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1.0 Introduction

1.1 Electrum Family of Controllers

The Electrum series of single board computerdased on an ARM9 microcontroller with a vast array of
peripherals including 10/100 Ethernet, analog and di ¢
this family of single board computers can be developed from concept to production quickBledtinem

family is available in standard configurations that include the more popular options used in embedded

applications. Custom configurations and design services are also available for applications with special

requirements.

1.2 Electrum 100Overview

The Electrum 100s a single board computdesigned forostsensitivecontrol applications that require high
performance, networking and reliable multitaskaagabilities. Powered by an Atmel ARM9268icore
capable ofunning at 400MHzit can fufill the most demanding requirements in monitorimgtrumentation,
data acquisition, process contrialctory automation and many other applicatiohs.extensive array of
peripherals is buiinto a small PicdTX form factor.

1.3 Electrum 100 Features

1 400MHz 32-bit ARM926EJS core
1 512 MB NAND Flash

1 Micro SD Socket

1 64 MB SDRAM

1 10/100 Ethernet

T Two RS232 Serial Ports

T 1%S, FC, SSI (SPI) Ports

1 DualUSB Hostports (12 Mbits per second)
1 One USB Device port (12 Mbits per second)
1

1

1

1

1

1

1

6 timers, 1 watchdog timet Realtime timer, 1 Periodic interval timer
47 GPIO

DebianLinux (armel)

+5V power supply required

Dimensions: 3.93ches x2.83inches(100mm x 72mm)

4 Electrum 100Options

I/0 Plus Option
0 8-Channel 12bit ADC
0 4-Channel 12bit DAC
0 171 RS485 port
o LCD Port
o0 Keypad Port
1 Batterycircuit
0 Realtime clock
0 Shutdown
0 Requires SR 44 battery

June, 2010 1



L
. Micromint
Introduction N—" =4

|
SR44 Battery Holder (B1) |

Dual USB Type A Connector
(J12)

micro USB Connector (J16)

micro SD Connector (J9)

T

|

[

\

\

\

\

| |
\

[ MCUJTAG Connector

\ (J15)

\

| |
\

| |
i ‘
L

|

L

\

\

2x15 GPIO Header (J2)
2x15 Header (J14)
Multimedia
Dual USB . 1
UH USB Device Card JTAG 4x4 Keypad Connector (J11) |
ost |
Interface A ‘
Back U LCD Connector (J10) |
s GPIO
User Pushbutton & LEDs ‘
I Atmel -
18432 —— | WOMHzZMax | AT9ISAMOG20-CU | Eihenet Micret K SZB04INL Ethernet Connector (J6)
MHz —— Clock Rate MAC PHY
ARM9 :
) RS232 Serial Port 2x5
32768 == | Rea-Time USARTO/ 4{ RS232 Driver Connector (COM1)
kHz =T | Timer DBGU -
RS232 Serial Port 2x5
External Bus | , Connector (COM2)
Interface SPIO SPI1 USART1 4‘ R$A485 Driver »—‘ 1 RS485 Two Position |
\ Screw Terminal 1

| 8Channd 12-6it ADC ————/ x5 Connector (O7) |

64M B SDRAM

512M B NAND Flash

% 4Channel 12-bit DAC ||  2x3Connector (98) |

} 256kB Data Flash

OPTIONAL —-—-—-—-

Figure 1.3: Electrum 10Hardware Block Diagram

1.5 Software and Support

DebianLinux (armel)on theElectrum 10Qorovides a stable anéliableoperating system base that can be
easilyextended using readily available libraries apglications. Linux can beaded from NAND Flaslor

microSD cardbr an USB devicesimplifying software developmeand distribution. Secure remote access can
beimplemented via web arommand line interfaceproviding df-site monitoring and maintenance

capabilities. Many popular Linuapplicationsare available or can be easily ported using@hiJ compiler

collection as well as popular IDEcluding Eclipse ath Code::Blocksx86 Linux is the recommended
development environment with ARM cross compilers and other development tools readily available. If you are
restricted to using a Windows PC for development, you may consider VMWare or other virtualizationesoftwa
that allows you to run Linux from Windows.

Thousands of popular Linux applicatiome available foDebian Linuxto reduce application development
time and simplifyintegration with code librariedeveloped foindustrial and scierftic environmentsUsing
thesetools, you can achieve sidrdant functionalityin a very short time. These open source toolsbeaeasily
extended, allowing a virtually unlimitetimber of possibilities.

Micromint USA provides free technical support by phone, email, or fax. Technical support emails are usually
answered within one business day. Software and documentation updates are available on our website at
www.micromint.com Each product comes with a one year warranty.

2 June, 2010
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2.0 Getting Started

This chapter covers thaitial installation of the hardware arsdftware for theéelectrum 100

2.1 Installation

To setup board parameters, a terminal or a PC running a terminal emulator shoandéeted to the first

serial port (COM1using a null modem cahl€onnect a 5 VDC power suppénd wait for a login prompt.

Upon power up, aklectrum 100with its default factory configuration will boot from Dataflash and load the

kernel and filesysterfrom NAND. To performtheinitial board setup, please login as root ander

i p as s whempdompted forapasswokthange t he password usThedgtedarhe Opas s
be changed using 6dated6é or via NTP using 6ntpdatebd.

Debian GNU/Linux 5.0 el ectrum100ttyS O

electrum100 login: root

Password:

Last login: Wed Jun 30 09:00:23UTC 20 10 on ttySO

Linux electrum100 2.6.3 3. 5- at91 #1 Tue Jun 29 11:37:56 EST 20 10
armvbstejl

The programs included with the Debian GNU/Linux system are free
software;

the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.
Lastwas Wed Jun30 09:10:4620 10 onttyS O.

elec trum100:~# passwd root

Enter new UNIX password:

Retype new UNIX password:

passwd: password updated successfully

electrum100:~# date 0630122220 10
Wed Jun 30 12:22:00 UTC 2010

The board default Ethernet configuration uB&#CP to obtain a dynamiddress. To chande a static
address, edit the following lines in /etefwork/interfaces

. # The primary network interface
: auto ethO

. allow - hotplug ethO

- iface ethO inet static

. address 192.168.1.221

. netmask 255.255.255.0

. gateway 192.168.1.253

Beforepower i ng down, ghiltdowds ec emmearud ef rtchm tithe r oot account
shutdown.
.~ electrum100:/# shutdown - h now
Broadcast message from root@electrum100 (ttyS0) (Wed Jun 30 12:38:26
£ 2010):

_ The system is going down for system halt NOW !

June, 2010 3
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Will now halt.
Power down.

Files can be transferred from the PC toHtectrum 10QsinganEthernet network, a USB flash drive or the
COML1 serial port. Ethernet uploads can be mad&d@g,NFS, FTP(ftpget)or TFTP. Serial uploads can be
made via zmoderrz).

2.2 Toolchain installation

To develop software for thelectrum 10Qthe recommended environment is a PC running x86 Linux. The
Linux kernel should be 2.6.8 or above and the GCC compitet 4r aboveDebian or derivatives (including
Ubuntu) are the Linux distributions directly supported by Microniit.ools CD is included with the board
that contains the following directories:

Director Description

/boot Board bootloader, kernel and filesystem files. These can be used to restore the
board to its factory installation state.

/docs Documentation in PDF format.

/drivers USB drivers.

/licenses Licenses applicable to software included on the CD.

/src Board support package (BSP) and kernel source code

[tools Dataflash programmer and other tools

Jutils General purpose utilities.

The recommended toolchain is the Embedian ARM cross toolchain. To install this cross toolchain under
Debian or Ubuntu distributions, follow these steps:

1. Add the native compiler, make and ncurses library if they are not already in your development system.

| # apt - get gcc g++ make libncursesb - dev

2 Add the following line to /etc/apt/sources.list
deb http://www.emdebian.org/debian/ lenny main

and updatéhe signatures

# apt - get install emdebian - archive - keyring
# apt - get update

3. Install the following packages

. # apt - get install linux - libc - dev-armel - cross libcé - armel - cross libc6 -
. dev - armel - cross binutils -arm- linux - gnueabigcc -4.3 -arm-linux - gnueabi
. g++-4.3 -arm-linux -gnueabigdb -arm-linux -gnuuboot - mkimage

# apt - get install apt - cross dpkg - cross

More information on the Embedian toolchain is available from these references:

4 June, 2010
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http://wiki.debian.org/EmdebianToolchain

http://www.emdebian.org/crush/keys.html

Another alternative is the Sourcery G++ Lite for GNU/Linux from CodeSourcery. The current version of this
toolchaincan be can be retrieved from the URL below. Select the "IA32 GNU/Linux TAR" distribution when
updating.

http://www.codesourcery.com/downloads/public/gnu_toolchainfaomelinux-gnueabi

These are mresentative commands to mount the, @Btal the softwareon your home directorgind add the
directory to your PATH. Use the directorjesernamémyuser)and groupgmygroup)applicable to your
system.

$ mount /dev/cd rom /mnt/cd rom

$cd~

$ tar xfj / mnt/cd rom/tools/ electruml 00-bsp-2010-06.tar .bz2
$ cd electrum 100

$ tar xfj /mnt/cd rom/tools/ linux -2.6. 33.5-at9l.tar .bz2

$ sudo tar xfj /mnt/cd rom/tools/ rootfs.arm el .tar .bz2

$ unmount /mnt/cd rom

To PATH change will be effective on your next login. To confirm that the toolchain is on your PATH and is

wor king properly, try compiling a simple fAHellod pro
$arm -linux -gnueabi -gcc -- version

arm- linux - gnueabi - gcc (Debian 4.3.2 -1.1)4.3.2

Copyright ( C) 2008 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There
is NO warranty; not even for M ERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE.

$arm -linux -gnueabi -gcc -g - march=armv5Ste - Os - Wall hello.c -ohel lo
$ file hello

hello: ELF 32 - bit LSB executable, ARM, version 1 (SYSV), dynamically

linked (uses shared libs), for GNU/Linux 2.6. 26, not stripped

To set thaoolchainprefix when compiling user space applications thurcery G++ Litdor GNU/Linux
use

_ $ export CROSS COMPILE=arm -linux - gnueabi -

Some applications may also require changing other Makefile variables to use the toolchaii ptexyour
applicationsm theElectrum 10Q0you can export one of your directories via N8 anount it from the board.

Once the application is complete, you can copy the binaries to the flash filesystem. Other alternatives to copy
applications to the boaidcludeSCP,FTP, TFTPor zmodem.

Othertoolchains can be used with tR&ectrum 10Qo fulfill specific applicatiorrequirementsPurpose®f

alternate toolchains includbut are not limited tpusing GPL2 licensing (gcc 4.2.1 or lower) or using uClibc

as the system 6Cd6 | i br ar y.tordgernemte & Keghand its aperating system al t er n
utilities requiressignificantexpertise with embedded Linux.
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Although x86 Linux is the preferred development environmeig,feasible to develop user space applications

on Windows PCsThe recommended toolchain wolldthe AlA32 Windows Installefi  ®ofircery G++ Lite

for GNU/Linux. Installation of the Cygwin shell antilities is alsoadvisable if you intentb use6 mak e 8 and
other toolsnormally available under LinuxX his will allow you to compile Linuuser spacexecutables to use

on theElectrum 1000ne important limitation when using a Windows PC for development is that many
Makefiles for Linux applications assume packages or characteristics of a Linux installation that may not be
implemented in Cygwininder Whdows For example, itould bevery time consumingp rebuild the Linux

kernel or the board bootloader under Windolvgou are restricted to using a Windows PC for development,

you may consider VMWare or other virtualization software that allows yourtdinux from Windows.

2.3 Using Remote NFSFilesystems

The kernel in th&lectrum 10C0can mount its root filesystem via NFS. This allows setup of a directory in a

development workstation or server to act as a repository for the target files, saving timyedéwglopment

since files are instantly accessible from the board without a transfer process. Once the development is released,
the directory can be converted to a JFFS2 filesystem

These are the main steps to use an NFS root filesysinthe Electrum 100

1. Install the NFS service in your development workstation, if it is not installed already.

'$ apt - get Install nfs - kernel -servernfs - common portmap

2. Add the ARM root filesystem directory to your fetxports file and allow access to your local subnet.

- /homel/electrum  100/rootfs 192.168.1.0/24(rw,sync,no_subtree check,no_root_squash)

After changing the exports filimad.perform an update b

3. Allow access in /etc/hosts.allowportmap and NFS daemons to your local subnet.

. # Allow NFS mounts from local network

' portmap: 127.0.0.1 192.168.1.0/255.255.255.0

. mountd: 127.0.0.1 192.168.1.0/255.255.255.0

- lockd: 127.0.0.1 192.168.1.0/255.255.255.0

. rquotad: 127.0.0.1 192.168.1.0/255.255. 255.0
- statd: 127.0.0.1 192.168.1.0/255.255.255.0

4. Change the boot arguments on the board to use NFS. When booting, press any key to g8tmthe U
prompt. These are the arguments to boot the board with 192.168.1.221/24 and mount the root filesystem
NFS from 192.168.1.249.

Electrum > setenv bootargs console=ttyS 0,115200 root=/dev/nfs
nfsro 0t=192.168.1.249:/home/electruml1 00/rootfs
ip=192.168.1.221:192.168.1.249::255.255.255.0::eth0:

Electrum> saveenv

Electrum> reset

The parameters are as follaws

- nfsroot=<server_Ip>:<mount_directory> )
. ip = <board_ip>:<server_ip>:<gateway_ip>:<netmask>:<hostname>:<device>:<proto>

6 June, 2010
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Note that you can export multiple directories for different purposes, e.g. a development filesystem, a
production filesysteman applicatiorspecific filesystem, etc. This can save time during the development
process.

For more details on configuring NFS, please visit the following URL or contact Micromint support at
support@micromint@m.

http://tldp.org/HOWTO/NFSHOWTO/server.html

2.4 Updating the Linux kernel and root filesystem

Released versions of the tB&ectrum 100Linux kernel and filesystem are includedReleased versions of the

theElectrum 10(Linux kernel and filesystemar € i ncl uded i n the fibootodo direct ¢

sourcesare included in thboard support package (BSt®)allow development of customized kernels and/or
filesystems. Theganbe rebuilt with the Makefile provided.

$cd~ /electrum 100
$ make kernel
$ make filesystem

The resultingkernel and filesysterw i | | be in the fibootod subdirectory.
Electrum 10ONAND flashusing the UBoot bootloaderUpdating the NAND will require the addresses of the
NAND flash partitionsshown inTable2-1.

Description Max Size Device
0x00000000 | OXxO003FFFF | Bootstrap 256 KB /dev/mtdblock0
0x00040000 | OXxO007FFFF | U-Boot executable 256 KB /dev/mtdblock1
0x00080000 = OXO00BFFFF : U-Boot environment 256 KB /dev/mtdblock2
0x000c0000 ' OXxOOOFFFFF @ U-Boot redundant 256 KB /dev/mtdblock3
0x00100000 .| OXO01FFFFF | User area 1 MB /dev/mtdblock4
0x00200000 : OXO03FFFFF : Linux kernel 2 MB /dev/mtdblock5
0x00400000 = Ox1FFFFFFF : Roof filesystem 508 MB /dev/imtdblock6

NOTE: Only the kernel and filesystem partitions are used when booting from Dataflash
Table 2-1: NAND Flash Memory Map i 512 MB (Base = 0x40000000)

To access the bootloadewnsole, connect a terminal or a PC running a terminal emulator should be connected
to the first serial port (COM1) using a null modem cable. Upon power up, press any key to prevent the boot
process from loading the kern€Elles can baiploaded using BISB flash drive MMC/SD card, TFTP, NFS or

a serial uploadThe following would be representative commarawsge a USB flash drivier NAND updates.

Electrum> nand erase

NAND erase: device 0 whole chip

Skipping bad block at 0x 280000000000000
Erasing at 0x1ffe000000000000 -- 0% complete.
OK

Electrum> usb start
(Re)start USB...
USB: scanning bus for devices... 2 USB Device(s) found

scanning bus for storage devices... 1 Storage Device(s) found
Electrum>fa  tload usb 0 0x20100000 uimage -2.6.33.5
reading uimage -2.6.33.5

7 June, 2010
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1473964 bytes read
Electrum> nand write 0x20100 000 0x200000 0x180000

NAND write: device 0 offset 0x200000, size 0x180000
1572864 bytes written: OK

Electrum> fatload usb 0 0x20100000 rootfs.armel.jffs2
reading rootfs.armel.jffs2

e bb.r.é s

55574528 bytes read

Electrum> nand write.jffs2 0x20100000 0x400000 0x3500000

NAND write: device 0 offset 0x400000, size 0x3500000
55574528 bytes written: OK

Electrum> usb stop
stopping USB..

Electrum> reset

The NAND flash erasprocedurecan report some bad blocks. That is normal. They are mapped during the
process and not used for storage. Note that)the file
should match the size of the file you genedatio insure the filesystem is created properly.

To copy the files from an FTP server, check that the following parameters are setup in the bootloader
environment.

Electrum>  printenv

bootcmd= console=ttyS 0,115200 root=/dev/mtdblock 6
mtdparts=at91 nand: 256 k(bootstrap)ro,256k(uboot)ro,128k(env)ro,
1536k(user),2M(linux), - (root) rw rootfstype=jffs2

bootdelay =1

baudrate=115200

ethact=macb0
ethaddr=00:21:a3:00:00: 12
ipaddr=192.168.1.221
netmask=255.255.255.0

serverip=

bootargs=console=ttyS 0,115200
stdin=serial

stdout=serial

stderr=serial

Electrum> setenv ethaddr 00:21:a3:00:00:00
Electrum> setenv ipaddr 192.168.1.221
Electrum> setenv netmask 255.255.255.0
Electrum>  setenv serverip 192.168.1.249
Electrum> saveenv

The ethaddrshould match the board serial number of the board and the serverip should be the TFTP server
addressWith this setip, the NAND flash can be updateth TFTP using théollowing commands.

Electrum> nand erase

NAND erase: device 0 whole chip

Skipping bad block at 0x02dc0000

Skipping bad block at 0x33b80000

Erasing at 0x3ffc0000 -- 100% complete.
OK
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Electrum> tftp 0x20100000 ulmage - 2.6.28.8

Electrum> nand write 0x20100000 0x200000 0x200000

NAND write: device 0 offset 0x200000, size 0x200000
2097152 bytes written: OK

Electrum> tftp 0x20100000 rootfs.armel.jffs2

Electrum> nand write.jffs2 0x20100000 0x400000 0x5c0000

NAND write: device 0 offset 0x400000, size 0x5c0000
6029312 bytes written: OK

Electrum> reset

To use NFS or seriaipload (loady) please consult theBdot documentation at the URL belaw contact
Micromint support gupport@micromint.coin

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

2.5 Updating the Bootstrap and Bootloader

Released versions of the tB&ectrum 10Mootstrap and bootloadexrr e i ncl uded in the Aboot
Tools CD. Full sources are included in the board support package {@8R)w development of customized
bootfeatures They can be rebuilt with the Makefile provided.

" $cd~ /electrum 100
. $ make bootstrap
. $ make bootloader

The resulting bootloader and bootstmp | | be in the fibootodo subdirectory.
Electrum 10Matdlash usinghe AtmelAT91 In-System Programmer (ISBjilityi ncl uded i n the At
directory on the CDThe AT91 ISP is currently only released Wiindows PG. A test version of the AT91

ISP for Linux is available on the Atmel web site. Please check the READBIEfin t he Atool so dir
CD. Updating the Dataflash will require the addresses of the Dataflash partitions shicataheip-2.

0x00000000 | OxO00020FF Bootstrap 8,448 | >8 KB
0x00002100 | Ox000041FFF | U-Boot environment 8,448 >8 KB
0x00004200 | OxO003DDFF | U-Boot executable 236,544 | 231 KB
0Ox0003DEOQOO | OX00041FFF | User area 16,896 | >16 KB

Table 2-2: DataFlash Memory Map i 256 KB (CS1 Base = 0xD0000000)

The SAM-BA utility of the AT91 ISP can upload the boot files usin§eggeil-Link (JTAG) or a serial port
connected to COM2 (DBGUWhen updating the Dataflash e serial port, jumper JR2ust be removed
prior to powering up the board. When the AT91 ISP is loadedndow similar to that of Figure-2will be
displayed. 8lect the desired interffacend cl i ck t he AConnecto button
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id SAM-BA 2.9
Select the connection ;| \usbhaRMO ﬂ
Select pour board : | electrurm00 hd

Connect | ﬂ

Figure 2-1: Atmel AT91 ISP connection window

For serial port uploadsfter the connect process pleasplace jumper JP allow access to the Dataflash.

Once the connedn to the board is establishedyindow similar to that of Figure -2 will be displayed.
Select the fADataflash AT45 DBO tab.

i SAM-BA 2.9 - electrum100

File: Script File Link. Help

at91sam9g20 Memory Display

Start Address : [ 05200000 Refresh | [ Display format Applet iaces on DBGL

Size in bytefs] [ 0+100 " asci © 8bit O 16-hit & 32-hit infos | &pply
O0x00200000 OxEAQOQQOZO OxFFFFFFFF Ox0ooooooo Ox04000000 s

0x00200010 Ox00301000 Ox00000000 OxD0000000 Ox000000z0
0x00200020 Ox00000000 Ox00000000 OxD0000000 Ox00000000
000200030 Ox00000000 Ox00000000 Ox00000000 Ox00000000
000200040 Ox00000000 Ox00000000 Ox00000000 Ox00000000

Mwnn?nnnnan [ianinininininininl A nannnnn A Annnnnnn [Ednininintnininiy] b/

< ?

DataFlash AT4SDB/DCE | NandFlash | SDR&M | SFRaM | SREM 2 |
Download / Upload File

Send File Mame : | o Send File
Receive File Mame : | = Receive File
Address | Ox0 Size [For Receive File) : |0x1000 bntelz) Compare sent file with memorny

Scripts

|Enab|e Dataflash [SPIOCST) j Execute

loading history file ... 0 events added

Sam-Ba console display active (Tcl8.4.13 / TkB.4.13)
(AT91-ISP v1.137 1 %

(AT91-ISF v1.131 1 %]

WwzbhaRMO| Board : electrum100

Figure 2-2: Atmel AT91 ISP Dataflash utilities

To perform the upload follow these steps:

1.Sel ect fAEnabl e Daotnaftlhaes hs c(rSRItE Gd1s)tob ofxr and cl

10 June, 2010

c k

0



w =N,
Micromint
| —

UsSA

Getting Started

11

2.Sel ect

fSend

boot

the bootstrap fildootstrapdf-1.11bin .

fileo

from t he

SCri

pts

|l i st box

3. Select the location and filename of the bootloademitmotdf-2010.03.bin . Enter 0x4200 on the Address

field

and

cl

i ck

on

4. Exit SAM-BA and reset the board.

fiSend

Fileo.

This procedure does not erase the bootloader data saved on the environment partition. That is erased only if

you select to completely eragee Dataflash with the SANB A

AEr ase

Dat afl asho

erased, after resetting the board, press a key when booting to enter a minimal bootloader environment as
indicated in section 2.3 of this manual.

2.6 Memory Maps

The processor memongap and the Linux device names of internal peripherals are shovables 23 and 2
4 and Figure 2. Majors and minors follow the Linux device name conventions listed otetfiees2.6+txt

file i

ncl

uded i

n the

according to the driver. Consult Linux device driver references for more details.

Description
0x00000000 = OXOFFFFFFF : Internal CPU memories
0x20000000 '@ Ox2FFFFFFF @ SDRAM (3217 256 MB)
0x40000000 : Ox4FFFFFFF | NAND (128 MBi 2 GB)
0xD0000000 : OXxDFFFFFFF ' DataFlash at CS1
0xFO000000 : OXFFFFFFFF | Internal CPU peripherals

Table 2-3: Main Memory Map

Start Description Device
OxFFFB0000 COM1 (UARTO) /dev/ttySO
OxFFFB4000 UART1
OxFFFB8000 UART?2
OxFFFC4000 Ethernet MAC (EMAC) ethO
OXFFFC8000 SPI0
OXFFFCCO000 SPI1
OXFFFFF200 COM2 (DBGU) /dev/ttyS1
OxXFFFFF400 PIOA
OxXFFFFF600 PIOB
OxFFFFF800 PIOC

Table 2-4: Internal Peripheral Memory Map

fi d o c svailable to user space gpplicafionstvére Tool s

June, 2010

an

script.
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Figure 2-3: AT91SAM9G20Memory Map
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