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Introduction

This guide will provide examples of how to create and debug Bare Metal projects using the ARM® DS-5
Altera Edition included in the Altera® SoC Embedded Design Suite (SoC EDS) User Guide.

The Altera SoC EDS is a comprehensive tool suite for embedded software development on Altera SoC
devices. It includes the hardware abstraction library (HWLibs), ARM DS-5 Altera Edition (DS-5 AE), tool
chain, and examples for a Bare Metal development environment.

The DS-5 AE is a useful toolset that allows you to create Bare Metal applications within the DS-5 IDE,
configure, and execute it on the Altera SoC target board.

For more information, refer to the "Introduction to the SoC Embedded Design Suite" and "ARM DS-5
Altera Edition" sections in the Altera SoC Embedded Design Suite User Guide.

Refer to the additional guidelines, such as respective SoC Development Kit User Guide and USB-Blaster
User Guide when you go through the examples in this guide.

Related Information

o Cyclone V SoC Development Kit User Guide

o Arria V SoC Development Kit User Guide

o Arria 10 SoC Development Kit User Guide

o USB Blaster Download Cable User Guide

o Altera SoC Embedded Design Suite User Guide

Bare Metal Overview

Firmware applications intended to run without an operating system (OS) are referred to as Bare Metal
applications. In comparison with the user application, which is managed by an OS, a Bare Metal applica-
tion can interface directly to the system hardware and run without an OS.
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Figure 1: Bare Metal Application
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The Bare Metal application can be invoked in one of many ways. In the following three scenarios, it is
invoked after the Preloader boot stage has completed the system hardware initialization and verified the
Bare Metal image or has been built as a Boot Module.
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« Typical Bare Metal Application - when the Bare Metal application runs directly from the Preloader
Figure 2: Typical Bare Metal Application
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« RTOS Bare Metal Application - when the Bare Metal application runs from an RTOS
Figure 3: RTOS Bare Metal Application
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« Bootloader Bare Metal Application - when the Bare Metal application runs from the Bootlooder

Figure 4: Bootloader Bare Metal Application
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The Altera SoC Embedded Design Suite (SoC EDS) User Guide provides HW abstraction Application
Programming Interfaces (APIs) to simplify Bare Metal application development.

Related Information

o AN 709 HPS SoC Boot Guide

For more information about boot stages.
« Minimal Preloader Example Project on page 57

For more information about the Bare Metal application built as a Boot Module.
o Altera SoC Embedded Design Suite User Guide

Prerequisites for the Bare Metal Development Environment

The following tools need to be installed before proceeding:

o Altera SoC EDS
o USB-Blaster driver

Note: The USB-Blaster must be connected to the board and Altera SoC EDS license file must be setup
correctly before proceeding.
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The Altera SoC EDS provides the following components for a complete Bare Metal Software Development
Environment:

o« ARM DS-5 Altera Edition

o ARM Compiler 5
« GNU Compiler Collection (GCC) Bare Metal Compiler
« HWLibs
« Mkpimage tool (required by BootROM)
« Mkimage tool (required by Preloader)
o SD card image tool
» Golden Hardware Reference Design (GHRD)

For more information, refer to the "Installing the Altera SoC Embedded Design Suite" and "ARM DS-5
Altera Edition" sections in the Altera SoC Embedded Design Suite User Guide.

Related Information
Altera SoC Embedded Design Suite User Guide

Bare Metal Compiler

The Bare Metal Compiler that is shipped with the Altera SoC EDS is the Mentor Graphics® Sourcery "
Code Bench Lite Edition. The compiler is a GCC-based arm-altera-eabi port. It targets the ARM
processor, it assumes bare metal operation, and it uses the standard ARM embedded application binary
interface (EABI) conventions. The bare metal compiler is installed as part of the Altera SoC EDS installa-
tion.

There are 2 types of bare metal compilers provided:

« ARM Compiler
« GNU Compiler Collection (GCC)

ARM compiler is supported by the Full ARM DS-5 edition (for all ARM processors) that requires a
license, while the GCC is provided by DS-5 Altera Editions which is free.

For more information on the Bare Metal Compiler, refer to the "Bare Metal Compiler" chapter in the
Altera SoC Embedded Design User Guide.

Related Information
Altera SoC Embedded Design Suite User Guide

Bare Metal Development Flow

Developing SoC based Bare Metal applications involve dependencies from the FPGA generated design
tools and use of the Altera SoC EDS packaged tools for building and debugging the application.

A typical Bare Metal Development flow is shown below:
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Figure 5: Typical Bare Metal Flow
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Using DS-5 AE to Create and Manage Bare Metal Projects

Bare Metal application project can be created using DS-5 AE and compiled with ARM or GCC compiler.
The application can be created to run from various target such as On-Chip RAM (OCRAM) or external
memory.

The following sections will guide you through how to create, build, load and debug a simple bare metal
project named "Hello World" on Cyclone V SoC Development Kit using the ARM compiler:

e To run from OCRAM
e To run from SDRAM

Note: For the GCC compiler, you can import an existing bare metal project example compiled using GCC
compiler or refer to "GCC Bare-Metal Project Management" to create a simple C project manually.

Related Information

+ GCC Bare-Metal Project Management
o Getting Started with Bare Metal Project Management

Simple Bare Metal Project Using On-Chip-RAM

In the following sections, you are creating, building, loading, and debugging a simple "Hello World"
application project to run from OCRAM using ARM compiler.

Related Information
Altera SoC Embedded Design Suite User Guide
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Create Project

Before you begin

In Windows, go to Windows > All Programs > ARM DS-5 > Eclipse for DS-5 to open the ARM DS-5
tool. Select a workspace before you begin. If it is not already selected, change to C/C++ Perspective,
located at the top right tabs of DS-5.

1. Create a new C project by selecting File > New > C Project.

2. Select Project Type as "Hello World ANSI C Project” and Toolchains as "ARM Compiler 5 (DS-5 built-
in)" and enter a unique project name in the Project Name field. For example, bare-metal-hello-
world-01.

Figure 6: Creating C Project of Selected Type
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Create New Scatter File to Locate the Bare Metal Application in the OCRAM 7

Note: The DS-5 is supplied with two versions of the ARM Compiler for compiling bare metal applica-

tions. ARM Compiler 5 supports all ARM architectures except ARMv8. ARM Compiler 6
supports architectures ARMv8 and ARMv7-A, as well as alpha support for architectures
ARMv7-R, ARMv7-M and ARMv6-M. For Altera SoC FPGA, ARM Compiler 5 is required.

Both versions of ARM Compiler are license managed and not all editions of DS-5 include a
license for it.

For any licensing information, please refer to the "Licensing" chapter in the Altera SoC EDS User
Guide.

3. Select Finish.
The source code for bare-metal-hel lo-wor1d-01.c appears in the editor view.

Figure 7: Bare Metal "Hello World - 01" Code Snippet
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11 #include <stdio.h»

> il Includes 12 #include <stdlib.h>
4 2 src 13
- €| bare-metal-hello-world-01.c 14 int main(void) {
15 puts("llIHelle Werldll ™Y, /* prints LllHello Werld!ll *f
16 return EXIT_SUCCESS;
17 }

Create New Scatter File to Locate the Bare Metal Application in the OCRAM

1. Create a scatter file. Right click on the project, and select "New > Other...", then "Scatter File Editor >
Scatter File".
The scatter file enables you to specify the memory map of an image to the linker using a description in

a text file. It is used by the ARM compiler linker to determine the placement of the program in the
target memory.
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Figure 8: Creating Scatter File
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2. Select the project name, bare-metal-hel lo-wor1d-01, and enter the scatter file name, like

Altera Corporation

scatter_OCRAM.scat
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Figure 9: Scatter File Setting
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3. Select Finish.
The new file automatically appears in the Project Explorer view.

Create New Scatter File to Locate the Bare Metal Application in the OCRAM 9

4. In the scatter_OCRAM.scat editor view, enter the following when targeting a Cyclone V or Arria V

device:
OCRAM OXFFFFO0O00 0x10000

{
APP_CODE +0

{
* (+RO, +RW, +ZI)

}
ARM_LIB_STACKHEAP OxFFFF8000 EMPTY 0x8000 ; Application help and stack

{2}
}

Bare Metal User Guide
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The linker script instructs the linker on how to link the application:

o Defines OCRAM base address (OxFFFF0000) and size (0x10000)
+ Loads all application sections in the OCRAM
 Allocates a maximum of 32 KB (0x8000) for stack and heap starting from address OxFFFF8000

The parameters can easily be changed for targeting Arria 10 devices, where there are 256 KB of
OCRAM located at OXFFEO0000.

5. Select the Regions/Sections tab, located just below the scatter file to show what the memory map looks
like.

Figure 10: Scatter File Regions
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6. Select File > Save to save the modifications.

7. After the scatter file has been created in the project, it needs to be associated with the project
properties. Select the project name in the Project Explorer view and right-click to select
Properties.

8. Go to C/C++ Build > Settings > Tool Settings > ARM Linker 5 > Image Layout.

9. In the Scatter file (--scatter) text field, browse to the newly created scatter file which should now be in
the project folder.

10.Select Apply and then OK.

Altera Corporation Bare Metal User Guide

C] Send Feedback


mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Bare%20Metal%20User%20Guide%20(UG-01165%202015.11.30)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

UG-01165
2015.11.30

Figure 11: Scatter File Location Setting
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1. Then, right click on the project and select "Build Project".

Restare Defaults Apply

The “Debug” build directory will be created and the compiled object modules will be placed there.
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Figure 12: Bare Metal "Hello World - 01" Built Done
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2. To download and debug the program, select Run > Debug Configurations.
3. Right click on DS-5 Debugger and select New to create a new debug configuration.
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Figure 13: New Debug Configuration
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4. In the Connection tab, select Altera > Cyclone V SoC (Single Core) > Bare Metal Debug > Debug
Cortex-A9_0 and select "USB-Blaster" from the Target Connection pull-down menu.
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Figure 14: New Debug Configuration Target Connection Setting
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5. Select an available Bare Metal Debug Connection by clicking Browse.
This will return a list of the available debug connections.

Figure 15: Connection Browser
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6. Select the hardware and then click Select. Change the name of the configuration from "New_Configu-
ration" to "bare-metal-hello-world-config", and select Apply.
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Figure 16: Bare Metal Hello World Config Connection Settings

= Debug Configurations

Create, , and run confi

€3 [Debugger]: Debugging fram a symbol, but no symbol files defined in the Files tab

2 9 - .
x‘ = Name: bare-metal-hello-warld-config

type filter text <= Connection [} Files| B Debugger| % OS dwareness | 4= Arguments | M Enviranment
[E] C/C++ Application
[€] C/C++ Attach to Application
[€] C/C++ Postmortem Debugger
[€] C/C++ Rernate Application

Select target

Select the manufacturer, board, project type and debug operation to use, Currently selected:
Altera / Cyclone W SoC (Single Core) / Bare Metal Debug / Debug Cortex-28_0

4 % DS Debugger Filter platforms
#% bare-metal-hello-world-config
@ TranPython Run a Altera -
A& TranPython unittest Arria 10 S0C
] Jawa Applet > Arria W SoC
3] Java Application » Cyclone W SoC (Dual Core)
Ju JUnit a4 Cyclone W SoC (Single Core)
a7 Jython run a Bare Metal Debug
A Jython unittest Debug Cortex-23_0
I Launch Group » Linus Application Debug
B PyDev Djanga Linuz Kerrel and/for Device Driver Debug i
25 PyDev Gaogle App Run
PP Python Run Target Connection USB-Blaster w
'% E:tr:::'euj:\'f:'z;plmmn DTSL Options Edit.,.|  Configure USB-Blaster trace or other target options. Using "default” configuration options

DS-5 Debugger will connect to an Alters USB-Blaster to debug a bare metal application,

Connections

Bare Metal Debug | Connection  USE-Blasterll on localhost [USE-1]:USE-Blasterd USE-1 Browse...

Appl Rewert
Filter matched 19 of 19 iterns PP e

'?:' Debug Close

7. Go to the Files tab and select the application to download by clicking “Workspace” and select the
object module that was built, bare-metal-hello-wor1d-01.axf.
It should be in the Debug folder within the project. Make sure that “Load symbols” is selected, and then
click on Apply.
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Figure 17: Bare Metal Hello World Config Files Settings

= Debug Corfigurations @
Create, , and run confi i i -
Create, edit or choose a configuration to launch a DS-5 debugging session, @L
5 X | B 3~ MNarne:  bare-metal-hello-warld-canfig
type filter text <4t~ Connection |lar) Files . #§ Debugger| & OS Awareness | 09= Arguments | B Enviranment
[c] C/C++ Application -

[E] C/C++ Attach to Application
[E] C/C++ Postrortern Debugger
[E] C/C++ Remate Application

4 5 DS-5 Debugger ${workspace_loc fbare-metal-hella-warld-01/Debug/bare- metal-hello-world-01.axf}

#% bare-metal-hello-world-config T F FlLoad bol
oad syrnbals
& IranPython Run ile Systern orkspace !

P“ IronPython unittest
5] Java Applet

[ Java Application [Load sympols from file -
Ju MUnit

&7 Jython run -

@ Jython unittest File System.., | [WWorkspace..

= Launch Group

PyDew Django

23, PyDev Google App Run

a Python Run

& Python unittest

E_’ Rernote Java Application

Target Configuration
Application on host to download:

Files

m

(]

Appl Revert
Filter matched 19 of 19 iterns PR eve

l Debug ] ‘ Close ‘

8. Go to the Debugger tab and make sure that under Run control, Debug from symbol is set to "main".
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Figure 18: Bare Metal Hello World Config Debugger Settings

< Debug Configurations

Create, manage, and run configurations

R | B B~
type filter text

[] C/T++ Application
[T] /T ++ Attach to Application
[€] C/T ++ Postmortern Debugger
[E] C/C++ Remate Application
#5 DS-5 Debugger
5 bare-metal-hella-world-canfig
2" IronPython Run
Pp IronPythan unittest
i Java Applet
[ Jawva Application
Ju JUnit
@7 Jython run
,5" Jython unittest
= Launch Group
B PyDev Django
25 PyDev Google App Run
a Python Run
& Python unittest
-, Remate Java Application

[N

=l

Filter matched 19 of 18 items

@

Create, edit or choose a configuration to launch a D3-5 debugging session,

Marne:  bare-metal-hello-world-config

<= Connectian | {aih Files | % Debugger 1 03 Awareness | (400 Argquments B Ervironment

Run control
Connect anly

Debug from entry point @ Debug fram symbol  nain

Run target initialization debugger script {.ds £ .py)

File System... | | Workspace...
Run debug initialization debugger script (ds /.py)
File Systerm... | | Warkspace...
Execute debugger cornmands
Hostwaorking directory
V| Use default
Hwarkspace_loc} File System.., | [WWorkspace..
Paths
Source search directory -
Spply Rewert
Debug ] | Close

9. Select Debug to load and debug the application.
It runs a query to change to the DS-5 Debug Perspective. Select Yes.

Figure 19: Confirm Perspective Switch

= Confitrn Perspective Switch

-

(]

I.g_' . This launch is associated with the DS-5 Debug perspective.

Do wouswant to open this perspective now?

Bernernber rmy decision

10.1t switches to the DS-5 Debug Perspective and then download and begin to run the applica-

tion.

The program stops at main and waits there. In the Commands view, notice the entry point is
0xFFFF0000, which is the start address specified in the scatter file for the on-chip RAM.
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Figure 20: OCRAM Debug Stop at Main

= DS-5 Debug - bare-metal-hello-world-01/sre/hare-metal-hello-warld- 01 - Eclipse Platform

Eile Edit Source Refactor MNavigate Search Project Bun  Window Help
- REEE R PO R R S SR Quick Access | 1 | ()
£5 Debug C.. 52 [ ProjectE.. Remote 5. = O [l Commands & @l History 4 Scripts HEGIr8 = O | ®Va. 8 %Er. o Re. 5YEc. Fu. = B
ST I R R G, Linked: bare-metal-hello-warld-canfig = v
- loadfile "C:\UsersimmtanDocumentsiDS-5 Workspace 15.1_1%hare-r = 5, Linked: bare-metal-hello-world-canfig =
R — Lo oot (e oo - et Gire 2w vk [pconsmlos
= = ocals wariables

. 3k Cortex-A9 0 #1 stopped on breakpoint
= main

__rt_entry_main +0x4

set debug-from main
start

Running from entry point

walt

Entry peint 5:@xFFFFR@22
semihosting server socket crested at port 520@

In bare-metal-hello-world-gl.c

S :@xFFFF@aCa 14,18

Deleted temporary breakpoint: 1

Semihosting enabled autematically due to semihosting symbol del # (= Glabals 0 of 0 variables
Starting target with image C:\Users\mmtaniDocuments\Ds-5 Worksy
Execution stopped in S¥C mode at breakpoint 1: S:@xFFFFRACE
int main(void) {
] m b ] m b
& bare-metal-hello-world-config connected
Na 05 Support Command:
|| bare-metal-hello-world-0Lc 2% scatter OCRAM scat 34 Disassernbly 23 Memary Modules Ewents Qutline ¢ ~ = 8
3® Name : bare-metal-hello-world-@1.c[] “G, Linked: bare-metal-hello-warld-config =
18 -
11 #include ¢stdio.h> B & - <NetInstructions 100
1z #include <stdlib.h> Address Opcode Disassembly
13 5 : BxFFFFOREC BL _sys_exit ; @xFFFFEFCA -
2 14~ int main(void) { main
15 puts("!llHelle World! 11"} ; /% prints |llHello World!l! *+/ = | 5:axFFFFRBCE PUSH [rd,tr}
16 return EXIT_SUCCESS; ADR ré, {pct+exie ; exfiffeeds
17 '} BL puts ; @xFFFFRES
18 Mo 8, #O
POP {ra,pct
5 :1@xFFFFOR04 DD exAE212121
B 2pp Consale 57 Target Console ErrorLag B EEE Y= 0O

“G, Linked: bare-metal-hello-warld-config =

11.Click the Step Over Source Line icon or press F6.

12.Then "Step" again.

The output appears on the App Console view.
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Figure 21: "App Console" Output

= DS-3 Debug - bare-rretal-hello-world-017rc b are-metal-hello-world-01.c - Eclipse Platfarm
File Edit 3Source Refactor [avigate Search Project Bun  Window  Help

Ol i B} G~ & - IR eRCR Ao Quick Access
#5 Debug G 52 | ({5 ProjectE.. g RemateS.. = B @ Commands 52 il History 0 Scripts B EAD~8 =8 ®Va. 2 %E6n., o Re. 5. fu. = A
Ol xR -0 G, Linked: bare-meta|-hello-warld-config = S
- Starting target with image (:\Users\mmtan)DocumentsiDS-5 Worksp “5, Linked: bare-metal-hello-world-config +
Ri i fi t int g
4 T bare-metal-hello-world-config rannerted g ram Entry pein Harne Value  Type|Count |Size Lo
4 3} Cortex-A0_0 #1 stopped Execution stopped in SWC mode at breakpoint 1: %:@xFFFFOC@ i Cocel: flearisbles
= main+0xC In bare-metal-hello-world-@l.c i (= File Static Variables 0 of 0 variables
s:@xFFFFEAce 14,16  int main(void) { # = Globals 0 of 0 variables
Deleted temporary breskpoint: 1
wait
next
Execution stopped in SWC mode at S:@xFFFFO@C4
S:@xFFFFRRC4 15,2  puts(™lllHello World!!!™); /* prints !1LH_
wait 1
next
Execution stopped in SWC mode at S:@xFFFF@@CC
S:@xFFFFEaCC 16,2 return EXIT_SUCCESS; 2
] m s ] i b

& bare-metal-hella-warld-config connected

Mo 05 Support Camrmand: Subrmit

|.c] bare-metal-hello-world-01.c 52 scatter OCRAM.scat = 08 14} Disassemnbly &8 Mermory Modules Euvents Cutline § T =08
3@ Name : bare-metal-hello-world-@l.cf] E “G, Linked: bare-metal-hello-world-config
1@ -
11 #include <stdio.hs @ @ v <MextInstruction> 100
12 #include <stdlib.h» Address Opcode Disassembly
13 i i S 1 OxFFFFORCH ADR ra,{pc}+oxie ; oxffffonds -
14 int main{void) { xFFFFORCs BL puts ; @xFFFF@RES
15 puts(”!llHello World!!!™}; /* prints [llHelle Worldlll */ 2 <FFFFOQCC MoV 8, %D
%15 return EXIT_SUCCESS; S : OxFFFF@@00 POP {rd,pc}
17} S :0xFFFFRD4 DD 2148212121
15 S : @xFFFF Q@08 DCD BxEFECACES
5 : 0xFFFFORDC DD @XTF2EF5720
S :@xFFFFORED DD 021216460
& 2pp Console 52 il Target Console & Errar Log BEE =08

“G, Linked: bare-metal-hello-world-config
LllHelle Horld!!i!

13.Select Continue to exit out of the application.

14.Create a breakpoint by double clicking on the left margin of the bare-metal-hello-world-0.1.c
Source view. If the Breakpoints view is not shown, then open it by selecting: View > Show
View > Breakpoints.
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20 Preloader

Figure 22: Debug Breakpoint Setup

= D3-5 Debug - bare-metal-hello-world-01/src/bare-metal-hello-world-0L.c - Eclipse Platform EI@

Eile Edit Source Refactor MNavigate Search Project Bun  Window Help

- gla#-Na-®y- Wi - -oe-0- Quick Access | 5 | MR
£5 Debug C.. 52 [ ProjectE.. Remote 5. = 5l Commands 5 [ History ) Scripts B EID~8 = 8 ®Va 2 96r. o Re. 5. Fu. = B
g R S R m L %, Linked: bare-metal-hello-world-config = $
- Execution stopped in SWC mode at S :@xFFFF@@Cs m G, Linked: bare-rmetal-hello-world-config =

S:exFFFF@@c4 15,2 its("!lllHello Worldl!l™); f* ints Lt g
4 & bare-metal-hello-world-config application et code I - -0- puts( &-e llor )i /* prints Mame Value  [Type Count Size|Los:
a P Cortex-A9 0 #1 application exit nesct 7 & Locals 0 variables

= main+0zC
S 1@xFFFF@aCC 18,2
wait
continue
NORMAL _TERMIMATION

Execution stopped in SVC mode at S:@xFFFFOFCS due te applicatic
In _sys_exit (no debug info)
#Bx123456 £
bresk -p “C:ifUsers/mmtan/Documents/DS-5 Workspace 15.1 1/bare-r
Breakpeint 2 at S:@xFFFFEEC4

on file bare-metal-hello-world-@l.c, line 15 2

S :@xFFFFAFCE SO

< m
& bare-metal-hello-world-co... application exit: code
Mo O Support Command:
|£] bare-rnetal-hello-world-01c 32 8] scatter OCRAM scat =
3@ | Name : bare-metal-helle-uorld-@1.c[]
e
11 #include <stdic.he
1z #include <stdlib.h>
13
14= int main(vodid) {
@15 puts{"lllHelle Horld!!!™); /* prints lllHello World!!! */
18 return EXIT_SUCCESS;
17 }
R

Preloader

Execution stopped in SWC mode at S:@xFFFF@@CC
return EMIT_SUCCESS;

UG-01165
2015.11.30

# (= File Static Variables 0 of 0 variables

+ = Globals 0 of 0 variables

8 « i 3
Submit Browwse...
11} Disassembly 2 Mermary Modules Ewvents Outline ¢ ¥ = 0
G, Linked: bare-metal-hello-world-config =
B [ = <MetInstruction» 100
Address Opcode | Disassembly
S :@xFFFFOFC LDR r1,[pc,#8] ; [@xFFFFEFDA] = 8x20028 -
5:@xFFFFOFCS Moy @, #OX1E
% S:@xFFFFOFC8 SWC #Acl23456
4@ Si@xFFFFOFCC B _sys_exit+12 ; @cFFFF@FCC
5:@xFFFFAFDA DD 02220026
_ Heap_ProvideMemary
S:@xFFFFAFDS MoV r3,rd
Si@xFFFFRFDS LDR v, [re,#a]
B 2pp Console 53| [ Target Console @) ErrorLag B EE v= 0O

‘G, Linked: bare-metal-hella-world-config =
lllHello World!!!

The Preloader is a boot-strap program that configures some components of the board including the
memory controller during start up. It normally runs automatically if it were burned into one of the Flash

devices on the board.

For testing purposes or before the Preloader has been burned into Flash, the Preloader can be run by

downloading and executing it from the DS-5.

Loading and Running the Default Preloader

There are a few options for running the Preloader.

o It can be ran through a DS-5 command script.
o It can be imported into a DS-5 project and launched similarly to any other Bare Metal application.
o It can be launched by the DS-5 Run Control (Debug Control) independent from the DS-5 projects.

This section demonstrates how the preloader is launched independently from the DS-5 project for Cyclone
V SoC Development Kit. To optionally import the Preloader into a DS-5 project, refer to the “Importing

Preloader into a DS-5 Project” section.

This process uses the Run Configuration (Debug Configuration) of DS-5 to download and execute the

Preloader.

1. To begin, create a new Debug Configuration. Run > Debug Configurations.
2. Select DS-5 Debugger and click on New icon, which is located just above the "type filter text" field.
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This creates a new Debug Configuration named “New_configuration” Change the name in the Name
field to something like “RunPreloaderDefault”

3. On the Connection tab, select Altera > Cyclone V SoC (Single Core) > Bare Metal Debug > Debug
Cortex-A9 and then select "USB-Blaster" from the Target Connection pull-down menu.

Figure 23: RunPreloaderDefault Target Connection Setting

= Debug Configurations

Create, manage, and run configurations

€3 Configuration for connection type 'Bare Metal Debug' is notwalid - Connection cannot be empty.

EIEEN
type filter text

CC++ Application

C/T++ Attach to Application
C/C++ Postrnartern Debugger
C/T++ Remuote &pplication

D5-5 Debugger

£5 bare-metal-hello-world-confi

S FIFIEIF

#5 Mew_configuration
IranPython Run
IronPython unittest
Java Applet

Jawa Application

IUnit

Jython run

Jython unittest

Launch Group

PyDew Django

PyDew Google &pp Run
Python Run

Python unittest
Rernote Java &pplication

LER RN do L AL R s R R )

P T 3

Filter matched 20 of 20 items

@

Hame: RunPreloaderDefault

B Connection liazh Files 53‘;5. Debugger '?-.:{'3- 05 &wareness | 6= Arguments | B8 Environment

Select target

Select the manufacturer, board, project type and debug operation to use, Currently selected:
Altera / Cyclone V¥ SoC (Single Core) f Bare Metal Debug / Debug Cortex-289_0

Filter platforms

4 Cyclone W SoC (Single Core) -~
4 Bare Metal Debug
Debug Cortex-29_10
» Linux Application Debug

Target Connection

DTSL Options

Edit...

D3-5 Debugger will connect to an Altera USB-Blaster to debug a bare metal application.

Configure LUSB-Blaster trace or other target options. Using "default” configuration options

Connections

Brouvse..,

Bare Metal Debug | Connection

m

Bpply | | Revert |
Debug Close

4. To select the physical debug connection, after the Connections field, click on Browse to select the
specific Debug Hardware connection.

Note: If there is only one debugger connected, then only one will show up in the list (as shown).
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Figure 24: Connection Browser
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& Connection Browser

Connection Browser

Select a target connection

® [ Select

] ’ Cancel

Figure 25: RunPreloaderDefault Connection Settings

Create, manage, and run configurations

@ [Debugger]: Debugging from a symbel, but no symbol files defined in the Files tab

CEX B3-

type filter text

[E] C/C++ Application
[E] C/C++ Attach to Application
C/C++ Postmortem Debugger
[E] C/C++ Remote Application
4 %5 DS-5 Debugger
% bare-metal-hello-world-config
%5 New_configuration
@' IronPythen Run
& IranPythan unittest
=4 Java Applet
] Java Application
Ju JUnit
&7 Jython run
& Jython unittest
i Launch Group
[ PyDev Djange
25 PyDev Google App Run
& Python Run
& Python unittest
[, Remote Java Application

Filter matched 20 of 20 items

Name: RunPreloaderDefault

o= Connection Files| B Debugger| % OS Awareness| (9- Arguments | I Environment |

Select target

Select the manufacturer, board, project type and debug operation to use, Currently selected:
Altera / Cyclane V SoC (Single Core) / Bare Metal Debug / Debug Cortex-A9_0

Filter platforms

4 Altera
» Arria 10 5oC
» Arria V SoC
» CycloneV SoC (Dual Core)
4 Cyclone V SoC (Single Core)
4 Bare Metal Debug
Debug Cortex-A9_0
» Linux Application Debug
» LinwcKemel and/or Device Driver Debug
» Dual Arria V SoC (2 Dual Core SoCs)
» Dual Cyclone V SoC (2 Dual Core SoCs)
Android Application Debug
ARM Development Boards
» ARMFVP

. ADKAEUR Mecal

v v

Target Connection

DTSL Optiens Configure USB-Blaster trace or other target options. Using "default” configuration options

DS-5 Debugger will connect to an Altera USE-Blaster to debug a bare metal application
Connections

Bare Metal Debug | Connection USB-Blasterll on localhost [USB-1]:USB-Blasterll USB-1

@

5. Select the Files tab and use “File System...” to browse to the Preloader image (“u-boot-spl”).
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The Preloader image can typically be found in the following location: <SoC EDS installation folder>\
embedded\examples\hardware\cv_soc_devkit_ghrd\software\preloader\uboot-
socfpga\spl\u-boot-spl.

Note: Uncheck the “Load symbols” option.
Figure 26: RunPreloaderDefault Files Settings

Mame: RunPreloaderDefault

6= Connection | o Files &% Debugger i 0F Awvareness | 09 Arguments | B Environment

Target Configuration

Application on host to download:

Chalterat 15 Dhembeddediexamplesihardwarelov_soc_devkit_ghrdhsoftware\preloaderiuboot-socfpgatsplu-boot-zpl

| File Systern.. | |Workspace... Load symbals

m

Files

|Load sytmbols fromm file -

8

| File Systern.. | |W0rkspace...

=]

6. On the Debugger tab, select “Debug from Entry Point” under Run Control and select Execute
debugger commands to enable the following commands:

e Run

e DPausels
o Interrupt
e Quit
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Figure 27: RunPreloaderDefault Debugger Settings

Mame: RunPreloaderDefault

<45= Connection | [z Files | 5 Debugger 'Eé} 0S Awvareness | B9= Arguments B Ervvironment

Run contral
Connect only @ Debug from entry point Debug fram syrmbal | rmain
Run target initialization debugger script {.ds 7 py)
File Systern.. | | Workspace..,

Run debug initialization debugger script {.ds /.py)
File Syster.. | | Workspace..,

| Execute debugger cormmands

Run
Pause 1s
Interrupt
Quit

m

Hostwearking directory
| Use default

$wworkspace_loc} File Systern.., | | Workspace..,

Paths

|Source search directory v|

| File Systern... | |W0rkspace... | -

7. Select Apply, Debug, and then "Yes" to switch to the DS-5 Debug perspective, if queried.

Importing Preloader into a DS-5 Project

Instead of loading and running the default preloader directly, as described in the "Loading and Running
the Default Preloader” chapter, you can import the Preloader executable (u-boot-spl) into your project
within your workspace and browse to it by clicking on Workspace, as shown in the following sections.
This isolates your project from any changes that you may make to the default preloader.

Import Preloader

Before you begin
To do so, first you have to import the Preloader into your project.

1. Right click on the project and select Import. Then select General > File System and click Next when
you are done.
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Figure 28: Import File System

Import Preloader 25

= Import

Select

aselect an import source:

type filter text

Irmport resources fram the local file systern into an existing project,

o [ 5] S]

b

=

4 [ General
.@: Archive File
[ Existing Projects into Workspace
[} File Systern
[C] Preferences
s G+
[ CWE
¢ == Install
+ [ Rermote Systerns
» = Run/Debug
» = Scatter File Editor
» = Target Configuration Editar
¢ = Teamn

Finish

Cancel

2. Browse to the Preloader executable (u-boot-spl) or enter the full path to the directory, for example:
<8SoC EDS installation path>\embedded\examples\hardware\cv_soc_devkit_ghrd\

software\preloader\uboot-socfpga\spl.

3. Check the box next to the file name and then select Finish.
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Figure 29: Import u-boot-spl
S Import = [-5-]Es]
File system —
Irmport resources from the local file systern, [{ .-_"
-
Fram directony:  Chalteraild Dembeddediexamplesthardwaretcw_soc_devkit_ghrdisof -
> [ = spl [C] = gitignore
[C] | & Makefile
=] u-boot-spl
B u-boot-splhin
HRE u-boot-spllds
[ El u-boot-splmap
[ 5 u-boot.lst
Filter Types... || Select&ll || Deselectall |
Into folder:  bare-metal-hella-warld-01
Options
[C] Owerrite existing resources without warning
[] Create top-level folder
@' Mext = Einish ] ’ Cancel
4. Make sure the newly imported file is shown in the Project Explorer.
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Figure 30: u-boot-spl file in Project Explorer
[ Project Explorer 57 48 Remaote Systerns = B
= <~}==t> -
a =5 bare-rmetal-hello-world-01
o [wpt) Includes
. B src
- = Debug

|E] scatter QCRAM.scat
|E] scatter SDRAM.scat
=| u-hoot-:pl

Create New Debug Configurations and Debug Preloader

1. Select "USB-Blaster" from the Target Connection pull-down menu and then select an available Bare
Metal Debug Connection by clicking Browse.
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Figure 31: Run Preloader Hello Connection Settings

MName: Run Preloader Hello

<= Connection .l Files | £5 Debugger i 05 Awareness | 69 Arqurments | B8 Enviranment

Select target

Select the rmanufacturer, board, project type and debug operation to use, Currently selected:
Altera / Cyclone W 50C (Single Core) f Bare Metal Debug / Debug Cortex-£8_0

Filter platfarms

a Bltera

. Byria 1) SoC
R
. Cyclone W SoC (Dual Core)
4 Cyclone W SaC (Single Core)

4 Bare Metal Debug

Debug Cortex-£3_0

- Linux &pplication Debug

- Linux Kernel andfor Device Driver Debug
. Dwal Arria W SaC (2 Dual Care SaCs)
- Dwual Cyclone Y 5o0C (2 Dual Core S0Cs)

m

Target Connection |USB-BIaster v|

DTSL Options | Edit... | Configure USB-Blaster trace or other target options, Using "default" configuration options

D5-5 Debugger will connect to an Altera USB-Blaster to debug a bare metal application,

Connections

Bare hetal Debug | Connection  USE-Blastell on localhost [USB-1]:U5B-Blasterd USE-1 | Brovwse.., |

2. On the Files tab, select Workspace and browse to the project and then the Preloader file “u-boot-
spl”.

3. Uncheck the check box next to "Load Symbols".
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Figure 32: Run Preloader Hello Files Settings

Marne:  Run Preloader Hello

<It= Connection Ha_f,& Files %% Debugger '-Eé} 05 Awsareness | (9= Arguments B Ervironment

Target Configuration
Application on host to download:

Cihalterat15.1hembeddediexamplesihardwarelcv_soc_devkit_ghrd'softwaretpreloaderiuboot-socfpgatsplu-boot-spl

| File Systern... | |Workspace... Load symbals

Files

|Load sytmbols from file -

=)

| File Systern... | |Workspace...

[+]

4. On the Debugger tab, select “Debug from Entry Point” under Run Control and select Execute
debugger commands to enable the following commands:

« Run
e Pause 1s
o Interrupt

e Quit
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Figure 33: Run Preloader Hello Debugger Settings

Marme: Run Preloader Hello

=it= Connection |l Files | £ Debugger 2 O3 Awareness 6= Argurments | 8 Enviranment

Run contral
Connect only @ Debug from entry point Debug from syrmbol | main

Run target initialization debugger script {.ds /. py)
Run debug initialization debugger script (ds 7 py)

| Execute debugger cammands

Run
Pause 1s
Interrupt
Quit

Hostworking directory
V| Use default

Huorkspace_loc)

Paths

|Source search directory v|

| File Systerm... | |Workspace... |

UG-01165
2015.11.30

File System... | | Workspace..,

File System... | | Workspace..,

m

File Systern.., | | Workspace..,

5. Select Apply and then Debug, then “Yes” to switch to the DS-5 Debug perspective, if queried.

Figure 34: Confirm Perspective Switch

& Confiren Perspective Switch

'.9._. ) This launch is associated with the D3-5 Debug perspective,

Do youwswant to open this perspective now?

Rermember ey decision

-

==

6. DS-5 AE should load and run the Preloader in the on-chip RAM, similarly to how the simple Bare
Metal example is ran. This initializes the SDRAM memory controller and then stop and wait.

The display should look something like this:
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Figure 35: Run Preloader Hello Debug View

25 Debug Cantral 53 | [ Praject Explorer 4§ Remote Systems = O | @ Commands 52 [ History “0 Scripts B Eeio-#%=0
= ‘t?i ® % R R = 5, Linked: Run Preloader Hello =
R Run Preloader Hello disconnected Execution ftnpped in SYC mode at S:@xFFFFA9E4L X X . -
R bare-metal-hello-warld-config discannected it:;;;;ix%i:\aétera\ls.%F\J?;b?dgii]\rizz:w\debugger\ccnflgdb\s.:mpts\alteraitargetichack.py

No 5YSID registers could be found. Has a peripheral description file been supplied?

load "C:halteratls. 1iembedded examplesiharduareicy_soc_devkit_ghrd'softwareipreloaderiuboot <
Loaded section .text: S:@xFFFF@@R0 ~ 5:@xFFFF7IF3 (size 0x71F4)

Leoaded section .redata: S:@xFFFF71F4 ~ S:@xFFFF314B (size @x1FS8)

Loaded section .data: 5:@xFFFFO15@ ~ 5:@xFFFFAQ23 (size @xED4)

Entry point S:@xFFFFQQ2Q

set debug-from *LENTRYPOINT

start

Starting target with no symbolic information loaded =
wait

Execution stopped in SYC mode at S:@xFFFFOQE@
5:@xFFFF22aa B {peax7e ; exfiffeere

Run

Starting target with ne symbolic information loaded
Pause 1s

Interrupt

Quit

Execution stopped in SYC mode at S:@xFFFF49E4
5:1@xFFFF4%E4 B {pe} ; @xffffases

Disconnected frem stopped target Altera - Cyclene W SoC (Single Core) on TCP:localhost
Tl n

M Run Preloader Hello discannected
Mo 05 Suppart

Command: Submit
This Run Control can now be used to launch the Preloader.

Although this method associates the Preloader image with a specific DS-5 project, it can still be used
with other projects. However, it is important to remember which project contains the Preloader image.

It should load and run the Preloader in the on-chip RAM, similarly to how the simple Bare Metal
example was run. This configures the SDRAM memory controller and then stops.

After that, you can download and run the "Hello World" example in the SDRAM memory. The same
Debug Configuration created earlier for the Hello World example can be used.

Download and Debug "Hello World" Example in the SDRAM Memory

1. Select Run > Debug Configurations.
Select the same debug configuration.
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Figure 36: Bare Metal "Hello World" Config Debugger

£ Debug Configurations

Create, manage, and run configurations

EIEE S

type filter text

Marne:

<= Connection

[T] C/C++ Application
[5] C/C++ Attach to Application Sl e
[T] C/C++ Pastrortem Debugger
[T] C/C++ Remnote Application
4 % D5 Debugger Filter platforms
&% Altera-SoCFPGA-Hardwarelib-SPI
£ bare-metal-hello-world-config 4 Altera
5 Run Preloader Hella Artia 10 SoC
A" IronPython Run » Artia Y SoC

IranPython unittest
Java &pplet

Java Application
JUnit

Iythan run

Iythom unittest
Launch Group

M

=

PyDev Django

PyDev Google &pp Run
Pythan Run

Python unittest

Remaote Java &pplication

Target Connection

(SR N d0 DL ALY

DTSL Options

bare-rmetal-hello-world-config

ey Files | &5 Debugger| % OF Awareness | 6= Arqurmerts | B Enviranment

Select the manufacturer, board, project type and debug operation to use, Currently selected:
Altera / Cyclone W SoC (Single Core) / Bare betal Debug / Debug Cortex-29_0

- Cyclone W SoC (Dual Core)
4 Cyclone ¥ SoC (Single Core)
4 Bare Metal Debug
Debug Cortex-43_0
Linux Application Debug
» Linux Kernel andfor Device Driver Debug
- Dual Arria W SoC (2 Dual Core SoCs)
Dual Cyclone W SoC {2 Dual Core SoCs)

USB-Blaster
Edit...

Configure USB-Blaster trace or other target options, Using "default” configuration options

DE-5 Debugger will connect to an Altera USB-Blaster to debug a bare metal application,

Connections

Bare Metal Debug | Connection  USB-Blasterll on localhost [USB-1]:USE-Blasterd USB-1

2. Select Debug to launch.

Figure 37: Run "Hello World" from SDRAM Stops at Main

2 D35 Debug - b I-hello-world-01/5re/b I-hello-world-01.c - Eclipse Platform
File Edit Source Refactor Mavigate Search Project Run ‘Window Help
- TR - e
#5 Debug Control 52 | [ Project Explorer 4§ Remote Systems = 8
ST R T AR R N T N <
M Run Preloader Hello disconnected
4 B bare-metal-hello-waorld-config connected
a i Cortex-A9_0 #1 stopped on breakpaint
main
= _rtentry_main+lxd
W bare-metal-hello-world-config connected
ho O Support
seatter SDRAMscat 6] bare-metal-hello-warld-Il.c 52| o Makefile
3% Name : bare-metal-hello-world-@l.c[]
1@
11 #include ¢stdio.h>
12 #include <stdlib.hs
13
% 14= int main(void) {
15 puts("LiiHello World!!1®); /* prints 1lKello Worldlll *f
16 return EXIT_SUCCESS;
17}
18

@ bare-metsl-hello-world-confia connected (Altera - Cyclone V SoC (Sinale Coreld

Altera Corporation

B Commands 52 [ History 0 Seripts EERBED-% =D
G, Linked: bare-metal-hello-world-config =

Connected to stopped target Altera - Cyclome V Sof (Single Core) on TCP:localhost

ed "C:\Users\mmtan'DocumentsiDS-5 Workspace 15.1 1°

uorking directory "C:\Users\mmtan\Documents\Ds-5 Uorkspace_15.1_1"

Execution stopped in SVC mode at 5:@xFFFFASES

5:OxFFFFAGEL B {pc} ; exffffaged

source fv "Citaltera‘ls.1\embeddedds-5tsuidebuggericonfigdbtseriptsialtera target_check. py”

lo SYSID registers could be found. Has a peripheral description file been supplicd?

loadfile “C:\Usersimmtan\DocumentsiDs-5 Workspace 15.1_1ibare-metal-hello-werld-@1\Debuglbare-m
Loaded section APP_CODE: 5:0x@2000000 ~ 5:0x02001233 (size @x1234)

Loaded section APP_CODE: 5:0x02081234 ~ §:@x@2001243 (size @x1@)

Entry point S:@x@2000000

Semihosting server socket created at port 5000

Semihosting enabled autcmatically due to semihosting symbol detected in imsge ‘bare-metal-hello
set debug-from main

start

starting target with image C:\Users‘mmtan‘Documents\DS-5 Workspace 15.1_1\bare-metal-hello-worl
Running from entry point

wait

Execution stopped in SYC mode at breakpeint 1: 5:0x@20000C0

In bare-metal-helle-world-@l.c

5:0:020000C0 14,16  int main(void) {

Deleted temporary breskpoint: 1

Bronies e,

Quick Aecess

WV 5 =8
Q,‘;Q =4

ked: bare-metal-hello-world-

Hame

= (= Locals 1

i (= File Static Variables 0 ¢

(= Globals [

<o v

Eue. ol = B
$ -

Bconsole 52 = O

« i b
Command: Submit
= B WiDis. X ] Me Mo,
B App . B Torget.. Emorl.

Mo consoles to display at this time.
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You should notice in the Commands view that the entry point is now S:0x02000000, which is the
beginning of the mapped SDRAM.

3. Click on the “Step Over Source Line” icon or press F6 to see the program counter progress to the next
source line.

4. Click it again to see the "!l!!Hello World!!!" message in the App Console view.
If the App Console view is not currently selected, then the letters are highlighted in bold letters to
indicate that there is a message. Select the App Console view to see the output.

Figure 38: Bare Metal "Hello World" App Console

S DS-5 Debug - bar I-hello-warld-01/src/b I-hella-warld-01.c - Eclipse Platfarm =R |
File Edit Source Refactor Mavigate Search Praject Run Window Help
i [ igs ~ B Q-ide - L e e Quick Access | 5 | @ (7R)
&% Debug Control 53 [ Project Bxplorer 4 Remate Systems = O [ Commands I3 [ History 0 Serips BEED-#%#-0 wvx » =0
2| £ Rlolr |0 RT = . G Linked: bare-metal-hello-world-canfig - . &
W Run Preloader Hello disconnected No 5YSID registers could be found. Has a peripheral description file been supplied? B | e bare- metal-hello-world-
4 T bare-metal-hello-world-config connected Lloadfile "C:\Users\mmtan\Documents\DS-5 orkspace 15.1_1\bare-metal-hello-world-eLiDebughbare Hame
2 3} Cortex-A9 0 #1 stopped Loaded section APP_CODE: 5:@x2000000 ~ 5:@x@20Q1233 (size @x1234) = (= Locals 1
= main+0xC Loaded section APP_CODE: S:@:x@2001234 ~ 5:0x02001243 (size @xlo) # = File Static Wariables 0 ¢
= _rt_entry_rmain+0xd Entry point S :0x02000000 i+ G Globals 0c

semihosting server socket created at port 500Q

Semihosting enabled automatically due to semihosting symbol detected in image ‘bare-metal-he]
set debug-from main

start

starting target with image C:\Users\mmtan\DocumentsiD5-5 Workspace_15.1 libare-metal-hello-wg
Running from entry point

wait

Execution stopped in S¥C mode at breakpoint 1: S:0x220008C0

In bare-metal-hello-uorld-el.c

5:0x020000C2 14,16  int main{veid) {

Deleted temporary breakpoint: 1

wait

nesct

Execution stopped in S¥C mode at S:0x@20008C4

5:04020000C4 15,2  puts(™!llHello World!l1™}; /* prints l!lHello Worldlll */

wait

nesct

Exscution stopped in S¥C mode at S:@x@2000@CC

5:Q@20009CC 16,2  return EXIT_SUCCESS; 2

< n » < [om B

W bare-metal-hello-world-config connected

Mo 05 Support Command: Submit Browse.,

seatter SORAMscat  [6] bare-metal-hello-world-0Le 52 Makefile = B I} Disassernbly 83 7] Memory = Modules 2 Events O Outline # =0
3@ fame : bare-metal-hello-world-@l. c[] - G, Linked: bare-metal-hello-world-config »
10 —
11 #include ¢stdio.h>
12 #include <stdlib.h> |8 2pp Console 27| Target Console @) ErrarLog & Console B Esl == O
13 | . . G, Linked: bare-metal-hello-world-config ~
142 int main{void) { L iHel o
15 puts(™!liHello world!!1®); /% prints !llHello worldill */ +tiHello lorlditt
#1le return EXIT_SUCCESS;
17 ¥
18

5. Select Continue to finish executing the program.
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Figure 39: Bare Metal "Hello World" App Console End

2 DS-5 Debug - b
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Quick Access

tal-hell 1d-01/src/b tal-hell 1d-01.c - Eclipse Platform
File Edit Source Refactor Mavigate Search Project Run Window Help
- [ i - i) Qu~ic® &~ < (el
7 Debug Control 52 | [( Project Explarer 48 Remate Systems = g

B % G| el -] e
M Run Preloader Hello disconnected
4 B bare-metal-hello-warld-config application exit: cade
a 3 Cortex-A9 0 #1 application exit
= main+IxC

_rt_entry_main+0x4

W bare-metal-hello-world-canfig application exit; code 0
Mo 0 Support

scatter SDRAMscat [6] bare-metal-hello-world-0Le 52 | Makefile
3% Name : bare-metal-hello-world-21.c[]

18

11 #include ¢stdio.h>

12 #include estdlib.ho

13

14 int main(void) {

15 puts("1!iHello World!Li™); /* prints |llHelle Worldlll *f
16 return EXIT_SUCCESS;

17 }

18

W bare-metal-hello-world-confia aplication exit: cade 0 {Altera - Cyclone V SoC (Sinale Carel

B Cornmands 53 [ History 0 Seripts BEED-%=0 wva 2 = 8
&, Linked: bare-metal-hello-world-config = H v

Semihosting server socket created at port 3000 o

Semihosting enabled autematically due to semihosting symbol detected in image 'bare-metal-hel

set debug-from main Marne

start

Starting target with image C:\Users\mmtan‘DocumentsiDS-5 Workspace 15.1_libare-metal-hello-we

Running fram entry point & G Glabals 0e

wait

Execution stopped in SWC mode at breakpeint 1: 5:0:@20000C0

In bare-metal-hello-world-el.c

5:0x020000C8 14,16  Int main{void) {

Deleted temporary breskpoint: 1

wait

nesct

Exerution stopped in SWC mode at S:0:@2000004

s:exezepeecs 15,2  puts("lllHello Worldl!1™); /* prints LllHello Uorld!t! ¢

wait

next =

Execution stopped in SWC mode at 5 :@x@20008CC

51 0x@20000CC 16,2 return EXIT_SUCCESS;

wait

continue

NORMAL_TERMINATION

Execution stopped in S¥C mode at 5:@x@2000FCS due to application reaching end of execution

In _sys exit (no debug info)

tked: bare-metal-hello-world-

= (= Locals i
- (= File Static Varisbles 0 ¢

5:OO2000FCE WO #0123456 -
« i, b < [ b
Cormmand: Submit

= B I} Disassembly 5 ] Merory = Modules [ Buents 5= Outline § =8

G, Linked: bare-rmetal-hello-world-canfig =

[ 2pp Console &3 [ Target Consale ErrarLog Consale G EkeE = O

‘D, Linked: bare-rmetal-hello-world-config =
L1lHello World!l!

6. To rerun, select the debug connection from the list in the Debug Control view. In this case, it is
“bare-metal-hello-world-01”; and click the yellow arrow.
This runs the same debug configuration again (and run from Main).
7. When you are finished with this application, you can disconnect it from the target. To disconnect, right
click on the Debug Connection and then click on the “Disconnect from Target”.
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Figure 40: Bare Metal "Hello World" App Console Disconnected

18

& bare-metal-hello-world-config disconnected

2 DS-5Debug - b tal-hello-world-01/5rc/b tal-hello-world-0L.c - Eclipse Platform | =0 R |
File Edit Source Refactor Navigate Search Project Run ‘Window Help
- RESE R~ H AT = = &~ o Quick Access :gg\lfg
5 Debug Contral 5 [ Praject Explorer 4§ Remote Systems = O | B Commands 52 [ History <6 Scripts BEED-#%-0 wvig > <=0
EIRR R L . - ) &, Linked: bare-metal-hello-world-config = <
M Run Preloader Hello disconnected StEt :Eh“g’f”’" main ~  ked: bare-metal-hello-world-
star

Wariahle infarmation is not

Starting target with image C:\Users\mmtaniDocuments\DS-5 Workspace 15.1 1\hare-metal-hello-uc ilabl
available

Running from entry point
wait

Execution stopped in SYC mode at breakpoint 1: 5:@x020000C@

In bare-metal-hello-werld-2l.c

S:0x@20000C8 14,16  int main{weid) {

Deleted temporary breakpoint: 1

walt

nesct

Execution stepped in SVC mode at 3:0x020000C4

S:0x820000C4 15,2  puts("!liHello Horld!!L"); /* prints !liHello Worldlil */

wait

nest

Execution stopped in SYC mode at 5:@x@20009CC 3
5:0x820000CC 16,2 return EXIT_SUCCESS;

wait

continue

NORMAL_TERMINATION

Execution stopped in SYC mode at 5:@x@200FCs due to application reaching end of execution

In _sys_exit (no debug info)

S:QxQ2008FC8 SYC #2x123456 p
« : " »
M bare-metsl-hello-world-config disconnected
No S Support Comman: Submit
scatter SDRAMscat [g bare-metal-hello-world-T1c 52 -, Makefile = B 12 Disassembly 52 ] Memory = Modules - Events 35 Outline =
3® Hame : bare-metal-hello-werld-@l.<[] . %, Linked: bare-metal-hello-world-config =
la Frimmss minn b Gunfm inn mbbmn s m il bl
11 #include <stdio.h> .
15 |einclude <otdlib. hs I Spp Console 52 I Tarast Console ©)ErrorLog & Cansale B E&E = 1o
12 &, Linked: bare-rrets|-hello-world-config =
145 dnt main(void) { |l LHello worldiiL
15 puts(*L!lfello World!!!"); /* prints !!lHello Uorldlll */ Hofiette fortditt
16 return EXIT_SUCCESS;
17 }

M bare-metal-hello-world-config disconnected {altera - Cyclone W SoC (Single Corel)

It is not necessary to remove the disconnected debug connection from the Debug Control view;
however, it can be removed since it only needs to run once.

Note: If you do not remove a disconnected debug connection, then you can re-launch the configura-
tion by selecting it from the Debug Control view and clicking the Connect to Target icon
above it.

Don'’t forget that if you reboot the board, then you have to run the Preloader to configure the memory
controller before running an application in SDRAM. One quick way to do this is to keep the
disconnected debug connection in the Debug Control view; then select it and click on “Connect to
Target”. This reproduces the previous launch.

When you are completely finished with this application, you can remove it from the Debug

Control view. The connections must be disconnected in order to remove them. To disconnect, select
the Debug Connection and then click on the “Disconnect from Target”. Once disconnected you can
select “Remove Connection” or “Remove All Connections”.

After removing the Debug Connection from the Debug Control view, rerun the Preloader by using
the Debug Configuration that was created for the Preloader. Rerun the demo, using the Debug
Configuration that was created for the "Hello World" application.

Modify Project to Run from SDRAM Instead of On-Chip RAM

After completing the process of creating a simple "Hello World" application and downloading and
debugging it in on-chip RAM of the Altera SoC, the next step is to configure the same project to run in
SDRAM instead of on-chip RAM.
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To use any SDRAM, the SDRAM controller needs to be configured. This is done by loading and running
the Preloader.

For more information about loading and running the Preloader, refer to the "Preloader” section.

Related Information

Preloader on page 20

Create a New Scatter File to Locate the Bare Metal Application in the SDRAM

In the DS-5 ARM compiler projects, it is the scatter file that specifies the addresses that are used to locate
the code in the required portion of the memory map.

In this step, use the same "Hello World" application, but build it located in the SDRAM memory instead
of the on-chip RAM.

To use SDRAM, you must run the Preloader to configure the SDRAM memory controller. If the SDRAM
is not configured before you start running the project from SDRAM, the following error messages appears:

ERROR(CMD16-TAD274-NAL22):

! Failed to load "bare metal-hello-world-01.axf"

1 Failed to write 4,896 bytes to address S:0x02000000 while writing block of 4,096
bytes to address S:0x02000000

1 General error on memory or register access.

1. Create a scatter file for SDRAM. Go to File > New > Others... and select Scatter File Editor > Scatter
File.

2. Click Next and enter the file name of the new scatter file as scatter_ SDRAM.scat and click Finish.
3. In the scatter_SDRAM.scat editor view, enter the following:
SDRAM 0x02000000 0x02000000 ; 32M SDRAM
APP_CODE + O
* (+ RO, + RW , + Z1 )

}
ARM_LIB_STACKHEAP 0x03000000 EMPTY 0x0x01000000 ; Application heap and
stack

{13}

Note: If your HWLibs project needs interrupt support, you have to add a "VECTOR" section at the
beginning of the scatter file. For example:

SDRAM 0x00100000 0x40000000
t VECTORS +0
* (VECTORS, +FIRST)
%\PP_CODE +0
* (+RO, +RwW, +ZI)

}
ARM_LIB_STACKHEAP +0 EMPTY (0x40000000 - ImageLimit(APP_CODE)) ;
Application heap and stack

{3
}
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This is the standard scatter file for a project that runs from SDRAM in most of the HWLibs
examples in the "<SoC EDS installation path>\embedded\examples\software". Please note that
you have to compile and link “alt_interrupt_armcc.s” in your project. This is needed because
the ARMCC toolchain does not provide the vectors at the start of the program automatically.

Note: For this section, the Vector section is not included since we are running a simple "Hello
World" project only.

Figure 41: SDRAM Scatter File Code Snippet

[£] scatter SDRAM.scat 23 | || bare-rnetal-hello-world-01.c

1= 3DRAM @x@2222228 @@eaaaadd ; 32M SDRAM

2

3 APP_CODE +@

4 i

= *{+R0, +RUW, +ZI)

=]

7 SRM_LIE STACKHEAP @x@S022028 EMPTY @x@18@280@ ; Applicatieon heap and stack
5 {1

= i

4. Make sure the new scatter file appears in the Project Explorer view.

Figure 42: SDRAM Scatter file in Project Explorer

[ Project Explorer 57 48 Remaote Systems = O
==
a |=5 hare-rmetal-hello-waorld-01
» [al Includes
- 2 osrc
» = Debug

[B] scatter OCRAM.scat
[=] scatter_SDRAM.scat

5. Associate the new scatter file with the project. Right-click on the project and select Properties > C/C++
Build > Settings > ARM Linker 5 > Image Layout.

6. Browse to the new scatter file.

7. Alternatively, instead of browsing, enter a path, like: ${workspace_loc}\bare-metal-hello-
wor Id-01\scatter_SDRAM.scat); select Apply and then OK.
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Figure 43: SDRAM Scatter File Location Setting

Settings

Configuration: [Debug [ Active ]

G

-

'] IManage Configurations...

B Tool Settings |_ﬁ' Build Steps |

Build Art\factl Binary Parsers | €3 Error Parsers

4 B ARMC Compiler 5

(B2 Target
@ Preprocessor
(2 Includes

(2 Source Language
(22 Optimizations

@ Debugging

(2 Warnings and Errors
(2 Miscellaneous

a By ARM Assembler 5

@ Target

(2 Preprocessor

(22 Debugging

@ Wfarnings and Errars
@ Miscellaneous

4 B ARM Linker 5

(2 Target

@ Irmage Layout

@ Libraries

(2 Optimizations

(B Additional Infarmation

@ Wfarnings and Errars

(2 Miscellaneous

Image entry point (--entry)
RO base address {--ro_base)
R\ base address (--ru_base)
Z base address {(--zi_base)

Scatter file {--scatter)

Cihlsers'mmtan\Documents\D3-5 Workspace_15.1_1\bare-metal-hello-world-01\scatter_SDRAM.scat

[Restnre Qefaults] [ Lpply ]

The program stops at main and waits there. In the Commands view, notice the entry point is
0x02000000, which is the start address specified in the scatter file for the SDRAM.
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Right-click on the project and select Build Project to rebuild with the new scatter file. Use the same
debug configuration created earlier to download and run the application.
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Figure 44: Program Stops at SDRAM Start Address

Alternative Way to Create a Simple Bare Metal Project Running from On-Chip-RAM

39

= DS-5 Debug - bare-metal-hello-world-01/src/bare-metal-hello-world-01.c - Eclipse Platform E@

File Edit Source Refactor Mavigate Search Project Run  Windew Help

il [ G % ~ B G~i™ - - - =g - Quick Access g:’,“m

75 Debug G 52 | (7 Project B, g8 Rernote . = E [ Commands 52 @ History 20 Seripts B Eel S & = 0 ®:Ve. X %0, ke Ex.. fu. = A
= Rrk|le-2rlenr e o Blikedbaenenthelowoddconfigr . &
- -

G, Linked: bare-metal-hello-world-config ~

) loadfile “C:\Users'\mmtan\Documents\Ds-5 Workspace_15.1_1ibare-m
¥ RunFreloaderDefault discannected Loaded section APP_CODE: 5 :0x@2000000 ~ PR (size @412 ooy Nlame 0 Va.‘ubel Type | Count|Size |Loca
4 W bare-metal-hello-world-config connected Leaded section APP_CODE: 5:0x@28@1234 ~ 5:H@2001243 [size @x1@ e e
4§ Cortex-A9_0#1 stapped on breakpaint Entry point 5:0x02000000 £ (= File Static Variables 0 of 0 variables
= oo semihosting server socket crested at port 5200 (= Globals 0 of 0 variables
= it entry main+lxd Semihosting enabled automatically due to semihosting symbol det
— set dehug-from main
start
Starting target uith image C:\Users\mmtan\Documents\D5-5 Worksp =
Running frem entry point
wait
Execution stopped in SWC mode at breakpoint 1: 5:2:x@20802C0
Si@x@zeeeece 14,16  Int main(vold) {
Deleted temporary breakpoint: 1 -
® b I-hell Id-confi ted d = E ) - -
are-metal-hello-world-config connecte
No 05 Support Cornand: Subrnit Browse...
scatter SORAM.scat Lg] bare-metal-hello-world-01c 52 = 0 111 Disassernbly 532 Mermory Modules Ewvents Outline ¥ = =0
3% Name : bare-metal-helle-world-21.c[] ‘G, Linked: bare-metal-hello-world-config =
if #include <stdio.hs B E = <MedInstruction> 100
12 #include <stdlib.h> Address Opcode Disassembly
13 5 :9x0200005C BL _sys_exit ; @xZ00OFCE -
& 14- int main{woid) { main
15 puts("llkello Horld!!1"); /* prints !!lHello Worldlll */ % | 5:ex0z0000C0 PUSH Trd, Lt
18 return EXIT_SUCCESS; S : 202000004 ADR re, {pc+exl2 ; ©x2e00ad4
17} 510102000808 BL puts ; @x20@0RES
18 S : Ox@20008CC Mo re, %o
5:@x@2000808 POP {rd,pct &
B App Console 52 [ Target Consale @ Erorlog ] Console BEE =08

‘G, Linked: bare-metal-hello-world-canfig =

Alternative Way to Create a Simple Bare Metal Project Running from On-Chip-RAM

To create a simple bare metal project that runs from OCRAM, you can also choose to import the Bare
Metal example that is included with the Altera SoC EDS tools into the ARM DS-5 environment. For the
simple "Hello World" bare metal project, you can import either one of the following from the “<SoC EDS

installation path>\embedded\examples\software”:

+ Altera-SoCFPGA-HelloWorld-Baremetal-ARMCC.tar (using ARM compiler)
o Altera-SoCFPGA-HelloWorld-Baremetal-GNU.tar (using GNU CC compiler)

Note: The above bare metal project examples can run on Arria 10, Arria V or Cyclone V SoC Develop-

ment Kits.
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Figure 45: Embedded Software Example Design List

(E=3 HoR =5

@Qv| <« altera » 15.1 » embedded » examples » software vl"'f“ Search software ol
Organize v 2| Open with WinZip Print New folder =~ 0 @

b Faioiites 2 Name . Date modified Type

Bl Desktop . Altera-SoCFPGA-Blinking-LED-Linux-GNU.tar 10/9/2015 5:50 AM WinZ

Altera-SoCFPGA-Hardwarelib-16550-CV-ARMCC tar
Altera-SoCFPGA-HardwareLib-16550-CV-GMU tar
Altera-SoCFPGA-Hardwarelib-ECCL2-CWV-ARMCC tar
Altera-SoCFPGA-Hardwarelib-ECCL2-CV-GNU tar
Altera-SoCFPGA-Hardwarelib-FPGA-CV-ARMCC tar
Altera-SoCFPGA-Hardwarelib-FPGA-CY-GNU tar

& Downloads
=, Recent Places

Persanal Documents

WinZ

~d Libraries

< Docurnents

WinZ

d‘r Music Altera-SoCFPGA-Hardwarelib-MPL tar I WinZ
k=| Pictures E Altera-SoCFPGA-Hardwarelib-3PI-CW-ARMCC tar 10/9/2015 5:50 AM  WinZ
E Videos Altera-SoCFPGA-HardwareLib-SPI-CW-GNU.tar 2015 5:50 AM  WinZ
Altera-SoCFPGA-Hardwarelib-Timer-CV-ARMCC tar 10/9/2015 5:50 AM WinZ

M Computer . Altera-SoCFPGA-Hardwarelib-Tirner-CW-GMNU.tar 10,/9/2015 5:50 An WinZ
f,_-’l Local Disk {C:) Altera-SoCFPGA-HelloWorld-Baremetal-ARMCC tar 10/9/2015 5:50 &AM WinZ
a System Reserved (D:) Altera-SoCFPGA-HelloWorld-Barernetal-GNLU tar 10/9/2015 5:50 AM WinZ
¢ a Local Disk (E3) . Altera-SoCFPGA-HelloWorld-Linux-GMNU.tar 10/9/2015 5:50 AM  WinZ

A0 40 50| 0 0 0 0 05 6 5 5 5 0 60

& mmtan (\cmode.pg-iter . Altera-SoCFPGA-Push-Button-Linux-GNU.tar 10/9/2015 5:50 AM  WinZ
L mmtan (\mysitespg\per

L swdev (\pg-itnas03b) (S:

These examples are make-based examples where the projects compile based on the Makefile settings or
configurations. Creating a simple Bare Metal project manually as shown in the “Simple Bare-Metal Project
Using On-Chip-RAM” section is creating a managed-make project where the makefile is auto-generated.

For more information on how to import, build and debug the project, you can refer to “Importing,
Building and Debugging in a Make-Based Example” section.

Related Information

« Importing, Building and Debugging in a Make-Based Example on page 40
« Simple Bare Metal Project Using On-Chip-RAM on page 5

Importing, Building and Debugging in a Make-Based Example

The import, build and debug of the Altera SoC EDS Make-based example covers importing and debugging
an example included with the Altera SoC EDS tools into the ARM DS-5 environment.

The Make-based example that is included in the following sections, loads the Golden Hardware Reference
Design (GHRD) FPGA image on Cyclone V SoC Development Kit and blinks LEDs to test that the HPS
can control peripherals in the FPGA fabric. This example compiles using the ARM compiler.
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Import the Project

1. From within DS-5, select File > Import...
2. In the resulting dialog box, select “Existing Projects into Workspace” and click Next.

Figure 46: Import Existing Projects

S Import o [[E]
Select \\4
Create new projects from an archive file or directary., I E 5 l

select an impaort source:

type filker text

4 (= General
‘@n Archive File
L= Existing Projects into Wrkspace
I_} File Systemn
[T} Preferences
s T4+
o CWE
» = Install
¢ = Rermote Systermns
= Run/Debug
» [ Scatter File Editar
» [ Target Confiquration Editar
» = Teamn

3. Select “Select archive file” and browse to the software examples directory of your installation, as shown.
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Figure 47: Embedded Software Example Design List
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= WinZip File Size: 11.4 KB
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Date created: 10/20/2015 10:47 AM
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Note: The file can be found in <SoC EDS installation path>\embedded\examples\software. You

can import other examples for reference according to your usage.

4. Choose the “Altera-SoCFPGA-HardwareLib-FPGA-CV-ARMCC.tar.gz” archive and select Open.

5. Click Finish to complete the import process.

Build the Project

Now that the project is imported, make sure the current toolchain (ARM Compiler 5 (DS-5 built-in)) is
selected correctly in the Tool Chain Editor. This can be done with the following steps:

1. Right click on the project and select "Properties".
2. Go to C/C++ Build > Tool Chain Editor.

Next, right click on the project and select "Build Project”. This initiates a Make-based build that does

the following:
« Copies additional source files from HWLibs into the project.

« Creates an object file of the FPGA image using standard Altera tools and objcopy.

« Compiles and links everything into an AXF executable (ELF-compatible).

Note: For details of what is happening, browse the Makefile that is part of the project.
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o A scatter file (scatter.scat) that the ARM tools use for linking

Note: Much simpler that GNU linker syntax
o A DS script file (debug-hosted.ds) that controls debug flow

o Loads and runs the Preloader

Debug the Project 43

+ Loads the project executable (HWLIB.axf) and stops at the “main” symbol

+ A readme.txt file which describes more about this example

Debug the Project

Included with the project are a number of key items that are used to properly initialize the ARM core:

1. Right-click on the project and select Debug > Debug As > Debug Configurations, as shown:
Figure 48: "Altera-SoCFPGA-HardwareLib-FPGA-CV-ARMCC-Debug" Debug Configurations

< Debug Configurations

Create, manage, and run configurations

@ Configuration for connection type 'Bare Metal Debug' is notwalid - Connection cannot be ernpty.

=| 3\2| = }': h Mame:  Altera-50CFPGA-Hardwarelib-FPGA-CW-2ARMCC-Debug

type filter text B Connection |{aiy Files | %6 Debugger {2 05 Buvareness | 69 Arguments & Ervironment

Y

4

[T] CAC++ Attach to Application -
[T] C/C++ Postrnartern Debugger
[E] C#C++ Remote Application
#5 DS-5 Debugger
#5 Altera-SoCFPGA-Hardwarelib
#5 Altera-SoCFPGA-Hardwarelib
5 Altera-SoCFPGA-HellcWiarld- 4 CycloneV 50C (Dual Core)
@* IranPythan Run 4 Bare Metal Debug

& IranPython unittest Debug Cortex-£9_0
Gl Java Applet Debug Cortex-49 1

[T Java Application —
Ju IUnit Target Connection USB-Blaster =

Select target

Select the manufacturer, board, project type and debug operation to use, Currently selected:
Altera f Cyclone W SoC (Dual Core) / Bare Metal Debug / Debug Cortex-A9_1)

Filter platforms

m

& Jythan run DTSL Options Edit... Configure USE-Blaster trace or other target options. Using "default” configuration options
& Iython unittest

b= Launch Group D3-5 Debugger will connect to an Altera USB-Blaster to debug a bare metal application,

m PyDew Django

23 PyDev Google App Run Connections

a Python Run
PU Python unittest
j; Rernote Java &pplication

Bare Metal Debug | Connection

1 2

Filter matched 21 of 21 iterns

@

Apply

Debug

Browvse..,
Rewvert

Close

2. Next to the Connections field, select Browse and select the hardware you are using (Altera USB Blaster

or DStream) from the available connections and click Select.
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Figure 49: Connection Browser

& Connection Browser

Connection Browser

Select a target connection

[15B-BlasterI USE-1

I1ZB-Blasterll on localhost [LUSE-1]

® Gelect ] ’ Cancel

3. Select Apply and click Debug to start the debug session which will configure the processor, load the
software and execute it, stopping at the “main” symbol as the default.

Figure 50: Debug Stopping at Main

= 0| | Commands 2 B History| ¥ Scripts |

#5 Debug Contr 22 4"_, Project Explo | ‘!E Rernote Syst | A7 Streamline D
1_; Linked: Altera-SoCFPGA-Hardwar

2| e v 8 [ R e M s
ZISCRE IR RS S A e Loaded section ARM_LIB_SIAUKHEAP: 5:Uxu30eeeey
a. ARMCC_Altera_native disconnected - Entry point 5:@x@200e200
‘ Altera-SoCFPGA-Hardwarelib-FPGA-CV-ARMCC-Debug connected | +start
* Cortex-A9_0 #1 stopped on breakpoint A Starting target with image E:\brankin\work\beac
= mai b Ell| Running from entry point
= oo | Execution stopped at breakpoint 2: 5:8x@2088AFE
= _rt_entry_main+0xd Al Th Pwlib.c
M Debug_DCRAM disconnected S:@x@280@AFe  315,1 {
3% Debug_SDRAM disconnected « ||| Deleted temporary breakpoint: 2
—a 1|4 | (1]
™ Altera-SoCFPGA-Hardwarelib-FPGA-CV-ARMCC-Debug connected
No 05 Support Command:
4. P
Click the button to start running the code. The code should run to completion. Other options
PR RTT . .
( ) are also available on the Debug Control window.

The App Console window should display correct results.
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Figure 51: Application Exit Displayed in App Console

B App Console I [~} Target Console @] Error Leg £5 Debug Contr 23 [ Project Explo ,gﬁ Remote Syst | || Streamliine D =0
£, Linked: Altera-SoCFPGA-Hardwarelib-FPG = | ‘we e & 0« Tyl -
INFO: Gray code(i=@xa) => éxf [1111]. - LA ® Pl . S
g::ig g”}' ¢°:=={-‘:*h§ =3 g“ :i;i:% B ARMCC_Altera_native disconnected -
1 Gray code(i=@xc) => Bxa [ 1. - e =
INFO: Gray code(is@xd) => @xb [1811]. W Altera-SoCFPGA-Hardwarelib-FPGA-CV-ARMCC-Debug application exit: ¢t
INFO: Gray code(i=@we) => 8x9 [1@61]. * Cortex-A9_0 #1 application exit

INFO: Gray code(i=@xf) => Gu8 [leda].

INFO: LEDs should have blinked. Ben &= DCR&
, ebug_ M disconnected
i:::g Ei’a"“P °: ?;égge 2 ... 32 Debug_SDRAM disconnected
: canup of F sra 3
INFO: Cleaning up DMA System ... h FPGA_conf_ds-5 disconnected ¥
RESULT: Example completed successfully. W Altera-SoCFPGA-Hardwarel ib-FPGA-CV-ARMCC-De... application exit: code 0
Ne OS Support

DS-5 ARM HWLIBs Project Derived from Make-Based Project

This section takes a makefile-based example project that comes with SoC EDS and converts it to a
managed make project. “Managed Make” in Eclipse means that the IDE (DS-5 in this case) takes care of
generating and maintaining any Makefiles.

When you use this method, you are able to change the project settings from the GUI.

Note: You cannot automate generic steps, like converting the FPGA SOF file to C object code to be linked
into the application.

A managed make project can be compiled from the command line, since there is a makefile. Therefore,
automated builds can be done using commands.

Create Project

Before you begin

Before you start creating a project, make sure you have gone through the "Importing, Building and
Debugging in a Make-Based Example" section and the example project compiled successfully.

1. Create a new “managed make” project by selecting File > New > C Project.

2. Fill in the resulting dialog box, as shown, naming it whatever you prefer, for example:
armcc_fpga_managed_make.
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Figure 52: Create New ARMCC FPGA Managed Make Project
& C Project Lo [ B -]
C Prﬂject ___:'::_,
Create C project of selected type '
Project name:  armcc_fpga_managed_make|
IJse default location
ChlsersymmtamiDocuments\D5-5 Warkspace_15.1 Pharmcc_fpga_rmanag Browwse..,
default

Project type: Toolchains:

4 [ Executable ARM Compiler 5 (DE-5 built-in)

& Empty Project ARM Compiler 6 {D3-5 built-in)
& Hello World AMEL C Project Altera Barermetal GCC

» (= Shared Library GCC 4 [arm-linux-gnueabikf] (DS-5 built-in

» [2= Static Library

» = Makefile project
Showe project types and toolchains anly if they are supported on the platfarm
@' < Back ” Mext = l [ Finish l ’ Cancel
Related Information
Importing, Building and Debugging in a Make-Based Example on page 40
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Copy Files
Make sure the HWLibs FPGA ARMCC project has been imported and compiled successfully before you
proceed. The compiled project creates the FPGA object code file, previously, auto generated using the
makefile.

Before you begin

Copy all C code (files with a .c extension), alt_interrupt_armcc.s, the scatter file and the FPGA object
code (soc_system_dc.o0) from the Altera SoC EDS example project.

1. Select the files, right-click and click Copy.
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Figure 53: Files to Copy from the SoC EDS Example Project

Jgr

[ Project Explorer 52 48 Remote Systems -

4 {3'_9 Altera-SoCFPGA-Hardwarelib-FPGA-CW-ARMCC
© [at Includes
- L] alt_address_space.c

alt_bridge_manager.c

alt_cache.c

alt_clock_rmanager.c

alt_drna_prograrm.c

alt_dma.c

alt_fpga_rmanager.c

) X)) N ) Y)Y

alt_hps_detect.c
.| || alt_hps_detect.h
.| [5] alt_interrupt_armece.s
gl hlib.c
lard alt_address_space.o
lard =lt_bridge_rmanager.o
lard alt_cache.o
lard alt_clock_rmanager.o
[ard =alt_dma_program.o
lard =lt_dma.o
lard alt_fpga_manager.o
lard alt_hps_detect.o
lard alt_interrupt_armece.o
=| Altera-30CFPGA-Hardwarelib-FPGA-CW-ARMCC-Debug.launch
|=| debug-hosted.ds
[and hrvlibaf
= kalibuaxf.map

=

=| klibaxf.objdurnp
ard beelibno

hakefile

|=| readrmet«t

pfl| scatter.scat

[arh soc_systern_dc.o
=| soc_systern_dco.rbf
=| soc_systern.sof
g u-boot-splaxf

2. Right-click the new project (armcc_fpga_managed_make) and select Paste.
All of the files shown in the image should have been copied into the new project.
The C code is built and linked with the FPGA object file, automatically, after setting up the build system
in the next section.
Configure Build Settings
Get ready to build.

Right-click on the project in DS-5's Project Explorer window and select Properties then browse to
C/C++ Build and select Settings.
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Figure 54: ARMCC FPGA Managed Make Settings

& Properties for arrmcc_fpga_managed_rnake

ARM C Compiler Settings 49

o o]
G v

fype filter text Settings
» Resource
Builders
4 C/Ce+ Build Configurstion: |Debug [ Active ]

'] [Manage Configurations..,

Build Wariahles
Environment

Build .ﬂ\rtifactl Binary Parsers | @ Error Parsers|

Logging ) Tool Settings | # Build Steps |
Settings
Tool Chain Editor a4 B3 ARM C Compiler 5
o CAC++ General (3 Target
Project References @ Preprocessor
Run/Debug Settings (22 Includes

(5 Source Language
(8 Optimizations
(2 Debugging
@ Warnings and Errors
@ Miscellanenus
a4 3% ARM Assembler 5
(53 Target
(2 Preprocessar
(# Debugging
@ Warnings and Errors
(28 Miscellaneous
a4 B3 ARM Linker 5
(58 Target
(2 Image Layout
(58 Libraries
@ Optirnizations
(# Additional Information
@ Warnings and Errors
(2 Miscellaneous

Comrand:  armcc

Al options: .0 -q

Expert settings:

Command

line pattern: HCOMMAND] HFLAGS} HOUTPUT_FLAGY $OUTPU

m

Compiler, assembler and linker settings changes are necessary. Please follow the steps in the "ARM C

Compiler Settings" section.

Related Information
ARM C Compiler Settings

ARM C Compiler Settings

1. In "Target", set Target CPU" to "Cortex-A9" and check the "Disable unaligned accesses" box.
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Figure 55: ARMCC Target Settings

& Tool Settings |,3'7" Build Steps | Build Ar‘tifactl Binary Parsers | @ Error Parsers

4 B3 ARM C Campiler 5
(% Target
@ Preprocessor
(2 Includes
(2 Source Language
(25 Optimizations
(22 Debugging
@ Warnings and Errors
(25 Miscellaneous
4 B ARM Assembler 5
(2 Target
@ Preprocessor
@ Debugging
@ YWarnings and Errars
@ Miscellaneous

Target CPU {--cpu) Cortex-49
Bryte order [Default v]
Instruction set [Default V]

DInterwnrking (--apes=finternark)
[¥] Disable unaligned accesses (--no_unaligned_access)

Target FPU (--fpu)

Floating-point mode (--fprmode) [Default V]

Flaating-point PCS (--apcs) [Default v]

[T] Generate enurnerations as integers (--enum_is_int)

Wifide character size [Default V]
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2. Add the preprocessor macro “ALT_FPGA_ENABLE_DMA_SUPPORT=1" to ensure that the code
responsible for configuring the FPGA uses the DMA in the HPS.

Figure 56: ARMCC Preprocessor Settings

%) Tool Settings |.ﬁ- Build Steps |

Build Artifactl Binary Parsers | @ Errar Parsers

a 3 ARM C Compiler§
(2 Target
@ Preprocessor
(2 Includes
(# Source Language
(# Optimizations
@ Cebugging
(# Warnings and Errars
2 Miscellaneous

I:‘Preprocess only (-E}

Define macro {-0)

88 84 #

2 _EMABLE_DF

SOC_CV_AW

3. Add the preprocessor macro "soc_cv_av" to set the Cyclone V device family.

4. Select the next cat
paths to Build Set

Figure 57: ARMCC Include P

egory down (“Includes”) and click the “+” button to the right to add the include
tings.

ath Settings

B Tool Settings |.3" Build Steps | Build Artifactl Einary Parsers | @ Error Parsers

a 33 ARM C Compiler 5
(22 Target
(2 Preprocessar
(2 Includes
@ Source Language
(2 Optimizations
(2 Debugging
(2 Warnings and Errors
@ Miscellaneous

Include path (-I}

aa &8s ¥

eral 15 1hembedde

Malterah 15, Dembedded\

MNaltera_hp

X hips' hinclude"
iphalterathpshaltera_hp

shwli biincludetsoc_cv_av"

5. Select “Source Language” and set “Source language mode” to “-c99”.
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Figure 58: ARMCC Source Language Settings

B3 Tool Settings |‘ﬁ' Build Steps |

Build Artifactl Binary Parsers | (%] ErrorParsers|

ARM Assembler Settings 51

4 [ ARM C Compiler 5

(5 Target

(% Preprocessar

(2 Includes

@ Source Language
@ Optimizations

@ Debugging

(& Warnings and Errors
(2 Mizcellanzous

Leave "Optimizations

values.

ARM Assembler Settings

Source language mode

"o

, “Debugging”, “Warnings and Errors”, and “Miscellaneous” settings to default

(240 (--c0g)

[] Enable GMU extensions (--gnu}

Strict language conformarnce [Default

[T Enable C++ exceptions (--exceptions)

» <

Figure 59: ARM Assembler Target Settings

Change the settings in “Target” to match the following:

B Tool Settings |.ﬁ‘ Build Steps |

Build .ﬂ.rtifactl Binary Parsers | & Error Parsers

a B3 ARM C Compiler 3

(8 Target

@ Preprocessor

(2 Includes

(# Source Language
(# Optimizations

(# Debugging

@ Warnings and Errors
(8 Miscellaneous

4 53 ARM Assernbler 5

(2 Target

(5 Preprocessar

(8 Debugging

(2 Viarnings and Errors
(2 Miscellaneous

ARM Linker Settings
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Target CPU {--cpu)
Byte order

Instruction set

Cortex-20

[Default

[Default

[ Interwarking (--apcs=/finterwork)

Disable unaligned accesses (--no_unaligned_access)

Target FPU {--fpu)

Floating-point rmode (--fprmode) [Default

Floating-point PCS (--apcs)

[Default

1. Define the “Target CPU (--cpu)” as “Cortex-A9” in the Target section.
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ARM Linker Settings

Figure 60: ARM Linker Target Settings

¥ Tool Settings |,ﬁ' Build Steps | Euild Artifactl Binary Parsers | @ Error Parsers
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(2 Target
@ Prepracessor
(2 Includes

@ Optimizations
(2 Debugging

@ Miscellaneous
4 B3 ARM Assembler 5

(2 Target

@ Preprocessor

(# Debugging

@ tizcellaneous
4 53 ARM Linker 5

(2 Target

@ Irmage Layout

(2 Libraries

(# Optimizations

(# Miscellaneous

4 53 ARM C Campiler 5

(# Source Language

@ Wifarnings and Errors

@ Wifarnings and Errors

@ Additional Infarmation
@ Warnings and Errors

Target CPU (--cpu)  Cortex-A9
Target FRU {--fpu)

2. "Define the Image entry point (--entry) as "alt_interrupt_vector" and add the Scatter file (--scatter)
location in the "Image Layout" section.

Figure 61: ARM Linker Image Layout Settings

B Tool Settings |.ﬁ‘ Build Steps |

Build Ar’tlfactl Binary Parsers | @ Error Parsers

4 B ARM C Compiler 5
@ Target
@ Preprocessor
2 Includes
@ Source Language
@ Optimizations
@ Debugging
@ Warnings and Errors
@ Miscellaneous
4 ) ARM Assembler S
@ Target
(2 Prepracessor
(# Debugging
(2 Warnings and Errors
(8 Miscellaneous
4 BB ARM Linker 5
(2 Target
(2 Image Layout
(2 Libraries
(2 Optimizations
(& Additional Information
(& Warnings and Errors
(2 Miscellaneous

Image entry point (--entry) alt_interrupt_vector
RO base address (--ro_base)
R base address (--rai_base)

71 base address (--zi_base)

Scatter file {--scatter) CihdserstmmtantDocumentshD5-5 Workspace_15.1 Marmec_fpga_managed_makehscatter,scat

3. Leave “Libraries”, “Optimization”, “Additional Information”, and “Warnings and Errors” with

default values.
4. Add the FPGA object file in the Miscellaneous settings section.

5. Click on the Add... icon and Browse to the location of the FPGA object file under the
"armcc_fpga_managed_make" Workspace.
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Figure 62: ARM Linker Miscellaneous Settings

& Tool Settings |_37' Build Steps |

Build .t'l\rtifactl Binary Parsers | @ Error Parsers

ARM Linker Settings

53

4 BB ARM C Campiler 5
(2 Target
(2 Preprocessor
(2 Includes
@ Source Language
2 Optimizations
(2 Debugging
(2 Warmings and Erro
@ Miscellaneous
a B ARM Assernbler 5
(5 Target
(2 Preprocessor
@ Debugging
(2 Warnings and Erro
@ Miscellaneous
4 BB ARM Linker 3
@ Target
(2 Image Layout
@ Libraries
(2 Optimizations

@ fiscellaneous
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Other flags

Other object files

&

S Add file path

File:

(2 Additional Information
@ Wfarnings and Errors

= File selection

Select one or more Workspace Files

=

project

[ alt_address_space.c
[ alt_bridge_rnanager.c
[€] alt_cache.c

[ alt_clock_ranager.c
[ alt_dma_prograrn.c
[€ alt_drma.c

[€] alt_ fpga_manager.c
[ alt_hps_detect.c

[ alt_hps_detecth

[8 alt_interrupt_arrce.s
[€] hwvlib.c

B scatterscat
soc_systermn_de,o
ermoteSpstemsTermpFiles

m

QK

Cancel
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Figure 63: ARM Linker Miscellaneous Settings - Part 2

B9 Tool Settings |.ﬁ" Build Stepsl Build Artifactl Binary Parsers | 3 Error Parsers
4 By ARM C Compiler 5 Other flags
5 Target
€ o Other object files = w2 8

(2 Preprocessor
(2 Includes Hwarkspace_loci/HProjNamel/ tern_dc.al
(# Source Language
@ Optimizations
(% Debugging
@ Warnings and Errors
@ Miscellaneous

4 ) ARM Assembler 5
(5 Target
(2 Preprocessor
(% Debugging
@ Wiarnings and Errors
@ Miscellaneous

4 B3 ARM Linker 5
@ Target
(2 Image Layout
@ Libraries
(# Optimizations
(# Additional Information
@ Wiarnings and Errors
5 Miscellaneous

6. Click Apply and then OK to apply settings and return.

Build Project

Right-click on the project you created and pull-down to the “Build Project” option. This starts building the
project in the default build directory in the project.

Run/Debug Project

Create a Debug Configuration

1. Right-click on the project and pull-down to the Debug As > Debug Configurations option.
This opens the Debug Configurations dialog box.
2. Create a new configuration and setup the debug hardware as shown.
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Figure 64: ARMCC FPGA Managed Make Debug Connection Settings

= Debug Configurations

Create, manage, and run configurations

£ Configuration for connection type 'Bare Metal Debug’ is notwvalid - Connection cannot be empty.

. = 1

L B x| = Mame: arrncc_fpga_managed_makeﬁebug

type filter text B Connection Files | B Debugger 05 Suvareness | #= Arguments | B8 Environment
[€] CfC++ Pastrnortern Debugger  » I o
[E] CfCT++ Rernote Application elect arge 7

4 5 D55 Debugger ieII:ct t}w(e:mlanufirctsuréret?ualrg, pr;u;gt t}.n’pr::1 atntlige:ug}:lgerbatiugtStus:;:Larrently selected:
era clone W SoC {Dual Core) / Bare Metal Debu ebug Cortex-
£ Altera-S0CFPGA-HardwareL i 4 g g -

#5 Altera-SoCFPGA-Hardwareli

| Filter platforms
#f Altera-SoCFPGA-Hardwareli

£ Altera-SoCFPGA-HelloWarld 4 Bare Metal Debug -
5 Mew_configuration Debug Cortex-20_0 m

@ IronPython Run Debug Cortex-89_1

a’ IranPython unittest Debug Cortex-29x2 SMP - |

Ed] Java Applet

1 Java Application Target Connection USE-Blaster =

m

Ju lUnit DTIL Optians Configure USE-Blaster trace or other target options, Using "default” canfiguration option
a’ Iython run

E Iython unittest D3-5 Debugger will connect to an &ltera USB-Blaster to debug a bare metal application,

= Launch Group

m PyDev Djzngo Connections

P PyDev Google &pp Run
e” Python Run Bare Metal Debug | Connection B
é’ Python unittest -

?l,.i Remate Java Lpplication 2
4] 1 | b

Appl Revert
Filter matched 23 of 23 itemns PEY H e ]

3. Select an available Bare Metal Debug Connection by clicking Browse. This returns a list of the available
debug connections.

Figure 65: Connection Browser

& Connection Browser @

Connection Browser

Select a target connection

[

?\ Select l ’ Cancel

4. Click OK and then go to the Files tab on the top right. Select "Workspace..." and look for the AXF file
in the project Debug sub-directory.
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Figure 66: ARMCC FPGA Managed Make Files Settings

Mame:  armce_fpga_managed_make_debug

=it= Connection | [z Files . &% Debugger '-?-::%1- 03 Awvareness | 6= Arguments B Ervironrnent

Target Configuration

Application on host to download:

Huwvorkspace_loci/armec_fpga_managed_make/Debug/armce_fpga_managed_make.axf}

| File Systern.. | [Workspace... V| Load syrnbols

Files

m

|Load syrnbols from file A

=]

| File Systerm.. | |W0rkspace...

3

Apply | | Rewert

5. Click on Apply and then Debug to start the debugging session.

Minimal Preloader

The Minimal Preloader (MPL) is an alternative for the General Public License (GPL) Preloader. It uses the
BSD license and may be freely distributed and modified according to the terms of that license. The MPL
supports a subset of features supported by Altera's GPL Preloader.

The MPL initializes the PLLs, reset signals, configures IOCSR and pin MUXing, and performs other
configuration-based on the preloader generator file settings. It can also load the FPGA from a boot source,
if desired. It then reads a secondary image from a boot source into RAM and hands control to that image.

This version of MPL supports booting from QSPI, SD/MMC and FPGA.
Note: NAND boot is not supported.

The MPL uses Altera HWLib drivers for most of its functionality. It also uses Altera HWLib SoCAL folders
for the memory map definitions and basic read and write commands.

The MPL supports both the ARMCC and GNU GCC compilers. The MPL supports both Cyclone V SoC
and Arria V SoC devices.

Note: Arria 10 SoC devices are not supported.

The example project in the following section is for Cyclone V SoC. Please modify the example as needed to
select appropriate file names.
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Minimal Preloader Example Project

Before you begin

The Minimal Preloader (MPL) project provided in the Altera SoC EDS is a non-GPL Preloader that uses
the Altera SoC EDS HWLIBs . To build the MPL, either the ARM Compiler Toolchain or the GCC must
be greater than v14.1.

Import the MPL project by using the steps in the "Importing an Existing Bare Metal Project into DS-5"
chapter.

1. Go to File > Import and select General > Existing Projects into Workspace.

Figure 67: Import Existing Projects

S Import = [ 2 ]l
Salect \:‘
Create new projects from an archive file or directany, E E ]

select an impaort source:

type filter text

4 (== General
JE Archive File
[ Existing Projects into Warkspace
) File Systern
[} Preferences
s CFC++
= CWS
¢ == Install
» [ Rernote Systerns
¢ = Run/Debug
+ [= Scatter File Editar
» [ Target Configuration Editar
= Teamn

2. Select the Altera-SoCFPGA-HardwareLib-MPL.tar project from the <SoC EDS installation path>\
embedded\examples\software and then click Finish to import the project.
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Figure 68: Import MPL Project File
S Import o e
Import Projects =
Select a directory to search for existing Eclipse projects, J
() Select root directany: Browse..,
@ Select archive file: Cihalterat 15, Dembeddedyexamplesisoftware’dltera-S0CFPGA-F -
Projects:
Altera-SoCFPGA-Hardwarelib-MPL {Altera-S0CFPGA-Hardwarelib-MPL) Select Al
Deselect Al
Options
Search for nested projects
Copy projects into workspace
[CIHide projects that already exist in the warkspace
Wforking sets
[C]Add project to warking sets
Select...
(?:,' Mewt = Finish ] [ Cancel
3. From the Project Explorer tab, verify all project files are present.
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Figure 69: MPL Project File List

[ Project Explarer 52 | |a] Streamline Data =R =
4 2% Altera-SoCFPGA-HardwareLib-MPLE

- [ai Includes

. [Z=- care

+ = fatfs

. |n| alt_config.h

. |n| mpl_canfig.h
config.mk
hakefile
[E] mpl_fpga.scat

mpl_gee_fpga.lds

mpl_goe.lds
rrpl_test_Ci_whdr.bin
rrpl.scat

README. tet

()

For more information about building and debugging, refer to the "Importing, Building and Debugging
in a Make-Based Example" section.

Related Information
Importing, Building and Debugging in a Make-Based Example on page 40

Appendix: Troubleshooting

Debug Cable Does Not Work

Be sure that the USB-Blaster II driver is installed and that it is functional. Generally, following the
development kit installation instructions and going through a few of the recommended examples is good
enough to solve this issue.

FPGA Is Not Programmed Successfully

If this occurs, refer to specifics on your development kit, but usually this is due to a mismatched MSEL
(programming mode).

Temporary Directories not Writable

Though uncommon, it is possible for temporary directories that the Eclipse-based DS-5 debugger relies on
being writable are sometimes un-writable. Also, if you run into strange “permission denied” issues when
starting debug sessions, search through all temporary directories in your environment (tmp, TMP, temp,
TEMP) and change or set them to a writable directory.
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