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Getting Started with Embedded System Development
using MicroBlaze processor & Spartan-3A FPGAs

This tutorial is an introduction to Embedded System development with the MicroBlaze soft
processor and low cost Spartan-3 FPGAs. In this tutorial you will design a custom
Embedded system and develop your application software.

First, you will get started with the Base System Builder (BSB) wizard in Xilinx Platform
Studio (XPS). You will create a custom Embedded Processing system (a custom
Microcontroller) targeted at the Spartan 1800A FPGA board. Then you will use the Xilinx
Software Development Kit (SDK — an Eclipse-based IDE) to compile and debug some
embedded software that runs on this system.
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Figure 1 - MicroBlaze Processor System Architecture
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Objectives

After completing this tutorial, you will be able to:
¢ C(Create an Embedded system with the MicroBlaze processor on Spartan-3 FPGA
using Base System Builder (BSB) wizard

¢ Generate and Download the FPGA design bitstream on the board using Xilinx
Platform Studio (XPS)

e C(Create a simple software application using Eclipse-based Platform Studio
Software Development Kit (SDK)

e Debug the software application using the Eclipse IDE (SDK)

Requirements

Embedded Development HW/SW Kit — Spartan-3A DSP S3D1800A MicroBlaze Processor
Edition

Hardware Requirements
¢ Xilinx MicroBlaze Development Kit (Spartan-3 1800A edition)
o Spartan-3 1800A DSP FPGA board
o Xilinx Platform Cable USB
o RS232 cable

Software Requirements

¢ ISE Design Suite 10.1 (including EDK 10.1)

¢ HyperTerminal or Tera Term terminal program connecting the PC and the FPGA
board at 115,200 baud
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Step 1 — Create Custom Embedded System

@1.

Open Xilinx Platform Studio:

You will create a new project:
e Select “Base System Builder wizard”

and Click OK

< Xilinx Platform Studio X

Creats new o1 open existing project

N (@ [Base System Builder wizard [jscommended)
e (B s e B iz lecommar )

[@ ) Blark %P5 project
Ej () Open a recent project

| Brawse for More Projects v/

Browse installed EDK. examples [projects) here

0K

H Cancel ][ Help

Select the design directory for new project:
¢ (lick the Browse button and browse to the following location:

C:\Workshop\MB_Workshop\mb_basic\
e The file name should be: system

Click Save
e (Click OK

Mew project

Project file

g‘E-M‘ori{s-l".vop#M‘é;\l.\fo.rl:s-iwpfﬁwE;E‘as‘igfsgjs.tem.xmp ]
Advanced options [optional: F1 for help]
[[] Set Project Peripheral Repositories

Browse ..

Platform Studio Project

Save in ‘ 19 mb_basic

4

El

% My Recent Documents
Desktop
(23 My Documents

e

Ly Efnc;':; 3 My Computr
_ <o Local Disk ()
f [ Warkshop
De;ktop 1) MB_workshop
=
b DVD/CD-AW Drive (D:)

J J My Network Places

1) Remote Access

« B cf B

My Dacuments

%’1

Iy Computer

D
My Network.

|system
Flaces

File name:

Rd| Save 1

Save as type: |Platlo|m Studio Project [*.xmp)]

~| Cancel

4. Next the Wizard will give options on how to create the system:
e Select “I would like to create a new design”

¢ Click “Next”

5. Select the target development board:
e Select Board vendor:“Xilinx”
e Select Board name: “Spartan-3A DSP 1800A Starter Board”

¢ C(Click “Next”
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« Base System Builder - Select Board

Select a target development board:

Select board

(%) | would like ta create a system for the fallawing development baard
Board vendor: | ®iling W

B oard name: Spartan-34 DSP 18004 Starter Board W

Yirkew-4 ML410 Evaluation Platform ”
YWirkew 5 MLE0T Evaluation Platform

Mote: Yizit the 4 Vitex 5 MLE05 E valuation Platfiorm

\endar's Websi irte:-: a 5 Evliu:u Platform

: Spartan-34 D5SP 18004 Starter Board

Dawrload Thirdl Spartan-3E 1600E MicroBlaze Dev Board

Spartan-3 Starter Board

O | would like Spartan-3aM Starter Kit

Spartan-3d Starker Kit

Board descriptiol 5 partan-3E Starter Board w

The MicroBlaze Spartan3d DSP 18004 Embedded Development Board utilizes #ilins
Spartan-3E ¥C3IS018004-4FGEYE device. The board includes 125kHz System Clock, RS5232
zenial portz, 8 DIP switches, 4 push buttong, 8 LED =, WG4 part, 4 SPI Ports, 1010047000
Ethermet port, B4kEBit SPI flagh, 16 ME of parallel HOR flazh and 128ME DDRZ SDRAM. User
1/0 iz zupported with a 168 Pin EXF mezzanine connector, 2 Digilent B pin ports, and a general
purpoze 30 pin /0 conneckor

B oard revision:

6. Select the processor. (Here you have no other option — only the Virtex-5 FXT
FPGA has a PowerPC processor):
¢ C(Click “Next”

7. Configure the processor options. You can modify options like local on-chip
memory size, caches, FPU, etc. For now, you will leave the defaults and
modify the system later.
¢ Click “Next”
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8. Configure the I/O interfaces of your embedded system. Here you can select
the right set of Peripherals you need for your target system or microcontroller
and also customize each peripheral:

e Select the drop down for “Baudrate” and choose 115200
¢ Click “Next”

« Base System Builder - Configure 10 Interfaces (1 of 3)

The following external memony and 10 devices were found o pour board:
#iling Spartan-34 DSP 18004 Starter Board B evision 1

Pleaze zelect the |0 devices which wou would like to uze:

|0 devices
HSEBE_UEI”:_-I
Peripheral: | =S UARTLITE W

B audrate [bitz

per secondz]; R0 v |
2400 e
D ata bits: 4800
Farity; 3600
19200
. 38400
[] Use interrupt E7E00
115200
v| LEDz BBit
B
Penpheral: KF‘S I_3_F' 91600 el
[] Use interupt
v| Puzh_Butt
Peripheral: | %P5 GFIO "
[] Usze interrupt
v| DIP_Switches SBit
Penpheral: | =PS GPIO _v'
[ Use interrupt

¢ Back ” MHewt > l [ Cancel
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9. Continue configuring the I/O interfaces. For now, you will unselect the
Ethernet MAC and SPI Flash peripherals as we will not be using it in this
tutorial. This will make the design smaller and also save some time when we
create the FPGA netlist/bitstream for this tutorial:

e Unselect Ethernet MAC
peripheral
o (Click “Next”

¢ Unselect SPI Flash
peripheral
¢ C(Click “Next”

10. Add some internal on-chip peripherals:

¢ C(Click “Add Peripheral”
e Select “XPS Timer”
¢ C(Click “Ok”

11. Customize the Timer by enabling
Interrupts:

e (lick “Use Interrupt” for the
timer peripheral
¢ (Click “Ok”

« Base System Builder - Configure [0 Interfaces (2 of 3)

The fallowing external memory and |0 devices were found on your board:

Filine Spartan-34 DSP 18004 Starter Board Fewi

Please select the [0 devices which ould like bo use:

10 devices

[[] Etheinet_taC

Data Sheet
Mate

& Base System Builder, - Configure 10 Interfaces (3 of 3)

The fallowing extemal memary and [0 devices were found an pour board:

iling Spartan-34 DSP 18004 Starter Board Rey

Please select the |0 devices whic ould ke to use:

10 devices

[[] SPI_FLASH

Data Sheet

Add other peripherals that do not interact with off-chip components. Use the
“#dd Peripheral button to zelect from the list of available peripherals.

If wou do nat wish to add any nan-10 peripherals. click the "MNest" button.

Peripherals

= Add Peripheral

Select the peripherglsbu want to add:

#PS TIMER e

#PS BRAM IF CNTLR
#PS TIMEBASE wWDT
LMB BRAM IF CHTLR

-~ Base System Builder - Add Internal Peripherals (1 of 1)

Add other peripherals that do not interact with off-chip components, Use the
“&dd Peripheral * button to select from the list of available peripherals.

If you do nat wizh to add any non-l0 peripherals, click the "Next"" button

Peripherals

#pe_timer_1
Peripheral: »PS TIMER
Counter bit width: 32 kv

Tirer mode

(&) Twao timers are pres

{lise jntemupt;

Data Shest

Aidd Peripheral ..
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12. Next the wizard will help you create some sample programs that will do
some diagnostics on your custom embedded system.

You can leave the defaults and modify the software later:

¢ Click “Next”
¢ Click “Next”
¢ Click “Next”

13. Now you have finished creating a basic system. The wizard will let you
review your selections and generate the system:

o (Click “Generate”
e (Click “Finish”

Base System Builder - System Created

Below is a summary of the system you have created. Please review the information below. IF it is
corect, hit <Generate> to enter the information into the XPS data base and generate the system files
Otherwise retum o the previous page to make comections.

Processor: microblaze_0

System clock frequency: 62,50 MHz

On Chip Memary

Total OFf Chip Memary : 128 MB
-DDRZ_SDRAM =128 MB

The address maps below have been automatically assigned. v'ou can modify them using the
editing features of %P5,

PLB Bus : PLB_¥46 Inst. name: mb_plb Attached Components:

Core Name Instance Mame Base Addr High Addr
#ps_uartlite R5232_Uart_1 034000000 0=8400FFFF
#ps_gpio LEDs_8Bit 081400000 OxB140FFFF
#ps_gpio Push_Buttons 0x81420000 OxB142FFFF
¥p3_gpio DIP_Switches_SEit 0x81440000 OwB144FFFF
mpme DDRZ_SDRA&M_C_MP (xB8000000 (4BFFFFFFF
#ps_timer #ps_timer_1 0x83C00000 OxB3COFFFF
mdri debug_madule 0xG4400000 OwB440FFFF
wpg_intc wps_inte_0 0+81500000 OwE1B0FFFF

LMB Bus : LMB_¥10 Inst. name: ilmb  Attached Components:
Core Name Instance Mame Base Addr High Addr
Imb_bram_if_catl iimb_cntlr 000000000 000001FFF

LMB Bus : LMB_¥10 Inst. name: dimb Attached Components:
Core Name Instance Mame Base Addr High Addr
Imb_brarm_if_cntlr dimb_cntlr 000000000 0=00001FFF

< Back ” Generate ] [ Cancel

4 Base System Builder - Finish

The Base System Builder has successfully generated your
embedded system!

Click the: Finish buttan to return to =PS to compile your
hardweare system and software
application.

C:\w/orkshoptMB_wWorkshophmb_basichsystemn mhs ~
C:\workshopWME_woaorkshophmb_basichdatahsystem.ucf
C:\workshop\MEB_workshophmb_basichetchiast_mntime.opt
C:\wWorkshopSMEB_workshophmb_basichetc\download. cmd

C:\w/orkshop\MB_work shop\mb_basichspstem. mas

C:\workshop\ME_woork shaphmb_basichTestdpp MemorpharchT estbpp Memaon.c
C:\workshop\MEB_'workshophmb_basich Testdpp_kemorghsichT estbpp_tMemony_LinkScr.Id
C:\workshop\MB_workshopimb_basichTestdpp_PeripheralssrehTestdpp_Peripheral.c
C:\w/orkshop\MB_workshopimb_basichTestdpp_Peripheralssrehsinte_tapp_example.c hd
< >

Save settings file:

C:WworkshopsMB_Workshopimb_basichsystem. bsb

The settings file containg all the user's selections and inputs in the wizard session. [t can be
lnaded in & future wizard session

< Back I [ Einish I [ Cancel
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Step 2 — Build and Download the Hardware system
1. From the Xilinx Platform Studio (XPS) IDE, create the FPGA bitstream and
download the hardware design onto the Spartan FPGA board as follows:
e Select the menu “Device Configuration-> Download Bitstream”

NOTE: This step will take almost 30 minutes. Do not close the window !

e Xilinx Platform Studio - C: Morkshop/MB_Linux_Workshop/mb_linux_basic/system.xmp - [System fAssembly View1] ] E|
Eile Edit Wiew Project Hardware Software fE s tg=leel Debug  Simulation  Window  Help =& =]
DR HL  DWME 0o g5 ket TRIBEIR I F-ARNGWEIEX BRI i RENON

a Dovinload Bitstream Bus Interfaces Ports | Addresses B BIF Fiers

Bus Connection IP Type P Yersion "
micrablaze Ti0a |
Imb_%10 1.00a
Imb_v10 1.00.a

atioh Area

Project | Applications | IP Catalog

Platfarm l’—ﬂ
| = Project Files |
MHS File: system.mhs
MSS File: spstern.mss
LICF File: data/system.uck
iMPACT Command File: etc/download.cmd
Implementation Dptions File: etc/fast_runtime, opt
Bitgen Options File: ete/bitgen.ut
= Project Dptions 1 - 5 ps_mch_eme 1.00.a
Device: xc3sd1800algE7E-4 @ imiy Braar bram_block. 1.00a
Metlist: TopLevel [ | <2 xpg bram F et T bram bram_block 1.00a
Implementation: =<PS [fow] febug modite
HOL: wHOL
Sim Model: BEH&VIORAL
= Reference Files
- Log Files
Synthesis Report Files A P | XDg_FHG pe_intc 1.00a vl

& Program Flash Memory

Imb_bram_if_crth 2.10.a
Imb_bram_if_cotle 210.a
mpmec 300k

- et
[ DA SORAM

|| [Platform Studia] System Assembly View | Block Diagram
| DONEIN input from Done Pin H 1
POST_CRC_ERR error H a
STNC word not found 3 a
'1': Programmed successfully.
Elapsed time = 2 sec.
T IMEC S MPRCT 10 bat s e Sher e L s
INFO:iMPACT - 0011 1111 1100 1100
INFO:iMPACT: 579 - '1': Completed downloading hit file to device.
INFO:iMPACT - '1': Checking done pin....done.
Done!

Output ' “Waming | Eror

Download Bitstream to the FPGA )

This will create the FPGA design files, synthesize the netlist and also place and route the
design creating the bitstream. The FPGA on the board will also be configured with this new
bitstream containing your custom embedded system.

Your custom hardware is now ready. Next will write and program some software.
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Step 3 — Develop Embedded software

1. From the Platform Studio IDE, launch Eclipse IDE for software development:

o Select the menu “Software->Launch Platform Studio SDK”

PR GBE@ R iPwe M iv0 20 i %
¥ Software Platform Settings...
Assign Defaulk Drivers erfaces |W" Addresses | [Ev EIF Filters ]
Uba Generate Libraries and BSPs - =

Bus Cannection IP Type IP Verzsion
Platform ﬂ &dd Software Application Project...  ladze 0 microblaze 710
= Proiect Fil A, Build Al User Applications Imb_«10 1.00.a
: M .|Ie: aystem. mhs et Progra Size Irnb_w10 1.00.5
M55 File: syztem.msz ‘ e | Il plb_wdf 1.02.a
UCF File: data/system.uck E SONELANG JINREF SENPG.. - cri Imb_brarm_if_cntle 2.10.a
iMPACT Command File: etc/dow % clean tibranss i Imb_bram_if_cntle 2103
Implementation Options File: etc/f @ g ey ' SOAAM mpmc 400.a
- - Bitgen Options File: etc/bitgen.ut| = d 1EL brarm_block 1.00.5
E| Project Dptions £ Clean Software br Mot rndrm 1.00.b
- Device: #odsd] B00afgE76-4 1 o— | - LN Swifches 85: #pE_gpio 1.00.5

2. In SDK, start creating a new software application using the Application Wizard:
e Select “Create a New SDK C Application Project”
e C(Click “Next”

linx Platform Stu
Refack

File

=i r MNavigate Search Project - on Run Window  Help
IB-Hd| e B8 | Aw@ BB @8- |%-0-%- @ |Cc- -0
T HEcic++
@ Cic++ Projects 23| = H & welcome 52

2| B &
[+ m microblaze_0_sw_platform

Welcome to Xilinx Platform
Studio SDK 10.1

< Application Wizard
Select a Wizard

Create a new C application project, and allow SDK to manage its Makefile. This is the typical starting
point unless you have already created your project,

‘Wizards:
D create 5 W c application Praject
Iﬂlmpurt “PS Application Projects | %

ﬁlmport an Existing SDK Application Pyoject inta this Workspace

Tutorials
uid

I Do not launch application Wizard at startup

< Back I Mext = I Firiish Cancel
z o What's New

Fin

Running execs generate for O5'es, Drivers and Libraries ...

LibGen Done.

3. Provide a name to the new project
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° Type “hello” < New Project
¢ C(Click “Next”

Project Name: [ hello]

Pracessar: [micrablaze_0 (MICROBLAZE) ~

IV Create Sample File in Project

USC th‘e rest Of the pI'O]CCt defaults v useDe‘fsu\lLu(stmnfur?ru]ect(Vecummended)
e C(Click “Next”
¢ (lick “Finish”

<msck | weas [[Enen Cancel

4. In the Editor view, edit the default program “main.c” and save it:
¢ Insert the following line after main() {
print (“Hello World”);
NOTE: It is print() and not printf().

o Select the menu “File-> Save”

= CIC++ - main.c - Xilinx Platform Studio SDK - C:/Workshop/MB_Workshop/mb_basic/system.xmp

;128 Edit Refactor Mavigate Search Project - kiink Tools - Device Configuration  Run ‘Window  Help
New seeshieen (B we 2 W G- -0 -%- @B -FH -
Open File...
Close Cerl+F4 1] = 8152 cutine 52|71 =7
Close all Cerl+shift+F4
r 1// Welcome to Xilinx Platform Studio SDK ! lﬂz }'q‘ \\‘.\5 e
2// @ main
B 5ave 85 3// This is an automatically created source file to help you ge
iy 4// To add more files, navigate to File -» New -»> File
5 5ave al Ctrkshift+S 5// You way delete this file if you want to use only other file
Revert 674
.
gint main()
X
10 print {"Hello Uorldin®);
Convert Line Delimiters Tao 4 11 s
= 1z}
= Print.... Ctrl+pP
- 13
Switch Workspace. .. 14
g Import...
3 Expart..,
Properties AlE+Enter
1 main.c [hella]
Exit
< | >
Froblems = Consale £2 | Properties [ERE T i =g
C-Build [hello]
S QR LELINLILNY 515 UL LLE P LLE e =
mb-size hello.elf
text data hs= dec hex filename
1710 3z0 1064 3094 cl6 hello.elf
Build complece for project hello

Saving the program will also compile it and result in “hello.elf” as you see in the console
view.

Now you are ready to download and debug the program on the board.
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Step 4 — Debugging software program

1. Before debugging the Hello world program, you have to open the RS-232 serial
communication with the board using the Tera Term console program.

¢ Double Click on the Tera Term Icon on the Windows Desktop

HELS T

The output of your Hello world program can be seen in this console.

2. From SDK, start debugging the program as follows:
e Select the Menu item ‘“Run->Debug As->Debug on Hardware”

= C/C++ - main.c - Xilinx Platform Studio SDK - C:/Workshop/MB_Workshop/mb_basic/system.xmp

File Edit Refactor Mavigate Search Project  Xilinx Tools  Device Configuration NENGN ‘window Help

R ]| mb Q B Fee@ | & & - Q»Run Last Launched Chrl+F11 - | ™ | L]

#, Debug Last Launched Fi1
= O [ #maine 52 Run History 4 = B || 5= outine 2 | ™1 =
1// Welsome to Xili  Runés » AW e~
i B ® main

arm -
3// This is an autd 1= to hel
orm Debug History * L g

4/¢ To add wore £il =
Debug As 12 !u 1 Debug on Hardware

5// You may delete
i Debug... $7 2 bebug on Simulator

|z
-l microblaze_0_sw_pla

? G, External Tocls 4
2int maini()

El

10 print ("Hello Worldin"):
11 return 0;

123}

13

14

¢ >
Froblems | Bl Consols 52 Properties & G

C-Build [hella]
S e R UL S LEE UL ELEF LLE e =

mb-size hello.elf
tEXt data has dec hex filensmwe

1910 3z0 1064 3294 cde hello.elf

Build complete for project hello

Thello

SDK will now change to the Debug Perspective. SDK will also connect to the FPGA
board via the USB cable, connect to the MicroBlaze processor and download the
program to memory.

Now you are ready to debug the program using the Eclipse Debug perspective.
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3. In the Debug perspective, click on the resume button (looks like Play button):
e Click the “Resume” button
NOTE: You can alternatively select “Run->Resume”

< Debug - main.c - Xilinx Platform Studio SDK - C:/Workshop/MB_Workshop/mb_basic/system.xmp

File Edit Refactor MNavigate Search Project - ®ilinx Tools - Device Configuration Run  ‘Window  Help
F-Heln B &8|# | Be@ BB |[$-0-%- |®& [ §-§-06-
B #;f&iDehug %CJ’C++
:t‘FDebug 232 [ B i 7 T O | 69= varisbles 7 | Breaskpaints  Madules | Registers B Ed-‘ S& i im)
=37 hello_Hw [xiinx CIC++
= "#MD karget debug agen
—l-g® Thread [0] {Suspende
= 1 main{) at ..\rnain.c!

p Debuager Process (6/1/08 9:1
p CriworkshopiMB_workshopimb_|

6105 9:13 PM) {Suspended)

0x000001bG

)
iciSDK_projectsiheliolDebugihelo.elf {6/ 1708 2:1

< ¥
1// Welcome to Hilinx Platform Studidy SDE ! -~ @ main

244

34/ This iz an automatically created source file to help you get started.

4// To add more files, navigate to File —»> New -»> File

5// ¥ou way delete this file if you want to use only other files for your project.

6/
7
Sint main()
=E}
B 10 print ("Hello Worldin™):
11 return 0; @
< >
B console 52 | Tasks | Memory el B -F5-70

hello_Hw [Xilin: CiC++ ELF] CihwarkshopiME_Workshopimb_basiciSDE_projectsihellotDebugthello. elf (6/1/08 9:13 PM)

‘Wiritable Smart Insert o1

You should now see the output of the program on the Serial console
(TeraTerm program) as follows:

Hello Horld
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You can now use the Eclipse IDE to modify your program and debug it
further. Here are some steps to try out on your own:

1. In the SDK IDE source code perspective,
a. Use the Application Wizard to import Test_ App_Memory
and Test_App_Peripheral programs.

2. While debugging,
a. View Registers, Memory
b. Single Step through the program using Step, Next
c. Toggle between assembly and source views

3. In the SDK IDE source code perspective,
a. Modify the linker script and change the location where
the program is running from
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