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ARM DS-5 Tools and ZedBoard Series

This tutorial is one in a series of step by step instruction manuals. Together they document the
procedures necessary to utilize the ARM Development Studio 5 (DS-5"") Software Suite and the
DSTREAM Debugging tools with the Avnet Zynq Evaluation and Development (ZED) boards.
These tutorials can be used on their own, or in combination with Avnet online videos and
OnRamp Technical Session™.

The ARM software and hardware tools provide a powerful debugging suite for processor-based
systems built around the dual Cortex-A9 cores present in the Xilinx Zynq SoC, at the heart of the
Avnet ZED boards. A Linux software developer can simultaneously debug applications and
kernel module code, with separate control over each thread. You can step through Linux boot
code, first stage bare metal boot code, and bare metal applications. When used in concert
with the Xilinx Vivado tools for FPGA fabric development, the ARM debugger and Internal Logic
Analyzer (ILA) IP can be cross-triggered to stop on software and hardware breakpoints, or when
a hardware event occurs. For difficult-to-isolate intermittent faults, DS-5 provides access to the
Cortex-A9 on-chip Trace facility. Once your embedded system is running correctly, DS-5 uses
Streamline, a graphical system profiler, to identify performance bottlenecks in your design to
ensure top-shelf operation.

This tutorial series begins with the most basic tool configuration and board connection. It takes
you all the way through to the most complex aspects of hardware/software co-debugging to
root out design errors that are otherwise apparent only in very complex use cases, or worse,
after a product is released. Together the ARM DS-5 tools, Xilinx Vivado and Avnet ZED boards
provide an unparalleled combination to compress design timelines, cut project costs and
optimize your product for the marketplace.

=AVNET” ARM DS-5 Tools and Avnet ZED Series : 3

|




Required Installations

Software

The recommended software for this tutorial series is:

e ARM Development Studio 5 (Exact version used is 5.14, build 1702)

e Xilinx ISE WebPACK 14.5 (Free license and download from Xilinx website)

e Cypress CY7C64225 USB-to-UART Bridge Driver (for ZedBoard serial output)
e Silicon Labs CP2104 USB-to-UART Bridge Driver (for MicroZed serial output)
e Tera Term (Exact version used is V4.75)

e Xilinx Software Development Kit, version 14.5

e For hardware/software co-debugging, Xilinx Vivado 2013.2

Hardware

The targeted hardware consists of the following:

e PC workstation with at least 5 GB RAM, 30GB free hard disk space, Windows 7 64-bit
operating system, and a wired GB Ethernet connection

e Available SD card slot on PC or external USB-based SD card reader

e One of:

0 Avnet ZedBoard Kit (AES-Z7EV-7Z2020-G)
= USB cable (Type A to Micro-USB Type B)
= 4GB SD card
= 12v Power supply

0 Avnet MicroZed Kit (AES-Z7MB-7Z010-G)
= USB cable (Type A to Micro-USB Type B)
= 4GB SD card

e Avnet ZedBoard Debug Adapter Kit (AES-ZBDB-ADPT-G)
0 14-pin Xilinx PC4 ribbon cable

e ARM DSTREAM unit and Keil pod with wide cable connector
0 20-pin JTAG ribbon cable
O USB cable (Type A to Printer)
0 5v Power supply

e CAT-5 Ethernet cable
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Technical Support

For technical support with any of the instructions, please contact your local Avnet/Silica FAE or
visit the support forums:

http://www.zedboard.org/forum

http://www.microzed.org/forum

Additional technical support resources are listed below.
ZedBoard Kit/MicroZed Kit support page with Documentation and Reference Designs

http://www.zedboard.org/content/support

http://www.microzed.org/content/support

For Xilinx technical support, you may contact your local Avnet/Silica FAE or Xilinx Online
Technical Support at www.support.xilinx.com . On this site you will also find the following
resources for assistance:

e Software, IP, and Documentation Updates

e Access to Technical Support Web Tools

e Searchable Answer Database with Over 4,000 Solutions
e User Forums

e Training - Select instructor-led classes and recorded e-learning options

Contact your Avnet/Silica FAE or Avnet Support for any additional questions regarding the
reference designs, kit hardware, or if you are interested in designing any of the kit devices into
your next design.

http://www.em.avnet.com/techsupport

For ARM technical support, you may contact your local Avnet/Silica FAE or ARM Online
Technical Support at www.arm.com/support .
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Connecting a DS-5 Debug Session to Avnet ZED Boards

In this tutorial we will create a standalone bare metal project in the DS-5 IDE, and use
the USB-JTAG connection via the DSTREAM to download the application to one of the
ARM Cortex-A9 cores on the target.

Create a C Project in DS-5

1. Open the DS-5 IDE on your host PC. Select a workspace in any folder where your
userlD has full access permissions. By default, DS-5 will select a folder within the
Documents folder under your userlD. You can use this folder, or select a
different name as you wish. For the purposes of this tutorial, we will create an
empty workspace called ZedBoard DS-5 WS.

= Workspace Launcher

Select a workspace
Eclipse Platform stores your projects in a folder called a workspace.

Choose a workspace folder to use for this session.

Workspace: Ch\Users\Ron\Documents\ZedBoard D3-3 WS - Browse...

[ Use this as the default and do not ask again

|_ OK | | Cancel

Select a DS-5 Workspace

2. If the Welcome to DS-5 tab activates, you can delete it by clicking the close icon
as shown below:

BE Welcome to D5-5) &2

Tab Close Icon

You can activate the Welcome screen at any time from Help | Welcome in the
main menu.
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3. If you have started with an empty workspace, DS-5 will appear with a blank slate,
as shown below. In a new workspace, by default the Eclipse viewer begins in
the C++ perspective. If you are using a previous workspace, it will open

wherever you left off last time.

¥ -—_|EI'EI |e I
File Edit Source Refactor MNavigate Search Project Run  Window Help

ol Big-8--@- i8-8 $-0-A~ ®dF~ [ it (B %
i.[j Project Ex E3 % Streamlin =] = m| EE Out &1 @ Ma =im|

B~ An outline is not available,
I \‘_ Problems 3@‘ ¥ Tasks| B Console| E Properties S0 Clm)
|0 items
Description = Resource Path Location Type

Empty DS-5 C/C++ Perspective

If you are new to Eclipse, a perspective describes a particular set of panels that
contain information relevant to the current activity. The C++ perspective is used
for creating software projects, while the Debug perspective is used for actively
debugging software on a target or software model.
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4. We will begin by creating a new Hello World software project in the C++
perspective. In the main menu, select File | New | C Project.

"| € Praject m—e |
| Create C project of selected type

Progect name §f Hello Waordd Bare Metal

| Use default location

Project type Toolchains:
= Bare-metal Executable ARM Compiler

I & Helle Woald Project
o e

=
= Executabie
% Shiered Library
i Statie Library
. Makefile project

| Shew project types sand toolchains only if they sre supported on the plathorm

| ') : [ Mt > | Fanish ] [ Cancel

New C Project Window

Name the project Hello World Bare Metal to indicate that we are not relying on
any underlying operating system, and select the Hello World Project under Bare-
metal Executable in the Project Type panel. By default, the ARM C Compiler will
be used to generate the object files. Click the Next button.
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5. Within Eclipse you can set up multiple configurations for building each software
project. By default, the Debug and Release configurations will be created. The
Debug configuration will be compiled with no optimization and with all symbols
included, so the debugger can use them to link to source level information

presented in the Debug Perspective.

The Release configuration uses the

maximum optimization level and creates the smallest executable without

sacrificing performance.
the Debug configuration is activated first.

= C Praj

As only one configuration can be active at any time,

Select Configurations

Bare-metal Executable
ARM Compiler

Project type:
Teclchains:

Configurations:

Select platforms and configurations you wish to deploy on

2 Debug
% Release

Select all
Deselect all

Advanced settings...

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

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

Finish Cancel

||

Next » [

C/C++ Build Configuration Window

If you want to change or explore the default attributes for any configuration,
click on the Advanced settings button. For our purposes, we will accept the
default attributes so click Finish to generate the new project.

.
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6. You will new see a new project shown in the Project Explorer tab, the generated
source code in the hello.c tab of the Source display panel, and an outline view in
the Outline tab on the right. The tabs across the bottom will show the results of
our project builds.

o T R 5 —

Preject b s

I Haflo World Hare Meast ’ o o
Eincluwde «xtdio. b
Lat malnfint erge, char®® argy)

rintFi “Hello werldin®™);
wturn 0;

et | o Ouiline
Tald

Expl0lEl Panal

b Peoklerma 2 Tasks | B Consele! [ Prepartien
0 dwren.
Descnptsse Btoiinig Pt Lo #hion Type

Wikslbsde Sl Inser 111 I
L ——

DS-5 C/C++ Perspective

7. In the Project Explorer tab, click on the Hello World Bare Metal entry to ensure
it is selected. Then from the main menu, select Project | Build Project to
compile the source code. If there were any warnings or errors, they would
appear in the Problems tab, where you may double-click on the entry to take
you directly to the line in your source. This is useful for large programs with
many source modules. You can also click on the Console tab to see the step by
step execution results of the compilation process. Note that the executable file
created has an axf extension, which stands for ARM eXecutable Format. It is
identical to the standard ELF format.

You can resize any of the panels in an Eclipse view by moving the cursor over the
double line boundary, until it changes to a double-ended arrow.

Left mouse-click and drag the border to resize the panel as you desire.
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Debug a C Program in DS-5

For ZedBoard:

To begin the procedure, set the ZedBoard Boot Mode to JTAG only using jumpers JP11
to JP7 set to the following:

JP11

JP10

JP9

JP8

JP7

Position

SIG-GND

SIG-GND

SIG-GND

SIG-GND

SIG-GND

For MicroZed:

To begin the procedure, set the MicroZed Boot Mode to JTAG only using jumpers JP3 to
JP1 set to the following:

JP3 P2 JP1

Position

You should have your DSTREAM, ZED target, ZedBoard Adapter and host PC connected
together and powered as described in the Tutorial #1 of this Series.

1. In the Project Explorer tab, right-click on your Hello World Bare Metal project
and select Debug As | Debug Configurations from the drop-down menu.

2. Right-click on the DS-5 Debugger entry and select New from the drop-down
menu.

T | - 3 v Con
type filter text b
[t] C/C++ Application
[C] C/C++ Attach to Applic X
[c] C/C++ Postmortem Del
[c] C/C++ Remote Applical |

£5 D05-5 Debugger
A" Iron Python Rul [ %
A Tron Pvthon uni -~

Mew

R

New DS-5 Debugger Configuration
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3. Inthe Connection tab:
enter Hello World Bare Metal for the configuration Name
Type Avnet into the filter box in the Select target panel
Expand the Avnet, ZedBoard_JTAG and Bare Metal Debug entries as
shown by clicking on the triangle to the right of the entries
Select Debug Cortex-A9_0 via DStream/RVI. This selects processor 0 to
run our application, and indicates we will be using the DStream unit for

Hiiy Files| 25 Debugger| 5 RTOS Awareness| (<) Argumer

debugging.
Hello World Bare Metal

MNames|
Select the manufacturer, board, project type and debug operation to use. Cu

H.- Connection

Select target
Avnet
4 Avnet
ZedBoard_JE1
4 ZedBoard_ITAG
4 B s Calaeiy
| Debug Cortex-A9_0 via DSTREAM/RVI
Debug Cu!‘lu-ﬂ\g;l SMP via DSTREAMYRY]
Debug and ETE Trace Cortex-A9_0 via DSTREAM/RV]
Debug and ETE Trace Cortex-A9 1 via DSTREAM/RV]
Debug and ETE Trace Cortex-A%x2 SMP via DSTREAM/RVI

Board Selection
4. Still in the Connection tab, click on the Browse button in the Connections panel.
In the pop-up window that appears, after a few moments you should see a USB

connection to the DSTREAM unit. Select the DSTREAM entry and click OK to

Details
127002

populate the Connection box.
= Select Debug Hardware
Name
USE:000132

Type
DSTREAM

DStream Connection
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If you do not see an entry in the Select Debug Hardware window, check that your
DSTREAM unit is powered on and is plugged into an active USB port on your host
computer. Make sure all connections are made as specified in Tutorial #1 of this
Series.

5. Click on the Files tab. Under Target Configuration, click the Workspace button.
Expand the Hello World Bare Metal and Debug entries by clicking on the triangle
to the right of each entry. Select Hello World Bare Metal.axf and click the OK
button to populate the Application on host to download text box.

B |

= Open

Select a file:

=5 Hello World Bare Metal

=] .cproject

|=| .project

= Debug
| Helle World Bare Metal.axf
o helle.o
makefile
objects.mk
sources.mk
subdir.mk

Lg| hello.c

|@:| [ 0K ] | Cancel |

Note that DS-5 uses a variable to indicate the local workspace. You can use
these variables to refer to specific folders wherever you need to type in a path.

Target Configuration

Application on host to download:

Syworkspace_locy/Helle World Bare Metal/Debug/Helle World Bare Metal.axf}

File Sg,rstem...| |Wu:urk5pace... ¥| Load symbols

6. Still in the Files tab, in the Files panel click the Workspace button. Use the same
procedure as in the previous step to select Hello World Bare Metal.axf as the file
containing the symbols for debugging.

7. Select the Debugger tab and click the Apply button. We want our application to
stop as soon as the main entry point is reached, so we leave the Debug from
symbol main selected.
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8. Click the Debug button. We are still in the C/C++ perspective, so Eclipse asks if
you want to switch to the Debug perspective. This will present a new set of
windows specific to the debugging procedures, and since this is what we want
click the Yes button.

= Confirm Perspective Switch

This launch is associated with the D5-3 Debug perspective,

Do you want to open this perspective now?

[] Rermember my decisien

Mo

Confirm Perspective Window

9. After a few seconds to connect and download the application, the Debug
Perspective will populate as shown below. There are a number of panels which
you should take note of.

r N
File Edit Source Refactor Navigate Search Project Run Window Help
e Big~- B &9~ Y R S B m@(E
%5 Debug 2 [ Projec | 48 Remo | [4) Strea = B |/l Commands | History 22 . ¥ Scripts o Ew b T T OJ[e=vari 52 % Bre | 5 Reg | ¥ Exp | f) Fun| = O
A &, Linked: Hello World Bare Metal = P
2% % % %] v 2 loadfile "C:\Users\Ron\Documents\ZedBoard DS-5 WS\Hello World 5, Linked: Hello World Bare Metal =
- = file "C:\Users\Ron\Documents\ZedBoard DS-5 WS\Helle World Bare Name Value_| Type |Count|SizeLox
B e cd "C:\Users\Ron\Documents\ZedBoard DS-5 WS" = = Locals 2 variables
® Hello World Bare Metal connected set debug-from main o argc Unavailable int 32
ik Cortex-A9_0 #1 stopped on breakpoint start D argy Unavailable char™ 132
= main wait (= File Statics (current)
= _rt_entry_main+0xd (= Globals 4
I W= Helle World Bare Metal connected
No 0S Support « I v ||« n v
€] helloc 52 = B81[1§! Disassembly &2 i Memery| = Modules| -] Events EE Qutline 4 ¥ =8
1/ - <&, Linked: Hello World Bare Metal =
2 * hello.c: A simple "hellowerld” C progr =
g oo A siante e progren & g = <Nedtlnstructions 100
4 Address Opcode | Disassembly
5#include <stdic.h» 5:0xB00R30EE BL _sys_exit ; exo124 .
6 main
7 int main(int argc, char** argv) = | 5:exeee85854 PUSH {r4-ré,Lr}
% 5 5:BxBBRA5AES MOV rd,ra
a printf("Helle werld\n"); 5:0x2000505C HOV r5,r1
10 return 8; S :BxBB0050CO ADR ra,{pc}+ex1e ; exsede 1
11} 5:0%000080C4 BL _ 3printf ; BxBBEB
12 S:6x600030C8 MOV 8,40
S:8x889988CC PoP {r4-r6,pc} 5
S :0%B0003600 DCD Bx6C6C6548
S :BXB0005AD4 DCD @X6F77206F
5:9x800058D8 DCD BxXBAGECT2
S :6x888888DC DCD BXBEEEE0EE i
I8 App Censole 5% . B Target Conscle| @) Error Log B EEgE~"O0O
& Linked: Hello World Bare Metal =
F f
o

DS-5 Debug Perspective
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Panel 1: This is where the primary debug session controls are placed. Standard
symbolic debugger single step operations for step into, step over and step out,
as well as a toggle switch to step by source line or by machine instruction are
found here. The most commonly used controls are shown below.

Restart
from main

Connect.)

Disconnect

Single Step
= Controls

VCR
Controls

‘ Hello World Bare Metal connected
ﬁ Cortex-A9_0 #1 stopped on breakpoint

__rt_entry_main+0xd

‘ Hello World Bare Metal connected
Mo 05 Support

Debug Control Panel

The current state of the processor(s) is shown here as well. In this case the
Cortex-A9 processor 0 is stopped at the initial breakpoint in main, and the call
stack is appears directly below.

Panel 2: This is the source debug panel, where the current point of execution is
shown. As you manipulate the debug session with the controls above, the
source line indicator will reflect the changes.

[€] hello.c &2

* hello.c: A simple "helloworld” C program

[¥, I S TYR Ry}

5 #include <stdic.h:>

4o

7int main(int argc, char** argv)
» af
printf({“Hello worldin");

return 8;

—

[ SR ]

Source Panel

You can set a breakpoint here by double-clicking in the margin to the left of the
source line.

== AVNET
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Panel 3: The Status panel maintains a list of all the commands and responses, in
command line format, as executed by the IDE. Debug commands can be entered
manually in the box provided on the Commands tab. The History tab shows a list
of only the commands, without any of the responses. This is very useful for
creating a repeatable debugging session, as you can copy the history entries and
paste them into the Scripts tab to capture all or any portion of a debugging
session.

B commands 2 B History | % Scripts| 5] S BE o~ & ¥ T O

ﬂ:b Linked: Hello World Bare Metal ~
Reloading program pis
Starting target with image C:\Users\Ron‘\Documents‘\ZedBoard L
Running from entry point
Semihosting stack/heap configured using wvalues:
Stack: @x@e819523 ~ @xBee18D28
Heap: @x@eae889528 ~ @x88818D24
Execution stopped at breakpoint 3: S5:8x888838B4
S:@xeaaa50B4 8,1 i
Deleted temporary breakpoint: 3
4 1 I

Command: Submit

Status Panel

1

Panel 4: The State panel reports the current state of the symbolic debugger,
including:

e Which variables are in scope and their current values

e Breakpoints set through the program

e Register values

e Expression values (you can enter expressions for evaluation here)
e Function list

)= Variables &7 . ®g Breakpoints| "0 Registers| 23" Expressions| () Functions

<,1=r'=l"} Linked: Hello World Bare Metal ~

Mame Value Type |Count|Size|Location |Access
=t = Locals 2 variables
L oargce Unavailable int 32 RO
o argv Unavailable char™ 1 32 RO
=l = File 5tatics (current] 1 of 1 files
= [E] hello.c 0 variables
=t = Globals 0 vanables

State Panel
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Panel 5: In this panel low-level information is presented. The Disassembly tab
tracks the source panel as execution through the debugger proceeds. In the
Memory tab, you can display the contents of any memory address.

A1 Disassembly 23 ‘H Memory| = Medules| [ Events == Outline  ~ — 08
Q;b Linked: Hello World Bare Metal -
tey g = =MextInstruction> 100
Address Opcode Disassembly

o | S5:8x6808030B4 PUSH {rd4-re,lr} -
5:8xeepasess MOV rd,rég
5:8xBa86888C MOV r5,ri
5:8xepaasece ADR ré,{pcHexle ; exsede
S5:@xegeasecs BL __2printf ; Bxsece
Si@xeepasecs MOV rg,#a
S1ExBeeasaCc PoP {r4-re,pc}
5:8xepaa3ane DCD BxeCECE548
5:@xegaaseid DCD BxeF77286F
S:@xeapasens DCD Bx@Ac4eCy2
51 8xeaaasanC DCD Bxeaapaaaa

__ 2printf

5:@xegeasece PUSH {re-r3} i

Low-level Panel

Panel 6: In the DS-5 console, you can watch for output from the executing
application, as well as any Errors that may occur. If you single step through the
printf statement in the source window, you will see the hello world text display
in the App Console tab.

B App Console 22 B Target Console| €] Error Leg
<,1_51"} Linked: Hello World Bare Metal -
Hello world

Console Panel

10. This has been a brief introduction to the DS-5 Debug perspective and how you
can use it in conjunction with the DSTREAM hardware to download a program to
real hardware for a software debugging session. Hello world provides a simple
mechanism to do this, but the program is not complex enough to require any
advanced features of the debug system. More advanced topics will be covered
in subsequent tutorials in this series.

You can disconnect the current debug session at this point, close DS-5 and power
down the hardware.
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The next time you wish to connect with this debug configuration, simply open
the Debug Control tab, select Hello World Bare Metal and click the Connect to
Target button (See Step 9, Panel 1).
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