Altmel

TRAINING MANUAL

Using SAM-BA on the SAM4L-EK

AN-4574

Prerequisites

e Hardware Prerequisites
o Atmel® SAM4L-EK Evaluation Kit

e Software Prerequisites
e Atmel Studio 6.1 update 2.0 (build 2730) or higher
e Atmel Software Frameworks 3.11.0 or higher
o Atmel SAM-BA® 2.12
e Atmel SAM-BA 2.12 patch 5
® Free Hexa Editor 1.6.0 or later (Frhed)

o Estimated Completion Time: 45 min

Introduction

The goal of this Hands-On is to:

e Understand how to deploy SAM-BA boot on the SAM4L

e Understand the differences in the SAM-BA boot process with other
SAM3/SAM4 devices

e Modify an existing application in order to make it co-exist with SAM-BA boot in
internal flash
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Atmel

Delivers contextual information about a specific topic

Highlights useful tips and techniques

Highlights objectives to be completed

Highlights the expected result of an assignment step

Indicates important information

Highlights actions to be executed out of the target when
necessary
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1. Training Module Architecture

This training material can be retrieved through different Atmel deliveries:

e As an Atmel Studio Extension (.vsix file) usually found on the Atmel Gallery web site
(http://gallery.atmel.com/) or using the Atmel Studio Extension manager

e As an Atmel Training Executable (.exe file) usually provided during Atmel Training sessions

Depending on the delivery type, the different resources needed by this training material (hands-on
documentation, datasheets, application notes, software & tools) will be found on different locations.

1.1 Atmel Studio Extension Delivery Case (.vsix)

Once the extension installed, you can open and create the different projects using “New Example Project
from ASF..."in Atmel Studio.

n INFO The projects installed from an extension are usually under “Atmel Training >

Atmel Corp. Extension Name”.

There are different projects which can be available depending on the extension:

e Hands-on Documentation: contains the documentation as required resources
e Hands-on Assignment: contains the initial project that may be required to start

e Hands-on Solution: contains the final application which is a solution for this hands-on

n INFO Each time a reference is made to some resources in the following pages, the user
must refer to the Hands-on Documentation project folder.

1.2 Atmel Training Executable Delivery Case (.exe)

Depending where the executable has been installed, you will find the following architecture which is
composed by two main folders:

® AN-XXXX Hands-on: contains the initial project that may be required to start and a solution
® Resources: contains required resources (datasheets, software & tools...)

C
e — —— |
Organize = Include in library + Share with = » = = M @
W Favorites |;| Blame
. Desktop . AN-XXXX_Hands-on
4 Downloads . Resources
i+ Dropbox
5| Recent Places
- 4 L L3
|
ﬂ INFO Unless a specific location is specified, each time a reference is made to some

resources in the following pages, the user must refer to this Resources folder.
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2. Prerequisites

TIPS If you got an Atmel Training Executable (.exe), you will also find all the following
Software & Tools in the Resources\Software folder.

2.1 Atmel SAM-BA In-system Programming Software

The SAM-BA GUI tool provides a means of easily programming various Atmel ARM® processor-based
microcontrollers.

Key features of the SAM-BA Ul are:
e Ability to perform in-system programming through JTAG, RS232 or USB interfaces
e Ability to be used via a Graphical User Interface or command lines

e Dump of memory content
e User scripts executable from SAM-BA GUI or a shell

SAM-BA and its patches can be preinstalled from Atmel web site at the following address:

http://www.atmel.com/tools/ATMELSAM-BAIN-SYSTEMPROGRAMMER.aspx

M
E—"’ TO DO Download and Install SAM-BA GUI 2.12 and SAM-BA 2.12 Patch 5 or higher.

e Go to http://www.atmel.com/tools/ATMELSAM-BAIN-SYSTEMPROGRAMMER.aspx and download
the latest SAM-BA version including patch(es) if available

e Execute the sam-ba_2.12.exe file then sam-ba 2.12 patch5.exe

RESULT  SAM-BA GUI is now correctly installed and patched on your PC.

2.2 Free Hexa Editor (Frhed)

Frhed is a free binary file editor for Windows®. It will be used to edit the binary files loaded in NAND Flash
memory later in this hands-on module.

Frhed can be preinstalled from the official website at the following address: G

http://frhed.sourceforge.net/en/

s
k—"’ TO DO Install Frhed Hex Editor 1.6.0 or higher.

e (o to http://frhed.sourceforge.net/en/ and download the latest Software version
e Execute the Frhed-1.6.0-Setup.exe file and follow the instructions

RESULT  Frhed is now correctly installed on your PC.
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3. Introduction

SAMA4L devices are factory programmed with the Atmel SAM Boot Assistant in the first lock region of flash
memory. This bootloader relies on a monitor (SAM-BA monitor) and allows In-System Programming (ISP)
from USB or serial port (UART) host without any external programming interface.

This SAM-BA Boot version is compatible with existing SAM-BA GUI software tools but has some differences
compared to other SAM devices. The goal of this hands-on is to understand these differences.

Unlike other SAM3/SAM4 products using a ROM monitor, the ATSAM4L SAM-BA is stored in flash memory at
address range [0x0000 to 0x4000]. Since SAM-BA is stored in flash memory, if the application requires the
entire flash space and does not need the SAM-BA, it can be erased using a JTAG/SWD debugger.

To use SAM-BA together with an application the user needs to link the application starting at 0x4000:

Empty flash
Space

0x4000

16KB (first lock region)

0x0000 4
SAMAL internal Flash

By default, the flash region dedicated for SAM-BA (0x0000 to 0x4000) is locked by the General-purpose Fuse
bit lock 0 on every device shipped.

When loading the binary image into the device, only the upper part of flash starting at 0x4000 address should
be programmed. Any attempt to write to the SAM-BA Boot region using SAM-BA GUI commands will be
aborted and will throw an error.
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When SAM-BA co-exists with the application code in internal flash, the behavior of the device at reset (boot
from SAM-BA, or boot from the application) can be modified through the Flash user page, which contains the
monitor configuration word.

This word, located at offset 0x10 in the user page, allows defining three different behaviors:

1. Launch SAM-BA on reset: If the monitor configuration word value is 0x4D4153 (“SAM” in ASCII),
SAM-BA is systematically executed on reset. Application code is never executed.

2. Force pin selection: Selection between SAM-BA monitor and application code execution is done
depending on the state of user-defined I/O. This I/O and its active level are defined in the
configuration word .On reset and after a debounce period of 100ms, SAM-BA samples the 1/O: if
the I/O is in its active level SAM-BA is executed. If not, SAM-BA directly jumps to the application
code then executes it.

In that case, the format of the configuration word is:

Not Used

0xAABBY

3. Any other configuration word value (such as OxFFFFFFFF) is detected as invalid by SAM-BA and
the application code will by systematically executed. (SAM-BA monitor is never executed).

0 WARNING Note that the flash user page also contains critical systems configuration settings
such as BODs and watchdog settings. To keep the user page settings the user
should first save the content of the flash user page, modify the content then write it
back to the device.

Atmel AN-4574 — TRAINING MANUAL: 42245A - 02/2014
Page 7 of 29



Here is a flowchart that summarise the boot sequence when SAM-BA boot and user application co exist on
the chip.

Reset:
SAM-BA boot

Flash User
page countains
word “SAM” at

offset 0x10

Flash User
page has a valid
force pin config

at offset 0x10

Force pin in
active level

Blank reset
vector at
address 0x4000
(OXFFFFFFFF)

Jump to application Jump to SAM-BA
code and execute it monitor and
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4. Assignment 1: Program SAM-BA Monitor in SAM4L Flash using Atmel Studio

In this assignment you will have to load SAM-BA in internal flash and then lock the corresponding flash region
in order to avoid any accidental overwriting.

There are two different programming methods: one with Atmel Studio 6.1, and another one using a
programming script that uses J-Link DLL for non-user of Atmel Studio.

In this section we are going to experiment the method with Studio 6.1.

You can find more information on the second method in the application note called SAM-BA for SAM4L.

s
TO DO Erase the flash content.

e Verify that SAM4L-EK is powered by the J-Link OB USB connector (J1) and that J-Link DIS jumper
is not connected

J-Link OB USB connector (J1)

J-Link DIS jumper

e Open Atmel Studio 6.1

e In Tools menu, select Device Programming

Tools | Window Help

Cemmand Prompt

4  Device Programming ] Ctrl+Shift+P
Add target...
i;{] Code Snippets Manager... Ctrl+K, Ctrl+B

Add-in Manager...
ELE Extension Manager...
Atmel Gallery Profile...
External Tools...
Import and Export Settings...

Customize...

Optigns...

Atmel AN-4574 — TRAINING MANUAL: 42245A - 02/2014
Page 9 of 29



On the left column of the pop-up window, click on Memories (1), select Erase Chip in the drop-down menu (2)

A pop-up window is displayed: as shown in the below screenshot, select J-Link as the Tool,
ATSAMALCAC in the Device list, SWD as Interface then click on Apply button

|| Getting clock value...OK

B Getting clock value...OK

%

r M
J-Link (D00480008960) - Device Programming [ 7 [t
Device Interface Device signature Target Voltage
ATSAMALCAC Iv I I Read Read | (13|
| Interface settings | SWD Clock
Tool information :l 0Hz
Device information The clock frequency should not exceed target CPU speed * 10.
Memories
Fuses Sct
Security

Close

then click on Erase now button (3).

RESULT

Atmel

-
J-Link (000480008960) - Device Programming

Interface settings

2' Erase Chip q l Erase now '3

Flash (255KE)

Tool information

Device information

Tool Device Interface Device signature
ATSAMALCAC  ~ [swD -

Target Voltage

User Page (512bytes)

Erase User Page befare pragramming
Verify User Page after programming

l§| Getting clock value..OK

[~] ok

A

| Memories | |
Fuses Erase Flash before programming
Read...
Security Verify Flash after programming -

Close

Flash has been erased.
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l—l]‘
%5 TO DO Program SAM-BA in internal flash

e As show below click on the | .. {icon and select the sam4|_sam-ba_image.hex file which is the
image of SAM-BA boot monitor.

This file is located in a different location based on the delivery type:

Atmel Training Executable Delivery case

e Find the file in the “AN-4574 SAMA4L-EK Using SAM-BA\assignments” folder
(which is located in the ATMEL_TRAINING installation folder)

Atmel Studio Extension Delivery case

e Find the file in the Hands-on Documentation project folder

e Click on Program

J-Link {DO04B0008960) - Device Programming LE
Tool Daace Interface Device signature Target Voltage
[sLink_ =] atsamicic - [[swo =) [Resa| - [Resd] [g¥]
Intesface settings Device R
Teal infarmaticn Erase Chip @ | Erase now |
| Device information Flash [256EE)
-~ T — =
f Security o] Venty Flash after programming Nerhs E—
User Page (312bytes)
| z : .
| o Erase User Page before programmang Read-.

o Verify User Page after programming

[=] Erasing device—. OK

RESULT  SAM-BA is now programmed in internal flash.

n INFO As said previously, there is another method to program SAM-BA for users who don’t
have Atmel Studio.

This method, on a programming script and command lines, is described in the
application note called “SAM-BA for SAM4L”: http://www.atmel.com/Images/Atmel-
42051-SAM-BA-for-SAM4L_ Application-Note_AT03454.pdf.
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Atmel

TODO

In order to protect SAMBA from being erased, the flash lock bit 0 must be set.

RESULT

Lock the flash region where SAM-BA has been programmed.

On the left of the window, click on Fuses (1), tick the checkbox of the LOCKO bit (2), then click the
Program button (3)

.

F
J-Link (000480008960) - Device Programming

=)

Tool Device Interface

ATSAMALCIC  ~ [SWD

| 0 LOCKO .f' 2

0 Lock1
¥ Lock2
¥ Lock3
0 LocK4
) LOCKS
41 OCKR
Fuse Register
FGRFRLO
USERPAGE_WORD_0
USERPAGE_WORD_1

4

Interface settings Value

Toeol information

Device information
Memories

l| Fuses l1 |
Security

i

Value
OxFFFFFFFE
OxFFFFFFFF
OxFFFFFFFF

Auto read

Verify after programming
VHTILE TEYISLEN S AP
Starting operation verify registers
Verify register FGPFRLO...OK

I Verify register USERPAGE_WORD_0...0K

Verify register USERPAGE_WORD_1..0K
Verify registers ...0K

B Verify registers ...OK

Close

Device signature

0xABDAONSEL

Target Voltage

Read| 23V @

Copy to clipboard

3 [[ Program I[ Verify ][ Read ]

.
N

Flash region 0 has been locked. SAM-BA is now protected and cannot be erased,

unless user intentionally unlocks the lock bit before or perform an erase command

through JTAG/SWD.
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5. Assignment 2: Program the Application in SAM4L Flash using SAM-BA

In this assignment, we are going to program an application in flash, and see how it can co-exist with SAMBA
in internal flash.

In order to use SAM-BA programming feature, the application will be compiled in Atmel Studio 6.1, but it will
be programmed through USB using SAM-BA GUI.

=
k—" TO DO Open an application code from ASF (Atmel Software Framework) and compile it with
Atmel Studio 6.1.

e Firstly close the programming tool windows to come back to the start screen of Atmel Studio 6.1

e (Click on New Example Project from ASF:

Start Page X [gETNa ASF Wizard

@ Mew Project...

Mew Example Project from ASF..‘]

@ Open Project...

In the New Example Project window:

e Select Device Family SAM4, 32-bit

e Select Kit section and click on Atmel > ASF Version 3.11.0 > SAM4L-EK

Mew Example Project from ASF or Extensions

!‘ Device FamilI.[SAM#, 32-bit ~ | Category: | Al ~ | Search for Exam

All Projects

4 (3] Atmel (6002 projects)
1= Atmel Corp. - ASF(3.14.0) (873 projects)
1= Atmel Corp. - ASF(3.13.1) (873 projects)
=l Atmel Corp. - ASF(3.12.1) (873 projects)
4 .ED Atmel Corp. - ASF(2.11.0) (790 projects)
"5 SAMME-EK (112 projects)
(= SAMAL Xplained Pre (152 projects)
(= SAMALE Xplained Pro (92 projects)
4 (o] SAMAL-EK (99 projects)
. ABDACE - Audio Bitstream DAC Bxample - SAMAL-EK

AT M e em CARAA T

Category

Technology
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e Then select C42364A Display LCD Glass Example - SAM4L-EK in the example list

e Rename the Project to “Hands-on Assignment”

- hl
Mew Example Project from ASF or Extensions k I M

he)

Device Family: | SAM4, 32-bit | Category: Search for Example Projects

C42364A  Display

All Projects EEH SPIITRS APIAIIEL FI L8 prgeLs) . LCD Glass Example
| 4 (2] SAMAL-EK (99 projects) T _SAMYLEK

Category . ABDACE - Audio Bitstream DAC Example - SAMAL-EK

Technology | ACIFC Example - SAM4L-EK a8 A simple example for drawing
| ADC Interface Example - SAMAL-EK pietures 00 s on e
. ADCIFE Window Monitor Example - SAM4L-EK [C42364A Display LCD
|| AESA Example - SAMAL-EK Glass Example - SAMAL-EX
{4 AST Example 1 - SAMML-EK - ATSAMALCAC]
| AST Example 2 - SAMAL-EK & Cnline Help

| AT25DFx Exarnple - SAMAL-EK
. C423644 Display LCD Glass Example - SAM4L-EK
= o M4L-EK
. Common APIfor Clocks Control Example 1 - SAMAL-EK
.~ Commeon APIfor Clocks Control Example 2 - SAMAL-EK
. Common APIfor Clocks Control Exarple 3 - SAM4L-EK
. Common APIfor Sleep Management Exarmple - SAMAL-EK
.~ Common IOPORT Service Example1 - SAMAL-EK
. Common IOPORT Service Example 2 - SAMAL-EK
Common IOPORT Service Example 3 - SAMAL-EK -

SAMAl B e

m

Project Name: Hands-on Assignment

° I?inally, select the following location to save your new project:

Atmel Training Executable Delivery Case

e Save the Hands-on Assignment project to:
“AN-4574 SAMA4L-EK _Using_SAM-BA\assignments”
(folder located in the ATMEL_TRAINING installation folder).

Atmel Studio Extension Delivery Case

e Add the Hands-on Assignment project to the Hands-on Documentation solution
e (Click OK and accept the different license agreements and click on Finish

e Build the project as is by clicking on the icon or by pressing the F7 key

RESULT  The project example is now compiled and can be programmed in flash using SAM-
BA 2.12.

n INFO The purpose of this example is to switch on the segment LCD display backlight and
all the segments and icons.
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l—l-l &
k—‘" TO DO Program the application via USB with SAM-BA 2.12.

e Remove the USB cable from the USB J-Link OB connector and power-up the board using the
standard USB connector (J305) as shown in the below picture:

SAM-BA is executed and the AT91 USB to Serial driver should be automatically installed (first time

use only):
. AT91 USB to Serial Converter (COM19) XX
‘@ Device driver software installed successfully,
E AMP =I é )
Atmel AN-4574 — TRAINING MANUAL: 42245A - 02/2014
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e You should have an AT91 USB CDC COM port created in the Windows Device Manager

= Device Manager . =&
- e i i

File Action View Help
e || HE
4 ;25 RFOLT1246 |

I> @ Batteries
p--g Bluetooth Radios
-/ Computer

- -BF ControlVault Device
|.>-u Disk drives

B, Display adapters
5 DVD/CD-ROM drives
E-% Human Interface Devices N
D—ﬁ Imaging devices
& Jungo

Py Keyboards

Dﬂ Mice and other pointing devices
|>l_'-l_:| Maonitors

|>l‘7" Network adapters

a0 de (COM R DT

YZ¥ ATO1 USB to Serial Converter (COMLI)

. L.Y3" ECP Printer Port (LPTL)
I.>-R Processors

p@ Smart card readers

|>§| Sound, video and game controllers
|l>-c— Storage controllers

I.>--j-;_l System devices

b i Universal Serial Bus controllers

n INFO If the driver mounted is not AT91 USB to Serial, the driver must be updated manually.
The .inf file to select is located in SAM-BA install directory: Atmel/sam-ba_2.12/drv.

W

e Start SAM-BA 2.12 ks
wlity

e Select \USBseria\COMxx as connection and at91sam4l-ek as the board, then click on Connect

r B
™ SAM-BA 2.12 ESEERS

Select the connection {1'USBserial\COM1S
Select your board {|at91samdl-ek
JLink speed : |default j
JLink TimeoutMultiplier : |0 -

[T Customize lowlevel

Connect Exit

n INFO If the at91sam4l-ek board does not appear in the board list, verify that samba patch 5
has been correctly installed on your computer.
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The SAM-BA GUI main window is now displayed.

The Send File command is going to be used to program the binary file of the application in flash.

e C(Click on the Elicon (1) and browse your computer to select the binary file to program

R4

- TIPS The file to select is Hands-on Assignment.bin and is located in the Hands-on
Assignment/Debug folder.

e Change the Address field to 0x4000 (2)

n INFO As explained in introduction, flash address range from 0x00000 to 0x04000 is
dedicated from SAM-BA monitor. So the application must be programmed starting for
address 0x04000.

e Click on Send File button (3)

- |
™ SAM-BA212 - at91samdl-ek EEIN
| File  SecriptFile Help
—at91samd| Memory Display Hl
Start Address : [0x20000000 Refresh | Display format————————————————— Applet traces on DBGU
P L . [infos  ~] appl |
Size in byte(s) :|U)CI.UU  asci  8-bit " 16-bit & 32-bit PPl
0x20000000 0x0041033C 0x00530054 0x004D0041 0x00550020 =
0x20000010 0x00420053 0x00740020 0x0020006F 0x00650053 D
0x20000020 0x00620072 Ox006C0061 0x00430020 0x006EQODEF

0x20000030 0x00650076 0x00740072 0x00720065 0x04090304

U AenANAAANAN  AACATEAAT  A.ETASANAR  AnAAAATARA  Anascecass

< n 3

Flash I FlashUserPage ]

— Download / Upload File
Send File Name: |C:IATMEL_TRAININGfA'ITllS_SAM4L-EK_U;ing_SAMB a (& 1 Send File 3
Receive File Name: EI Receive File
2 Address: ’W Size (For Receive File) :W byte(s) Compare sent file with memory
: —Scripts
| IErase application area [0:4000 - ...] ﬂ Execute |
E
||loading history file ... 10 events added i

SAM-BA console display active (Tcl8.5.9 / Tk8.5.9)
(sam-ba_2.12) 11 %
||(sam-ba_2.12) 11 %

\USBserial\COM19 | Board : at91samdl-ek|
=
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RESULT  The application is now programmed in flash memory from address 0x04000.

e (Close SAM-BA 2.12 and reset the board

e Considering the configuration word in the flash User Page has not been modified (OxFFFFFFFF),
the application should start. If not, could you explain why?

TIPS A step was missing in this assignment.

To use SAM-BA together with an application the user needs to link the application at
0x4000.

As a consequence, the linker file of the Atmel Studio 6.1 project must be modified
before compiling the application.

The addresses used to jump to a function are hardcoded by the linker file. So if the
code is moved in another memory address range without changing the way it is
linked, the code will jump to a wrong address during its execution.
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6. Assignment 3: Update Application Linker File

In this assignment, we will firstly modify the linker file of the Atmel Studio 6.1 application project, then the new
binary file will be programmed with SAM-BA 2.12 as done previously.

e
k—‘" TO DO Modify the linker file of the application in Atmel Studio 6.1.

e Inthe C42364A project example under Atmel Studio 6.1, open the flash.Id file (linker file), which is
located in src/ASF/sam/utils/linker_scripts/sam4l/sam4l4/gcc

Solutson F_:-:pl.;.n.'_f

)|

» |5l Dependencees
i Cutput Files
== Libranes
PR
4 & ASF
(=l common
4 [8) sam
=) boards
Al components
) direers
4 o utils
» (el cmsis
md header_files
4 B Inker_scnpts
i [ samdl
4 & samdH
4 & gec

| flash.id

e Browse the file and modify the below value in red:

0x00040000 /* flash, 256K */

rom (rx) : ORIGIN = 0x00000000, LENGTH

must be replaced by:

rom (rx) : ORIGIN = 0x00004000, LENGTH 0x0003C000 /* flash, 256K */

e Save the changes by clicking on the icon H

e Rebuild the solution by clicking on menu Build > Rebuild Solution

0 WARNING The use of the Rebuild Solution command is mandatory. The use of Build Solution
won’t work here because it does not take into account the changes made in the linker

file.
RESULT  The linker file has been modified and a new binary has been generated. It can be

now loaded in flash memory using SAM-BA 2.12.
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N
k—‘" TO DO Program the application linked at address 0x4000 with SAM-BA 2.12.

e Reprogram SAM-BA on the target using previous steps described in Assignment 1
e Open SAM-BA 2.12
e Select \USBseria\COMxx as connection and at91sam4l-ek as the board, and then click on Connect

e Click on the Elicon and browse your computer to select the binary file to program

TIPS The file to select is Hands-on Assignment.bin and is located in the Hands-on
Assignment/Debug folder.

e Change the Address field to 0x04000
e C(Click on Send File button

e Close SAM-BA 2.12 and reset the board

RESULT  The application should now be executed: the Segment LCD display is switched on.
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7. Assignment 4: Update SAM4L Flash User Page to Allow Boot Selection
between SAM-BA Monitor and the User Application

In the previous assignments, you saw how to program both SAM-BA monitor and a user application in internal
flash and execute the application.

In this assignment, you are going to experiment how to boot from SAM-BA monitor while it co-exists with the
application in flash.

As explained in introduction, the behavior of the device at reset (boot from SAM-BA, or boot from the
application) can be modified through the Flash user page which contains the monitor configuration word.

SAM-BA monitor is executed if the specific word 0x4D4153 (“SAM” in ASCII) is written or if a force pin is
configured and detected as active (see flowchart at the beginning of this document).

In this assignment you will have to configure the PIO PCO3 (i.e. push button PBO) as the force pin. Thus when
the push button PBO is pressed while powering up the board, SAM-BA monitor is executed. If not, SAM-BA
jumps directly to the application then executes it.

As we forced the application execution in the previous assignment, we first have to erase the whole content of
the flash then program again SAM-BA as we did in the first assignment.

s
k—"’ TO DO Erase the whole content of the flash and program SAM-BA at address 0x0000 with
Atmel Studio 6.1.

e Change the power interface of the SAM4L-EK and connect the USB cable to the USB J-Link OB

connector (J1)

e Using Atmel Studio, erase the flash content by following the same steps as the first assignment of
this hands-on and program the image of SAM-BA Boot

RESULT  SAM-BA has been re-programmed in flash. There is no application code at address
0x4000 for now.

s
TO DO Read the flash user page with SAM-BA 2.12.

e |n order to boot from SAM-BA boot, remove the USB cable from the USB J-Link OB connector and
power-up the board using the standard USB connector (J305)

e Start SAM-BA 2.12, select \USBseria\COMxx as connection and at91sam4l-ek as board then click
on Connect. The SAM-BA GUI main window is now displayed.
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n INFO The user page also contains BODs and watchdog settings, and it is up to the user to
not to modify it. In order to keep those settings, the right procedure to modify the user
page is to read it first, modify it using a hexa file editor (Fhred) then program it again.

e In SAM-BA GUI main window, select the FlashUserPage tab (1)

e In order to retrieve the flash user page, we have to use the Receive File function of SAM-BA GUI.
Click on the E"'l icon on the left of the Receive File button (2)

e Browse your computer to define the location of the file to be received. Name this file user_page (or
user_page.bin), and save it in the following directory:
Atmel Training Executable Delivery case

e “AN-4574 SAMA4L-EK_Using_SAM-BA\assignments folder
(which is located in the ATMEL_TRAINING installation folder).

Atmel Studio Extension Delivery case

e Hands-on Documentation project folder

e Change the Size (For Receive File) to 0x200 (3)

e Finally click on Receive File button to retrieve the flash user page (4)

r N
Fsavens o ==
Savein: | assignmerts - @F = m
P Name ’ Date modified Type
depr | C42364_EXAMPLEL 3/22/20134:07PM  File folder
Recent Places
Desktop
- =1
¥ SAM-BA2.12 - atd1samdl-ek Libraries
‘ File ScriptFile  Help n,!._
at91samd| Memory Display Computer
Start Address ;20000000 Refresh | [DisPlay format @
, - < i '
Size in byte(s) : 0100 © asdil © bt © 16-bit © Network ‘
0x20000000 0x0041033C 0x0053005¢ O0x004D004Ll 0 plaess user_pagel - [ sae ]|
0x20000010 0x00420053 0x00740020 0x0020006F O Save as type: [Bm Files ("bin) '] [ Cancel ]
0: 1 0x00430020 —
0x20000030 0x00650076 0x00740072 0x00720065 0x04090304
i fuasansaes nusesanac wnnnnonaa owassssess .
F‘“hl FlashUserPage ' 1
Download / Upload Fil
Send File Name: | é
Receive File Name :|C:/ATMEL_TRAINING/ATT118 SAMAL-EK Using SAMBAYa
Address:0:00000000 | Size (For Receive File) : [0:200] byte]
loading history file ... 10 events added -
SAM-BA console display active (Tcl8.5.9 / TK8.5.9)
(sam-ba_2.12) 11 %
(sam-ba_2.12) 11
\USBserial\COM19]| Board : at9lsamdl-ek|

RESULT Flash user page has been saved and can be now modified.
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-
E—" TO DO Compute and modify the monitor configuration word in flash user page.
n INFO The push button PBO (connected to PC03 on the SAM4LC4) will be used as the force

pin to choose if the device boots from SAM-BA monitor or the application. When the
active level (low level for the push button) is detected, SAM-BA monitor has to be
executed. If not, the application (not loaded yet) is executed.

e Compute the value of the configuration word using the below tips

TIPS The configuration word has the following format:
OxFFFFFYXX
Bit[8]: 10O active level Bits[0..7]: 10 port number
0: Active low level From 0 (PAO) to 95 (PC31)
1: Active high level
Or:
31 24
| Nnt [ Ised (OxFF) |
23 16
| Not llsed (OxFF) |
15 8
7 0

10 port number
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)

- TIPS The 1/0 port number of PCO3 is given in the below extract of the datasheet, then
must be converted in hexadecimal:

ATSAMALC
ATSAMALS|
Pin
GPIO
Supply

QFN | VFBGA | QFN |VFBGA

94 D& 94 D& PB15 (|47 LCDC

1 A10 1 A10 | PCOO ||64 | VDDIO

2 ce 2 ca PCO1 |65 || VDDIO

3 cr 3 cr PCO02 |66 )| VDDIO

4 B7 4 BT PCO3 ||67 || VDDIO

9 C5 9 c5 PCO4 |68 )| VDDIO

10 Cé 10 Cé PCO5 ||69 || VDDIO

1 B6 1 B6 PCO6 [J70 || VDDIO

R4
(

- TIPS Active level of the push button is low.

e Open Frhed Hex Editor
e Click on the Open icon El then browse you computer to select the user_page.bin file

e Finally click on Open. The User page is displayed, and the configuration word to update is located
at offset 0x10:

o [CNATMEL_TRAININGVAT7118_SAM4L-EK_Using_SAMBA\Hands-on\assignmentsiuser_page.bin] - Frhed

Eile Disk Edit View Options Registry Bookmarks Misc Help
DEE| 4 @ #cE R«

— ) .
000 |Tf ff ff Tf ff Tt ff ff ff ff ff ff ff f ff (fff_ff _ff fr Jf Configuration word
olc ff ff ff ff ff ff ff ff ff ff ff ff ff Ff fF ff ff ff ff ff ff ff ff ff (offset 0x10)
038 |fF ff Ff ff Ff ff ff £f ff ff ff ff ff ff ff Ff Ff ff ff Ff £f ff £f FFf Ff ff FF fF

054 |Ff FF FF £F FF fF T ff ff Ff ff Ff ff ff FF Ff Ff FF £f £F Ff Ff £f Ff Ff f FF FF
070 |Ff Ff FF ff Ff ff Tf £f ff Ff ff Ff ff £f FF £f Ff Ff £f £F Ff Ff £f Ff Ff f FF FF
o0sc Ff Ff Ff ff Ff ff T ff ff Ff ff Ff ff ff FF ff Ff Ff £f £F Ff Ff £f Ff Ff f FF FF
0a8 ff Ff Ff ff Ff ff Tf ff ff Ff ff £f ff ff FF £f Ff Ff £f FF f Ff Ff Ff Ff f FF FF
Ocd Ff Ff Ff £F £f Ff ff £f ff Ff ff Ff Ff £f Ff ff ff Ff £f £f Ff ff £f ff Ff ff Ff ff
0e0 Ff ff Ff £F ff ff ff ff ff Ff ff Ff ff £f ff ff ff £f £f £f Ff ff £f ff Ff ff Ff ff
Ofc Ff ff Ff £f ff ff ff ff ff Ff ff Ff ff £f ff ff ff Ff £f £f Ff ff Ff ff Ff ff Ff ff
118 ff ff £f Ff ff ff ff £f ff ff ff ff ff £f ff Ff ff ff £f ff Ff ff ff £f f ff Ff fF
134 Ff ff £f Ff Ff ff ff £f ff ff ff ff ff £f ff Ff ff ff Ff ff Ff ff ff Ff ff Ff Ff fF
150 ff ff £f Ff Ff ff ff £f ff ff ff ff ff £f ff ©f ff £ £f ff Ff ff £ £F Ff £ Ff FF
L6c Ff fF £f Ff ff ff ff £f ff ff Tf £f ff Tf ff Ff ff ff Ff ff Ff ff £f FF ff 7f FF fF
88 FF FF £ FF FF Ff FF £ Ff £F £f Ff FF Ff ff FF Ff Ff Ff ff Ff F £f FF Ff £ FF FF
as FF FF FF FF Ff £f fF £ Tf ff Tf £f £ FF ff £f £f ff Ff ff Ff ff £f FF ff Ff FF fF
Lco FF FF £f FF Ff £f ff £f ff f ff £f Ff FF ff £f ff ff Ff ff Ff ff £f FF ff Ff FF fF
Ldc FF fF £f FF Ff £f ff £f ff ff ff ff Ff FF ff Ff ff ff Ff ff Ff fF ff FF ff Ff FF fF
1fs |FF fF Ff FF FF FF FF

e Modify the configuration word with the value you computed

0 WARNING LSB are displayed first by Frhed. For example, if value is 0OXABCDEFO01, Frhed
displays it as: 01 EF CD AB.

e Save the changes by clicking on the icon E and close Frhed Editor

RESULT  The monitor configuration word has been modified.
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%¢ ToDpO

Write the new flash user page with SAM-BA 2.12.

e |f you closed SAM-BA 2.12, open it again and connect to the board through USB
e Select the FlashUserPage tab (1)

e In order to write the flash user page, we have to use the Send File function of SAM-BA GUI. Click
on the El icon on the left of the Send File button (2)

e Browse your computer and select the user_page.bin file (3).

This file should be in the following directory:

Atmel Training Executable Delivery case

e “AN-4574 SAMA4L-EK Using_SAM-BA\assignments folder
(which is located in the ATMEL_TRAINING installation folder).

Atmel Studio Extension Delivery case

e Hands-on Documentation project folder

e Click on Open and on Send File button to retrieve the flash user page (4)

r m
[ Open - - g
Lookin: || assignments - G‘ ,? = '
T Mame = Date modified Type
(P SAM-BA2.12 - at91samal-ek = | C4Z364A_EXAMPLEL 3/22/2013407 M File folder
Recent Places £ c0 oocbin 3/25/2013 5:05 P BIN File
| File  ScriptFile Help -
— at91saméd| Memory Display Desktop
Start Address : 0:20000000 Refresh | [Display format e
Size in byte(s) :[1:100  ascii  8-bit  16-bit (. Li;:;rari]g;
Dx20000000 Ox0041033C 0x00530054  O0x004D0041
Dx20000010 Ox00420053 0x00740020 O0x0020006F H-!-!
u
Dx20000020 Ox00690072 Ox006C0061  0x00430020 Sompns
! Dx20000030 Ox00650076 0x00740072  0x00720065 @
! NeANANNNAN  AWACANEA4Y  Ae£Ta2904/  Awannnmass > < n ’
4 | m Network
| File name [ user_page bin ] 3 - I
| Flash | FlashUserPage |1 Files of typs B Files *bin) 7] [ Cancel |
Download / Upload File
Send File Name : |C:."ATMEL_TRAININGfA'I?llS_SAM4L-EK_U;ing_SAMBA,t = I 2 Send File 4
Receive File Name :| = Receive File

Address : |(:00000000 Size (For Receive File) : |0:1000 byte(s)

Compare sent file with memory

loading history file ... 10 events added

SAM-BA console display active (Tcl8.5.9 / Tk8.5.9)
(sam-ba_2.12) 11 %

(samrba_2.12) 11 %]

\USBserial\COM19|| Board : at9lsamdl-ek| -

RESULT

The flash user page has been modified and programmed.
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k—‘" TO DO Program the user application with SAM-BA 2.12.

e Select the Flash tab

e In order to write the flash user page, we have to use the Send File function of SAM-BA GUI. Click
on the El icon on the left of the Send File button

e Browse your computer and select the Hands-on Assignment.bin located in:

Atmel Training Executable Delivery case

e Hands-on Assignment/Debug folder

Atmel Studio Extension Delivery case

e Hands-on Documentation project folder
e Click on Open
e Change the Adress field to 0x04000

e Finally click on Send File button to retrieve the flash user page

RESULT  Application has been programmed at address 0x4000.

e SAM-BA 2.12 can be closed and you can switch-off the board

e You can now verify if the value of the monitor configuration word you set is correct or not. If the
configuration word is correct, the device should behaves as follow:
e By default when the board is powered through USB connector (J305), the application is
executed
e When the board is powered through J305 and PB0 is pressed at the same time, SAM-
BA monitor is executed. You should see the AT91 USB CDC COM driver mounted on
your PC.

n INFO If the device does not behave as explained previously, you have to check the value
of the configuration word and restart from the beginning of the assignment 4.
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8. Conclusion

As you have seen in this hands-on, it is possible to make SAM-BA co-existing with an application in internal

flash. If SAM-BA monitor is not needed, it can be erased so that the whole content of the flash can be used
for the user application.

For more information on SAM-BA for SAM4L devices, you can refer to the application note called “SAM-BA
for SAM4L”:

This application note comes with a package containing the binary file of SAM-BA, its source code and a
programming script for non-Atmel Studio users, and also a ready-to-use linker file for GCC, Atmel Studio or
IAR™ users. This application note can be downloaded for the below link:

http://www.atmel.com/Images/Atmel-42051-SAM-BA-for-SAM4L_ Application-Note AT03454.pdf
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