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1. Introduction

In February 2005, CMC shipped round two of the System Level Prototyping Stations (SLPS)
for Embedded Systems to the universities that are members of the System-on-Chip Research
Network. Software pre-installed on this Embedded Systems SLPS includes Altera’s Quartus II
4.2, the Nios II Development Kit 1.1 and Microtronix Nios II Linux 1.3. With these three tools,
users can create a complete embedded system that includes the Nios II hardware platform,
Embedded Linux operating system and user-defined applications.

To complement these deliverables, CMC created this tutorial with a reference design. It is
intended to help users get familiar with the SLPS for Embedded Systems, particularly with
how the elements in the tool chain work together to build a system.

This tutorial will teach you how to create a complete embedded system with Nios II and
Embedded Linux. It starts at the very beginning: creating a platform using Quartus II software
and building embedded software using the Nios II Integrated Development Environment (IDE).
The tutorial will take you to the end: a functional and complete system on the Nios
development board.

There are two main functions that the complete embedded system demonstrated in this tutorial
will achieve: a readable-writable file system on Linux and networking function through
Ethernet.
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2. Environment Description

2.1 Required Components

It is assumed that the development environment at your site has been set up according to the
document Getting Started with the SLPS for Embedded Systems (Report ICI-139). Therefore,
set up information is not provided as part of this tutorial. The getting started document
mentioned above also includes information on supporting vendor documentation. A hardcopy
was shipped with the SLPS systems, and an electronic copy is available from CMC’s
Technology Gateway at:

https://www2.cmc.ca:2804/

(search for SLPS Embedded System

and select the link System-Level Prototyping Station (SLPS) for Embedded Systems)

The environment in this tutorial is made of the pre-installed software and hardware
components listed below. If you don’t have the required environment, follow the instructions in
Section 2.2, Upgrading Your Environment.

The components required for this tutorial are:

= [BM PC with Windows XP

= Altera Nios Development Board, Stratix Pro Edition
= Quartus II 4.2 or later

= Nios II IDE 1.1 or later

* Microtronix Nios II Linux 1.3 or later

* Microtronix CompactFlash component

= USB-Blaster download cable

= Network cable connected to the local network

CMC Nios Il Linux Tutorial for SLPS for Embedded Systems V1.0 8



2.2 Upgrading Your Environment

If you do not have all the components listed above, the following might help:

1. Check versions of the two Altera components ( Quartus I and Nios).

a) If Quartus II is at V3.0 and Nios is at V3.10, upgrade these components to
Quartus IT V4.2 and Nios II IDE V1.1. Your site should have received this upgrade
from Altera directly.

b) If Quartus II is at V4.2 and Nios II IDE is at V1.1, you do not need to upgrade the
Altera software.

c) IfQuartus I is at V5.0 and Nios II IDE is at V5.0, you do not need to upgrade the
Altera software. Although this tutorial was created using Quartus II V4.2 and Nios
II IDE V1.1, the new versions will still function in this tutorial.

2. Check to see if Nios II Linux V1.3 has been installed on your system. If not, obtain and
install the deliverable Nios II Linux V1.3 at from the following location:
https://www2.cmc.ca:2804/

(search for Nios II Linux Tutorial)

3. If your system is installed with Quartus II V 5.0 and Nios II IDE V 5.0, you do not need to
perform this final step. All other users must obtain and install the deliverable
Microtronix CompactFlash from the following location:
https://www2.cmc.ca:2804/

(search for Nios II Linux Tutorial)
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3. Reference Design: System Specifications

The system we are going to create in this tutorial includes two parts: a simple web server and a
file system with read-write mode. Therefore the system must have the following functional
components:

= Nios II core platform

* Embedded Linux kernel

» File system with read-write mode
= Networking function

=  Web server function

To implement such a system, you need the hardware and software listed below.

3.1 Hardware Requirements

= Nios II processor

= 16 MB memory

= CompactFlash component
= Ethernet

= Timer

= Input module

= QOutput module

3.2 Software Requirements

* Embedded Linux kernel with support for Ethernet, IDE and CompactFlash card

= File system support for ROMFS and EXT2FS

= Applications include ifconfig, mount, fdisk, e2fsprogs, sh, fileutils, boa, and basic system
utilities. A customized BusyBox is also necessary.

* The software must be no more than 16 MB in total.
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4. Hardware Platform Implementation

It is assumed that you are already familiar with Quartus II and SOPC (system-on-a-
programmable-chip) Builder. Please refer to the Quartus II online tutorial and Nios II
hardware tutorial for information on how to use these tools.

In order to implement a Nios II platform in a short time, instead of creating a platform from
scratch, we are going to modify the existing platform at:
C:\altera\kits\nios2\examples\verilog\niosII_stratix_1s40\full_featured\

The full featured example already has most of the components required by the embedded
system, except a CompactFlash (CF) card. The following steps will add the CF card to the
platform and remove some components that are not used by the embedded system in this
tutorial.

Make sure that the CF component and Microtronix Nios II Linux have been installed on
your machine. Refer to Section 2.2 for information on downloading these components.

4.1 Modify the Existing Platform

4. Copy the example full_featured to a working directory. In this case, it is
C:\Tutorial_Linux

5. Open the project by selecting Quartus II | File |Open Project... From the Open Project
window, browse to the directory C:\Tutorial Linux\full featured\ and select the
full_featured.qpf, click Open

6. In the full featured.bdf window, double click on the full 1s40 instance to open it in the
SOPC Builder tool.

7. Inthe Altera SOPC Builder window, click on the System Contents panel.

8. You can see all the components of the design example platform as shown in Figure 1.
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Figure 1: Original full_featured Platform in SOPC Builder

II window appears as shown in Figure 2.

I¥ Altera Nios Il - cpu .

Select 3 debugging level:

Nios I Core | JTAG Debug hodule | custam Instructions
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Figure 2: Set up JTAG Debug Module

9. Set the JTAG Debug Module by double-clicking on the epu component. The Altera Nios
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10. Click on the JTAG Debug Module panel, and select Level 1

11. Click on Finish

12. Remove the led_display component by right-clicking on the component name, and select
the Delete command from the drop-down menu.

13. Remove the reconfig_request_pio component in the same way as above.

14. To add the CF card, from All Available Components (on the left), select
Avalon Modules | Other | CompactFlash Interface

15. Unlock the base address from ext_ram, onchip_ram_64_ kbytes and sdram as follows:
Right-click on the Base field of each component and select the Lock Base Address
command.

16. Select System | Auto-Assign Base Address

17. Assign the IRQ as described in Table 1.

Table 1: IRQ Assignment

Component | Sys_clk timer | Jtag uart | Button pio | High res timer | dma
Name

IRQ No. 0 1 2 3 7
Component | Uartl cf 0.ide |cf O.ctl Lan91cll11

Name

IRQ No. 4 5 8 6

18. Change the Clock Frequency from 50.0 MHz to 75.0 MHz.
19. Figure 3 shows the modified platform in SOPC Builder.
20. Click on the Generate icon at the bottom of the window to generate the modified system.
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Figure 3:The Modified Platform in the SOPC Builder

4.2 Modify Example and Compile the Quartus Il Project
To help you modify the existing full_featured example, a pinout table of CompactFlash is

prov

ided in Appendix A.

The following is the steps describe how to modify the example:

1. After the generate process of SOPC Builder is finished, click on Exit
You will be asked “Save changes to full featured.bdf?”

2. Click Yes

3. Inthe full_featured.bdf window, since the platform has been changed, you will find some
mismatch between the input/output ports and the full 1s40 instance. To match the full 1s40
instance with the input/output ports, you will need to remove/add some ports. Please follow
the steps below to remove and add them.

4. Remove the output ports for the JTAG module, reset_request_pio and LCD module. For
all of the modules shown in Figure 4, you need to remove the related ports.

itag_debug_offchip_trace_clk_from_the_cpu
taq_debug_offchip_trace_data_from_the_cpul17..10]
tag_debug_trigout_from_the_cpu

DUTRIT — ——— TR _CLK
UTPUT - TR_DATA[IY..0]
QUTPUT M TR_TRIGOUT

CMC
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LCD_E_from_the_led_display AUTPUT . [CO_E
LCD RS from_the_lcd_display QUTPUT M~ LCO_RS
LoD _Rw_from_the_lod_display QUTPUT  —, LCO_ R

LD _data_to_and_from_the_lcd_display[7..0] il LCDi7.0]

PLO_RECOMFIGREQ_N

hidir_part_to_and_from_the_reconfig_request_pio

Figure 4: Output Ports To Remove

5. Adjust the other input and output port connections including the system clock module,
Ethernet module, ext ram, sdram, led, button pio, seven_seg pio and uart modules.

6. For all of the modules shown in Figure 5. you need to add the related input ports and output
ports for the CF (CompactFlash) module.

CF Input Ports
of _detact [ IHEUT detect_to_the_cf 0
ot _intrg [ IHEUT intro_to_the_cf_0
ot _iordy [ IHEUT iordy_to_the_cf_0

CF output and bidir ports

addr_from_the_cf_0[10..0] SUTRUT = of_addr[10..0]
stszel_n_from_the_cf_O DUTPUT . of_ataszel

cs_n_from_the_ct_0[1..10] SUTRUT = of_cz_nfl.0]

data_to_and_from_the_ct_0[15..0] ipi of_data[15..0]
iord_n_from_the_cf_0 LUTPUT . &f_jord_n
iower_n_from_the_cf_0 SUTPUT - of_jowr_n
powver_from_the_ct_0 CUTPIT = of_power

reset_n_from_the_cf 0 —
rfu_from_the_cf_0 LUTPUT ™ of_rfu

wye_n_from_the_cf_0 SUTPUT = of wen

Figure 5: CF Input, Output and Bidir Ports To Remove
7. Double-click on the sdram_pll instance in the full featured.bdf window (see Figure 6). The
MegaWizard Plug-in Manager will give you a message like

“Delay shifts (time delay elements) are no longer supported in Stratix PLLs, Use Phase Shift
feature instead to implement the desired time shift.”

CMC Nios Il Linux Tutorial for SLPS for Embedded Systems V1.0 15



i full_featured. bdf

The design contains a Mios 1| core along with all the standard
peripherals including a DMA, controller and Trace suppart.

sdram_gll

{PLO_ELOCRINFUTH— WpIT g inclka

inclkD frequency ; S0.000 hiHz
Operation hade: Hormal

cO

waclk

el

Clk |Ratio] Ph tdg)[Td (n=3] DE (%) e
o | 171 | 000 | 000 | 50.00 i
el | 141 | 6300 | 0.00 | 50.00 it

g
inst2 i
e
i >
Figure 6: Original sdram_pll Instance
8. Click OK

9. The MegaWizard Plug-in Manager - ALTCLKLOCK window appears. Just click on
the Finish icon at the bottom of the window. Then click on the Finish, OK and Yes icons
in the following windows until you are taken back to the full-featured.bdf window.

In the full featured.bdf window you will see that parts co and €0 have been broken. After
you reconnect these, you will find that the sdram_pll symbol has been updated as shown in

Figure 7.

peripherals including a DMA controller and Trace support.

sdrarn_pll

N T 1.1 P L1 .1

inclkl frequency: 0,000 hiHz
Operation hode: Homal

Clk

Ratio

Ph (dg)| DC (%)

cll

2

o.o0 5

0.00

el

312

-34.50 | S0.00

inztd

o ayaclk
=]
g
m
fc
Stratix i
M,
>

Figure 7: Updated sdram_pll Instance

10. Save the changes to full_featured.bdf

11. Go to your working directory and remove the .sof and .qdf files.
12. Go back to Quartus II and compile the project by selecting Processing | Start Compilation
13. When the compilation is over, you will be able to get the full_featured.sof for the modified

platform.
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5. Software Implementation

It is assumed that you are already familiar with the Nios II IDE and Nios II shell environment.
Please refer to the IDE online tutorial for information on how to use the IDE.

You will need administrator privileges to use some software functions. Otherwise, you will
need to ask your administrator to change the permission of the .bashrc to 644.

5.1 Create a Linux Kernel Project

Please follow the instructions below to create a Linux kernel project based on the hardware
platform created in the previous section.

1. Open the Nios II IDE by selecting
All Programs | Altera | Nios II Development Kit 1.1 | Nios II IDE

2. Inthe Nios II IDE window, select File | New | Project...

3. Inthe New Project window, select Microtronix Nios II on the left and select
Linux Kernel Project on the right (refer to Figure 8).

. New Project

Select &8

Ll
Create a project that will generate a Mios 1T Linux kernel, ﬁ
- Albera Mios 1T Linux Application Project
< Microtroniz Mios IT Linuz Filesystem Project
Simple Linux Kernel Projeck

| Mext = | i | Cancel |

Figure 8: Creating a Linux Kernel Project

4. Click Next
5. Specify the project name as tutorial linux_kernel
6. Click Next
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7. As shown in Figure 9, in the Hardware panel specify the .ptf file in the SOPC Builder
System field. This .ptf file was generated in the Quartus II project in Section 4. In this

tutorial, the file is:
C:\Tutorial_Linux\full featured\full_1s40.ptf

. New Project

Hardware/Software Options

Configure Hardware Software Options

Hardware options For Mios T Lina: Projects

Hatdware l Sofbware ]

Select Target Hardware

SOPC Builder Swskem: | C:A Tuborial_Linuecd Full_Featuredifull_1s40.pkf Browse. ..

CPL: |cpu

‘Kernel Options

Please a select a memory device in wour syskemn bo upload the kernel ko

|

Memory Device: |ext_FIash

Flease a select a memory device in your syskem bo execute the kernel From:

|

Memary Device: |sdram

=l

« Back, |

J Firiish | Cancel |

Figure 9: Creating a Linux Kernel Project Continued

>

Click Finish

9. In the Navigator window, right-click on the Linux Kernel Project name
tutorial_linux_Kkernel, and select the Configure Kernel command from the drop-down

menu.

The kernel configuration tool is invoked as shown in Figure 10.

10. Table 2. shows how you should configure the kernel.
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e C:\altera\quartus4 2\bin\cygwin\bin\bash.exe

Linux Kernel vZ.6.7-ucB® Configuration

Arrow keys navigate the menu. <Enter> selects submenus ——3.
Highlighted lettersz are hotkeys. Presszing <Y¥> includez. <{N> excludes.
{M> modularizes features. Press {Esc»<{Esc> to exit, <7 for Help. <>
for Search. Legend: [#]1 built—in [ 1 excluded <H> module >

Code maturity level options ——>
eneral setup —>

nadahle module support —-2>
rocessor type and features ——>
us options (PCI. PCMCIA. EISA. MCA. ISA> ——>
xecutable file formats ——2
ower management options —3
evice Drivers ——>

ile systems ——2>

ernel hacking —3

ecurity options ——3

< Exit ¥ < Help >

Figure 10: Kernel Configuration

Table 2: Kernel Configuration

Most of the default configurations can be kept but you must make sure that the following items
are configured as shown.

Processor type and features
Platform <Altera Stratix Pro.Development board support>-->
<*> Altera Stratix Pro.Development board support

Device Drivers

ATA/ATAPI/MFM/RLL support -->
<*> ATA/ATAPI/MFM/RLL support
<*> Enhanced IDE/MFM/RLL disk/cdrom/tape/floppy support
<*> Include IDE/ATA-2 DISK support
[*] Use multi-mode by default
<*> generic/default IDE chipset support
[*] Other IDE chipset support
<*> Altera CF (IDE mode) interface (Avalon bus) support

Networking support-->
[*] Networking support
[*] Network device support
Ethernet <10 or 100Mbit> -->
<*>SMC 91111 support

File systems
<*> Second extended fs support
<*>ROM file system support
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11.

12.
13.

14.

After you have made the required changes to the kernel configuration, save the changes and
exit from the Linux Kernel Configuration tool.

Go back to the Navigator window of the Nios II IDE.

Right-click on the Linux kernel project name tutorial_linux_kernel, and select the Build
Project command from the drop-down menu.

After the project is successfully built, the Linux kernel image file vmlinux.bin is generated
under the tutorial_linux_Kkernel project.

5.2 Create a Linux File System Project

1.

To create a new project, in the Nios II IDE window, select File | New | Project...

2. Inthe New Project window, select Microtronix Nios II on the left and select Linux

Nk

Filesystem Project on the right.

In the Nios II Linux Filesystem Project window, specify the Project name as
tutorial_linux_file

Click on Next

Specify the .ptf file in the SOPC Builder System field.

Click Next

In the Target Filesystem Application Selection window, under the Pre-build Binary
Packages, select the checkboxes for the following applications to include them in the file
system:

base, boa, e2fsprogs, fdisk, fileutils, ping, mount and sh

Click Finish

In the Navigator window, expand the tutorial linux_file project, check the /target/bin
folder. Note that you won’t find the busybox application in it. The busybox application will
be built in the next section.

Note: There is a web page (index.html) of the Microtronix uKit under /target/home/httpd/
folder. You can either keep it or replace it with your own web page.

5.3 Customize BusyBox Application

The pre-built BusyBox application is too big for the system we created in the previous section.
Here we are going to customize the BusyBox to reduce its size.

1.

2.

From the following path, open a Nios II SDK Shell:

All Programs | Altera | Nios II Development Kit 1.1 | Nios II SDK Shell
Enter the following:

cd software/linux/busybox

make menuconfig

The BusyBox configuration window appears as shown in Figure 11.
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v SOPC Builder 4. 20

Arrow keys navigate the menu. <Enter? selects submenus ———>.
Highlighted letters are hotkeys. Pressing <Y¥> selectes a feature.
while <N> will exclude a feature. Press <{Esc>{Esc> to exit. <?> for
Help. Legend: [*]1 feature is selected [ 1 feature iz excluded

General Configuration ——-—>
uild Options ——>
nstallation OQptions ——32
rchival Utilities —2>
oreutils -—>
onsole Utilities —2>
ebhian Utilities ——3
ditors -—2>
inding Utilities —3>
nit Utilities —>
oginsPassword Management Utilities ——>

< Exit > < Help >

Figure 11: BusyBox Configuration
4. Follow the information shown in Table 3. to configure the BusyBox.

For purposes outside this tutorial, you can select any application inside of the BusyBox. Note
that some of the applications are also included in the parallel Linux fileutils.exe. The following
configuration just includes the basic applications to meet the reference design system
requirements.
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Table 3: BusyBox Configuration

Build Options -- >
[*] Build BusyBox as a static binary (no shared libs)
[*] Do you want to build BusyBox with a Cross Compiler? <nios2-elf->
Compiler prefix
($(ECLIPSE_ WORKSPACE)/tutorial_linux_kernel/build) (Specify the Linux
Kernel build directory here)

Installation Options -- >
($(ECLIPSE_ WORKSPACE)/tutorial linux_file/target) (Specify the Linux
file system target directory here)

Editors -- >
[*] vi

Linux Module Utilities -- >
[*] insmod
[*] Support version 2.6.x Linux
[*] Ismod
[*] Support Ismod query module interface <add 638 bytes>
[*] modprobe
[*] rmmod
[*] Support tained module checking with new kernels

Networking Utilities -- >
[*] hostname
[*] ifconfig
[*] Enable status reporting output

Linux System Utilities -- >
[*] umount

5. Save the changes and exit the BusyBox configuration.
6. From the SDK shell, type the following commands:
make dep
make

make install

7. In the Navigator window of the Nios II IDE, right-click on the tutorial _linux_file and
select the Refresh command from the drop-down menu.

8. Check the target/bin directory under the tutorial_linux_file project in the Navigator
window. You should find the BusyBox application has been installed in your file system
project.

5.4 Build the tutorial_linux_file Project

1. Inthe Navigator window, right-click on the file system project name tutorial_linux_file,
and select the Build Project command from the drop-down menu.

2. After the building project process is finished, the file system image file romfs.bin is
generated under the tutorial linux_file project.
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Note : The size of the romfs.bin might exceed the memory limitation 2048K. To solve this
problem, you can delete some of the applications in the /target/bin folder of the
tutorial_linux_file project before you build it. However, be sure to keep the applications
that you selected in Section 5.2, step 7.

6. Download Images

So far we have built a Nios II hardware platform, a Nios II Linux kernel and a file system. In
this section we are going to upload all the image files to the target board.

Make sure that the PC is properly connected to the target board. Please refer to the setting up
section of the Getting Started for SLPS-Embedded System document for information on how
to properly connect the PC to the target board.

If you are using a time-limited OpenCore, then you will need to keep the Programmer open
during the entire downloading process.

6.1 Download the Linux Kernel to the Target

1. Unplug the CompactFlash card from the socket of the board.

2. Power on the board.

3. Inthe Navigator window of the Nios II IDE, expand the tutorial linux kernel project by
clicking on the * symbol on the left of the project name.

4. Find the vmlinux.bin file under the tutorial_linux_kernel

Right click on the file vmlinux.bin

6. Click on the upload command from the drop-down menu.
An upload window will appear as shown in Figure 12.

N
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K

Upload
Upload a file ko the target

The list below shows the cables detected on your system available For use.,
Select cable:

Refresh

File to be uploaded: c:falterafkitsininsz fhinfeclipsefworkspaceftutorial_linux_kernel/buildf~mlino, bin

Finish | Cancel

Figure 12: Uploading the Kernel

Select USB-Blaster
Click Finish
Wait until the uploading is done (refer to Figure 13).

E-:-n-.:u:-le[-=::t-3r'rnir|-ate-:| Cihalkeral L Bﬁf -8 4 x
Microtronix Linux Extensions e
Wersion 1.3, Built Decewber 30th, z2004

Mar 2, 2005 11:40:25 AM - (INFOD) niocs2-flash-prograwmoer: Launching Quartus Progr

ammer to dowvnload:

ltera nios dev board stratix 1s40.sof
Pre-Reading 1726EBytes of data from US:
| ———— i mm————— L ————|
EEXFEXXEXXLTLXLALAEET (11 .25 sec).
Erasing 3 Sectors:
}osEs  Shiieesnn SRR

Figure 13: Console Message for Kernel Uploading

6.2 Upload the File System to the Target

c:faltera/kits/nios2/ components/altera nios dev board stratix_1s40/system/a

1. Inthe Navigator window of the Nios II IDE, expand the tutorial linux_file project by
clicking on the * symbol on the left of the project name.

2. Find the romfs.bin file under the tutorial linux_file

3. Right-click on the file romfs.bin

4. Select the upload command from the drop-down menu.
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An uploading window will pop up as shown in Figure 12.
Select USB-Blaster
Click Finish

Wait until the uploading is done. You will see a similar message from the console as shown
in Figure 13.

o NN

6.3 Upload the FPGA Configuration File to the Target

With the target board properly connected to the PC and powered on, upload the FPGA
configure file as follows:

1. Select All Programs | Altera | Quartus II 4.2
2. Inthe Quartus II window, select Tools | Programmer from the menu.

3. Inthe Programmer window, make sure that the hardware setup... has been set up as USB-
Blaster (refer to Figure 14).

o] full_featured.cdf

2. Hardware Setup..| | USB-Blaster [USB-0]

Fode: |JTAG ﬂ
Progress: 0z
wl Start Fil= Device Checksum Usercode l Egongfi[gag:fel

: Foil Featared. sof - EF1EADF 780 IR FEFFEEEE

ﬂ'ﬂ Ao Detect

2 Add File...

2 Add Device...

< >

Figure 14: Programmer Set up

4. Click on the Add File... icon.

5. Browse to the location of the FPGA configure file full_featured.sof (in this tutorial, the
location is C:\Tutorial Linux\full featured)

Open the full featured.sof

Make sure to check the program/configure item.

8. Click on the Start icon to begin the loading and wait until the progress shows 100%.

~ o
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7. Run and Configure the Embedded System

So far we have prepared the embedded software and the hardware FPGA configuration files
and all of them have been uploaded to the memory on the target board. In this section, we are
going to invoke the Embedded Linux on the target and make the necessary configuration to
both the PC side and target side to implement the embedded system functions required in
Section 3: System Specifications.

7.1 Invoke Linux

1. Open a Nios II SDK Shell by selecting
All Programs | Altera | Nios II Development Kit 1.1 | Nios II SDK Shell

2. Type the command nios2-terminalfrom the SDK Shell. Note: If you have more then
one downloading cable connected to your host, then you will need to specify which cable
you will use to download using the following command :
nios2-terminal -- calbe usb-blaster

3. You will see Linux boot up as shown in Figure 15.

SOPC Builder 4.20

Linux version 2.6 _.9—uchl (olivel@Columbhia? (gcec version 3.4.1 CAltera Mios IT 1.1
b137>>» #1 Thu Feh 17 B8%:54:27 EST 2885

uClinux~Nios II

Altera WHioz II support (C) 2004 Microtronix Datacom Ltd.

Built 1 zonelists

Kernel command line: root=sdevs/mtdblockB ro

PID haszh tahle entries: 128 <(order: 7. 2848 hytes)

Dentry cache hash tabhle entries: 4896 {order: 2. 16384 hytes)

Inode—cache haszh tahle entries: 2848 Corder: 1, B192 hytes>

Memory available: 14396k-s16384k RAM,. Bk-Bk ROM {1472k kernel code. 323k data’
Mount—cache hash tabhle entries: 512 C(order: B. 4896 bytes)

MET: Registered protocol family 16

Serial: JTAG UART driver %Revision: 1.3 §

ttydA at MMIOQ AxBA?28828 C(irg = 1) is a Jjtag_uart

RAMDISK driver initialized: 16 RAM dizsks of 4896K size 1824 bhlocksize
emc_probe: 758008 Khz HNios

BMEC LAN?1C111 Driver <v2.1>, (Linux Kernel 2.6>

ethd: SMC?1C11xFDC(rev:1> at OxEA718308 IRG:6 MEMSIZE:81%2h NOWAIT:=-A ADDR: @8:@7:
ed:Bc:=B85:07

=mc_probe: 7500 Khz Mios

Uniform Multi-Platform E-IDE driver Revision: 7.B8BalphaZz

ide: Assuming 5AMHz system bus speed for FI0 modes; override with idebus=xx

Figure 15: Linux Boots Up
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7.2 Create an EXT2FS on the CompactFlash (CF) card

1.

Plug in the CF card which was unplugged from the board in the previous chapter.

2. You will see console messages relating to “hda” as shown in Figure 16.

itions on "Altera NDK flash <AMD>":
: "romfssjEfe2"
"loader~kernel"
"User configuration"
"safe configuration”
egistered protocol family 2
IP: routing cache hash table of 512 buckets. 4Kbuytes
CP: Hazh tables configured (established 16824 hind Z2048)>
ET: Hegistered protocol family 1
ET: Registered protocol family 17
F5: Mounted root {romfs Filesystem? readonly.
Freeing unused kernel memory: 52k freed (Bx11a2008 — BxilaedBB>

[Buz yBox vl . BB@-pre8 (2005 _02_.22-21:38+0000> Built—in shell <{msh)>
Enter 'help’ for a list of built—in commands.

ft hda: CF 16MB. CFA DISK drive

hdb: no response (status = Bxff), resetting drive
hdb: no responze C(status = Oxff)>

ided at Bx80920900-0»80720987.0x80220238 on irg 5
hda: max request size: 128HiB

hda: 31232 sectors <15 MB)> wrs1KiB Cache, CHS=61-16.-32
hda: hdal

Figure 16: hda Console Message

3. Partition the CF card by typing the following command from the Linux Command Prompt:

fdisk /dev/had

As shown in Figure 17:
From the main menu of the fdisk command, type the “n” command to build new partition.

1.
2.

W

N

€69

When prompted for an extended or primary partition, issue “p” to select the primary

partition.
When prompted for a partition number, issue the “1” command.

When prompted for the start sector, press the “Enter” key on your keyboard to take the

default value.

When prompted for the end sector or size, press the “Enter” key on your keyboard to take

the default value.

When you are brought back to the main menu, issue the “w” command to save the changes

to the CF card.
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SOPC Builder 4.20

» extra functionality Cexperts onlyd

ommand {m for helpl: n
omnand action
e extended
P primary partition <1-4)>

artition numbher <(1-4>: 1

Firzt cylinder (1-61. default 1)>:

ging default value 1

Lazt cylinder opr +zize or +sizeM or +sizeK <1-61, default 612>:
sing default value 61

ommand <m for help): w
he partition tabhle has been altered?

alling ioctl{) to re-read partition tahle.
hda: hdail
hda: hdail

JARNING: If you have created oy modified any DOS 6.x
artitions, please see the fdisk manual page for additional

Figure 17: Create CF Card Partition

Now you are back to the Linux Command prompt.

7. Make a ext2fs on the /dev/hdal by typing the command below:
mke2fs /dev/hdal

8. Mount the /dev/hdal to the Linux file system by typing the command below:
mount -n /dev/hdal /mnt/ideO

9. You will get the messages shown in Figure 18.

SOPC Builder 4.20

it mkeZfz ~dev-hdal
mke2f=z 1.25 hda: hdal
hda: hdal
(28—-Sep—28A1>
ext2fs_check_if _mount: Mo such file or directory while determining whether ~devu/|
hdal is mounted.
Filesystem label=
08 type: Linux
Block size=1824 (log=@>
Fragment size=1024 (log=08>
3984 inodes,. 15688 blocks
88 blocks <5.88x)> reserved for the super user
First data block=1
block groups
8192 blocks per group,. 8192 fragments per group
19752 inodes per group
uperhlug?ggackups stored on hlocks:

Jriting inode tables: done
Writing superblocks and filesystem accounting information: done

Thiz filesystem will bhe automatically checked every 32 mounts op
B days, whichever comes first. Use tune2fs —c or —i to override.

Figure 18: Make ext2fs on CF Card

- So far you have got a read and writeable Extended 2 Filesystem (ext2fs) on your CF
card and it can be accessed by Linux that is located under /mnt/ide0.

- Try to create a new folder test on the CF card to test the ext2fs you created just now
(refer to Figure 19).
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i mount —n Adevshdal ~/mnt/ideB
hda: hdal
hda: hdail
# cd /mnt/ided
t 1s
st+found test
i mkdir testtest

lost+found test testtest
1

< ext2fstest >>

Figure 19: Test the ext2fs on the CF Card

7.3 Configure the Network

In this section we are going to configure the network of both the target and the PC. The IP
addresses used here are the [P addresses beginning with 192.168. that are usually used for hosts
inside of a LAN. You can consult your network administrator for other IP addresses if you
don’t want to use those “fake” IP addresses.

The IP address for the PC here is 192.168.1.10 and the Netmask is 255.255.255.0.
The IP address for the target side is 192.168.1.20 and the Netmask is 255.255.255.0.

Please follow the steps below to make the networking configuration on the PC side.

1. To open the TCP/IP setting, select Start | My Network Places

2. Right-click on the My Network Places and select Properties from the drop-down menu.

3. The Network Connections window appears.

4. Right-click on the Local Area Connection and select Properties from the drop-down

menu.

The Local Area Connection Properties window appears.

6. Select Internet Protocol (TCP/IP) in the General panel and click on the Properties icon
under it (refer to Figure 20).

N
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-4 | ocal Area Connection Properties

General | Authentication | Advanced|

Connect using:

| HE IntellR)PROA000 CT Metwork Connection
Thiz connection uses the following items:

[ g Client for Microzoft Metworks |
v .@ File and Printer Sharing for Microsoft Networks
v QQDS Packet Scheduler
(2 [ntemet Protocol [TCRAF)

Dezcrption

Tranzmizzion Contral Protocol/Internet Pratocal. The default
wide area netwark, pratocol that provides communication
across diverse interconnected networks.

Show icon in notification area when connected

’ 1] 8 ][ Cancel ]

Figure 20: Local Area Connection Properties Window

7. The Internet Protocol (TCP/IP) Properties window appears.

8. Click on the icon Advanced... near the bottom of the window.

9. The Advanced TCP/IP Settings window appears.

10. Click on the Add... icon under the IP Addresses area in the IP Settings panel.

11. Add the IP address 192.168.1.10 and the netmask 255.255.255.0 to the IP Addresses (refer
to Figure 21).
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Advanced TCP/IP Settings

IF Settings | DMS | WINS | Options

IF addresses

| 1P EE:I.ress- ; S‘L:l?:;‘u‘il mask
192.168.1.10 2B5 255 25R.0

add. | [ Edt. || Remove |

Default gateways:

| Gateway Metric:
130.15.521 1

Add. | [ Edt. | [ Remove

Automatic metrc

[ Ok I [ Cancel

Figure 21: Setting up IP Address
12. Click on the OK icon to exit the [P address-setting procedure.
Follow the instructions below to configure the network of the target:

— At the Linux command prompt, type:
busybox ifconfig eth() 192.168.1.20 netmask 255.255.255.0

— Test the networking configuration by typing the following command:
ping 192.168.1.10

If the networking configuration is properly set, you should see the response from the PC
with the IP address 192.168.1.10.

Please follow the instruction below to start the web sever boa on the target board

— At the Linux command prompt, type:
boa &

Now you have the network configured on both the PC and the target board. The web server
boa also has been invoked on the board. To test the networking and the web server function,
open a browser like Internet Explorer on the PC, and type 192.168.1.20 in the Address field,
press the Enter key, then you will be able to access the web page pre-built on the target board,
as shown in Figure 22. You can also create you own web page to replace the existing one in the
file system project in the Nios II IDE.
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2§ CMC-SLPS for Embedded Systems - Microsoft Internet Explorer E“E||g|

File Edit ‘iew Favorites Tools  Help #

E 5 = ; = i F 3
@ Back - > Iﬂ Ig ; ;\J /- ) Search iﬂ'}.{" Favaorites @ Media ﬁ‘i ‘ - L,;; ﬁ 2 _l
Address |.§ http:fi192. 163, 1,200 v| Ga | Links
Y‘, - @+ ] ' )= Mew Toolar Update - | 60 Mail + (@ My ¥ahoo! bE
GGOSIE - | w | 8 Search web @ &1 10 blocked (=] Ao E Cptions 2

M j_ C I‘ o _t I_ DI]_ Change zoogle Tool
Nios 11
Linux 1.3 -

Nios I1
development Kit,
Stratix

: Professional

@ Done & Inkernet

Figure 22: Accessing Web Page from the Board

15 ¢

You have completed the tutorial: you have modified the full featured platform to make it
support the CompactFlash card and created the Linux kernel and file system projects and
configured them to support networking function, a web server application and write/read mode
to the file system of the embedded Linux.

For help with your own projects using embedded Linux and the SLPS, you may want to
consult other users through the discussion forum accessible via CMC’s Technology Gateway:
https://www]1.cmc.ca/clients
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Appendix A: CompactFlash Pinout Table

Pin on CF | CF Function | Connect to Pin on Single Name Pin Type
FPGA
1 GND GND
2 D03 M4 data[3] I/O
3 D04 N6 data[4] I/O
4 D05 N1 data[5] I/0
5 D06 N9 data[6] I/O
6 D07 P3 data[7] I/O
7 CE 12 cs n[0] 0)
8 Al0 M7 addr[10] O
9 OE K7 atasel n O
10 A09 K3 addr[9] O
11 A08 H3 addr[8] O
12 A07 L7 addr[7] O
13 VCC H4
14 A06 L8 addr[6] O
15 A05 H2 addr[5] O
16 A04 HI addr[4] O
17 A03 L6 addr(3] O
18 A02 L10 addr(2] O
19 A01 I3 addr[1] O
20 A00 L9 addr[0] O
21 D00 N3 data[0] I/O
22 DO1 L2 data[1] I/O
23 D02 N8 data[2] /O
24 WP K4
26 CDl1 R3 detect
27 D11 M3 data[11] /O
28 D12 N7 data[12] I/O
29 D13 L1 data[13] /O
30 D14 N4 data[14] I/O
31 D15 L3 data[15] I/O
32 CE2 K8 cs n[1] 0)
33 VS1 GND
34 OIORD M9 iord n O
35 IOWR M10 iowr n O
36 WE L5 we n O
37 RDY/BSY M5 intrq_ n I
38 VCC H4
39 CSEL GND
40 VS2 no connect
41 RESET reset n
42 WAIT K1 iordy n I
43 INPACK J4
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44 REG G2 rfu 0)

45 BVD2 J1

46 BVDI M8

47 D081 N10 data[8] I/0

48 D091 M2 data[9] I/0

49 D101 N5 data[10] 1/0
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