create a hardware platform and then
create a BSP against it.
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation

& XILINX.

a.

b.

In Xilinx SDK, click File > New > Application Project.

File | Edit Source Refactor Mavigate Search Run
Alt+Shift+N » | &)

e

C. &

e

Open File..,

Close

Clase All

Save
Save &3,
Save Al
Rewvert:

hdowve,.,
Rename..,
Refresh

Convert Line Delimiters To
Print...

Switch Workspace
Restart

Impaort..
Export...

Properties

Exit

Chrl +4i
Ctrl+Shift 4

Ctrl+5

Ctrl+5hift+5

F2

F3

Ctrl+P

Alt+Enter

15

dE R B

@

Project  Xilinx Tools  Window
Application Project

Board Support Package
Project...

Source Folder
Folder

Source File

Header File

File from Template

Class

Other.., Ctrl+M

In the Application Project screen make the following settings.

Hardware Platform

Software Platform

Select either predefined or custom (Create New) in the pull-down menu. If you
select Create New, SDK prompts you to navigate to the location of the
<HardwareDesign.xml> provided by your hardware development team, a
directory that also includes ps7_init .c/.hand .tcl.

Target Software: Board Support Package. The suggested name for the Board
Support Package is BSP_Standalone_ARMCC, as shown in the following
illustration . (Xilinx SDK uses the Xilinx-distributed GCC to build the BSP source by
default, but you modify the toolchain options later in this procedure.)
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation & XILINX.

New Project l E] |

Application Project .
Create a managed make application project. &

Project name:  APP_HelloWorld_£SDk

Use default [ocation
CESDE_ Workspace) APP_HelloWorld_xSDk Browse...

default

Target Hardware

Hardwvare Platform ’ZC?D2_hw_pIatform(pre-defined) v]
Processor ’ps?_cortexag_ﬂ v]
Target Software

05 Platform ’standalone v]
Language @C OC++

Board Support Package @) Create Mew  BSP_Standalone_&RMCC|

Use existing

@j < Back Mext = ] [ Finish ] ’ Cancel

e Click Next.
e Set the application template.

You can use any of the application templates to validate the build flow before
undertaking your application. This application note uses the “Hello World” application.
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation

& XILINX.

*  Click Finish.

f Y
New Project B

Templates

Create one of the available templates to generate a fully-
functioning application project.

Available Templates:

Y

Dhrystone Let's say 'Hello World" in C.
Empty Application

IwIP Echo Server
Merory Tests

Peripheral Tests
Zyng FSBL

pei> | [ Ensh [ Cancel |

The tools create the files shown in the following illustration:

[ Project Explorer &3 =0
E&|[ T~
> 3_5 APP_Helloviforld_xSDE

s @ BEP_Standalone_ARMCC
s B ZCT02_hwe_platform
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Step 1 - Xilinx SDK: Standalone Board Support Package Creation & XILINX.

c. Right-click the BSP project, BSP_Standalone_ ARMCC, and then select Board
Support Package Settings.

= <)==D| 2
> 2% APP_HelloWorld_XSDK
[l BSP_Standalone ARKACT P
> [AF ZCT02_hwe_platfy e S
Go Into

B5P_Standalone _ARMCC Board &

Open in Mew Yifindow

=| Copy Ctrl+C
Paste Crl +4f
¥ Delete Delete
Source [
hdowve,.,
Rename.., F2
g2y Import.
5 Export.

Build Project
Clean Project

Refresh FS

e

Close Project:

Close Unrelated Projects

Build Configurations v
hake Targets L]
Index [

Show in Remote Systerns wiew

Run A3 3
Debug &s 3
Profile As 3
Teamn 3
Cormpare Yifith 3

Restore from Local History..,

%"’" Run C/C++ Code Analysis
Il Eoard Support Package Settings

Properties Alt+Enter

d. Navigate to drivers > cpu_cortexa9 and change the following parameters.
- compiler: armcc
- archiver: armar

PR 2|l rysbemarnl (i@ systernmss ¢
BSP_Standalone_ARMCC Board Support Package
5 AP HelloWorld_XSDK
(M B3P_Standslone ARMCC 4 Board Support Package Settings

o ZC702_bvwplatform
Board Support Package Settings

Control variaus settings of your Baard Support Package.

& Dveniew
standalone Configuration for driver: cpu_carterd

4 drivers F i o
cpu_cortexald
compder armnee armesiline-eabi-gee
srchiver armar arm-slina-eabi-ar
TompiE Tags 0 -
extra_compiler_flags = %

XAPP1185 (v1.0) November 18, 2013 www.xilinx.com 8


http://www.xilinx.com

Step 2 - DS-5 Tools: BSP Import and Build

& XILINX.

Step 2 - DS-5
Tools: BSP
Import and
Build

e. Right-click the BSP project and select Build Project.

L[ Praject Explorer & = B |[g systemaml i systemamss 2

= %1 ¥ 7| Bsp_standalone ARMCC Bo
=5 APP_HelloWorld_XSDK
!:a BSP_Standalane ARMCC i =
(B ZCT02_tv, MNews »
Go Into
Open in New Window
Copy Ctrl+C
Paste Ctrl +4
¥ Delete Delete
Source 3

g2y Import..
iy Export..
ean Project
: Refresh F5
Close Project
Clase Unrelated Projects

I Build Configurations »

f. The patched BSP source repository is now built against the ZC702_hw_platform

(pre-defined using the ARMCC toolchains).

Note: You don’t need to set additional compiler options. You could use the archived library.
However, in the next steps you will import the customized BSP source tree into the DS-5 tools

where many options are exposed as build options.

1.

Invoke Eclipse for DS-5 to create a new workspace. The example in this document creates

a new workspace in C:\DS5_Workspace.
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Step 2 - DS-5 Tools: BSP Import and Build & XILINX.

2. Import the Standalone BSP
a. Inthe DS-5 tool, click File > New > C Project > Bare metal Library > Empty Project.

' B
= CProject =R

C Project —>

Create C project of selected type |

Project name:  ZyngBSP|

Use default location

D:ARTOS_WorkSpaces\DS5\GuidanceMNote\DS5_Workspace\ZyngB5P Browse...
default
Project type: Toolchains:
== Bare-metal Executable ARM Compiler

@ Empty Project
@ Hello World Project
== Bare-metal Library
@ Empty Project
= Executable
(= Shared Library
@ Empty Project
(7= Static Library
== Makefile project

Show project types and toclchains only if they are supported on the platform

@ < Back Net> |[ Fnish || Cancel
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Step 2 - DS-5 Tools: BSP Import and Build

& XILINX.

b. Name the project (suggested name: “ZyngBSP”). Click Next.

i
2 CProject R

Select Configurations

Select platforms and configurations you wish to deploy on

Project type: Bare-metal Library
Toolchains: ARM Compiler

Configurations:
% Debug Select all
B Release

Deselect all

Advanced settings...

Use "Advanced settings” button to edit project's properties.

Additional configurations can be added after project creation.
Use "Manage configurations” buttons either on toclbar or on property pages.

®

met> | [ Enish | [ Cancel

c. Click Finish.

d. Right-click the Library project and import the Xilinx-SDK-generated (ARMCC) BSP
source tree, specifically the directory tree below “libsrc.” Browse to the folder

BSP_Standalone ARMCC\ps7_cortexad_ 0\libsrc, then click OK.

L[ Project Explare &3  StreamfineDat | T O S Impont el | %
|5 ZyngBsSP Pl ytemn =
4 5 Includes Import resources from the local file system, 'd
+ % C/Program Files/D5-5/include
A —_—
' B From directory:  COXSDK_ Workspace\BSP_Standalone ARMCC\psT_cortexad 0Mibsre = l Browse... J
S 7] > libsre Import from directory [
Import resources from the local file system into an existing project. Select a drectory to mport from.
Select an import source: 4 |, XSDK _Workspace
type filter text L. metadata
[ 4 & General . APP_HelloWorld XSDK
{5, Archive File i bsp
¢ Baisting Projects into Workspace F—————i— 4 | BSP_Standslone ARMCC
), File System | Fitter Types... | | Sef 4 | pst_cortexad 0
[Tl Preferences code
= C/Ces Into folder:  ZyngBSP . s, ]
nclude =1 [
Options L i i
Orvenarite existing res) - libsre
| Create top-level foldd| canps_v1 02 a
| Advanced »> | cpu_cortenald vl 01 a
— - devcfg_v2_(14_a
dmans v1 06 a e
Foider:  lbsic
}
|3_| MEF‘T&T‘ oK | Cancel | |ihncel
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http://www.xilinx.com

Step 2 - DS-5 Tools: BSP Import and Build & XILINX.

e. Inthe Import window, Click Finish.

Note: By using links to the original sources, reference file updates will propagate into the DS-5
tools.

f.  The folders shown in the following illustration are now included in the ZynqBSP project.

L[ Project Explore &3 [ Streamli

a l=% ZyngBSP
> [ Includes
> [ canps_vl 01 _a
> [ cpu_cortexad vl 01 a
> [y dmaps_v1 05 a
> [ emacps_vl 04_a
> (7 gpiops_v1 01 a
> (g licps_v1 03_a
> [ gspips_v2 02 a
> [fp scugic vl 04_a
> (o scutimer vl 02_a
> [ scuwdt vl 02 a
> [ standalone w311 y
> (o wartps_vl 04 _a

> [ usbps_vl 04_a

3. Change the build settings to suit the Zynq architecture.
a. Right-click on the project (ZyngBSP), then click Properties.

b. Inthe Properties wizard, navigate to C/C++ Build > Settings, then modify the following
settings of the ARM Compiler and ARM Assembler.

-

= Properties for ZyngBSP
E

of | |type filter text

> Resource

1 Builders

4 4 C/C++ Build

Build Variables
Discovery Options
u Environment
Legging

Settings

Tool Chain Editor
u » C/C++ General

i Project References
J Run/Debug Settings
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Step 2 - DS-5 Tools: BSP Impo

rt and Build

& XILINX.

= Properties for ZyngBSP

fype filter text

Resource
Linked Resources
Resource Filters
Builders
C#C++ Build
Build Wariables
Discovery Options
Ervironment
Logging
Settings
Tool Chain Editor
C/C++ General
Code &nalysis
Code Style
Documentation
File Types
Indexer
Language Mappings
Paths and Symbols
Project References
Run/Debug Settings

configuration:

In the ARM C Compiler, set the include paths for the referenced header files
generated by the Xilinx SDK libgen process, customized to the hardware

-I <XSDK_workspace>\BSP_Standalone_ARMCC\ps7_cortexa9_[0]\include

Settings

Configuration: ’Debug [ Active ]

'] ’Manage Configurations..,

B Tool Settings |.ﬁ' Build Steps |

Build Artifactl Binary Parsers | @ Error Parsers

B3 ARM C Compiler
(22 Prepracessar

Include path {-I}

(22 Includes
(2 Source Language

2 Optimizations
(# Code Generation

= Add directory path

(2 Debugging
(22 Warnings and Errars
(2 Miscellaneous

By ARM Assembler
(22 Prepracessar
(# Code Generation
(2 Debugging

Directary:

CAMEDK_WorkspacetBSP_Standalone_&RMCChpsT_cortexad_Dhinclude

(22 Warnings and Errars

x|

Cancel

] ’ Workspace.., ] [ File systern..,

@ Miscellaneous

B3 ARM Librarian
@ Miscellaneous

In the ARM C Compiler, set the Code Generation parameters specific to the Zynq

device:
- --cpu Cortex-A9
- --fpu VFPv3_FP16

&) Tool Settings | # Build Steps |

Build Artifactl Binary Parsersl @ Error Parsers|

a4 B3 ARM C Compiler
(22 Preprocessor
(2 Includes
(# Source Language
(# Optimizations
(%2 Code Generation
(2 Debugging
(# Warnings and Errors
(2 Miscellaneous

> B3 ARM Assembler

> 83 ARM Librarian

Cortex-A9 |
Default
Default

[} Interworking (--apcs=/interwork)

Target CPU (--cpu)
Byte order

Instruction set

[ Disable unaligned accesses (--no_unaligned_access)

Target FPU (--fpu) VFPv3_FPl6 |

Floating-point mode (--fpmode) | Default
Default

[7] Generate enumerations as integers (--enum_is_int)

Default

Floating-point PCS (--apcs)

[T Vectorization (--vectorize)

Wide character size

XAPP1185 (v1.0) November 18, 2013
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Step 2 - DS-5 Tools: BSP Import and Build

& XILINX.

C.

d. Click the Build & -~

'Finished building target:

In the ARM Assembler, set the Code Generation parameters specific to the Zynq

device:
- --cpu Cortex-A9
- --fpu VFPv3_FP16

[ ¥ Tool Settings ,‘" Build Ste_ps"l_ t _BuiidArtifact m Binaqfarsers ’"0 ErroQarse

) ARM C Compiler
4 % ARM Assembler

(52 Preprocessor
(%3 Code Generation
(%2 Debugging
(% Warnings and Errors
(& Miscellaneous

3 ARM Librarian

Corte-Ad |

Default
Default

& Interworking (--apcs=/interwork)

Target CPU (--cpu)

Byte order

Instruction set

"

[ Disable unaligned accesses (--no_unaligned_acces

Target FPU (~-fpu) VFPV3_FP16 |

Floating-point mode (--fpmode) | Default
Floating-point PCS (--apcs) Default

Click the Build Artifacts tab and make the following settings:

- Artifact extension: a
- Output Prefix: lib

1 Tool Settings | & Build Steps
Artifact Type: .Bate-mml Library
Artifact name: ${ProjName}
Artifact extension: 2

Cutput prefic lib

*#*%% Buyild Finished ****

You have now completed this step.

Build Artifact | 5} Binary Parsers | €3 Error Parsers

button. If the build is successful, the tool reports:
1ibZyngBSP.a'

XAPP1185 (v1.0) November 18, 2013
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Step 3 - DS-5 Tools: Application Build

& XILINX.

Step 3-DS-5 Use this procedure to create a DS-5 application project for the Zynq device.

Tools: 1. Import and create a software application:
In the DS-5 tool, click File > New > C Project > Bare metal Executable > Empty

Application a.
Build

Project.

| € Project |

Create C project of selected type

Project name:  Zynglpp

Use default [ocation

ChUsershprushot\Documents\D3-5_Exp T\Zynglpp Browse..,
default
Project type: Toolchains:
== Bare-metal Executable ARM Cornpiler

@ Empty Project
@ HelloWoarld Project
== Bare-metal Library
@ Empty Project
= Executable
= Shared Library
= Static Library
= Makefile project

Show project types and toolchains only if they are supported on the platform

@j < Back ’ et » ] [ Finish ] ’ Cancel

b. Name the Project (suggested name: “ZynqAPP”).

XAPP1185 (v1.0) November 18, 2013
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Step 3 - DS-5 Tools: Application Build

& XILINX.

C.

= C Project

Select Configurations

Select platforms and configurations you wish to deploy on

Project type: Bare-metal Executable
Toolchains: ARM Cornpiler

Configurations:

@Debug
B3 Release

Select all
Deselect all

Advanced settings..,

Use "Advanced settings" button to edit project's properties,

Additional configurations can be added after project creation.
Use "Manage configurations" buttons either on toolbar or on property pages.

@j et = ’ Finish ] ’ Cancel

d. Click Finish to close the C Project wizard.

e.

Right-click the application project, select Import, and navigate to the “Hello World”
application project (App_HelloWorld_XSDK) created in Step 1 of this application note.

& Zroons

MNew 3
Go Into
Open in New Window
Copy

o Paste

¥ Delete
Maove...
Rename...

g2y Import..

5 Export.

& Import

Select

Import resources from the local file system into an edsting

Select an import source:

type filter text

4 (= General
{3, Archive File
It Existing Projects into Workspace
L, File System
[T}, Preferences
SN o

XAPP1185 (v1.0) November 18, 2013
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Step 3 - DS-5 Tools: Application Build & XILINX.

f. Include all the C Source and Header files (*.c, *.h, *.S).

2 Import ([
File system —
Impaort resources from the local file system, L ;
-
From directary:  CAXSDK_Workspace\APP_HellaWorld_XSDK -
= APP_HelloWoarld_}SDE @ helloworld.c
(= Debug B B Iscript.ld
& sre @ platforrm_config.h

@ platforrm.c
@ platfarmm.h

Filter Types... ] ’ Select All ] ’ Deselect &ll
Inta folder:  Zynglpp
Options

[T] Crvernrite existing resources without warning
[] Create top-level folder

2. Change the build settings to suit the Zynq architecture.

a. Right-click the project (ZyngApp) and select Properties. In the Properties wizard,
navigate to C/C++ Build > Settings and modify the following settings of the ARM
Compiler, ARM Assembler, and ARM Linker:

m a -

.

= Properties for ZyngAppPraoj_Hello\

type filter text 5
Resource
Builders
C/C++ Build
Build Variables
Discovery Options
Environment
Legging
Settings
Tool Chain Editor
C/C++ General
Project References
Run/Debug Settings
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Step 3 - DS-5 Tools: Application Build

& XILINX.

- Inthe ARM C Compiler, set the Include paths for referenced header files
generated by the Xilinx SDK libgen process, customized to the hardware

configuration:

./../../XSDK_Workspace/BSP_Standalone_ARMCC/ps7_cortexa9_0/include

= Properties for ZyngApp B =X
fype filter text Settings - S o
Resource
Builders
C/C++ Build Canfiguration: ’Debug [ Active ] '] ’Manage Configurations...

Build Wariables

Discovery Options

Ervironment

Logging

Settings

Tool Chain Editor
C/C++ General
Project References
Run/Debug Settings

B Tool Settings |.ﬁ' Build Steps |

Build Artifactl Binary Parsers | @ Error Parsers

B3 ARM C Compiler
(22 Prepracessar
(22 Includes
(2 Source Language
2 Optimizations

Include path {-I}

848 84l &

@ Code Generation
E = Add directory path ﬁ

% Directary:

I

&

[ CAMEDK_WorkspacetBSP_Standalone_&RMCChpsT_cortexad_Dhinclude S .
E TEEE

=
=
=
Al
i<
g Image Layout ||

Cancel

=
o
o

&

] ’ Workspace.., ] ’ File systern..,

b. Inthe ARM C Compiler, set the Code Generation parameters specific to Zynq
architecture:

- --cpu Cortex-A9
- -fpu VFPv3_FP16

% Teol Settings | & Build Steps | . Build Artifact [ i) Binery Parsers | @ Error Porsers|

4 %3 ARM C Compiler ianget CPU (--cpu)

(% Preprocessor

Cortex-AS

(Byte ord Default
(= Includes e =
(% Source Language Instruction set Default
¥ Optimiz : T
(& Optimizations king (--apes=/i L

(% Code Generation
(% Debugging
(% Warnings and Errors

|"| Disable unaligned accesses (--no.unalianed access)
Target FPU (--fpu) VFPv3_FP16
5 Miscellaneous
. 1) ARM Assembler
%5 ARM Linker

Floating-point mode (--fpmode) lDdau}t

Default

as integers (

Floating-point PCS (--apcs)

' [7] Vectorization (--vectorize)

_is_int)

Wide character size | Defaut
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Step 3 - DS-5 Tools: Application Build

& XILINX.

In the ARM Assembler, set the Code Generation parameters specific to Zynq
architecture:

--cpu Cortex-A9
--fpu VFPV3_FP16

| 8 Tool Settings |  Build Steps

4 B ARM Assembler
(% Preprocessor
(% Code Generation
(% Debugging
L'_""l Warnings and Errors
(% Miscellaneous
1 ARM Linker

Build Artifact | st Binary Parsers | @ Error Parsers|

.Target CPU (--cpu) Cortex-A9
Byte order | Default
Instruction set De-f;.ull

:I.m.emorking (--apcs=/interwork)

| Disable unaligned accesses (--no_unaligned_access)

Target FPU (--fpu)

VEPV3_FPI6 |

Floating-point mode (--fpmode) | Default

Floating-peint PCS (--apes) Default

In the ARM Linker, set the General parameters specific to Zynq architecture:

--entry vector_table
--cpu Cortex-A9
--fpu VFPv3_FP16

%) Tool Settings .-b'- Build Steps

) ARM C Compiler
$ ARM Assembler
4 ) ARM Linker

X
(=% General
(2 Image Layout
i‘.'i Libraries
(2 Optimizations
(22 Additional Information
(2 Wamings and Errors
(& Miscellaneous

Build Artifact | (s1p Binary pareace |-ea Cooncparsers|

Image entry point (--entry |
Target CPU (--cpu)
Target FPU (--fpu)

_vector_table
Cortex-A9
VFPv3_FP16
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Step 3 - DS-5 Tools: Application Build

& XILINX.

In the ARM Linker > Libraries, add the reference BSP build created in Step 2 of this

application note:

- Libraries (--library): zyngBSP

- Library Search Path (--userlibpath): $ {workspace_loc: /ZyngBSP/Debug}

= Properties for ZyngApp

type filter test

Resource
Builders
C/C++ Build
Build Variables
Discovery Options
Environment
Logging
Settings
Taol Chain Editor
C/C++ General
Project References
Run/Debug Settings

Settings

Configuration: |Debug [ Active ]

B Tool Settings | # Build Steps |

Build Atifact [ [y Binary Parsers [ @ Ervar Parsers|

) ARM C Compiler

% Prepracessar

£ Includes

(2 Source Language
5 Optimizations

£ Code Generation
£ Debugging

(2 Warnings and Errars
2 Miscellaneous

) BRM Assembler

% Prepracessar

(2 Code Generation
£ Debugging

£ Warnings and Errars
2 Miscellaneous

) ARM Linker

= General

2 Image Layout

£ Libraries

(& Optimizations

2 Additional Information
£ Warnings and Errars
2 Miscellaneaus

Libraries {--librany)

Library search path (--userlibpath)

Standard library search path (--libpath)

Other library files

Note: The entry point matches the start of memory against which the program is linked in the
scatter file. The definition of “_vector_table” can be found in asm_vector.s, which resides in
the “standalone” code of the BSP source tree.

In the ARM Linker, select Miscellaneous > Other objects files.

In the Other object files tab, Click the Add button and navigate to

Sworkspace_loc:\ZyngBSP\Debug\ps7_cortexa9_0\libsrc\stand
alone_v3_11_a\src” and select asm_vectors.o file

Settings

> B ARM C Compiler
> B ARM Assembler
4 3 ARM Linker

@ General

(2 Image Layout

@ Libraries

(2 Optimizations

@ Additional Information
(# Warnings and Errors
@ Miscellaneous

Other flags

Other object files

"$iworkspace loc:/ZyngB5SP/Debug/standalone_v3_11_a/src/asm_vectors.o}"

a8 8

In the ARM Linker, select Image Layout and define the Linker Script, referred to here

as a scatter file.

Settings

. ) ARM C Compiler
. ) ARM Assembler
4 1 ARM Linker
( General
(2 Image Layout
2 Libraries
(2 Optimizations
(2 Additional Information
(% Warnings and Errors
(2 Miscellaneous

RO base address (--ro_base)
RW base address (--nw_base)
71 base address (--zi_base)

Scatter file (--scatter)

A\ AXAPP1185_SupportFiles\ZyngApp.scat

Browse...
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Step 4 - Xilinx SDK and DS-5 Tools: Zynq Device FSBL Changes for ARMCC Build € XILINX.

i. ASample zyngApp.scat file Image Layout is shown in the figure below. This file can
be found in the XAPP 1185 reference files.

4

5= DDR_LOAD @xloaeed {

= DOR_TEXT @xloeaasd

7o

8 asm_vectors.o (.vectors, +First)

=] * (+RO, +RW, +ZI)

i@

11 ARM_LIE_HEAP +2 ALIGN @:x@5 EMPTY @x2@ee {}
1z ARM_LIE_STACK +2 ALIGN @&x1@ EMPTY @x2@ee {}
13 IRQ_STACK +2 ALIGN @&xl@ EMPTY @xlaea {}
14 SPY_STACK +2 ALIGN @&x1@ EMPTY @x2@ee {}
15 ABORT_STACK +2 ALIGN @&xl@ EMPTY @xlaea {}
16}

j. Compile the application. As a reference, the following illustration shows the compiled
size in the example flow.

Total RO Size (Code + RO Data) 36616 ( 35.76kB)
Total RW Size (RW Data + ZI Data) 32896 ( 32.13kE)
Total ROM Size (Code + RO Data + RW Data) 36616 ( 35.76kB)

Finished building target: ZyngAppProj_HelloWorldfromXSDK.axf

You have now completed this step.

Step 4 - Xilinx Use the following steps to build the First Stage Boot Loader (FSBL) with ARMCC.
SDK and DS-5 1. Open Xilinx SDK, and use the existing workspace, “XSDK_Workspace.”
Tools: Zynq 2. Click File > New Application Project.

Device FSBL
Changes for
ARMCC Build
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Step 4 - Xilinx SDK and DS-5 Tools: Zynq Device FSBL Changes for ARMCC Build € XILINX.

3. Name the project (suggested name: “ZynqFSBL_XSDK?”). Use the existing BSP
(BSP_Standalone_ ARMCC).

New Project [E=EER™

Application Project .
Create a managed make application project. &

Project name:  ZynqFSBL_XSDE

Use default [ocation
CHEDE WaorkspaceZyngFSBL_XSDK Browse..,

default

Target Hardware

Hardwvare Platform ’ZC?DE_hW_pIatform v]
Processor ’ps?_cortexag_ﬂ v]
Target Software

05 Platform ’standalone v]
Language @C OC++

Board Support Package () Create Mew | ZyngFSEL_3SDE_bsp

@) Use existing | BSP_Standalone_ARMCC -

@j < Back Mext = ] [ Finish ] ’ Cancel

4. Choose Zynq_FSBL as the application template.

New Project & PS
Templates .
Create one of the available ternplates to generate a fully-functioning &
application project.
Auailable Templates:
Dhrystone First Stage Bootloader (FSBL) for Zyng. -
Empty Application The FSBL configures the FPGA with Hy
Hella Warld bit stream (if it exists) and loads the
IndP Echo Server Operating Systern (035) Image or
Memory Tests Standalone (38) Image or 2nd Stage Boot

Peripheral Tests Loader image fram the non-volatile
T T 1 ory (NAND/NOR/QSP to Ra
(DDR) and starts executing it. It supports
multiple partitions, and each partition

can be a code image or a bit stream,

)

C) Mext = Finish ] ’ Cancel
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Step 4 - Xilinx SDK and DS-5 Tools: Zynq Device FSBL Changes for ARMCC Build € XILINX.

Click Finish.
Open Eclipse for DS-5.
Use the existing workspace, “DS5_Workspace.”

© N o o

Create a Bare-metal Executable > Empty application project named “ZynqFSBL.” For
more information, see the procedure in Step 3 - DS-5 Tools: Application Build.

= C Project [ E] |
C Project p—

Create C project of selected type

Project name:  ZyngFSBL_ARMCC]

Use default [ocation

CihvtestIhZyngFSEL_ARMCC Browse..,
default
Project type: Toolchains:
== Bare-metal Executable ARM Cornpiler

@ Empty Project
@ HelloWoarld Project
== Bare-metal Library
= Executable
= Shared Library
= Static Library
= Makefile project

W Show project types and toolchains only if they are supported on the platform

@j < Back et » ] [ Finish ] ’ Cancel
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Step 4 - Xilinx SDK and DS-5 Tools: Zynq Device FSBL Changes for ARMCC Build € XILINX.

9. Click Finish.

= C Project [ E] |

Select Configurations —d

Select platforms and configurations you wish to deploy on

Project type: Bare-metal Executable
Toolchains: ARM Cornpiler

Configurations:

i Debug Select all
) Release
Deselect all

Advanced settings..,

Use "Advanced settings" button to edit project's properties,

Additional configurations can be added after project creation.
(| Use "Manage configurations" buttons either on toalbar or on property pages.

@j et = [ Finish ] ’ Cancel

10. Import the files from “ZynqgFSBL_XSDK” into this project.

[ 2 import By

File system —
Impaort resources from the local file system, L ;

-
From directory:  CAXSDE MorkspacelZyngFSBL_XSDK -
a [J] = ZyngqFSBL_XSDK @ ddr_init.c o
@] sre [€] diskiah |E|
€] ff.c =
| &) ##.n
@f‘fconf.h
[€] fsbl_debug.h
[S] fsbl_handaff.5
@fsbl_hooks.c
[¥] [€lfshl hooks.h =
Filter Types... ] ’ Select All ] ’ Deselect &ll ]
Into folder: ZynqFSBLARMCC
1 Options

[T] Crvernrite existing resources without warning

[] Create top-level folder

et = Finish ] ’ Cancel
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Step 4 - Xilinx SDK and DS-5 Tools: Zynq Device FSBL Changes for ARMCC Build

& XILINX.

11. Import the patched FSBL files from the support files location, specifically the files located in
the zyng FSBL_ARMCC subfolder.

= Import

S [ |

File system

Impaort resources from the local file system,

From directory:  CAXAPP1183\Zyng FSBL_ARMCC

=

-

- Browyse..,

(= Tynq_FSEL_ARMCC

[8] fsbl_handoff.5

@ main.c
@ md5.c
[€] rmds.h
@ ps7_init.c

[E)] ZyngFsBL.scat

Filter Types... ” Select All ” Deselect &ll

Into folder: ZyngFSEL_ARMCC

Options
[T] Crvernrite existing resources without warning
[] Create top-level folder

®

et =

Browyse..,

[

Finish

) {

Cancel

12. Set the Compiler and Linker options as described in Step 3 - DS-5 Tools: Application Build.
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Step 4 - Xilinx SDK and DS-5 Tools: Zynq Device FSBL Changes for ARMCC Build € XILINX.

13. Set the image layout file to ZyngFSBL. scat. This file is located at . . \XaPP1185\
Zyng_ FSBL_ARMCC

= Properties for ZyngFSBL l E] |
fype filter text Settings - r v
Resource
Builders i
C/C++ Build Canfiguration: ’Debug [ Active ] '] ’Manage Configurations...
Build Variables

Discovery Options

Enviranment i Tool Settings | Build Steps | Build Artifactl Einary Parsers | @ Error Parsers
Logging
Settings B3 ARM C Compiler RO base address {--ro_base)
Tool Chain Editor (22 Prepracessar RV base address (--ru_base)
CfC++ General (2 Includes -
Project References @ Source Language I base address (--zi_base)
Refactoring History 2 Optimizations

i Scatter file (--scatter) COAPPLIEN T ynglpp.scat
Run/Debug Settings (# Code Generation Ynasee

(2 Debugging

m

@ Warnings and Errars
(2 Miscellaneous

By ARM Assembler
(22 Prepracessar
(# Code Generation
(2 Debugging
@ Warnings and Errars
(2 Miscellaneous

B85 ARM Linker
2 General
(22 Image Layout
(2 Libraries
2 Optimizations
# Additional Information
@ Warnings and Errars
(2 Miscellaneous

|@:| QK ] ’ Cancel
14. Build the project “ZyngFSBL_ARMCC”
The following illustration shows a sample, post-build log for reference.
Code (inc. data) RO Data RW Data ZI Data Debug
72082 17986 450 11248 38620 124417 Grand Totals
72082 17986 450 1796 38620 124417 ELF Image Totals (compressed)
72082 17986 450 1796 0 0 ROM Totals
Total RO Size (Code + RO Data) 72532 ¢ 70.83kE)
Total RW Size (RW Data + ZI Data) 49868 (  48.70kE)
Total ROM Size (Code + RO Data + RW Data) 74328  72.59kED
'"Finished building target: ZyngFsEBL. axf'
wwkk Build Finished %
You have now completed this step.
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Step 5 - DS-5 Tools: Debugger Target Configuration for Zynq Device Custom Design

& XILINX.

Step 5 - DS-5
Tools:
Debugger
Target
Configuration
for Zynq Device
Custom Design

Note: The ps7_init.c file provide in

..\XAPP1185\ Zyng FSBL_ARMCC works only for

ZC702_hw_platform. For other hardware platforms, you must manually edit this file to compile

with ARMCC.

You can use the FSBL application created in Step 4 to initialize the target hardware. The
following init script shows an example of using the ZyngFSBL. axf to initialize the target.

zyng_init.ds

loadfile {Workspace_loc:}\Zyng FSBL_ARMCC\Debug\ZyngFSBL.axf

run
pause 1000
stop

Use the following steps to initialize the target hardware for a debug session:

Right-click on the application that you want to debug and select Debug Configurations.

2. In the Debug Configurations window, double-click on DS-5 Debugger to create a new
Debug Configuration.

CfC++ Application
C/C++ Attach to Application
C/C++ Pastrorterm Debugger
C/C ++ Remote Application

£ DS-5 Debugger

&' lron Python Run

&' Tron Python unittest

= Jwva Applet

T3] Java Application

Ju JUnit

& hython run

A Jython unittest

@ Launch Group

B PyDev Djzngo

23 PyDev Goagle App Run

@ Python Run

&' Python unittest
Fitter matched 19 of 19 items

|
| Create, manage, and run configurations

Create, edit or choose a configuration to lsunch 3 DS-5 debugging session,

Configure launch settings from this dialog:
- Press the "New' button to create 2 configuration of the selected type.
= Press the “Duplicate’ button to copy the selected configuration.
3 - Press the 'Delete’ buston to remove the selected configuration.
- Press the Filter’ button to configure filtering options,

- Edit or view an existing configuration by selecting it.

Canfigure lsunch perspective settings from the Pers

w3 preference page.

Close
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Step 5 - DS-5 Tools: Debugger Target Configuration for Zynq Device Custom Design

& XILINX.

3. On the Connection tab, find “Zyng-7000 EPP ZC702” and select Bare Metal Debug >

Debug Cortex-A9 via DStream/RVI.

'3 Debug

Create, manage, and run configurations

@‘ -~

X EH-
pe filter text = Connection i} Files| %5 Debugger| 3 05 A 0 Aag "
[E] CiC«+ Application
[E] C/C e+ Attach to Appleation
(] €/C ++ Pastrnartem Debugger
[E] C/C++ Rernote Application

£ D55 Debugger
£ New_configunation

Hame: Hew_configuration

Select target
Select the manufacturer, board, project type and debug operation to use, Currently selected:
iliroc / Zynq- 7008 PP 2C702/ Bare Metal Debug / Debug Cortex-A3_0 via DISTREAM/RMV

a Xilro
Zyng-1000 EPP Emulation Board
B Java Agplet 4 Zyng-7000 EPP ZCT02
[ lva Application  Bare Metal Debug
Ju Jnit Debug Cortex-A3 0 via DSTREAM/MRV
A° lython run Debug Corte-A9_1via DSTREAM/FM
Diebug Cortex-A8x2 SMP via DETREAM/RVI

A" Lran Python Run
A tron Python unittest

& hython unittest
# Launch Group Debug and ETE Trace Cortex-A3_0 via DSTREAM/RMV
Ej PyDev Django Debug and ETE Trace Cortex-A3_1wia DSTREAM/RV
- Ae] 5 4
3 PyDev Google App Run Debug and ETB Trace Cortew- A2 SMP via DSTREAM/FM] The currently sedected platfarm s X
@ Python Run Linux Application Debug
Liswix Kernel andfor Device Driver Debug

&' Python unittest
SE, Barnote Jwva Application

D5-5 Debugger will connect to 3 DSTREAM or RVI to debug 3 bare metal application.

Connections

Bromwie,.

Bare Metal Debug  Connection  USB90734T

Filter matched 19 of 19 merms

@ I |

In the Connections area at the bottom of the dialog box, click the Browse button to the right

of the Bare Metal Debug, Connection field. The application auto-detects the Dstream

connection to the host machine. Select the appropriate connection (USB in this example),

then click OK.

(o |

= Select Debug Hardware

Details
137.0.0.2

Type Marme
DSTREAM LISB:002347

@ ) i)
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Step 5 - DS-5 Tools: Debugger Target Configuration for Zynq Device Custom Design

& XILINX.

5. On the Files tab, select the application that you need to debug (for example,
zyng_app.axf).

Create, manage, and run configurations

Creste, edit or choose a

to lwnch 3 D55

type filter text

[E] €/t e+ Application
[E] C/C»+ Attach to Appheation

(] C/C++ Remote Agplication
£ D55 Debugger
£ New_configuration
A& Lran Python Run
&' [ron Python unittest
= Iwva Applet
T Jwva Apglication
Ju Jait
& Jython rn
& lython unittest
B Lawnch Group
E] PyDev Django
&3 PyDev Google App Run
& Python Run
& Python unittest

T, Rernote Jwva Agplication

Fulter matched 19 of 18 itemns

@

FLETEL

Hame: Hew_configurstion

== Connection |l Files . ¥ Debugger 7 054 e g B E

Target Configuration

[E] CfCe+ Postmartem Debugger

Apglication on host to download:

Al D5-5_Epl\Zyng Appl\Debug\Tyng Applud
[Fite System.. | [Workspace..| il Load symbals
Fibes.

:Lou syrnbals from file -

[File Systern. | [Workspace...|

+

Sedect the files you wish to uplosd / use |

Debug Close

6. On the Debugger tab, select the Run target initialization debugger script (.ds/.py)
checkbox and select the zyng_init.ds script (example provided above).

"3 Debug Configurations

Create, manage, and run configurations

Create, edit or chanse ¥

*+ Application
=+ Atvach to Apphestion
++ Pastmortem Debugger
++ Remate Application
£5 D55 Debugger
% New_configuntion
@' lran Python Run
&' lron Python unittest
5] Java Applet
[T1 Java Application
Ju Junit
& Iython run
& hython unittest
B Launch Group
B PyDev Django
25 PyDev Google App Run
& Python Fun
&' Python unittest

T, Rernote I Agplication

Filter matched 19 of 18 ferns

@

to lwunch a D55 LI REHELE

Hemie: New_configurstion

<+ Connection i) Fies (%3 Debugger @ 054 14 g ]

Fun contral
Connectonby ) Debug from entry point & Debug from symbel  main

7] un target indialization debugger serpt L.ds / .pyl

C:\Users\prushot\Documents\D5-5_Exp N0 _initds

|Run debug initialization debugger script (.ds / py)

Execute debugger comrmsnds

Hest working directary
1] Use default

Yworkspace_boc]
Faths
Sousce search directory. ~

[ Fite Sestermoc] [Worksowcew]

| File %ﬂhm-«] [wﬂ‘hﬂl((—

7. Make sure the DStream cable is connected to the board. Power on DStream and the target.

8. Click the Debug

button.
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Automating Step 1 Using Scripts & XILINX.

Note: The debugger loads FSBL in OCM and runs it. The FSBL then initializes the target hardware. The
debugger waits one second for FSBL to complete initialization of the target and stops the target to load the
application with a breakpoint at main().

| T0Z_init.ds Lc] helloword.c &1

sa#include <stdio.h>
35 #include “platferm. h™

void print{char *str});

39 imt main()

init_platform();
print(“Helle Worldin\r");

return @;

H

This concludes the steps necessary to set up a debug session. For successive debug sessions,
click the Debug button.

Automating Advanced users can automate Step 1 of this application note with the included script files. The
Step 1 Using batch file to automate step 1, build_bsp_fsbl_app.bat, is located at

. .. \XAPP1185\xsdk_build\build_bsp_fsbl_ app.bat.
Scripts

The location of the system.xml file has to be passed as an argument to run this batch file, as
shown in the following example, which generates the ARMCC version of BSP and FSBL for the
ZC702 board. The command assumes the design files XxAPP1185. zip is unzipped to C:\.

C:\XAPP1185\xsdk_build>build _bsp_fsbl_app.bat ZC702_hw_platform

This command takes the system.xml file from ZC702_hw_platfrom, which is available as
part of this document. The batch file produces three folders: zyng FSBL, ps7_cortex_a9,
and the hello_world project folder. You can import these files directly into the ARM DS-5
project as described in Step 2 - DS-5 Tools: BSP Import and Build.

References 1. Zyng-7000 All Programmable SoC: Concepts, Tools, and Techniques (UG873)
2. Xilinx video tutorial, “Zynq Bare Metal Application Development using Xilinx SDK”

3. Xilinx video tutorial, “Heterogeneous Multicore Debugging with Xilinx SDK”

Revision The following table shows the revision history for this document.
History

Date Version Description of Revisions
11/18/13 1.0 Initial Xilinx release.
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Notice of The information disclosed to you hereunder (the “Materials”) is provided solely for the selection

Disclaimer and use of Xilinx products. To the maximum extent permitted by applicable law: (1) Materials
are made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES
AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED
TO WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY
PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether in contract or tort,
including negligence, or under any other theory of liability) for any loss or damage of any kind
or nature related to, arising under, or in connection with, the Materials (including your use of the
Materials), including for any direct, indirect, special, incidental, or consequential loss or
damage (including loss of data, profits, goodwill, or any type of loss or damage suffered as a
result of any action brought by a third party) even if such damage or loss was reasonably
foreseeable or Xilinx had been advised of the possibility of the same. Xilinx assumes no
obligation to correct any errors contained in the Materials or to notify you of updates to the
Materials or to product specifications. You may not reproduce, modify, distribute, or publicly
display the Materials without prior written consent. Certain products are subject to the terms
and conditions of the Limited Warranties which can be viewed at
http://www.xilinx.com/warranty.htm; IP cores may be subject to warranty and support terms
contained in a license issued to you by Xilinx. Xilinx products are not designed or intended to be
fail-safe or for use in any application requiring fail-safe performance; you assume sole risk and
liability for use of Xilinx products in Critical Applications:
http://www.xilinx.com/warranty.htm#critapps.
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