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1. Introduction

So, you just got that shiny new SoC devkit and don’t know where to start? This guide will provide you
with a step-by-step introduction on how to build your own FPGA design, compile, run, and debug the SW
contained in the ARM core of the FPGA. It utilizes the bare metal HW Libs example design as a case for
demonstrating single-step, cross-triggering, and trace. Although this example utilizes bare metal, it can
quite easily be extended to any OS as well, such as Yocto Linux.
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2. Design Example

The following example will utilize the Golden Hardware Reference Design as a means to demonstrate the
debug capability of DS-5 and cross-triggering with SignalTap. Our first step will be to copy the hardware
design over to a working directory, so we can compile and monitor various internal signals within
SignalTap.

2.1. Compilingthe FPGA image

The following steps should be used to create the configuration image (including SignalTap) for the FPGA.:

1) Create adirectory (for instance, SoC_Example) that you can use for this demonstration

2) Copy the cv_soc_dewit_ghrd directory from your Quartus installation (for example,
C:\altera\13.0spl\embedded\examples\hardware\cv_soc_dewit_ghrd) to your SoC_Example
working directory.

3) Opensoc_system.gpf from the cv_soc_dewit_ghrd in Quartus

4) Open soc_system.gsys in Qsys and generate the system

5) Start Analysis & Synthesis on the design

6) After Analysis & Synthesis has completed, open SignalTap, add the “fpga_led_pio” signals for
capture, and use the “fpga_clk_50" signal as the sample clock.

trigger: 2013/07/17 21:56:57 #1 Lock mode: [E-;'Allcw all changes v]
Node Data Enable | Trigger Enable | Trigger Conditions
Type | Alias| Name 4 4 1[V[Basicann ~
& +-- fpga_led_pio Xh
Signal Configuration: b4
Clodk: fpga_dk_50 [1s)
Data
N T —
7) Enable the HPS trigger out and the HPS trigger in
Trigger position: [?E Pre trigger position - ] v
Trigger conditions: [1 b ]
Trigger in
@ Pin:
) Mode:

Instance:

@ Hard Processor System (HPS) trigger out

Pattern: ’ ZE Don't Care -

Trigger out
|:| Pin:

nstance:

m

Hard Processor System (HPS) trigger in

[7] Hard Processor System (HPS) event: |0

Level; == Active High -

Latency delay: 5 cydes
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8) Sawe this SignalTap configuration, enable it for your project, and compile.

Page 4 of 14 June 21, 2013



2.2. Compiling the Software Code
Here are the steps to build and execute the HWLIB example program:

1) Starteclipse. Select an existing workspace or create a new workspace.
2 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.

LW LT RIS C:\ Users\ cesser\Documents\DS-5 Workspace\ Technote] - Browse...

[T] Use this as the default and do not ask again

e
e ———————

2) From the Program Explorer tab of Eclipse, use aright mouse button click to select Import...

= C/C++ - Eclipse Platform
File Edit Source Refactor Navigate Search Project Run Wimi

=hs Dig-&-F-@- K-8
[/ Project Explorer £3 . vi Streamline Data =g
ER-
New »
ShowIn Alt+Shift=W »
Copy CuleC
Copy Qualified Name
[l Paste Ctrl+V
Delete Delete
txy Import..
o4 Export..
37 Refresh F5

3) From the Import dialog box select General, Existing Projects into Workspace and click the Next

button.
= Impor o=
Select ] \‘
Create new projects from an archive file or directory. E 5

Select an import source:

type filter text

4 (= General
[, Archive File
12 Existing Projects into Workspace
£, File System
L Preferences
s B C/Ces
> = CVS
» G Remote Systems
» G Run/Debug
: [ Scatter File Editor
» G Target Configuration Editor
» = Team

@ < Back Next > Eoen
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4) Select the Select archivefile: radio button and use the Browse... button to navigate and select
the Altera-SoCFPGA-HardwareL ib-GNU . tar .gzfile (For example, on my machine, it is
located in C:\altera\13.0sp1\embedded\examples\software).

= Import ® - . - l G
Import Projects r/ }
Select a directory to search for existing Eclipse projects. / ;“
(7) Select root directory:
(@ Select archive file: Chaltera\13.0spliembedded\examplesisoftware\Altera-5o CFPGA-HardwareLib-GMU tar.gz B[DWSE
Projects:
Altera-SoCFPGA-HardwareLib-GNU [Altera-SoCFPGA-HardwareLib-GNU) Select All
‘
Copy projects into workspace
Working sets
[] Add project to working sets
Select...
'C?:' Mext > Finish ] [ Cancel

Click the Finish button.

5) The Altera-SoCFPGA-HardwareLib-GNU project should appearin the Eclipse Project Explorer
frame.

= C/C++ - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run Wil

il & B @-&- -6~
L[ Project Explorer &2 | Streamline Data =0
ER-
a =% Altera-SoCFPGA-HardwareLib-GNU
il Tncludes
. [0 hwlib.c

|=| Altera-SoCFPGA-Hardwarelib-GNU-Debug.launch
|Z] altera-socfpga-hosted 1d

[2] debug-hosted.ds

& Makefile

6) Double-click the “Makefile” in the Project Explorer to edit the file. Change line 39 from:

soc_system. sof:
$(SOCEDS_ROOT) /examples/hardware/cv_soc_devkit ghrd/output files/soc_system.sof

to point tothe location of the soc_system.sof file that you had createdin the section above (2.1,
Compiling the FPGA image). For example, | changed mine to:

soc_system. sof:

C:/work/Altera/TechNotes/SoC QuickStart/ExampleDesign/cv_soc_devkit ghrd/output f
iles/soc_system.sof
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7) Select Project—> Build Project from the Eclipse menu.

irch |Project | Run  Window Help

i Open Project - % -

Close Project

Build All Ctrl+B
Build Configurations 3

S

Build Project
Build Working Set 3
Clean...

v | Build Automatically

Make Target 3

Properties

8) The Eclipse console should reflect a successful project build.

{2l Problems [ Tasks [E Console &3 . E Proper‘tieq LIt | LB BE ,_'_=’“| nail = I A

]

CDT Build Conscle [Altera-5oCFPGA-Hardwarelib-GMNU]

Info: Altera or its authorized distributors. Please refer to the
Info: applicable agreement for further details.
Info: Processing started: Thu Aug @1 14:87:81 2813
Info: Command: quartus_cpf -c -o cpf_option.txt soc_system.sof soc_system_dc.rbf
Info: Quartus II 64-Bit Convert_programming_file was successful. @ errors, @ warnings
Info: Peak virtual memory: 193 megabytes
Info: Processing ended: Thu Aug @1 14:87:11 2813
Info: Elapsed time: @e:@e:l1e
Info: Total CPU time (on all processors): 8@:88:19
rm -rf cpf_option.txt
arm-none-eabi-objcopy --input-target binary --output-target elf32-little --alt-machine-code 48 soc_system_dc.rbf soc_system dc.o
arm-none-eabi-objcopy: this target does not support 4@ alternative machine codes
arm-none-eabi-objcopy: treating that number as an absclute e_machine value instead
arm-none-eabi-g++ -Taltera-socfpga-hosted.ld hwlib.o alt_fpga_manager.o alt_bridge_manager.oc alt_clock_manager.c soc_system dc.o -o
hwlib. axf
arm-none-eabi-objdump -d hwlib.axf > hwlib.axf.objdump
arm-none-eabi-nm hwlib.axf > hwlib.axf.map
cp -f C:/faltera/13.@spl/embedded/ds-5//../examples/hardware/cv_soc_devkit_ghrd/software/preloader/uboot-socfpga/spl/u-boot-spl
u-boot-spl.axf
arm-none-eabi-objdump -d u-boot-spl.axf > u-boot-spl.axf.objdump

*#**% Build Finished ****

m
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2.3. Setting up the DS-5 Debug Configuration

Here are the steps to execute the HW Lib example program under the control of the debugger.
1) Verify that the Development Boardis configured properly to execute the HW Lib example

program. The MSEL DIP switches on Development Board should be configured as follows:

0 1 2 3 4

on

off

2) Connect the Development Board to the host computer using the USB Blaster Il cable.
3) Power on the Development Board.

4) Select Debug Configurations...fromthe Debug button selection on the Eclipse tool bar.
dp
#O- Qv ®Fv

(no launch history)

1eip

BHO-Q- ®P-@E - Debug As >

Debug Configurations...

[ Debug Altera-50CFPGA-Hardwarelib-GNU l e
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5)

6)

7)

From the Debug Configurations dialog box select the DS-5 Debugger, Altera SoCFPGA-
HardwareLib-GNU-Debug configuration. Click the DTSL Options “Edit” button.

-
2 Debug Configuraticns -

(S

Create, manage, and run configurations

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

x| B3~ Name: Altera-SoCFPGA-HardwareLib-GNU-Debug

i

4
|

[E] C/C++ Application

[E] C/C++ Attach to Application
[E] C/C++ Postmortem Debugger
[E] C/C++ Remate Application
£ DS-5 Debugger

Select target

£k Altera-SoCFPGA-Hardwarel Bare Metal Debug
" Iron Pythen Run Debug Cortex-A9_0 via Altera USB-Blaster
@ Tron Python unittest Debug Cortex-A9_0 via DSTREAM/RVI
[ Java Applet Debug Cortex-A8_1 via Altera USB-Blaster

[5] Java Application

Ju WUnit w
A7 Jythen run

E Jython unittest D5-5 Debugger will connect to an Altera USB-Blaster to debug a bare metal application.
= Launch Group
m PyDev Django Connections

43 PyDev Google App Run
& Python Run

& Python unittest

E Remote Java Application

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

4 [ | 3

Appl
Filter matched 19 of 19 items e

®

-1~ Connection Files| #% Debugger| % RTOS Awareness | 69= Arguments | B Environment | B3 Event Viewer

Select the manufacturer, board, project type and debug operation to use. Currently selected: Altera - Cyclone V SoC

onfigure trace or other target options. Using "default” configuration options

¥

m

Revert

Click the green “+” icon to add a new configuration. Call it “trace_debug”.
@I_é b ¢ Mame of cenfiguration:  trace_debug

default

Cross Trigger . Trace Buffer | Cortex-49 | STM| ETR | ETF

Select all of the checkboxes in the Cross Trigger tab:

= DTSL Configuration Editor

Debug and Trace Services Layer (DTSL) Configuration
Add, edit or choose a DTSL configuration for file : dsl_config_script.py, class : USBBlaster_DtslScript

=
default

Cross Trigger . Trace Buffer | Cortex-A9 | STM | ETR | ETF

Enable FPGA -> HPS Cross Trigger
Enable HPS -> FPGA Cross Trigger

Cross Trigger initialization

b4 Mame of configuration:  trace_debug

i

The Cross Trigger interface can only be accessed if the system clocks

have been initialized. If the Cross Trigger interface is accessed

prior to the clock initialization, then the target may lock up.

The folllowing option should only be set if you are sure that the system
clocks have been initialized prior to D5-5 connecting to the target system.
The system clocks are typically set up by running the Altera preloader script

Assume Cross Triggers can be accessed

Apply

Revert

|| conca
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8) Select the On Chip Trace Buffer (ETF) in the Trace Buffer tab:

Cross Trigger | Trace Buffer . Cortex-A9| STM | ETR | ETF

Trace capture method [Qn Chip Trace Buffer (ETF) v]

Timestamp frequency 25000000

9) Enable the Cortex-A9 coretrace

Cross Trigger | Trace Buffer | Cortex-A9 - STM| ETR| ETF
nable Cortex-AZ9 core trace

Enable Cortex-A3 0 trace
Enable Cortex-A9 1 trace
[T] PTM Triggers halt execution
Enable PTM Timestamps
Enable PTM Context IDs

m

Context ID Size |32 bit -

[] Cycle Accurate
[C] Trace capture range

0:0
OxFFFFFFFF

10) Enable the system trace module

Cross Trigger | Trace Buffer | Cortex-A9 |STM . ETR| ETF
nable STM trace

11) Enable and configure the on-chip trace buffer for its maximum size of 0x8000.

Cross Trigger | Trace Buffer | Cortex-A9 |STM | ETR | ETF
l' onfigure the en-chip trace buffer

Size 08000

12) Select “OK” to close out the DTSL configuration.

13) Select “Debug” toapply these configuration options, and switch to the debug perspective.

14) The following dialog boxes should appear indicating that the HWLIB example program s loading
onto the Development Board. This process may take several minutes.

Progress

) Loading image hwiib.axf

42%
[7] Always run in background

[Run in background ] | Cancel

Progress (Not Responding)

w_ou Jython script Caltera\13.0spl\embedded\ds-5\swhdebuggericonfigdb\Scripts\altera_target_check.py
L

|| =
0%

[] Always run in background

Run in background | | Cancel
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15) After the example programis loaded, the debugger should be stopped at main(). You may step
through the example program and selectively examine the execution state using the DS-5 debug

commands.
- — — — — ~
& DS-5 Debug - Alters-SoCFRGA-HardwareLib-GNU/hib.c - Eclipse Platform [E=mEEE)
Fle Edit Source Refactor Navigate Search Project Run Window Help
s~ [ & %~ - B-J-wero- = @
% Debug 7% 75 Project | 48 Remot | [vf Stream |~ O | Commands 22 Il History| 4 Scripts| B G 5l %~ % ~ = O[®9=Varia 5% % Brea | m Regi | %' Bxpr | ) Fun | — O

=

IR RS IR SR ==

4::'; Linked: Altera-SoCFPGA-HardwareLib-GNU-Debug »

W Altera-SoCFPGA-HardwareLib-GNU-Debug connecte +
ik Cortex-A9_0 #1 stopped on breakpoint

__cs3_premain+0:2C
= cs3 start_c+0x140
m ] »

<

‘ Altera-50CFPGA-Hardwarelib-GNU-Debug connected

P

STarting target wWith image (:\Users\cesser\Uocumentsi\D5-5 Workspa , = -

Running from entry point &, Linked: Altera-5oCFPGA-Hardwarelib-GNU-Debug ~
Semihosting stack/heap configured using values: Name Value |Type|Count|Size|Location|#
Stack: @x022592B8 ~ 0x02258AB8 & Locals phemcaies

Heap: @x@822492B8 ~ 0x82258AB4

EKEEution stopped at breakpoint 2: S:0x828885DC i clicent)

In hwlib.c & Glohak

5:8x028005DC 147,90 D

Deleted temporary breakpoint: 2
4 . »

Command: Press (Ctrl+Space) for Content As

No OS Support i ] v
[€ hwlib.c 52 [ Makefile ] = 0[3¢} Disassembly FE Memory f% Medules f Events | g= Outline fﬁ Trace ﬁ "N =
- L A0 AP Gy B ™
printf("INFO: alt_bridge_uninit(ALT_BRIDGE_LWHIF) cleanup.\n"); =
alt_bridge_uninit(ALT BRIDGE_LWHZF, NULL, NULL); & Linked: Altera-SoCFPGA-HardwareLib-GNU-Debug:Cortex-A9 0 =
i Trace | Properties | Ranges
return status; <Unknown> T
_es3 start asm sim 0.03%
_cs3 reset 0.01%
146 int main(int arge, char®* argv)
» 147[f
148 // Verify power is on < I} v
149 if (alt_fpga state_get() == ALT_FPGA_STATE_POWER OFF) [Index | Address | Opcode |Cycles| | Detail e
150 . . . R 5:0%02000194 svC #ax123456
151 printf("ERROR: FPGA Monitor reports FPGA is powered off.\n"); [E] Exception: SUPERVISOR CALL (18)
152 return 1; Exception: HALTEXCP (1) |
1:3 1 Timestamp: 113221094738 =
155 /40 J Z D
156
157 ALT_STATUS_CODE status = ALT_E_SUCCESS; App Console [ Target Console | €] Error Log 2
158 Workspace Log
159 printf("INFO: alt_fpga_control_enable().\n"); i
158 status = alt_fpga_control_enable(); [type fitter text |
161 . Plug-in Date -
162 if (status == ALT_E_SUCCESS)
163 org.eclipse help /1713513 PM m
164 status = test_config_full(); org.eclipse help 8/1/13 513 PM
165 com.arm.newsfeed 8/1/13 4:52 PM
166
com.arm.debugger.ux  8/1/134:18 PM
167 if (status == ALT_E_SUCCESS
167 if (status = ) ~ | comarm.debuggerux  8/1/134:10 PM
< ] + com.arm.debugger.ux 8/1/13 4:10 PM -
E(}
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2.4. Using Breakpoints to Trigger SignalTap
Since the FPGA configuration is loaded by the application code, we need to set a breakpoint AFTER it has
been configured, before we can enable the triggerinSignalTap. Since the FPGA is configured in the
test_config_full() function, we can place a breakpoint anywhere in the test_bridge() function (which is
the function that is executed immediately afterwards), enable SignalTap, and proceed. Therefore,

1) Place a breakpoint anywhere within test_bridge() and click the “Continue” E=icon. The code
should executeto thatline, and it will be highlighted in green. You should also see the trace
window fill up with the previously executed instructions.

2) Startup SignalTap. Set the Trigger In patternto “Rising Edge”

Trigger

Trigger flow control: | Sequential

Trigger position: | % Pre trigger position - |

Trigger conditions:

Trigger in

System ( a) Tigg

| _/ Rising Edge v|

3) Click “Autorun Analysis” l@lto enable a continuous trigger.

4) Place atriggeron one of the statementsinside the for loop that toggles the LEDs in the hwlib.c
file.

5) Click the “Continue” E=icon, and observe SignalTap triggering each time as you click. Also
observe the trace buffer asiit fills.
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2.5.

Using SignhalTap to Stop Execution in DS-5

As we did before, we need to set a breakpoint AFTER the FPGA has been configured, before we can
enable the triggerinSignalTap. Therefore,
Place a breakpoint anywhere within test_bridge() and click the “Continue” E+icon. The code

1)

2)
3)

4)
5)

6)

should executeto thatline, and it will be highlighted in green. You should also see the trace

window fill up with the previously executed instructions.
Start up SignalTap. Set the Trigger In patternbackto “Don’t Care”
Right click on the fpga_led_pio signal, and insert a trigger value between 0x1 and OxF (I chose 8):

1 Insert Value

==

Value: g Radix: [Hexadecimal

)

[ o

] [ Cancel

I

Help ]

Click “Run Analysis” to enable the trigger.
Place a trigger on one of the statementsinside the for loop that toggles the LEDs in the hwlib.c

file.

Click the “Continue” E=icon, and observe that DS-5 stopped execution right after the LED was

changedto 0x08.

r
= DS-5 Debug - Altera-SoCFPGA-HardwareLib-GNU/hwlib.c - Eclipse Platform

[E=HEER =)

FEile Edit Source Refactor Navigate | Search | Project Run Window Help

-

B % % % |- 03

3~ |& %~ D @9~ Hr-woror =:n] ]
% Debug 52 - [{ Project | 4 Remot | [v Stream | = I |([@ Commands 52 . | History| ) Scripts| Bl i bl ~ % ~ = O)[6d=varia 52 % Brea | i Regi | " Epr| ) Fun | = O

B, Linked: Alters-SoCFPGA-HardwareLib-GNU-Debug

‘ Altera-SoCFPGA-HardwareLib-GNU-Debug connecte o

it Cortex-A9_0 #1 stopped E
= _viprintf_r i
= printf+0:2C
= test bridge+0x58 -
< M | »

continue
WARNING(TABL1B6):

Unknown semihosting operation @x

o

P

13 & Linked: Altera-SoCFPGA-HardwareLib-GNU-Debug

| Value |Type‘Count Size Location A

Execution stopped at breakpoint 4: 5:0x828884A8 Name
5:8x@2000448 105,80  printf("INFO: LWFPGA Slave => System ID Pe = Locals D variables
wait :
£
continue B (= File Statics (current)
(= Globals

Execution stopped at: 5:0x8208C3F4

In _vfprintf_r (no debug info)

5:9x0200C9F4 PUSH {r4-rii,1lr}
]

W Altera-SoCFPGA-Hardwarelib-GNU-Debug connected

4 m

»

Ne 05 Support Command: Press (Ct A T - —
[€] hwlib.c 53 [ & Makefile = O[3} Disassembly | {5 Memory | £ Modules | [=] Events| 5= Outline | 4% Trace 52 =08
@ ly 04 |=|
O e e ins iy - L Sk@eaIarImMa -~~~
printf("INFO: alt_bridge_init(ALT_BRIDGE_LWH2F) successful.\n"); Lk Altee SoCFPGA FardwareLio-GNU-DebugCorior FO0 -
mns: u?n::g_: it}migg}gﬁ;go OFFSET - gzggzlmj Trace | Properties | Ranges|
const uint3z i .  ( - ;
const uint32_t ALT_LWFPGA_LED OFFSET = 0x00010040; —"fp””tft—' -IJ. LR R R N R R ‘ILI
_Stvwrite_r (W N L L L [ E i ma [ -} L4
// Attempt to read the system ID peripheral memchr [ mli a 1 | ] | | BR | g a
uint32_t sysid = alt_read_word(ALT_LWFPGA_BASE + ALT_LWFPGA_SYSI memmove [ = T wi | 1] | | M) ] | 1 | wi Wi | 1] |
printf("INFO: LWFPGA Slave => System ID Peripheral value = Bx¥x. _fflush_r ET | | | | | | | | | _ A
< i I r
// Attempt to toggle the 4 LEDs | Index | Address | Opcode | Cycles| | Detail -
const uint3l t bits - 4; . 5:BxB200C7EC STR r12,[sp,#4]
printf("INFO: Toggling LEDs ...\n"}; 5:0x0200C7F0 BL _vfprintf_r ; @x200CoF4
for (uint32_t i = 8; i < (1 << bits); ++i) Exception: HALTEXCP (1) o
. . il Timestamp: 283735830394 -
alt_write_word(ALT_LWFPGA_BASE + ALT_LWFPGA_LED OFFSET, i); < = .
printf("INFO: Binary value [@x%x] \n", (unsigned int)i); I

// Reset the LEDs to all on
alt_write_word(ALT_LWFPGA_BASE + ALT_LWFPGA_LED_OFFSET, @);
}
else
printf("ERROR: alt_bridge_ init(ALT_BRIDGE_LWH2F) failed; status
status = ALT_E_ERROR;

ERCR R R =R R R RN GRS R R = N R W R = R R

< m '

= App Console &3 [} Target Conso\e} @ Error Log} = Console}

B, Linked: Altera-SoCFPGA-HardwareLib-GNU-Debug -

— o — —
LWFPGA Slave =» System ID Peripheral value = @xacd513@a.
Toggling LEDs ...
Binary value [@x@]

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

Binary value %Bxl]
Binary walue [@x2]
Binary value [@x3]
Binary walue [@x4]
Binary value [@x5]
Binary value [@x6]
Binary walue [@x7] |

g
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3. Reference Material

The following references are immensely helpful in coming up to speed with the SoC development kit and
DS-5:

Cyclone V SoC Development Kit User Information about setting up the Cyclone V SoC Development
Guide (PDF) Board and using the included software
Cyclone V SoC Development Board Detailed information about board components and interfaces

Reference Manual (PDF)

Altera SoC Embedded Design Suite User \User’s Guide for the Embedded Design Suite
Guide

HPS Reaqister Map Register map for all registers and peripherals within the HPS

RocketBoards.org Linux community portal
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http://www.altera.com/literature/ug/ug_cv_soc_dev_kit.pdf
http://www.altera.com/literature/ug/ug_cv_soc_dev_kit.pdf
http://www.altera.com/literature/ug/ug_cv_soc_dev_kit.pdf
http://www.altera.com/literature/manual/rm_cv_soc_dev_board.pdf
http://www.altera.com/literature/manual/rm_cv_soc_dev_board.pdf
http://www.altera.com/literature/manual/rm_cv_soc_dev_board.pdf
http://www.altera.com/literature/ug/ug_soc_eds.pdf
http://www.altera.com/literature/ug/ug_soc_eds.pdf
http://www.altera.com/literature/hb/cyclone-v/hps.html
http://www.rocketboards.org/
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