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How to Move an Application into a Desired Flash Memory
Location with the Help of Linker Script on SAM E54

Introduction

An application can be placed into a desired Flash memory location of a SAM E54 microcontroller (MCU) with the
Harmony v3 bootloaders. The desired Flash memory location address must be within the start and end addresses of
the dedicated application code location in the Flash memory, as shown in the following SAM E54 memory layout. For
example, the bootloader code is placed at the start of the Flash, and the application code can be placed anywhere
after the bootloader end address. The application start address must be aligned to sector (or page) size.

Figure 1. Basic Bootloader - Memory Layout

Bootloader Start Address (0x00000000)

Bootloader Code

Bootloader End Address (OxO0001FFF)
Default Application Start Address (0x00002000)

Application Code

Application End Address (0x00100000)

Note: The bootloader section's start and end address and the application code section will vary for different devices.
Refer to the respective device data sheet for details of the Flash memory layout.
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Configure the Desired Application Start Address in the Bootloader
Project

The bootloader must know the Flash memory address where the bootloader will program the application. This value
will be used by the bootloader to jump to the application at device reset. The default application start address is
0x2000. The MPLAB Harmony v3 bootloader requires the application start address to be mentioned at compile time.
The application start address mentioned in the bootloader configuration must match the application start address
mentioned in the application's configuration.

As an example, the following steps are used to set 0x4000 as the desired address in the Flash memory where an
application must be placed.
1. Connect the Debug USB port on the SAM E54 Xplained Pro board to the computer using a micro-USB cable.

2. Download the MPLAB Harmony v3 Bootloader UART Examples Repository and open the UART Basic
bootloader project from the path: <MPLAB Harmony v3 Bootloader UART Examples Repository>/apps/
uart_bootloader/bootloader/firmware/sam_e54_xpro.X using MPLAB® X IDE.

3. Launch MHC and configure the required start address of the application.
Figure 1-1. UART Basic Bootloader Project - Set Desired Flash Memory Address for the Application
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4. Save and regenerate the project.
5. Build and program the UART bootloader using MPLAB X IDE.
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Configure the Desired Application Start Address in the Application
Project

The desired application start address is the address where the application runs. This value must be equal to or
greater than the bootloader size as this value will be used by the bootloader to jump to the application at device reset,
it must match with the value provided to the bootloader during configuration.

To configure the desired start address in an application, use the following steps, which use the MPLAB Harmony v3
bootloader test application as an example.

1. Open the UART Basic Bootloader test application project (<SMPLAB Harmony v3 Bootloader UART Examples
Repository>/apps/uart_bootloader/test_app/firmware/sam_e54_xpro.X) using the MPLAB X IDE.

2. Launch the MHC and configure the required start address of the application to 0x4000.
Figure 2-1. UART Basic Bootloader Test Application Project - Application Code Start Address
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3. Save and Regenerate the project.
4. Build the UART bootloader test application project to generate the binary (Do not program the binary).
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Linker Settings in MPLABX IDE

The bootloader project uses a custom linker script generated through the MHC. The values populated in the linker
script are based on the bootloader MHC configuration. The bootloader is configured to run from the RAM to achieve
simultaneous Flash memory write and read of the next block of data.

Figure 3-1. UART Basic Bootloader - Custom Linker Script
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The bootloader test application project overrides the XC32 linker variables, ROM_ORIGIN and ROM_LENGTH, with
the value provided for the application start address in the MHC configuration. This value can be verified in the XC32
linker options under Project Properties in MPLABX IDE, as shown in the following figure.
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Figure 3-2. UART Bootloader Test Application - Project Properties
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Preprocessor Macro Definitions:

* ROM_ORIGIN and ROM_LENGTH are the XC32 linker variables which will be overridden with values provided
here.

» These values are auto-populated with the value of the application start address provided in the MHC after
regeneration.

Additional Options:

» The Bootloader trigger pattern needs to be stored in the starting 16 Bytes of RAM by the application if it wants to
run the bootloader at startup without any external trigger. Therefore, the RAM_ORIGIN and RAM_LENGTH
values should be provided for reserving 16 bytes at the start of the RAM to trigger the bootloader. The
RAM_ORIGIN is calculated using the RAM_START, and the RAM_LENGTH is calculated using the RAM_SIZE,
as shown in the following figure.

#define RAM START (0x20000000 + 16)
#define RAM SIZE (0x40000 - 16)

/*************************************************************************
* Memory-Region Definitions
* The MEMORY command describes the location and size of blocks of memory
* on the target device. The command below uses the macros defined above.
~k~k***~k**~k***~k~k~k~k******~k~k~k~k***~k~k~k~k**~k***~k~k~k~k***~k~k~k************************/
MEMORY
{
rom (rx) : ORIGIN = ROM START, LENGTH = ROM SIZE
ram (rwx) : ORIGIN = RAM START, LENGTH = RAM SIZE
}

» This setting is optional and can be ignored if not required.
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Example of Programming an Application into a Desired Flash Memory
Location

This section provides an example of changing the application start address from 0x2000 to 0x4000. The following
figure shows the new memory layout after changing the application start address.

Figure 4-1. Basic Bootloader - New Memory Layout

Bootloader Start Address (0x00000000)

Bootloader Code

Bootloader End Address (0xO0001FFF)

Unused Flash
Memory

New Application Start Address (0x00004000)

Application Code

Application End Address (0x00100000)

Follow these steps to change the application start address:

1.

Follow the steps mentioned in Configure the Desired Application Start Address in the Bootloader Project and
Configure the desired application start address in the application project.
Connect the Debug USB port on the SAM E54 Xplained Pro board to the computer using a micro-USB cable.
Download the MPLAB Harmony v3 Bootloader Repository and run the Bootloader Tools script btl host.py
from a command prompt to program the application binary. Ensure that the new start address is used to
program the application into the desired Flash memory location, as shown below.

python <MPLAB Harmony v3 Bootloader Repository>\tools\btl host.py -v -i <COM PORT> -d

same5x -a 0x4000 -f

<MPLAB Harmony v3 Bootloader UART Examples

Repository>\apps\uart bootloader\test app\firmware\sam e54 xpro.X\dist\sam e54 xpro\produ
ction\sam e54 xpro.X.production.bin

The following figure shows the output of successfully programming the test application:
— "Rebooting" and "Reboot Done" messages in the following output signify that bootloading is successful:
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Figure 4-2. Basic Bootloader - Application Programming Success

hlocks at addre

5. If the above step is successful, then the LEDO must start blinking, indicating the application is written into the
required Flash memory location.

6. Change the start address in the bootloader and test application project. Repeat the above steps to write the
application in a different Flash address.

Note: The UART Fail-Safe bootloader and its test application present in <MPLAB Harmony v3 Bootloader UART
Examples Repository>\apps can also be used to change the application start address. The method is shown

in section Configure the Desired Application Start Address in the Bootloader Project and Configure the Desired
Application Start Address in the Application Project. The steps discussed in this document apply to the UART
Fail-Safe bootloader, except that the UART Fail-Safe bootloader uses the dual-bank memory layout. Refer to the
UART Fail-Safe bootloader documentation for details.

© 2021 Microchip Technology Inc. Technical Brief DS90003298A-page 7



TB3298

Tips: Bootloader and Application Size Consideratio...

Tips: Bootloader and Application Size Considerations

The example bootloaders provided in the apps/uart_bootloader/bootloader/ folder have optimization settings for use
by most MPLAB XC32 C/C++ Compiler users, which is —O1.

Turning on the —Os will further reduce the size of the bootloader.

Note: The minimum size of the bootloader may also vary based on the Device BOOTPROT configuration bit value
for SAM devices.

Size Change Considerations:

It must be ensured that the user application’s memory region does not overlap with the memory region reserved for
the bootloader.

If the size of the bootloader changes, the following steps must be performed to adjust both the bootloader and the
application, ensure that both fit and make the best use of the device memory:

1. Increase the bootloader size in the bootloader MHC configuration menu to some approximate value and
regenerate the code.

2. Determine the new ending address of the bootloader. This can be done by using either the .map file generated
by MPLAB X IDE or by using the ELFViewer plug-in for MPLAB X IDE.

3.  Round the size from the map file to the nearest ERASE unit size or the nearest BOOTPROT configuration
value.

4. Enter the new value again in Bootloader Size in the bootloader MHC configuration menu.

5. Change the Application start address in the system settings for both the bootloader and application projects
accordingly.

6. Recompile both the bootloader and the application, as well as the test operations.
If only the Application start address needs to be modified, then perform the following steps:

1. Change the Application start address in system settings for both the bootloader and application projects
accordingly.
2. Recompile both the bootloader and the application, as well as the test operations.
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6. References

MPLAB® Harmony v3:

www.microchip.com/mplab/mplab-harmony

MPLAB Harmony v3 Bootloader Help:

<Harmony framework download folder>\bootloader\doc\help_bootloader.chm

MPLAB Harmony v3 Core Help:

<Harmony framework download folder>\core\doc\help_harmony_core.chm

MPLAB® Harmony v3 UART Bootloader Application Examples:
microchip-mplab-harmony.github.io/bootloader_apps_uart/

MPLAB Harmony v3 Bootloader application:

< Harmony framework download folder>\bootloader\apps

Dual Bank Bootloader on SAM E54 Microcontroller (MCU) Using MPLAB Harmony v3:
ww1.microchip.com/downloads/en/Appnotes/Dual-Bank-Bootloader-on-SAME54-Microcontroller-Using-MPLAB-
Harmonyv3-DS00003508A.pdf

Getting Started with Harmony v3 Peripheral Libraries on SAM D5x/E5x MCUs:
microchipdeveloper.com/harmony3:same54-getting-started-training-module

MPLAB® XC32 C/C++ Compiler User’s Guide for PIC32C/SAM MCUs:
ww1.microchip.com/downloads/en/DeviceDoc/XC32_PICC_UG_DS50002895A.pdf

MPLAB® XC32 ASSEMBLER, LINKER AND UTILITIES User’s Guide:
ww1.microchip.com/downloads/en/DeviceDoc/50002186A.pdf

Live Update Application on SAM E54 Curiosity Ultra Development Board:
microchiptech.github.io/MPLAB-Harmony-Reference-Apps/apps/sam_e54_cult/same54 _uart_live_update/
readme.html

SD Card USB Audio Player on SAM E54 Curiosity Ultra Development Board + maXTouch® Curiosity Pro Board
using Legato Graphics:
microchiptech.github.io/MPLAB-Harmony-Reference-Apps/apps/sam_e54_cult/
sameb4_sdcard_usb_audio_player/readme.htmi

MPLAB® Harmony v3 Reference Applications:
github.com/MicrochipTech/MPLAB-Harmony-Reference-Apps

MPLAB® Harmony v3 Getting Started Articles and Other Documents:
www.microchip.com/mplab/mplab-harmony/mplab-harmony-articles-and-documentation

MPLAB® Harmony v3 Configurator Overview:

microchipdeveloper.com/harmony3:mhc-overview

Create your first Motor Control Application using MPLAB® Harmony v3:
microchipdeveloper.com/harmony3:motor-control-getting-started-training-module

How to Build an Application by Adding a New PLIB, Driver, or Middleware to an Existing MPLAB Harmony v3
Project:

ww1.microchip.com/downloads/en/DeviceDoc/
How_to_Build_Application_Adding_PLIB_%20Driver_or_Middleware%20_to_ MPLAB_Harmony_v3Project_DS9
0003253A.pdf

MPLAB® Harmony v3 SD Card Audio Player/Reader Tutorial:
microchipdeveloper.com/harmony3:audio-player

Graphics Quick Start Applications for PIC32MZ and SAM MCUs:
github.com/Microchip-MPLAB-Harmony/gfx/wiki/Application-QuickStart

MPLAB Harmony v3 USB Stack:
microchip-mplab-harmony.github.io/usb/frames.html?frmname=topic&frmfile=index.html

Create Your First USB Device CDC Single Application:
github.com/Microchip-MPLAB-Harmony/usb/wiki/Create-your-first-usb-device-cdc-single-application
Create Your First USB Host MSD Application:
github.com/Microchip-MPLAB-Harmony/usb/wiki/Create-your-first-usb-host-msd-application
MPLAB Harmony v3 TCP/IP Help:
microchip-mplab-harmony.github.io/net/frames.html?frmname=topic&frmfile=index.html
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» Create Your First TCP/IP Application:
github.com/Microchip-MPLAB-Harmony/net/wiki/Create-your-first-tcpip-application
*  MPLAB Harmony v3 Application Development Guide for MPLAB Harmony v2 Users:

ww1.microchip.com/downloads/en/Appnotes/
MPLAB_Harmonyv3_Application_Development_%20Guide_for_%20MPLAB_Harmonyv2_Users_DS00003388

A.pdf
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner and under normal
conditions.

* There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

» Microchip is willing to work with any customer who is concerned about the integrity of its code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable.” Code protection is constantly
evolving. We at Microchip are committed to continuously improving the code protection features of our products.
Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act.
If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to sue
for relief under that Act.
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Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION. Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,
and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or
expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.
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