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uClinux-Ready MicroBlaze Hardware Platform

Objectives
The goa of documentation is to create a new uClinux ready MicroBlaze design from
scratch and learn the following:

How to create a new project and add peripheral 1P cores needed to generate an
MHS for asimple MicroBlaze system using EDK Base System Builder (BSB).
How to add an FSL bus and connect with peripheral and it to connect the
MicroBlaze processor to the MicroBlaze Debug Module (MDM).

How to add an interrupt to the MDM and connect that interrupt to the interrupt
controller.

How to assign the appropriate platform software parameters for uClinux.

How to generate the Libraries, a Netlist, and the Bitstream for the design.

How to download the design to the FPGA.

How to compile uClinux for the design and download the image to the FPGA.
How to install the MicroBlaze GNU tool-chain and Board Support Package
(BSP).

How to download the uClinux distribution and kernel source from the officia
CVSserver.

This documentation targets the ML401 development board, but is broadly applicable
to any BSB-supported platform.

Environments Settings
Operating system: CentOS 3.6
Development Board: Xilinx ML401
JTAG cable: Xilinx Parallel Cable 1V
Seria Cable: RS232 serial cable
Software Version: ISE 8.1.3 and EDK 8.1.2
GNU compiler version: mb-gcc suite from Xilinx EDK8.1
uClinux BSP package version: 1.00.d
Terminal client: Minicom®
uClinux image download script: dl.sh
uClinux distribution version: 2.4.32

! You can use other terminal clients such as HyperTerminal
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Directory Variables
These paths should be changed to point to the appropriate paths on your system.

Project directory: /home/wu/demo

uClinux directory: /home/wu/school/uClinux-cvs/uClinux-dist/

uClinux auto-config directory: /home/wu/school/uClinux-cvs/uClinux-dist/
linux-2.4.x/arch/microblaze/platform/uclinux-auto

uClinux image directory: [tftpboot

uClinux on MicroBlaze Hardware Platform Requirements
The minimum requirements to build a uClinux ready hardware platform are
1. MicroBlaze soft core processor
Timer
Interrupt controller
Standard input and output devices
External memory controller
i ROM — not volatile data (optional®) such as Flash
ii. RAM — accessible data section such as home dir, an example of this is
DDR-SDRAM

a bk DN

If you wish to use XMD to download the uClinux image, you need to have
Microprocessor Debug Module enabled to use of JTAG for downloading uClinux into
the board. The download link can be either use FSL* or debug interface via OPB bus.

2 Without ROM device, you are require to download kernel image very time power up the hardware
® Providing faster download speed than normal debug interface
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General Idea

The uClinux ready MicroBlaze design documentation is broken up into several major
components. The following are the general steps for building an uClinux ready
MicroBlaze hardware platform.

’—’ % «

+ %

*
R0
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Hardware Overview
The hardware platform consist of followings

MicroBlaze with I/D Cache

Timer

Interrupt Controller

EMC for DDR-SDRAM

EMC for Flash

UART — standard input/output device

MDM — used for downloading the uClinux kernel image and for debugging
Certain core and software parameters must be set correctly in order to build a
successful MicroBlaze-uClinux hardware design.

The MicroBlaze and peripherals are connected as figure 1.

FPGA S
LMB - LMB
L -LMB | D-LMB 4J
FsL | FsL
l MicroBlaze
- INTC —IRG—»| INTR
JTAG MDV | IRQ ¥ > Euc
D$-OPB | $-OPB
<¥ OPE >
IRQ
Timer UART EMC
IRQ |

Figure 1 Block Diagram RS232

Note:
Please make sure the JTAG, serid and power cables are properly connected
before powering up the devel opment board.
Make sure the status light on the parallel 4 cableis green.
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Kernel Preparation & pClinux BSP Installation

Kernel Preparation

Download uClinux from official uClinux site.
Decide where you wish to put your uClinux distribution tree to live, lets say:
/ home/wu/school/uClinux-cvs

(make sure you have the permission to access this folder)

mkdir /home/wu/school/uClinux-cvs/
cd /home/wu/school/uClinux-cvs/
mkdir uClinux-dist

mkdir uClinux-2.4.x

Login to the uClinux anonymous CV'S server
cvs —d:pserver:anonymous@cvs.uclinux.org:/var/cvs login

Press enter when prompted for a password

Get the uClinux distribution and kernel source

cvs —z3 —d:pserver.anonymous@cvs.uclinux.org:/var/cvs co uClinux-dist
cvs —z3 —d:pserver:anonymous@cvs.uclinux.org:/var/cvs co uClinux-2.4.x

Make a symbolic link mapping uClinux-2.4.x as uClinux-dist/linux-2.4.x

cd uClinux-dist
In —s ../uClinux-2.4.x linux-2.4.x
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Install pClinux BSP package

To Automate the process of customizing pnClinux kernels for MicroBlaze systems, you
need to download the puClinux BSP package from  Petalogix
http://www.petal ogix.com/resources/downl oads/uclinux-bsp .

All auto-configured targets now require the uClinux BSP package to be installed.
The following archive extracts to create an edk _user_repository subdirectory
hierarchy, containing the required uClinux BSP support files. You must extract this
archive from the parent directory of your existing EDK8.1 install directory.

The uClinux BSP package is used to generate auto-config.in file that defines all the
necessary software parameters for uClinux kernel compilation.

The following shows an example of the required directory structure for Linux
environment:

/opt/xilinx/edk8.1 EDK 8.1 installation directory

/opt/xilinx Parent directory of exiting EDK8. 1

/opt/xilinx/edk_user_repository EDK user repository (including
ud i nux BSP support files)

cd /opt/xilinx/

wget

http://www.petalogix.com/resources/downloads/files/edk user repository.tar.qz
tar —zxf edk_user_repository.tar.gz

rm —fr edk_user_repository.tar.gz

The following shows an example of the required directory structure for Windows
environment:

C\Xilinx\edk8.1 EDK 8.1 installation directory

C\Xilinx Parent directory of exiting EDK8. 1

C\Xilinx\edk_user_repository EDK user repository (including
ud i nux BSP support files)

1. download edk user_repository.zip
2. extract the achieve to C:\Xilinx
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Create Base System From Scratch Using BSB

1. Createaproject directory in your home directory (e.g. /home/wu/demo/)
2. Inthe project directory, download the required version of MDM for V4 LX25 ES

devices,
dl.sh*, Makefile and xmd.ini

Mkdir /home/wu/demo
cd /home/wu/demo

waget ftp://ftp.xilinx.com/pub/utilities/fpga/opb_mdm_v2 01 a.zip

wget http://www.itee.ug.edu.au/~wu/downloads/dl.sh

mkdir pcores
cd pcores

unzip mdm2.01a_dl.sh_Makefile_xmd.ini.zip pcores/

cd ..
chmod +x dl.sh

3.  Start XPS by entering the command “xps” in the shell console

Xps

4. Select “Base System Builder Wizard”, and then click “OK”. A Create New
Project Using Base System Builder Wizard diaog is played.
5. Click “Browse” on the dialog box to select the directory ( “/home/wu/demo” is

used for thisinstance) and then click “OK”.

@ Creake New XPS Project using B36 Wizard

—Mew project

Project file

I,’h omefwu/demo/system.xmp

Browse ...

—Advanced options (optional)

[T Use Repository paths

|,

oK

Cancel

6. A Base System Builder-Welcome dialog box is displayed. Select “I would like

to create a new design” and click “Next” continue.

* The kernel image download script has only been tested with Xilinx ML401 and Insight/Memec
V2MB1000 Virtex2 evaluation board. Minor modification may be required for other development

board
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7. A Base System Builder-Select Board dialog box is displayed and Select
“Xilinx” asthe Board Vendor.

8. Sdect“Virtex 4 ML401 Evaluation Platform” as Board Name.
9. Sdect“1” for Board Revision.

@ Base Systemn Builder - Select Board X

Select a target development board:

—Select board

& | would like to create a system for the following development board

Board vendor: IXiIinx j
Board name: Virtex 4 ML401 Evaluation Platform -
Board revision: |1 j

Mote: Visit the vendor website for additional board support materials.

Vendor's Website Contact Info

Download Third Party Board Definition Files

" | would like to create a system for a custom board

—Board description

The ML401 board is intended to showcase and demonstrate Virtex-4 technology,
especially the new features being added to the FPGA. The ML401 board utilizes
Kilinx Virtex 4 XC4VILX25-10FF668 device. It is a demonstration platform to
showcase the enormous power and flexibility of Virtex-4 FPGAs including new and
improved clock technology, DSP blocks, Smart RAM blocks, advanced 1/Os,
embedded MACs, embedded processors, and more.,

More Info | < Back Next = Cancel

10. Click “Next”.
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11. A Base System Builder — Select Processor dialog box is displayed.
@ Base System Builder - Select Processor ﬁ]

The board you selected has the following FPGA device:

Architecture: Device: Package: Speed grade:

! ) Elll ) El

Select the processor you would like to use in this design:

—Processors

Mot supported
by this device

—Processor description

The MicroBlaze(TM) 32-bit soft processor is a RISC-based engine with a 32
register by 32 bit LUT RAM-based Register File, with separate instructions for data
and memaory access. It supports both on-chip BlockRAM and/or external memory.

All peripherals are implemented on the FPGA fabric and operate off the on-chip
peripheral bus (OPB).

More Info | < Back Next = Cancel

12. The MicroBlaze processor should be selected by default because there is no
PowerPC in this Vertex4 FPGA device.
13. Click “Next”.
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14. A Base System Builder — Configure Processor dialog box is displayed.
15. Ensure the Reference Clock Frequency is set to “ 100.00” MHz.

16. Change the Processor-Bus Clock Frequency to “66.67” MHz.

17. Ensure the Reset Polarity is“Active LOW”>.

18. Ensurethe Debug I/F, “ On-chip H/W debug module” is enabled.

19. Changethe Loca Data and Instruction memory to “8KB”.

20. Select “Enable OPB Cache’.

@ Base System Builder - Configure MicroElaze ﬂ?—]
Micre3laze
—System wide settings
Reference clock Processor-Bus clock
frequency: frequency:
100.00 MHz | -] MHz
Ensure that your board is configured for the specifed frequency.
Reset polarity: I J

—Processor configuration
—Debug I/F
&+ On-chip HW debug module

™ XMD with S/W debug stub
" No debug

| Local memory

Data and Instruction:
MicraSiaze (Use BRAM)

ELE ~|

Cache setup

" Mo Cache {* Enable OPB cache {" Enable cache link

™ Enable floating point unit (EPU)

More Info | < Back Next = Cancel

21. Click “Next”.

® Some of development board may only allow “Active HIGH” option. If thisis the case, make sure the
“C_EXIT_RESET_HIGH” parameter is set to ‘1’ for the manual add hardware cores (not create
thorough BSB wizard).
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22. A Base System Builder — Configure 1O Interfaces dialog box is played.

23. There are severa 10 devices available on the ML401. Only the “RS232 Uart”,
“Flash 2Mx32" and “DDR SDRAM 64Mx32" are selected.

24. Inthe RS232 UART diaog, change the Baudrate (Bits per seconds) to “ 115200”
and enable“ Use Interrupt”.

@ Base Systemn Builder - Configure IO Interfaces ﬁ]

The following external memory and IO devices were found on your board:
¥ilinx Virtex 4 ML401 Evaluation Platform Revision 1

Please select the 10 devices which you would like to use:
—10 devices

— M RS232_Uar
Data Sheet |

Peripheral: |OPB UARTLITE x|

Baudrate (bits

per seconds): |1152DD vl

Data bits: | 8 vI
Parity: I MNONE "I

— ¥ DDR_SDRAM_G64Mx32

Data Sheet

Peripheral: [Felz=H 85 - Note

Data Sheet |

Peripheral: | OPB EMC |

More Info | < Back Mext = Cancel

25. Click “Next”.
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26. A Base System Builder —Add Internal Peripheralsdialog box is displayed.
27. Add an OPB TIMER with setting of “One timer present”, “32” Counter Bit
Width and enable “ Use Interrupt”.

28. Click “Next”.
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29. A Base System Builder — Cache Setup dialog box is displayed.

30. Change both Instruction Cache (ICache) Size and Data Cache (DCache) Size to
“16KB”°.

31. Enableboth “ICache” and “ DCache” from DDR_SDRAM_64MBXx32.

32. Click “Next”.

® 'You can change the size of cache if you wish
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33. A Base System Builder — Software Setup dialog box is displayed.
34. Change both STDIN and STDOUT to “RS232_Uart”.
35. You can disable both “Memory test” and “ Peripheral selftest” if you wish.

36.

37.

38.

Click “Next”, a Base System Builder — Configure Memory Test Application
dialog box is displayed. (Thiswill not be appear if the Memory Test is disabled).
Click “Next”, a Base System Builder —Configure Peripheral Test Application
dialog box is displayed. (This will not be appear if the Peripheral selfTest is
disabled).
Click “Next”.
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39. A Base System Builder —System Created dialog box is displayed. This dialog
box shows the information about the system.

40. Click “Generate” to generate the system datafiles, and a Base System Builder -
Finished! dialog box is displayed.
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41. Generated files are shown in the dialog box.
42. Click “Finish” to complete the wizard.
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Additional Hardware Platform Settings Without FSL

43.

44,
45.
46.

Ensure the H/W version of opb_mdm is “2.01.a ' for Virtex 4-LX25
(XC4LX25) ES devices.

Change the filter to “Bus Interface”

Double click on “debug_moudle’ instance to edit its property.

Change “Enable the UART Interface on OPB” to ‘0'.

" If you not use Virtex 4 LX25 ES devices, please set this to appropriate mdm version that will support
your device.
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47. Changethefilter to “Ports’, Expand debug_modul€e’s tree
48. Enable Interrupt for debug_module by change it's Net to
“debug_module_interrupt”

49. Expand opb_intc_0'stree and double click on Intr’s Net
50. Add debug_module interrupt to Interrupt Controller, you can change the priority
order if you wish.

If you don’t wish to use FSL as fast download link, please jump to Software Platform
settings section
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Add FSL as Fast Download Link

51. Changethefilter to “Bus Connections’ and expand debug_module's tree
52. Adda*“New Connection” to MFSLO

53. Click on “fd v20 0" and rename it to “dlink” and you should see
debug_module’'s MFSLO is change to “dlink” as well.
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54. Double Click on “debug_modul€e” instance.
55. Change Enable Fast Download Write Portto ‘1’.
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56. Doubleclick on “dlink” instance.
57. Add C_EXIT RESET HIGH and setitto ‘0’8,

8 |f the Reset Polarity is set to “Active HIGH”, please set C_EXIT_RESET_HIGH parameter to ‘1'.
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58. Doubleclick on “microblaze 0" instance.
59. Change the Number of FSL linksto ‘1’.

60. Click “OK” to continue.
61. Seect “dlink” asbus connection for “SFSLO”
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62. Click onthe“Ports’ option
63. Inthedlink section, add FSL_Clk port and change the Net Nameto “sys clk_s’.
64. Add SYS Rst port and change the Net Nameto “sys rst_s’.
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Software Platform settings

65. In Xilinx Platform Studio, select “Project” tab and click on “Software Platform
settings’ submenu. A Software Platform Settings dialog is displayed.

66. Select “Processor, Driver Parameters and Interrupt Handlers’” tab, change the
xmdstub_peripheral to “none".

67. Change CORE_CLOCK_FREQUENCY to ‘66666667 (Processor clock
frequency).

68. In the “OS & Library Settings’ box, change the OS to “uclinux” and the OS
versionto “1.00.d”.
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69.
70.
71.
72.
73.
74.
75.

76.
77.
78.

79.

80.

81.

Click on“OSand Library” tab.

Change Imb_memory to “dlmb_cntlr”.

Change main_memory to “DDR_SDRAM _64MBx32".

Change flash_memory to “FLASH_2MBx32".

Change main_memory_bank and flash_memory_bank to ‘0’.

Set stdout and stdinto “RS232 Uart”.

Change the TARGET_DIR to */home/wu/school/uClinux-cvs/uClinux-dist/
linux-2.4.x/arch/microblaze/platfor m/uclinux-auto” °°,

Press“OK” to finish.

Select the “ Software” menu and “Generate Libraries and BSP"** submenu.
Select the “Hardware” menu and “Generate Netlist” submenu, this will take a
while.

Select the “Hardware” menu and “Generate Bitstream” submenu, this will take a
while.

Open a new command shell and start minicom.

minicom
Change minicom’s settings to 115200 baudrate, 8 Data bits, no parity bit, no
hardware control and enable software control.

® You may want to change this directory to your own uclinux-auto directory path
1% | n Windows environment, this parameter uses a unix-style directory separator slash character “/”, not

\n

1 A auto-config.in file (required to build uClinux image) will be generated in the TARGET_DIR
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82.

83.

Once Generate Bitstream is finished, select the “Device Configuration” menu
and “Download Bitstream” submenu, to download the bitstream into
devel opment board.

The DONE pin (LED) goes high when bitstream download is completed.

The following output should displayed in minicom.

-- Entering main() --

Starting MemoryTest for DDR_SDRAM_64Mx32:
Running 32-bit test...PASSED!
Running 16-bit test...PASSED!
Running 8-bit test...PASSED!

-- Exiting main() --

Optional stepsfor Windows Users

Once you have copy auto-config.in to Linux machine, then you need to convert
auto-config.in file into UNIX format by doing following command in the shell
console.

$ vi auto-config.in

To change from do to unix

:set ff=unix

To save the file and exit vim

W
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Create uClinux Kernel Image

1. Goto the uClinux-dist directory and run make clean before make menuconfig.

cd /home/wu/school/uClinux-cvs/uClinux-dist/
make clean
make menuconfig

2. Select “Vendor/Product Selection”.
3. Change Vendor to “Xilinx” and Xilinx Product to “uclinux-auto”.

4. Select “Exit“.
5. Select “Kernédl/Library/Defaults Selection”.
6. Enable"Customize Kernal Settings (NEW)”.

7. Select “Exit”.
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10.

11.
12.
13.
14.

Select “Exit”.

Select “Exit” and Select “Yes’ to save your new kernel configuration.

Before the menu launches, you may be prompted to provide values for any
undefined kernel configuration parameters, just press enter to accept the default.
Select “Processor type and features’.

Change the Platform to “uclinux-auto”.

Enable “Console on UARTLITE”

Disable both “GPIO driver” and “Ethernet driver”.

15. Select “Exit”.
16. Select “Genera setup”.

17.

Disable “Networking support”.
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18. Select “Exit”.

19. Select “Memory Technology Devices (MTD)”.
20. Select “RAM/ROM/Flash chip drivers’.

21. Enable* Support for Inter/Sharp flash chips”’.

22. Select “Exit”.

23. Select “Mapping drivers for chip access’.

24. Enable “CFl Flash device mapped on MicroBlaze auto-config (uClinux)” with
8MB Flash size.

25. Enable* Generic uClinux RAM/ROM filesystem support”.

26. Select “Exit”.
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27.
28.
29.

30.

31

Select “Exit”.
Select “Exit” and Select “Yes’ to save the kernel configuration.
To build your new kernel and filesystem image, From uClinux-dist directory

type.
make dep
make all

The kernel image “image.bin” will be generated and save at “/tftpboot”. Make
sure the DONE led is high before you process the next step.

Go to your project directory, use dl.sh to download the image.

cd /home/wu/demo
Jdl.sh

You should get following output from minicom.

uclinux-auto login: Linux version 2.4.32-ucO (wu@g435-9271) (gcc version 3.4.1 ( Xilinx
EDK 8.1.01 Build EDK_1.19.4 060306 )) #3 Mon Jul 24 12:18:6
On node 0 totalpages: 16384

zone(0): 16384 pages.

zone(1): 0 pages.

zone(2): 0 pages.

CPU: MICROBLAZE

Kernel command line:

Console: xmbserial on UARTLite

Calibrating delay loop... 33.07 BogoMIPS

Memory: 64MB = 64MB total

Memory: 63196KB available (601K code, 1023K data, 36K init)
Dentry cache hash table entries: 8192 (order: 4, 65536 bytes)
Inode cache hash table entries: 4096 (order: 3, 32768 bytes)
Mount cache hash table entries: 512 (order: 0, 4096 bytes)
Buffer cache hash table entries: 4096 (order: 2, 16384 bytes)
Page-cache hash table entries: 16384 (order: 4, 65536 bytes)
POSIX conformance testing by UNIFIX

Linux NET4.0 for Linux 2.4

Based upon Swansea University Computer Society NET3.039
Microblaze UARTIite serial driver version 1.00

ttySO at 0x40600000 (irq = 1) is a Microblaze UARTIite
Starting kswapd

RAMDISK driver initialized: 16 RAM disks of 4096K size 1024 blocksize
uclinux[mtd]: RAM probe address=0x240c5904 size=0xd1000
uclinux[mtd]: root filesystem index=0

MicroBlaze auto-config flash probe(0x22000000,8388608,4): 800000 at 22000000
cfi_cmdset_0001: Erase suspend on write enabled

0: offset=0x0,size=0x40000,blocks=32

Using buffer write method

Creating 8 MTD partitions on "Flash":
0x00000000-0x00040000 : "Bootloader"
0x00040000-0x00080000 : "Bootargs"
0x00080000-0x000c0000 : "MAC"

0x000c0000-0x00140000 : "Config"

0x00140000-0x00200000 : "Spare"

0x00200000-0x00500000 : "Image"

0x00500000-0x00800000 : "JFFS2"

0x00000000-0x00800000 : "Flash"

MicroBlaze auto-config ram probe(0x240c5904,856064,4): d1000 at 240¢c5904
Creating 1 MTD partitions on "RAM":
0x00000000-0x000d1000 : "Romfs"

VES: Mounted root (romfs filesystem) readonly.

Freeing init memory: 36K

Mounting proc:

Mounting var:

Populating /var:

Running local start scripts.
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Creating asimple uClinux ready MicroBlaze Design version 1.05a

| Mounting /etc/config:
| Populating /etc/config:
Clock: old time 1970/01/01 - 00:00:03
Clock: new time 1970/01/01 - 00:00:05
flatfsd: Created 3 configuration files (142 bytes)
Setting hostname:

uclinux-auto login:
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