Modbus Slave Stack for the Atmel Family of SAM3
Microcontrollers
(Free Modbus Stack from Embedded Solutions)

1. Scope

This application note provides directions and instructions to application engineers
adding support for Modbus™ Slave Stack into an industrial application using one of
Atmel’s ARM® Cortex-M3® based SAM3 devices. The application note does not
describe the Modbus protocol. Even though the Atmel SAM3S device and the
SAMSS-EK board are used as references in this application note, the Modbus Slave
Stack can be easily ported to other devices in Atmel's SAM3 family of Flash MCUs.

2. Associated Documentation and Software
Before going further into this document, refer to the latest documentation for the corre-
sponding SAM3 device on the Atmel web site.

http://www.atmel.com/products/at91/default.asp?family_id=605

3. Keywords

Atmel, ARM Cortex-M3, Modbus, fieldbus, Modicon, Remote Terminal Unit (RTU),
Slave Stack, Electronic Industries Alliance (EIA), Industrial Embedded Solutions,
FreeModbus.

4. Prerequisites and Requirements

Readers must have knowledge of the IAR Embedded Workbench®, SAM3S Software
examples, IAR Embedded Workbench® 5.5 and SAM3S Softpack 2.1, plus patches
installed.
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5. Overview

ATMEL

Modbus is a well established, robust and powerful communication protocol widely used in the
industrial manufacturing market. The protocol is based on master-slave communication. Physi-
cal medium can be over an asynchronous RS232 link for single master-slave communication.
Network topology is also supported (single master <--> multiple slaves) with RS485 physical
medium. Both RS232 and RS485 are based on the serial communication link (EIA Standard).

Modbus was introduced in 1979 by Modicon (now owned by Schneider Electric). Modbus is an
openly published and royalty-free communication standard.

For further details about Modbus, see Section 10.1 “References” on page 10.

6. Implementation

The Modbus Slave Stack implemented on the SAM3S-EK provides support for the Modbus
ASCII/RTU mode over the on-board RS232 serial link or RS485 link.

The stack is a free Slave Stack implementation, FreeModbus [2], provided by Embedded Solu-
tions [3].

Embedded Solutions designs, develops and produces innovative electronic products for the
industrial market and provides commercial, fully-featured, Master and Slave Stack.

FreeModbus stack provides an implementation of the Modbus Application Protocol v1.1a and
supports RTU/ASCII transmission modes as defined in the Modbus over serial line
specification 1.0.

The following Modbus functions are currently supported:

¢ Read Input Register (0x04)

* Read Holding Registers (0x03)

¢ Write Single Register (0x06)

e Write Multiple Registers (0x10)

* Read/Write Multiple Registers (0x17)
¢ Read Coils (0x01)

¢ Write Single Coil (0x05)

* Write Multiple Coils (OxOF)

¢ Read Discrete Inputs (0x02)

* Report Slave ID (0x11)

FreeModbus also supports Modbus TCP as defined in Modbus Messaging on TCP/IP Imple-
mentation Guide v1.0a.

All source code for the port on the SAM3S-EK board is available on www.freemodbus.org. A
standalone demo and a FreeRTOS based demo are available. User guide and example are also
available and well documented.

2 Application Note m———
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7. Installing the FreeModbus Stack Atmel Project

11098A-ATARM-30-Mar-11

The standalone FreeModbus Slave Stack example is available from the link provided at [2]. It
has been slightly modified to add, thanks to the Read Input Register (0x04) function, the reading
of:

* the QTouch® Slider

¢ the SAM3S internal temperature sensor

¢ the on-board potentiometer.
On-board LEDs can be switched ON and OFF using the Write Input Register (0x03) function.
The modified example is provided in the software package associated with this application note.

The project is built-up with IAR Embedded Workbench® for ARM 5.50.5 and SAM3S-EK IAR
EWARM Software Package [8].

The original FreeModbus Slave Stack example is available from the link provided at [2]. Once
the SAM3S-EK IAR Software Package has been extracted, decompress
atmel_sam3sek_modbus.zip into the root directory of the software package. It should look like
the following folder structure.

MRsom3sek g ]
File  Edit Wew Favorites Tools  Help | ;",'
D Back = €3 ~ [T | P search |‘ Folders | [ (3 < ) | G-
Address IL:] CATI1_CVS\SAM3IS_softpack_2.1_For_ewarm_5.S0harmiexamplesiatmellsam3sisam3s-ek j Go
Folders X | | Mame = |
[ config 2] | Ehbuid
= £ examples [Chdemo
= ) Atmel 'i_'_";‘jdcu:umentation
B £ sam3s .g;jexamples
El=Y -F._"_‘]examples_ﬁlesystem
# ) buid |[Zrexamples_graphics
@ ) demo ;g’jexamples_qtouch
H | documentation yexamples_storage
® ) examples [Jexamples_usb
[ [5) examples_filesystem = || Shlibraries
# =) examples_graphics
[ examples_gtouch I@ExampleDirInFo.ENU.xml
# [5) examples_storage
[ 53 examples_ush
5 libraries
B ) Third Party
Bl ) freemodbus-v1,5.0
# ) dema
) doc
# [ modbus
o i =14 | 2
|1 ohjects selected | | 4 My Computer 7
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8. Running the Application Example

By default, the FreeModbus Slave Stack example uses the RS485 Link of the SAM3S-EK
Board.

It requires a wired connection to a host processor and a Modbus master software on the PC side
to be useful. Demo versions of Modbus Master Stacks can be found in the links provided at [4],
[5], [6] and [7].

The SAM3S-EK evaluation board needs to be modified as described below to enable RS485
data transmission. Place Jumpers JP11, JP10 and JP12 and place a solder drop across R25.

The RS485 shares data lines with USART1. It is therefore absolutely necessary to set PA23 to a
high level. It is handled by the application.

To run the application with the RS485 link, an RS485 to RS232 adapter is necessary since a
personal computer does not feature an RS485 port.

Note:  Using the RS845 link on the board is relevant when building multiple slaves (sam3s board) with
one master (PC).

For a point-to-point connection, the RS232 standard link can be used. In that case, JP11, 10, 12
and R25 footprint must be open. The USART port used is USARTO on J5 connector and J4 con-
nector for RS485 port.

To run the example in RS232 mode, the portserial.c file must be modified.
Original code lines:

/* Choose RS232 (one slave only) or RS485 (one or several slaves) */
/* For RS485, see readme.txt file for board settings*/

#define RS485_ENABLED (1)

#define RS232_ENABLED (0)

Code lines modified:

#define RS485_ENABLED (0)
#define RS232_ENABLED (1)
4 Application Note m—————————————
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Open the IAR demo.eww project. It may happen that, when opening the project, the Processor
variant setting is not set correctly.

Right-click on demo - Release as shown below.

‘y:mll Embedded Workbench IDE

Flle Edit Wiew Project Tools Window Help

DeEd@|Zf i o A4S nfopEhEREHS|,
Wy ACE = |
IFIeIease j E 177 # \callgraph

Files B[ I

Elaldemo-Release [« | I} i;ﬁ;::n( void |

& [T libraries 181 {

Fa O modhbus '\ laz

& (I port L 183

atmel_app.c | 184 ¢ Modbus Hardware Init *

[ demo.c 188 SetupHardware| ) :

— B flash.icf T

L@ [ Output | 187 s Initialize ADC */
. 188 _AdeIniti ) :
. 189
E 190 A% Tepperature Sensor Channel Init #/
. 191 _AdcTempiensorIniti);
Lo19z
E 193 S* ADE for Potentiometer Channel Init #/
. 184 _ddcPotentiometerInit( ) ;
B U1
E 136 A% Configure PIO for blue and Green LEDs 4,
L 137 _Configureleds| | :
© 198
E 199 S* Init of the Qtouch 5lider */
. 200 _QtouchiliderInitl ) ;

Dverviewl demo  libboard_sam3z-ek | lbchip_sam3zd |F|I1| 4] |

x
| Messages

Building configuration: demo - Release
Updating build tree...

Configuration is up-to-date.

ATMEL ;
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Verify that the Device is set as Atmel SAM3S4, as in the screen below.

Options for node “demo™ 1’

Categony:

. C/C++ Compiler
Azsembler
Oukput Converker Target |Dutput| Library Ennfiguratinnl Library Options | MISRA-C:200 4 I ’I

Zuskarn Build
Build Actions
Linker
Debugger " Core lCultex-MB j
Simulatar
fingel S Sievice |Atme| SAM354 _Eil
GOEB Server
IAR. ROM-monitar
J-Linkf3-Trace

 Proceszor variant

LMI FTDI - Endiatimode EEL

MMacraigor & [tle |P.'one= "l
ROI = Big

ST-Link T BET

Third-Party Driver & oeo

Ok I Cancel

Click OK and rebuild the project by pressing F8 key and choose either debug to run from SRAM,
or release to run from FLASH.

Batch Build

Batches:

|debu5

Edit ...

Delete

LCancel

|

r Build

Make | Clan | Rebuld &l |

If there are no errors, press CTRL + D. The application is ready to run in FLASH. Press F5 key.
If the debug variant must be used to run the application from SRAM, all the settings above must
be checked too.
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Then, in the debugger window, click on Go.

JZ 1AR Embedded Workbench IDE |

File Edit View Project Debug Disassembly J-Link Tools ‘Window Help

DS &S BRR|o ] d4Sy e Bns |
Sl e2a L8285 X
B o |
: |Go} = =
IHeIease 'I ¢ 177 # \callgraph :I G to
1 Fy
[Files 2] | 1 178 = B
' in
Eﬁm- E 150 mait| woid )
FHEal L oleLg
melml  nEm
& 183
|_ [ . ls4 /% Modbus Hardware Init #/
[ . 185 _SetupHardware({ | ; _I
[ | 186
[ | 187 /¢ Initialize ADC +/
Lm @ . 1&8 _AdeTnit( ) ;
e ¢ lag
C E 130 A% Temperature Semnsor Chanmel Init */
- f v 191 _AdcTempiensorIniti) ;
L m ©oloz
E 193 A% ADs for Potentiometer Chamnel Init #/
E 194 _ddcPotentiometerInit( ) ; T
L1895
E 196 A* Configure PIO for blue and Greem LEDs #/
V197 _Configqureleds( | »
O I-T:
E 199 A% Init of the Qtouch 5lider =*/
. 200 _QtouchiliderInit( )
: ©oz01 =
Dverwew||E<|p| le] [« _'I—I ¢||
*[ | Log

bon Feb 07 15:12:14 2011 TRIU fitked.
Mon Feb 07 15:12:14 2011 FPUnit 6 code (BF) slots and 2 literal slots
kon Feb 07 15:12:14 2011: Hardware resetwith strategy 0 was performed

1]

el
= Debug Log | Build

8.1 Modbus Master Software
Any Modbus Master software can be used. The one used in this example is Modbus Doctor.

Start the Modbus Doctor tool and use the following general configuration.

e SETTINGS = RTU
Then click CONNECTION.

ATMEL 7
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Reading Input Registers
Specific settings must be as follows.
e Slave n°= 10
* Register= 1000
e Length=3
e Type = 4 Input registers

* Mode = DECIMAL (if HEXADECIMAL is used, Slave n° and Register values must be
converted into hexadecimal values)

LameSofI: Modbus Doctor ¥1.0 il Ol x|
SETTINGS COML + 19200, 8,Even, One ‘ L auto ‘ DISCONNECTION CONNECTION | | EXIT
Slave n* I 10 |Register I 1000 ‘ Lenght I 3 ‘ AR=Rl4 Input registers H ‘ Mode DECIMAL <
Register n® Value ) L
READING SFY MODE ERASE
| 1000 966 i Bl zls
WRITING 1001 220
1002 184
[ Auto connect
= Cycle mode
STOR CYCLE
r Swap bytes
= Swap words
[T Unsigred
- Modbus Doctor by Christophe Holmes
Dizplay made hittp:'www.lamesoft.orgimodbusdoctor
16bisword |8 | Status : Request OK (306517/301616)

The mapping of the Input registers in the board is:
e 1000 = SAM3S temperature sensor (ADC channel number 15)

e 1001 = On-board potentiometer (ADC channel number 5)
* 1002 = QTouch slider position

To start reading Input registers, check Cycle mode and click READING. Move your finger
on the slider or turn the potentiometer to see data reading.

Application Note m———
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8.1.2 Writing Holding Registers
Specific settings must be as follows.
e Slave n°= 10
* Register= 1
e Length=2
e Type = 3 Holding registers

* Mode = DECIMAL (if HEXADECIMAL is used, Slave n° and REGISTER values must be
converted into hexadecimal values)

* Check Cycle mode

[[Lame5oft Modbus Doctor ¥1.0 j =10l x|

SETTINGS CoOML 0 19200,8,Even,One |j.‘ Auto | DISCONMECTION COMMECTION | ‘ EZIT

Slave n® IT | Register Il— ‘ Lenght IT ‘ Type 3 Holding registers = | Made DECIMAL v
READING Hegi?er i Va:”e SPY MODE | ERASE | TE<
WRITING . D

[T Auto connect
¥ Cycle mode

STOF CYCLE

[T Swap butes
= Swap words
™ Unsigned

Modbus Doctor by Christophe Holmes
Dizplay mode hittp:fwwuw.lamesoft.org'modbusdoctor

[tEbiswad =] IStatus:HequestDK[2589a’2589]

The mapping of the Holding registers is:
¢ 1=Blue LED (D2)

e 2= Green LED (D3)

To turn ON the LEDs, write 1 in the corresponding register(s) and click on WRITING.
To turn OFF the LEDs, write 0 in the corresponding register(s) and click on WRITING.

9. Conclusion

By means of the FreeModbus Slave Stack, a rapid Modbus protocol implementation can be
added to an embedded system for the industrial market. A fully-featured Slave and Master Com-
mercial Stack is available from Embedded Solutions [3].
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10. Appendix

10.1 References
1. Modbus:
— Modbus Organization, http://www.modbus.org/
— Modicon Modbus Protocol Reference Guide, PI-MBUS-300, Rev. J, June 1996,
MODICON, Inc., USA, http://www.modicon.com

2. FreeModbus - A Modbus ASCII/RTU and TCP implementation.
http://www.freemodbus.org/

— SAMSS-EK port: http://www.freemodbus.org/index.php?idx=111

— Slave Stack download page: http://www.freemodbus.org/index.php?idx=5
Embedded Solutions, DI Christian Walter. http://www.embedded-solutions.at/
WinTech ModScan32: http://www.win-tech.com/html/modscan32.htm
Modbus Poll: http://www.modbustools.com/modbus_poll.asp

FieldTalk Modpoll: http://www.focus-sw.com/fieldtalk/modpoll.html

Modbus Doctor, Christophe HOLMES, http://kikos31.developpez.com/modbusdoctor/
ftp://ftp-developpez.com/kikos31/modbusdoctor/fichiers/ModbusDoctor.zip

8. SAMSS-EK IAR EWARM 5.4 Software Package (14 MB, revision 2.1, updated 9/10),
http://www.atmel.com/dyn/products/tools_card.asp?tool_id=4705
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