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to correct any errors contained herein or to advise any user of this document
of any correction if such be made. LSC recommends its customers obtain the
latest version of the relevant information to establish, before ordering, that the

information being relied upon is current.

Type Conventions Used in This Document

Convention Meaning or Use

Bold Items in the user interface that you select or click. Text that you type
into the user interface.

<ltalic> Variables in commands, code syntax, and path names.

Ctrl+L Press the two keys at the same time.

Courier Code examples. Messages, reports, and prompts from the software.

Omitted material in a line of code.

Omitted lines in code and report examples.

[1 Optional items in syntax descriptions. In bus specifications, the
brackets are required.

) Grouped items in syntax descriptions.
{3} Repeatable items in syntax descriptions.
| A choice between items in syntax descriptions.
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LatticeMico32 System
Quick-Start Guide

This guide serves as a tutorial to enable you to set up and use a fully
functional Linux-based environment on a LatticeECP2-50-based development
board in approximately 60 minutes by using a WindowsXP/Cygwin or a Linux
environment as host platform. It starts by showing you how to set up the
environment and concludes by demonstrating how to test and evaluate Linux
on LatticeMico32. You will use the pre-built binaries of the demonstration
distribution and a pre-generated binary platform bitstream.

Each section in this guide depends on successful completion of the previous
section.
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Prerequisites

The following prerequisites must be met before you proceed with setting up
the environment.

Lattice Semiconductor ispLEVER Tools

The ispVM and LatticeMico32 System tools must be installed and functioning
on your system.

TFTP Server

The TFTP server is used to load the binaries onto the board as soon as
U-Boot is available.

This guide assumes that a working TFTP server is available at a known IP
address. Use the IP address of 192.168.0.1 as the default for this server.

You can download TFTP server software from the following Web sites:

Note

These links are suggestions, not recommendations.

http://code.google.com/p/tftpgui/
http://pagesperso-orange.fr/philippe.jounin/tftpd32.htmi

http://sourceforge.net/projects/tftp-server/

* & o o

http://www.wintftp.com/index.php?option=com_frontpage&Iltemid=1

If your development machine has a Linux operating system, it should also
include an TFTP server.

For information on setting up TFTP by using Cygwin, click on the following
link: https://linuxlink.timesys.com/docs/windows_tftp.

ISpVM System

To program the pre-generated bitstream to the flash memory on the
development board, you must install ispVM System and ensure that it is
functional.

Im32-elf-gdb and TCP2JTAGVC2

Lm32-elf-gdb and TCP2JTAGVC?2 are required for copying and programming
the U-Boot boot loader to the board. These applications are part of the
ispLEVER and LatticeMico32 System tool suites.

Also part of this tool suite is the LatticeMico32 System SDK shell on Windows,
which you will use to unpack the binary distribution tarball and start Im32-elf-
gdb.
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Remote Serial Console

An application for setting up a remote serial console over a RS-232 serial
connection is needed for configuring and using U-Boot and Linux in an early
stage. The PUTTY application, which you can obtain at
http://www.chiark.greenend.org.uk/~sgtatham/putty, is recommended and is
used in this guide for this purpose. You must use version 0.59 or later.
Alternatively, you can use HyperTerminal, which is shipped with Windows 95,
Me, 2000, and XP. On Linux, you can also use Picocom.

Binary Distribution Tarball

The binary distribution is delivered as a tar.gz tarball named Im32linux-
<yyyymmdd>bin.tar.gz. It is usually identifiable by the “bin” appellation at the
end of the file name. This tarball is required because it contains the pre-built
U-Boot, the Linux LatticeMico32 binaries and images, and the pre-generated
bitstream. The bitstream is identical to the fully featured bitstream (ecp250full
or ECP250full_config) shipped with the sources (see “Pre-Generated
Bitstreams” in the Linux Port to LatticeMico32 System Reference Guide).

Setting Up the Build Environment

Now that all the prerequisites are met, you can set up the build environment.

Starting the LatticeMico32 System SDK Shell

This step applies only to Windows. If you are using Linux, you can use any
shell terminal window.
To start the LatticeMico32 System SDK shell:

¢ Start the LatticeMico32 System SDK shell by clicking Start > All
Programs > Lattice Semiconductor > Accessories > LatticeMico32
System SDK Shell.

The LatticeMico32 System SDK shell now appears, as shown in Figure 1.

Figure 1: LatticeMico32 System SDK Shell

=, LatticeMico32 System Cygwin Shell -3 ﬂ

[’1 %
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Setting Up the Build Environment

Unpacking the Distribution Tarball

To unpack the distribution tarball:

1. Copy the binary distribution tarball to the root directory of the SDK shell.
Assuming that the tarball is located in C:\Downloads\ and is named
Im32linux-<yyyymmdd>bin.tar.gz, you would use the following command:

cp C:\\Downloads\\Im321inux-<yyyymmdd>bin.tar.gz /

2. Unpack the tarball by typing the following command:

tar -xzf Im321inux-<yyyymmdd>bin.tar.gz

3. Now move to the newly created directory called Im32linux-

<yyyymmdd>bin and list its contents:

cd Im321inux-<yyyymmdd>bin
Is

These transactions are shown in Figure 2.

Figure 2: Unpacking the Distribution Tarball

LatticeMico32 System Cygwin Shell

[#]1 § cp C:s\DownloadsssIm321linux—-YYYYMMDDbin.tar.gz
1s

etc  Im32linux-YYYYMMDDhin.tar.gz
1libh proc

cyguwin.bat
cyguwin.ico

p —xzf Im321linux—YYYYMMDDbin.tar.g=

etc  Im32linux—YYYYMMDDhin
1libh 1Im32linux-YYYYMMDDbin.tar.g=

cyguwin.bat
cyguwin.ico

[#]1 § cd 1m32linux—¥YYYYMMDDbin

[/1n321inux-YYYYMMDDbinl $ 1s
inited.img
platform.bit

[/1m321inux— YYYYHHDDhln] $

vmlinux
vmlinux.img

u—hoot
u-hoot .bhin

BEE
[«

proc
tmp

LLE o
vap

Tarball Contents

The distributed tarball contains the following files:

¢ README, which is a text file that describes the tarball contents and

contains a quick-start guide

platform.bit, which contains the pre-generated binary bitstream that will be
programmed into the board by ispVM System

MSBplatform.msb, which is the LatticeMico32 Mico System Builder .msb
file from which the platform.bit file was generated

u-boot.bin, which is the stripped U-Boot binary to be programmed into the
flash memory

u-boot, which is the unstripped U-Boot binary for optional JTAG
debugging by GDB. This binary is used in the following sections for
loading the stripped U-Boot into flash memory.
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Downloading the Bitstream to the FPGA

¢ vmlinux.img, which is the stripped and compressed Linux LatticeMico32
kernel image for U-Boot

¢ vmlinux, which is the unstripped Linux LatticeMico32 kernel binary for
JTAG debugging by GDB. (This guide does not cover this topic.)

< initrd.img, which is the ext2 initial RAM disk (file system) image.

Providing Required Files Through TFTP

Through the TFTP server, you must provide the following files from the tarball
for downloading onto the board:

¢ Uu-boot.bin
¢ vmlinux.img

< initrd.img

To provide files from the tarball:

1. Create a directory named Im32linux in the TFTP server’s root directory
and copy these three files to this newly created directory. On Linux, you
may need superuser permissions.

2. After this, you can obtain the files by using the following command:

tftp 192.168.0.1 get <filename> /Im321inux/<filename> .

Downloading the Bitstream to the FPGA

A pre-generated hardware bitstream, platform.bit, is included in the distributed
binary release tarball. The provided pre-built U-Boot was configured for this
hardware setup. This bitstream must be programmed to the FPGA on the
present LatticeECP2-50-based board.

Components and Memory Layout of the

Bitstream

Table 1 shows the supported components and the memory layout of the
bitstream that was built from the provided MSBplatform.msb file.

Table 1: Components and Memory Layout

MSB Name Component Memory (Size in Bytes) Mapped to Driver
LM32 CPU - CPU

flash Flash 0x04000000 (33554432) FLASH
ddr_sdram DDR RAM 0x08000000 (67108864) DDR_SDRAM
uart UART 0x80000000 UART

timer0 Timer 0x80002000 TIMER
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Table 1: Components and Memory Layout

MSB Name Component Memory (Size in Bytes) Mapped to Driver
timerl_devonly Timer 0x80010000 TIMER
timer2_devonly Timer 0x80012000 TIMER
ts_mac_core Tri-Speed Ethernet MAC 0x80008000 TRISPEEDMAC
LED LED 0x80004000 LEDS
LED_7Segs 7-Segment LED 0x80006000 7SEG

Programming the Bitstream

Programming the distributed hardware bitstream, platform.bit, to the FPGA is
performed with the ispVM System tool. On Windows, you can start this tool by
selecting Start > All Programs > Lattice Semiconductor > Accessories >
ispVM System. On Linux, start it by running the following script on the
command line:

<isSpLEVER_install_path>/ispvmsystem/ispvm

See “Task 4: Downloading the Hardware Bitstream to the FPGA” in the
LatticeMico32 Tutorial for information on downloading the bitstream to the
FPGA on the board. You can obtain this document through the Lattice
Semiconductor Web site.

Loading U-Boot

After programming the bitstream to the FPGA, you must load U-Boot onto the
board and into the flash memory. You will use GDB, the TFTP server, and
PUTTY to do this.

For more information on U-Boot, go to the following Web site:

http://www.denx.de/wiki/UBoot

Setting Up the Hardware

You must first set up the hardware and establish the connection between the
board and the host:

1. Connect the JTAG interface and the serial interface (RS-232) to the host
computer.

2. Power up the board, if you have not already.
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Setting Up the Remote Serial Console

An application for setting up a remote serial console over a RS-232 serial
connection is used to communicate with the board as soon as U-Boot is
uploaded in order to set it up.

The following two sections describe how to configure PUTTY and
HyperTerminal for this task. Only one of the two programs is needed, and
although it is recommend that you use PUTTY (the accompanying
screenshots will show the output in PUTTY), you can use HyperTerminal
without limitation as well.

Setting Up PUTTY
It is recommended that you use PUTTY as the remote serial application. You

can obtain it free at http://www.chiark.greenend.org.uk/~sgtatham/putty/. You
must use version 0.59 or later.
To set up PUTTY:
1. Download the putty.exe file and run the program.
An installation of the software is not required.

Immediately after you start the application, the PUTTY Configuration
dialog box appears.

2. Inthe PUTTY Configuration dialog box, do the following:
a. Choose Serial as connection type.

b. In the Serial Line box on Windows, specify the COM port to which the
board is connected. On Linux, the default serial port is /dev/ttyS0, and
you must have “rw” permission.

c. Inthe Speed box, set the baud rate to 115200.

d. On the Category menu at the left, choose Serial (at the bottom of the
list), and change the flow control setting to None.
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The PuTTY Configuration dialog boxes on Windows are shown in Figure

3.

Figure 3: PUTTY Setup

&2 PuTTY Configuration

Cateqgory:

- Session Basic options for your PUTTY session
L.ogglng Specify the destination you want to connect to
[=- Terminal -
Serial line Speed
Keyboard
Bel [cam1 |[115200 |
Features Connection type:
(=) window O Baw (O Teet O Rlogn (S5H (&) Serdial
A
D Load, save or delete a stored session
Behaviour
Translation Saved Seszions
Selection | LatticeMico32 |
Colours i
[ efault Settings
[=- Connection @]
Ciata G
Do
FRilogin
SSH
el Cloze window on exit:
O slways  OMever (&) Only on clean exit

l

Open ] [ Lancel

]

&2 PuTTY Configuration
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(=~ Terminal
Keyboard
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(= Window
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Behaviour
Translation
Selection
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Telnet
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Stop bitz
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FElows contral
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15200
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= = =
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e. If you want to save your settings, switch back to Session in the
Category box; enter a configuration identification name, such as
LatticeMico32, in the Saved Sessions box; and click Save in the first

dialog box.

f. Click Open to establish the connection to the board.
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The setup is how complete.

Setting Up HyperTerminal in Windows

Although it is recommended that you use PuTTY, you can also use
HyperTerminal on Windows.

To set up HyperTerminal:

1.

You can start HyperTerminal by selecting Start > All Programs >
Accessories > Communications > HyperTerminal.

If the application is not installed on your computer, you can find it on the
Windows installation CD. You can install it by using the Add or Remove
Programs tool in the Control Panel.

After starting HyperTerminal, create a new connection. Provide a name
that describes the connection, such as LatticeMico32, and use the COM
port to which the board is connected (that is, “Connect using” should be
set to one of the COM ports).

In the following dialog box, do the following:
a. Select a baud rate (that is, bits per second) of 115200.
b. Select 8 data bits.

Set parity to None.

c
d. Set stop bitto 1.

e. Set the flow control to None.
f

Confirm your settings by clicking OK.

Loading U-Boot into RAM by Using JTAG and
GDB

Before writing U-Boot into flash memory, you must load it into RAM and start it
from there.

To load U-Boot into RAM and start it:

1.

If you are using Windows, start a new LatticeMico32 System SDK shell,
as described in “Starting the LatticeMico32 System SDK Shell” on page 3.
If you are using Linux, open a new shell terminal window.

Now you should have two shells opened, where the current working
directory of the first shell is /Im32linux-<yyyymmdd>bin/, and the current
working directory of the second one is /.

If you are using Windows, type TCP2JTAGVC?2 in the second shell
(current directory /) window and press Enter to start the application.

If you are using Linux, perform the following steps:

a. Make sure that a USB driver is installed (refer to <isptools_install_dir>/
ispvmsystem/ispVMLinuxInstallation.pdf for information).

b. In a c-shell, source setup_Iv.csh located in <isp_lever_install_dir>/
ispcpld/bin directory.
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c. Source LatticeMico32.csh (. ./ LatticeMico32.sh on the Korn shell),
which is located in the <Im32_install_dir> directory.

d. Go to <Im32_install_dir>/gtools/bin and execute by entering
TCP2JTAGVC?2.

This server, which is started in background, provides a proxy between the
JTAG interface and the GDB client.

3. Inthe first shell (current directory /Im32linux-<yyyymmdd>bin/) window on
Windows, start GDB for the LatticeMico32 architecture by executing
Im32-elf-gdb. If you are using Linux, start GDB for the LatticeMico32
architecture by executing the following command in the first shell terminal
window:

<Im32_install_dir>/gtools/bin/Im32-elf-gdb

After GDB has finished, the two shell windows in Windows should look
something like those shown in Figure 4.

Figure 4: Im32-elf-gdb and TCP2JTAGVC2 Windows

=, LatticeMico32 System Cygwin Shell -3 ﬂ
B

[/1mn321inux-YYYYMMDDhinl % 1m32-elf-gdh

GNU gdb 6.5

Copyright (C> 2886 Free Software Foundation. Inc.

IGDB iz free software,. covered by the GHU General Public License. and you are
e lcome to change it andrsor distribute copies of it under certain conditions.
Type "show copying" to see the conditions.

There iz absolutely no warranty for GDB. Type “show warranty" for details.
Ehiﬁ)GDB was configured as "——host=i686—-pc—cygwin ——target=1lm32Z-elf'.

o

[+1 § TCP2ZJTAGUC2
11/33/37 16:15:24 JTAGLEerver listening on port 4808.
[s1

=, LatticeMico32 System Cygwin Shell -3 ﬂ
B

4. In the first shell window, enter the target remote localhost:1000 GDB
command to establish a connection between the board and the
TCP2JTAGVC2 proxy. For Linux, at the GDB command enter target
remote localhost:5000.
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The shell in which TCP2JTAGVC2 was started displays debug information
if the connection was established successfully, as shown in Figure 5.

Figure 5: Im32-elf-gdb and TCP2JTAGVC2 Connecting

=, LatticeMico32 System Cygwin Shell

[/1mn321inux-YYYYMMDDhinl % 1m32-elf-gdh

GNU gdb 6.5

Copyright (C> 2886 Free Software Foundation. Inc.

IGDB iz free software,. covered by the GHU General Public License. and you are

e lcome to change it andrsor distribute copies of it under certain conditions.

Type "show copying" to see the conditions.

There iz absolutely no warranty for GDB. Type “show warranty" for details.
' =ibBb6—pc—cygwin —target=1lm32-elf".

{gdb> target remote localhos

Remote debugging using local

B:xAAAAA314 in ?7 (>

=, LatticeMico32 System Cygwin Shell -3 ﬂ
B

[#1 § TCP2ZJTAGUC2
118987 17:43:24 JTAGLEerver listening on port 4808.
[+1 % Connected to debugger at 127.0.08.1:1876
iConnected to target CPU:

CFG CSR: Bx44828%9cf

Multiply enabled: TRUE

Divide enahled: TRUE

Barrel shift enabled:

8ign extend enabled:

User enahled:

Cycle counter enabled:

D-Cache enabled:

I-Cache enahled:

Debug enabled:

HsW debug enabled:

ROM debug enabled:

JTAG UART enabled:

Interrupts:

Breakpoint

Watchpoints:

Revision:

5. Enter the load ./u-boot GDB command to upload the U-Boot JTAG
debugging executable to the board using its JTAG interface.

6. Once the executable has been loaded into memory, enter the the ¢
(shorthand for continue) GDB command, which starts U-Boot from RAM.
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PuTTY, which you have already configured, should show the output of the U-
Boot boot loader start-up sequence and should present you the U-Boot
command-line interface, as shown in Figure 6.

Figure 6: U-Boot Output and CLIin PuTTY

£ COM3 - PuTTY

U-Boot 1 ( 7 ?) [Theobroma Systems]

LatticeMico
Device | r dditional information

000000
= 000000
Timer 0 002000
Timer 1
Timer 2
UART © Baud Rate: 115200
o
ment O
peedMAC O

enabled
enabled
enabled
disabled

Cycle r disabled
Instruction cache: enabled
Data cache: enabled

2mac version 0x10000 @ 0x80008000
MACHD

Configuring the Network Interface

Now that you have started the U-Boot for JTAG debugging, the “real” U-Boot
should be programmed into flash memory. But first you must configure the
board’s network interface through U-Boot to be able to obtain the U-Boot
binary using the TFTP server.

Setting Environment Variables in U-Boot

Set environment variables in U-Boot with the setenv command, using the
following syntax:

setenv <variables> <value>

See “Configuring the Network Interface in U-Boot” on page 23 of the Linux
Port to LatticeMico32 System Reference Guide for information on the
environment variables that you can use to configure the network interface in
U-Boot.

For example, to set the ipaddr variable to 192.168.0.10, you would type this:
setenv ipaddr 192.168.0.10
You can permanently save environment variables by using the saveenv

command, which writes the configuration to a protected sector in the flash
memory of the board and is loaded each time U-Boot starts.
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Checking Environment Variables in U-Boot

You can use the printenv and bdinfo commands on the console command line
to check the U-Boot settings:

printenv  Prints all set environment variables. The syntax is as follows:

printenv

Here is an example:

Im32# printenv

bootdelay=5
baudrate=115200
ethaddr=12:34:56:78:ab:cd
ethact=Im32MAC#0
filesize=1000040
fileaddr=8000000
stdin=serial
stdout=serial
stderr=serial
ipaddr=192.168.0.100
netmask=255.255.255.0
serverip=192.168.0.1

bdinfo Provides basic information on the board, such as:
¢ Flash memory range (address and size)

¢ Ethernet MAC address

¢ |P address
.

UART baud rate

Here is an example of the board information provided by the bdinfo command:

Im32# bdinfo

boot_params = 0x00000000
memstart = 0x00000000
memsize = 0x00000000
flashstart = 0x04000000
flashsize = 0x02000000
flashoffset = 0x00000000
ethaddr = 92:68:00:10:00:00
ip_addr = 192.168.0.100
baudrate = 115200 bps

The U-Boot startup banner provides comprehensive information on the board
configuration. Following is a sample banner:

U-Boot 1.2.0 (Jan 27 2008 - 23:39:54) [Theobroma Systems]

LatticeMico32 board configuration:

Device | Base Address | Additional information
_______________ e
CPU O | | Frequency: 75000000 Hz
Flash O | 0x04000000 | Size: 33554432 (32 MB)
DDR SDRAM O | 0x08000000 | Size: 67108864 (64 MB)
Timer O | 0x80002000 |
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Timer 1 | 0x80010000 |
Timer 2 | 0x80012000 |

UART O | 0x80000000 | Baud Rate: 115200
LEDs O | 0x80004000 |

7Segment O | 0x80006000 |

TriSpeedVAC O | 0x80008000 |

LM32 configuration options:

Hardware multiplier: enabled
Hardware divider: enabled
Hardware barrel-shifer: enabled
Sign-extension instructions: disabled
Cycle counter CSR: disabled
Instruction cache: enabled
Data cache: enabled

Im32mac version 0x10000 @ 0x80008000

Im32MAC#0

In: serial
Out: serial
Err: serial

Networking Environment Variables

The environment variables shown in Table 2 are used to configure the
network interface in U-Boot.

Table 2: Networking Environment Variables

Variable Description

ethaddr Sets the MAC address of the Ethernet interface (for example,
12:34:56:78:ab:cd).

ipaddr Sets the IP address of the Ethernet interface (for example,
192.168.0.100).

netmask Sets the net mask (for example, 255.255.0.0).

serverip Sets the IP address of the server on which the TFTP server

resides, that is, the server from which the binaries are fetched.

Changes made to the configuration are applied instantly.

Note

You can reset the ethaddr environment variable only once for each board. If the MAC
address has been changed once, U-Boot will refuse further change requests. See
“Changing the Ethernet MAC Address” on page 15 for instructions on changing the
MAC address.

The dhcp U-Boot command for obtaining the configuration from a network DHCP
server is not available in this build. You must configure the network interface manually.
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Example Configuration

The board’s network interface configuration depends on the network setup of
your environment, so only an example configuration can be given at this point.
You will probably have to adapt the parameters to suit your network setup.

Here is an example configuration with an IP address of 192.168.0.100, a net
mask of 255.255.255.0, and a server IP address of 192.168.0.1:

Im32# setenv ipaddr 192.168.0.100
Im32# setenv netmask 255.255.255.0
Im32# setenv serverip 192.168.0.1
Im32# saveenv

You can use the ping command in U-Boot to verify connectivity to the server.
However, U-Boot does not reply to ping requests, so you cannot ping the
LatticeMico32 board running U-Boot from the server.

Figure 7 shows the configuration of the example network interface.

Figure 7: Example Network Interface Configuration

0x08000000
002000

Size: 67108864 (64 MEB)

|
80010000 |
80012000 |
80000000 | Baud Rate: 115200
80004000 |
80006000 |
80008000 |

enabled
enabled
enabled

disabled
disabled
Instruction cache: enabled
Data cache: enabled

rsion Ox10000 @ Ox80008000

Changing the Ethernet MAC Address

The default Ethernet MAC address for the LatticeMico32 Tri-Speed MAC is
12:34:56:78:ab:cd. You can override this default MAC address by setting the
ethaddr environment variable. For example, to set the MAC address to
02:00:01:02:03:04, enter the following command:

setenv ethaddr 02:00:01:02:03:04
Once you change the default MAC address and save the environment

variables with the saveenv command, you cannot program another MAC
address by simply using the setenv ethaddr command.
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To change a programmed MAC address for the LatticeECP2 board:

1.

Unlock the last sector (sector 127) of the CFI flash bank 1 by using the
following command:

protect off 1:127

You can use the flinfo command in U-Boot to obtain CFI flash information
for the LatticeECP2 board's CFlI flash configuration if your board’s flash
configuration is different.

Erase the last sector using the following command:
erase 1:127

Restart U-Boot, which will use the default settings. Now you can re-
program the MAC address. After you erase the flash, all environment
variables are erased, so you must reprogram the environment variables
that you explicitly set earlier.

Writing U-Boot into Flash Memory

Starting U-Boot from flash memory eliminates the need to use GDB and
TCP2JTAGVC2 every time the board is power-cycled.

To use TFTP to write U-Boot to flash memory once it is running:

1.

To obtain the U-Boot binary through the TFTP server, copy the u-boot.bin
file, which is the stripped U-Boot binary, to the TFTP /Im32linux/ directory,
if you have not already.

Set the serverip environment variable, if you have not already.

Load the U-Boot binary into an empty section of SRAM by using the tftp
command. The following example shows the binary loaded to the
0x08000000 address, since it is the base address of the SRAM and the
subsequent region should be empty.

Im32# tftp 08000000 /Im32linux/u-boot._bin

Erase the first two sections of the flash memory (0x04000000 to
0x0407FFFF) to which the binary will be stored by using the erase
command:

Im32# erase 04000000 0407ffff

Copy the binary from the address that you have loaded in SRAM
(0x08000000) to its destination at the beginning of the flash memory by
using the cp.b command:

Im32# cp.b 08000000 04000000 00080000

This command copies 0x80000 bytes, starting at 0x08000000 (SRAM
base address) and ending at 0x04000000 (flash memory base address)
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Figure 8 shows the process of writing U-Boot into flash memory.

Figure 8: Writing U-Boot into Flash Output

£ COM3 - PuTTY

ot. bin

.1; our IP address is 192.168.0.100
ot.bin".

erase 04000000 0407FFFT

cp. b 08000000 04000000 00080000
lash... done

Starting U-Boot from Flash Memory

If you have the FPGA bitstream programmed in the SPI flash, power-cycle the
board or press the Program button, then press the Reset button on the
LatticeECP2 board to start U-Boot automatically from flash memory.

U-Boot’s early initialization assembler code copies the boot loader to the
0x0CODCO000 address in SRAM and starts it from there each time that you
reset the board.

Booting the Linux Port to LatticeMico32

Now that U-Boot will start each time the board is reset, you are ready to boot
the Linux port to the LatticeMico32 kernel by using the TFTP server.

At first, the boot options for the Linux kernel must be set in U-Boot. Then the
kernel image and the initial RAM disk (initrd) are loaded from TFTP into the
RAM and started directly from there. Although this process is enough to run
Linux, you will program both images into the flash memory to run Linux
independently of the TFTP server.
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Setting Kernel Boot Options in U-Boot

The Linux kernel can use information given in the form of command-line
options at boot time. You set the boot parameters by modifying the bootargs
environment variable in U-Boot. The boot loader provides the contents of this
variable to the kernel at start-up. Like other environment variables, this one is
permanently saved when you use the saveenv command.

The Linux kernel parameters to be set depend on the present environment
setup. You may have to adapt the parameters given in this document to be
compatible with your setup. You can find a brief introduction to other useful
kernel boot options in the “Linux LatticeMico32 Kernel Boot Options
(bootargs)” section of the Linux Port to LatticeMico32 System Reference
Guide.

To load the kernel and the initial RAM disk from TFTP into RAM, set the boot
options in U-Boot as follows:

Im32# setenv bootargs "root=/dev/ram0
ip=192.168.0.100:192.168.0.1:192.168.0.1:255.255.255.0:::
console=ttyS0,115200 ramdisk_size=16384"

The first kernel parameter, root, tells the kernel that the ramO device (that is,
the RAM) will be used as the root file system while booting. The second
parameter, ip, tells the kernel how to configure the network interface. It uses a
colon-separated list of seven arguments in the following order:

¢ |P address for the local interface (192.168.0.100, as before)

¢ |P address of the server (192.168.0.1)

¢ |P address of the gateway (192.168.0.1)

¢ Net mask for the local interface (255.255.255.0)
¢ Host name (default value)

¢ Name of the network device (default value)

.

Auto-configuration (default: none)

If you would like to use a DHCP server to obtain an IP configuration, set the ip
parameter to dhcp (that is, ip=dhcp) as shown below:

Im32# setenv bootargs "root=/dev/ram0 ip=dhcp
console=ttyS0,115200 ramdisk_size=16384"

Note

If the LatticeECP2 board is not connected to a network with a DHCP server, the kernel
will repeatedly perform DHCP requests for obtaining an IP address

The parameter console is used to tell the kernel which device will be used as
the first virtual terminal, that is, the device to which the boot messages are
printed. To use the board's ttySO serial port with a baud rate of 115200, set
this parameter to ttyS0,115200. Finally, set the maximum size of the initial
RAM disk with the ramdisk_size parameter. To be on the safe side, use a size
of 16384 kB, even though the distributed initrd.img file is probably smaller.
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Loading the Kernel and the Initial RAM Disk
Through TFTP

You must configure U-Boot to load the kernel image and the initial RAM disk
from TFTP to fixed locations in RAM and use these locations to boot from.
Use the bootcmd environment variable in U-Boot to perform this
configuration.

Set the bootcmd environment variable and its parameters as in this example:

Im32# setenv bootcmd " tftp 0x08200000 /Im321inux/vmlinux.img;
tftp 0x08400000 /Im32linux/initrd.img;
bootm 08200000 08400000°

In this example, the bootcmd environment variable includes three single U-
Boot parameters:

¢ The first one (tftp 0x08200000 /Im32linux/vmlinux.img;) downloads the
vmlinux.img kernel image from the TFTP server directly to RAM at the
0x08200000 address.

¢ The second one (tftp 0x08400000 /Im32linux/initrd.img;) downloads the
initial RAM disk initrd.img to the 0x08400000 RAM address.

¢ The third command (bootm 08200000 08400000) instructs the kernel to
boot from memory at the 0x08200000 address and use the initial RAM
disk at 0x08400000.

These commands are executed in order right after the boot command is
executed or the board is reset. If the bootcmd environment variable is set and
permanently saved to flash memory with the saveenv command, the boot
command will be executed automatically each time the board is reset after
starting the boot loader.

After setting the bootcmd environment variable and parameters, save the
configuration by using the saveenv command:

Im32# saveenv
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Figure 9 summarizes this procedure.

Figure 9: Setting Boot Command and Options
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Booting the Kernel

The U-Boot boot command reads the bootargs and bootcmd environment
variables and follows the instructions given. Provided that both variables are
set correctly, the boot command should successfully initiate the downloading
of the images and the Linux kernel boot process, as shown in Figure 10.

Figure 10: U-Boot Downloading the Images
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Loading:

done
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Loading: #

If you saved the environment variables by using the saveenv command, the
kernel will start automatically after resetting the board and after a short waiting
period to enable you to interrupt the boot process, if needed.
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The kernel boot process produces many lines of debug and status output.
After that, a login shell appears, as shown in Figure 11. Use login name “root”
and password “lattice” to log in as a root user.

Figure 11: Linux Login Prompt
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H

d: hostname Tm32_eval_ecp250
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Welcome to Linux on LatticeMico32!

Jan 1 00:02:59 login[20]: root login on "ttyS0"

BusyBox v1.7.1 (2007-11-02 15:57:34 CET) built-in shell (msh)
Enter "help® for a Tist of built-in commands.

root:~# [J

Programming the Images into Flash Memory
(Optional)

Each time that you reset the board or execute the U-Boot boot command, the
kernel and the RAM disk images are loaded from TFTP to the board’s RAM.
This process is not only very time-consuming but also requires that the TFTP
server always be present. For this reason, you will now program the two
images permanently to flash memory and start the kernel from there.

Starting the Kernel from Flash Memory

To start the kernel from flash memory:

1. Reset the board and press any key to stop the automatic boot function, as
shown in Figure 12.
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You should see the U-Boot prompt.

Figure 12: Stopping the U-Boot Automatic Boot Feature
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Note

See “Configuring the Automatic Boot Delay” on page 27 for information on
changing the automatic boot delay.

2. Download the kernel image to RAM by using U-Boot:
Im32# tftp 08000000 /Im32linux/vmlinux.img

Only the region at the end of the RAM is used in U-Boot, so you can even
use the RAM regions at the very beginning for copying.

3. To verify that the downloaded data is correct, enter the following
command:

iminfo 08000000

The system now prints a number of lines containing information on the
image type. If the data is correct, you will see Verifying Checksum

- .. OKonthe lastline. If the data is not correct, you will see Verifying
Checksum ... BAD on the last line.

4. Since the U-Boot already resides in the first two sectors from 0x04000000
to 0x0403FFFF, you must write the kernel to an adjacent region. Choose
0x04040000. Since the kernel image is compressed, you must only erase
the next five sectors:

Im32# erase 04040000 0417ffff

5. Use the following command to copy the kernel image from the RAM to the
emptied flash sectors:

cp.b <from> <to> <length>

Here is an example of the cp.b command:
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Im32# cp.b 08000000 04040000 0x120000

6. To start the kernel from flash memory, you must modify the boot
commands, as shown in the following example and in Figure 13:

Im32# setenv bootcmd "tftp 0x08400000 /Im321inux/initrd.img;
bootm 04040000 08400000°

Now the initial RAM disk image comes through TFTP, but the kernel is
already loaded directly from the 0x04040000 address in the flash memory.

Figure 13: Writing the Kernel to Flash Memory and Modifying the Boot Commands

£ COM1 - PuTTY.

TFTF from
Fi

04040000 0O=1z0000
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7. Type saveenv, boot, or both to test the new setup; that is, start the
kernel from flash memory.

Writing the Initial RAM Disk to Flash Memory

To write the initial RAM disk to flash memory:

1. If you have started the kernel to test the setup, reset the board and press
any key to stop the automatic boot function.

2. Download the initial RAM disk image to RAM by using U-Boot:
Im32# tftp 08000000 /Im32linux/initrd.img

3. To verify that the downloaded data is correct, enter the following
command:

iminfo 08000000
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The system now prints a number of lines containing information on the
image type. If the data is correct, you will see Verifying Checksum
... OKonthe lastline. If the data is not correct, you will see Verifying
Checksum ... BAD on the last line.

4. Since the region 0x04000000 to 0x0417FFFF is already reserved for
U-Boot and the kernel image, you will save the RAM disk image to
0x04240000. The maximum size of the RAM disk image is 0x01000040
(16 MB plus a 64-byte header), so you must erase the adjacent
0x01040000 bytes (65 sectors) of the flash memory:

Im32# erase 04240000 0527fFfFff

5. Use the following command to copy the image from RAM to the flash
sectors:

cp-b <from> <to> <length>)
Here is an example:
Im32# cp.b 08000000 04240000 01040000

This task is very time-consuming and will take about 20 to 30 minutes to
complete.

6. Because the kernel cannot use the RAM disk image directly from flash
memory, you must copy the image from flash to RAM before booting the
kernel. Use the U-Boot boot commands for this purpose:

Im32# setenv bootcmd "ping 1.1.1.1; cp.b 04240000 08400000
01000040;
bootm 04040000 08400000*

The ping command attempts to ping address 1.1.1.1, which is non-
existent, so it fails when booting Linux, as shown in Figure 14. However, it
allows U-Boot to set up the address of the Tri-Speed MAC.

This command copies the RAM disk to 0x08400000, since the region
0x08000000 to 0x08400000 is used by the Linux kernel at run time.

Figure 14: Failure of the Ping Command
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7. Type saveenv, boot, or both to test the new setup; that is, start the
kernel and use the initial RAM disk from the flash memory.

Figure 15 shows these transactions.

Linux Port to LatticeMico32 System Quick-Start Guide 25



Linux Port to LatticeMico32 System Quick-Start Guide Booting the Linux Port to LatticeMico32

Figure 15: Writing the initrd Image to Flash Memory and Modifying the Boot Commands
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After you complete this task, the LatticeECP2-50 development board boots a
fully functional Linux LatticeMico32 kernel and loads the file system
containing the provided userland applications independently of any TFTP
server.
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Configuring the Automatic Boot Delay
You can change the automatic boot delay at run time.

To change the automatic boot delay:

1. Specify the new automatic boot delay by entering the following:
setenv bootdelay <number_of_seconds>
Here is an example that sets the automatic boot delay to 10 seconds:
setenv bootdelay 10

2. Save this configuration by entering the following:
saveenv

3. Verify the setting by printing the environment variable:

printenv

To configure the default automatic boot delay for the U-Boot build:

1. Edit the ECP250full.h header file, which is located in the u-boot/include/
configs/ directory under the sources installation directory, to modify the
following preprocessor definition, as in this example:

#define CONFIG_BOOTDELAY 5
2. Rebuild U-Boot.

Testing the Setup

You should now have a board that starts U-Boot and boots the Linux kernel
with the initial RAM disk file system automatically after a power cycle or a
reset. Now you are free to test and evaluate the Linux port to LatticeMico32
however you want to. Following are brief descriptions of the tools that you can
use in testing and evaluating the Linux port to LatticeMico32.
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telnet

Instead of using the serial port to operate with the board, you can use telnet. If
you connect your telnet client (for example, telnet 192.168.0.100, using the
default telnet port 23), the Linux login shell appears. Log in as user “root” and
provide the default root password, “lattice.” After you log in, the BusyBox built-
in shell (msh) appears, which is quite similar to bash, as shown in Figure 16.

Figure 16: Logging In by Using Telnet

1m32_eval ecp258 login: root
Password:
lelcome to Linux on LatticeMico32?

For further information check:
http://www.theobroma—systens .con/mico32/
thttp:/7wuww.latticesemi.com/

BusyBox vil.?.1 (2087-11-15 12:13:38 CET> built-in shell {msh)>
Enter *‘help’ for a list of built—in commands.

Userland Application

Once you log in, a variety of userland applications are available. Use the
following command to see a list of all applications available in the current
release:

Is /bin /usr/bin

HTTP Server

After you log in, the current working directory of the shell is the root account's
home directory, /root. Located in this directory is a shell script named
http_server.sh, which starts the built-in thttpd (HTTP) server. Start the server
by running this script:

root:~# ./http_server.sh

As long as the script is running, the HTTP server is available. You can stop
the server (and therefore the script) by pressing Ctrl-C.

Start your preferred Web browser and open URL http://192.168.0.100/.
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If the server has been started successfully, a test Web page should be
provided by the board, as shown in Figure 17.

Figure 17: HTTP Server Test Web Page
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LatticeMico32 ECP250 - Test Webpage

If you're seeing this page via a web browser, it means the HTTP server is up and
running on the LatticeMico32 ECP250 development board.

Congratulations!
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LED Switch Web Application

This section demonstrates how to use a Web application running on Linux to
perform hardware-related tasks. Start the HTTP server using the
http_server.sh script, start your Web browser, and open the URL
http://192.168.0.100/cgi-bin/lm32_leds.cgi. A demonstration Web application
for turning the board’s LEDs on or off should appear, as shown in Figure 18.
Click the switch links to switch the state of the corresponding LED.

Figure 18: HTTP Server LED Switch Web Application

2 LatticeMico32 ECP250 - LED Demo - Microsoft Internet Explorer

Datei  EBearbeiten  Ansicht  Favoriten  Extras 7 '-,:l

Adresse @;‘] http:fi192,168.0, 100 cgi-binflm32_leds. cgitswitch=3 i

LatticeMico32 ECP250 - LED Demo

This web application allows you to turm the LEDs of the board on or off. Give it a try!

LED O is: ON - switch
LED 1 is: ON - switch

LED 2 is: - switch
LED 3 is: - switch
LED 4 is: ON - switch
LED 5 is: - switch

LED 6 is: ON - switch
LED 7 is: ON - switch

i theobroma
L%ggscme' systems
@;‘] Fertig Q Inkernet

LED Switch Command-Line Application

Open two telnet connections to the board and log in to both. In the first telnet
window, start the Im32_led_server application, shown in Figure 19, which
represents a server application that awaits commands from a client to control
the board’s LEDs. In the second window, run Im32_led_client, shown in
Figure 20, without a parameter to get the usage message:

root:~# Im32_led_client
LatticeMico32 Command-Line LED Demo - Client
Usage:

Im32_led_client index [on]off]

Switch LED with the given index on or off. If no state is
given, the LED state is set to the opposite of its current
state.

Use this client to communicate with the server. The first parameter defines the
LED’s index. If no second parameter is given, the LED state is set to the
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opposite of its current state. To explicitly set the state, use the second
parameter: on tells the server to set the LED, and off tells the server to turn
the LED off.

Here are some example client calls:

root:~#
root:~#
root:~#
root:~#
root:~#
root:~#
root:~#
root:~#
root:~#

Following is an example of output from the server:

Im32_led_client 3 off
Im32_led client 3
Im32_led client 3 on
Im32_led_client 3
Im32_led_client 2
Im32_led_client 7 off
Im32_led_client 7 on
Im32_led client O
Im32_led client 0 on

root:~# Im32_led_server

Switched
Switched
State of
Switched
Switched
Switched
Switched
Switched
Switched

LED 3 off.

LED 3 on.

LED 3 unchanged.
LED 3 off.

LED 2 off.

LED 7 off.

LED 7 on.

LED O off.

LED O on.

Close the server by pressing Ctrl-C.

Figure 19: LED Switch Command-Line Server
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off.

off.

off.
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Figure 20: LED Switch Command-Line Client
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More Information

This section gives links to additional information on the topics in this
document.

For more information on the GCC tool chain and the GDB debugger, go to:
http://www.gnu.org

For more information on uClinux, go to:

http://www.uclinux.org

For more information on Linux, go to:
¢ http://www.linux.org

¢ http://kernel.org
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