eXecute-In-Place (XIP) with Serial Flash Memories on c
MPUs Using MPLAB Harmony V3 c\ MICROCHIP

Introduction

This document describes the eXecute-In-Place (XIP) from serial Flash memory feature on MPUs and discusses
the implementation of an application using the MPLAB® Harmony v3 software framework. It explains how to
generate an application binary to execute in the serial Flash memory region, and it also shows how to execute
an application from the serial Flash. The purpose of this feature is to provide an option to run a DDR-less
system on MPUs.

The example provided in this application note comprises the six main steps listed below. These steps are
detailed in 3. Serial Flash XIP Example Using MPLAB Harmony v3:

1. SAM-BA installation on Windows host

Device setup to Flash using SAM-BA

Configure the first stage bootloader(ROMBOQT) to boot from the serial Flash memory
Configure the second stage bootloader(at91bootstrap) to enable XIP

Modification required to execute a Harmony application from QSPI

Debug an application on MPLAB or run an application executed from serial Flash
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1.1.2

1.2

1.3

1.4

1.5

Hardware and Software Requirements

MPU Evaluation Kit

The procedure enumerated by this document is applicable to an MPU that supports XIP from serial
Flash memory. The detailed steps shown here apply to SAM9X60-EK and SAMA7G54-EK evaluation
kits that feature serial Flash memory on the boards.

SAMA7G54-EK Evaluation Kit (EV21H18A)

The SAMA7G54-EK Evaluation Kit is a development kit for evaluating the SAMA7G5 microprocessor
(MPU). The SAMA7GS is based on the Cortex®-A7 and is capable of running at 1 GHz. The evaluation
kit includes an on-board embedded debugger. The SAMA7G54-EK board has Macronix Octa SPI flash
MX66LM1G45GXDI00.

The SAMA7G54-EK Evaluation Kit is available at Microchip Direct.

SAM9X60-EK Evaluation Kit (DT100126)

The SAM9X60-EK Evaluation Kit is a development kit for evaluating the SAM9X60 microprocessor
(MPU). The SAM9X60 is based on the Arm® ARM926EJ-S™ and is capable of running at 600 MHz.
The evaluation kit includes an on-board embedded debugger. The SAM9X60-EK board features the
Microchip QSPI module SST26VF064B.

Details of the SAM9X60-EK Evaluation Kit are available on the Microchip Website.

Windows® Host System

The eXecute-in-Place Harmony application described in this application note is tested and verified
on a Windows host PC.

MPLAB X Integrated Development Environment (IDE) and MPLAB XC32 C/C++
Compiler

MPLAB X IDE is an expandable, highly configurable software program that incorporates powerful
tools to help users to discover, configure, develop, debug, and qualify embedded designs for most
Microchip microprocessors.

The IDE is available at the Microchip Website. This document uses MPLAB X IDE version 6.15.
The compiler is available at the Microchip Website. This document uses MPLAB XC32 version 4.35.

MPLAB Harmony v3

MPLAB Harmony v3 is a fully-integrated embedded software development framework that provides
flexible and interoperable software modules that enable the user to dedicate resources to create
applications for 32-bit MPUs, rather than dealing with device details, complex protocols, and library
integration challenges. The Harmony framework includes MPLAB Code Configurator (MCC), an easy-
to-use development tool with a Graphical User Interface (GUI) that simplifies device set-up, library
selection, configuration, and application development. MCC is available as a plug-in that directly
integrates with MPLAB X IDE.

SAM-BA® In System Programmer

SAM-BA software provides an open set of tools for in-system programming of internal and external
memories connected to Microchip MPUs. Devices can be programmed through the JTAG, debug
UART or USB interfaces. With the SAM-BA monitor residing in on-chip non-volatile memory, SAM-BA
can be used to re-program the MPU without connecting to the debugger. If using the secure boot
feature of Microchip MPUs, the Secure SAM-BA edition, available under NDA, must be used.

Note: Links to download the software are given in 6. References.
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2. XIP on Serial Flash Memory

The Quad Serial Peripheral Interface (QSPI) is configured to Serial Memory mode for XIP program
execution. In a system that maps external Flash memory, such as ROM, SRAM, DRAM, etc., this mode
allows code execution directly from Flash memory without code shadowing to RAM.

2.1 QSPI Serial Memory Mode

In Serial Memory mode, the QSPI acts as a serial Flash memory controller. The QSPI can be used to
read data from the serial Flash memory, allowing the CPU to execute code from it (XIP). The QSPI
can also be used to control the serial Flash memory (Program, Erase, Lock, etc.) by sending specific
commands.

In this mode, the QSPI is compatible with single-bit SPI, Dual SPI, Quad and Octal SPI protocols. Refer
to the device data sheet to confirm support.

To activate this mode, QSPI_MR.SMM must be written to ‘1". In Serial Memory mode, data is
transferred either by QSPI_TDR and QSPI_RDR, or by writing or reading in the QSPI memory space
depending on the configuration of QSPI_IFR.TFRTYP and QSPI_IFR.SMRM.

2.1.1 Instruction Frame

In order to control serial Flash memories, the QSPI sends instructions via the SPI bus (READ,
PROGRAM, ERASE, LOCK, etc.). Because the instruction set implemented in serial Flash memories

is memory-vendor dependent, the QSPI includes a complete Instruction Frame register (QSPI_IFR) to
ensure compatibility with all serial Flash memories.

An instruction frame includes:

+ (Optional) An instruction code (see Continuous Read Mode in the corresponding data sheet).

« An address (size: 8, 16, 24 or 32 bits). The address is optional but is required by instructions such
as READ, PROGRAM, ERASE, LOCK. By default, the address is 8 bits long, but can be increased up
to 32 bits to support serial Flash memories larger than 128 Mbits.

+ An option code (size: 1/2/4/8 bits). The option code is used to activate the XIP mode or the
Continuous Read mode (see Continuous Read Mode) for READ instructions, in some serial Flash
memory devices. These modes improve the data read latency.

+  Dummy cycles. Dummy cycles are optional but required by some READ instructions.

« Data bytes are optional. Data bytes are present for data transfer instructions such as READ or
PROGRAM. The instruction code, the address/option and the data can be sent with Single-bit SPI,
Dual SPI, or Quad SPI protocols.
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2.1.2 Read Memory Transfer

The data of the serial memory is accessed by sending an instruction with QSPI_IFR.DATAEN = 1 and
QSPI_IFR.TFRTYP = 1. In this mode, the QSPI is able to read data at random address into the serial
Flash memory, allowing the CPU to execute code directly from it (XIP). In order to fetch data, the
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user must first configure the instruction frame by writing the QSPI_IFR. Then data can be read at any
address in the QSPI address space mapping. The address of the system bus read accesses matches
the address of the data inside the serial Flash memory.

In Serial Memory mode, QSPI is compatible with four protocols:

+ Single-Bit SPI: Communicate with external memory with QIOO.

+ Dual SPI: Communicate with external memory with QIO0 and QIO1.

* Quad SPI: Communicate with external memory with QIOO0, QIO1, QIO2 and QIO3.
« Octal SPI protocols: Communicate with external memory with QIOO0 to QIO7.

When communicating with external memory, the instruction, address, and data can be set to use
different modes which are configured in the Instruction Frame register (QSPI_IFR). There are ten
combinations:

Value Name Description

SINGLE_BIT_SPI | Instruction: Single-bit SP! / Address-Option; Single-bit SPI / Data; Single-bit SP1
DUAL_OUTPUT  Instruction: Single-bit SPI / Address-Option: Single-bit SPI / Data: Dual SPI
Quan OUTPUT  Instruction: Single-bit SP| / Address-Option; Single-bit SPI / Data: Quad SPI

3 DUAL 1D Instruction: Single-bit SPI / Address-Option: Dual SPI ! Data: Dual SPI

q QUAD 1O Instruction: Single-bit SP1 [ Address-Option: Quad SPI / Data: Quad SPI

5 DUAL_CMD Instruction: Dual SP1 / Address-Option: Dual SP| / Data; Dual SPI

i QUAD _CMD Instruction; Guad SPI / Address-Option: Quad 5FI1/ Data: Quad 3P|

7 OCT_OUTPUT Instruction: Single-bit SPI / Address-Option: Single-bit SPI / Data: Octal SPI
B OCT_10 Instruction: Single-bit SPI 7 Address-Option: Octal 5P|/ Data: Octal SPI

g oOCT_CMD Instruction: Octal SPI / Address-Option: Octal SP| / Data: Cctal SPI

For detailed information on how to transfer instruction, address, and data with external memory,
refer to the respective product data sheet.
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3. Serial Flash XIP Example Using MPLAB Harmony v3

The example provided in this application note comprises the six steps detailed in the following
sections.

3.1 SAM-BA Installation on Windows Host
1. Download the latest version of SAM-BA tool for Windows. A link is available in 6. References.
2. Unzip the file into a working directory of your choice.

3. Add the SAM-BA directory path to the system environment variables.
a. Select "Edit the system environment variables" in the pull-down menu.
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b. Inthe System Properties window, click on "Environment Variables" in the Advanced tab.
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Systemn Properties >

Computer Name  Hardware Advanced  System Protection Femote

fou must be logged on as an Administrator to make most of these changes.

Performance

Visual effects. processor scheduling, memary usage, and virtual memony

User Profiles
Desktop settings related to your sign4n

Settings...
Startup and Recovery
System startup, system failure, and debugging information
Settings...
Enviropment Variables...
QK Cancel Apply

¢. Inthe Environment Variables window, double click on "Path" in the System Variables section.
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Environment Variables

User vaniables for I70650.LA

Variable Value

Onelrive ChUsers\[T0650.LANOneDrive

Path ChUsers\[70650.LANAppDatatLocal\Microsoft\ WindowsApps; C\Pro...
TEMP ChUsers\[T0650.LANAppDatat Local\ Ternp

TP ChUsersi 70650, LANAppDatatLocal\ Temp

New.. | Edit. | Delete
System variables
Yariable Yalue
logdj2 formathsgMelockups  true
make ChProgram Files(x26\GnuWin32\bin\make.exe
MUMBER_CF_PROCESSORS 8
0s Windows_MT

C\Program Files\Python310h\Scripts', C:\Program Files\Python310%...
PATHEXT LCOM;: EXE; BAT:. CMD; VBS;.VBE;.J 5. JSE. WSF WSH, MSC L PY:LPYW
PROCESSOR ARCHITECTURE  AMDE4

d. Add the SAM-BA directory path to the path variables.

@ MICROCHIP



Edit environment variable .

ChProgram Files\Python31005criptsh, Mew
ChProgram Files\Python3 104

FSysternRoot %6\ systemn32 Edit
ZeSystemPoot %

SystemnRoot 25\ System 32\ Whemn Browse...
SV STEMROOT 3 System 32\ WindowsPowerShellw1.04

FSYSTEMROOT Systern 324 O pens5HY Delete

C\Program Files (x86)\Webex\Plugins
ChProgram Filess\Microchiphaxc32vwd 100 bin

ChProgram Files\PuTTY, Mowve Up
Ch\Program Files\Microchipheec32vwed 200bin
C\Program Files\Microchiptaxc32vwd.210bin Maove Down

Chmsysedmingwbdibin

| Ch U=sershi706300 Downloadshsam-ba_v3. 7-win32sam-ba_v3.7-rc2-win32
C\Users\i706500Downloads\gcc-arm-nene-eabi-10-2020- g4-major-w... Edit text...
C\Program Files\Githcrnd

ChProgram Filess\Microchiphxc32ied. 300 bin
C\Program Files\Microchipxc32vw2 41%bin
Ch\Program Files\Microchiphaxc32vw3.01hbin

Once the SAM-BA Host program has been installed, the application is executed from the Windows
command prompt using SAM-BA commands.

3.2 Device Set-Up to Flash Using SAM-BA

1.

O N o w

Open the Disable Boot jumper:

a. J22 for SAMA7G54-EK Evaluation Kit

b. J13 for SAM9X60-EK Evaluation Kit
Ensure there is no SD memory card inserted.

Press and release the start button (nSTART) on the SAMA7G54-EK. For SAM9X60-EK, this step is
skipped.

Press and hold the "BOOT_DIS" button. This disables booting from the on-board NAND and NOR
(QSPI1) Flash memories,

While pressing the "BOOT_DIS" button, press and release the reset "nRST" button.
Release the "BOOT_DIS" button.

Confirm the MPU is set in SAM-BA monitor when RomBOOT appears on the console.
The MPU is now set in SAM-BA monitor and the device is ready to be programmed.
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COM2:1 15200050 - Tera Term VT

File Edd Setup Control Window Help

3.3 Configure the First Stage Bootloader to Boot from the Serial Flash Memory

The first-stage bootloader must be configured to boot from serial Flash memory. This can be done
using SAM-BA commands. To information about the boot process and first-stage boot configuration,
refer to the section "Boot Strategies" of the respective data sheet.

Note: This is not a mandatory step for SAM9X60-EK.

Note: A Windows command line must be open to run the SAM-BA commands.

The user accesses a list of all applets available by entering the command:

sam-ba -p <port> -b <board> -a help

Options:

1. -p, --port <port[:options:...]> where port can be j-link or serial

2. -b, --board <board[:options:...]> where board can be sam9x60-ek or sama7g54-ek

The boot configuration packet (BCP) can be written either to Emulation SRAM or to OTPC (One Time
Programmable Memory Controller).

The user can program BCP to Emulation SRAM during the development phase and to OTPC during
production phase.

The SAM-BA commands listed below can be used to program BCP to Emulation SRAM:
1. Enable emulation:
sam-ba -p <port> -b <board> -a bootconfig -c writecfg:bscr:EMULATION_ENABLED

2. Read bscr and verify emulation is enabled:
sam-ba -p <port> -b <board> -a bootconfig -c readcfg:bscr
3. Emulation SRAM reset:
sam-ba -p <port> -b <board> -a bootconfig -c resetemul
4, Refresh Emulation SRAM:
sam-ba -p <port> -b <board> -a bootconfig -c refreshcfg:emul

5. Enable QSPIO as external NVM:
sam-ba -p <port> -b <board> -a bootconfig -c writecfg:bcp-emul:QSPI0_IOSET1
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6. Read bcp_emul and verify whether QSPI is set as external NVM:
sam-ba -p <port> -b <board> -a bootconfig -c readcfg:bcp-emul

7. Reset the board by pressing and then releasing the reset button.

An example using SAMA7G54-EK is shown below:

faa] N ndorss SeremiSiomd soe

Note: Boot configuration using Emulation SRAM must to be set up every power cycle.

AT Once OTPC is programmed, Emulation mode is disabled.

The steps below can be used to program BCP to OTPC:
1. Disable emulation:
sam-ba -p <port> -b <board> -a bootconfig -c writecfg:bscr:EMULATION_DISABLED

2. Read bscr and verify emulation is disabled:
sam-ba -p <port> -b <board> -a bootconfig -c readcfg:bscr

3. Refresh OTP:
sam-ba -p <port>-b <board> -a bootconfig -c refreshcfg:otp

4. Enable QSPIO as external NVM:
sam-ba -p <port> -b <board> -a bootconfig -c writecfg:bcp-otp:QSPI0O_IOSET1

5. Read bcp_otp and verify whether QSPI is set as external NVM:
sam-ba -p <port>-b <board> -a bootconfig -c readcfg:bcp-otp

6. Reset the board by pressing and then releasing the reset button.
3.4 Configure the at91bootstrap to Enable XIP
3.4.1 Preparing the Build Environment

1. The complete source code of at91bootstrap can be obtained by either of the following ways:

- If you have Git installed, clone the repo into the project directory by using the command:
$git clone git@https://github.com/linux4sam/at91bootstrap
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- If you do not have Git installed, then download at91bootstrap from github and unzip into

your project directory.

Note: Use at91bootstrap version 4.0.7 or later.
2. Open the project at91bootstrap on MPLAB X IDE and set it as the main project.
Use the XC32 compiler to build at91bootstrap.

To do this:

1. Note/Copy the XC32 installation path.
2. Go to Project>Properties>Makefile.

3. Paste the XC32 path in the Build, Debug build and Clean command fields.
- E.g. Build/Debug command:
make CROSS_COMPILE="C:/ProgramFiles/Microchip/xc32/v4.30/bin/bin/pic32c-"

- Clean command:

make mplabclean CROSS_COMPILE="C:/ProgramFiles/Microchip/xc32/v4.30/bhin/bin/

pic32c-"
4. Click Apply.
5. Click OK.
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The at91bootstrap can be configured to either:
+ debug Harmony applications executed from serial Flash on MPLAB X IDE
* run a Harmony application executed from serial Flash by using Kconfig.
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3.4.2.1 Configure at91bootstrap to Debug Harmony Applications Executed from Serial Flash on

MPLAB X IDE
1. Go to Project>Properties>Kconfig>load.

2. Select the appropriate project directory, then select configs.
3. Inthe configs folder, select <board>df_qspi_uboot_defconfig.
4. Click Open, then Apply, then OK.
L=
Cabeommes; Load || Swena
¥ Geneyw ——
¢ e [nchasenExchond
. Conf: [defauilt] i Open .
+ Makefis
Lok b configs » | ¥ ER-
+  Eoonilg
: !_dffl:nr'lg Tzt - biryd kot cinls
.-"J: d t_defemnfig I. -..\lr-:l'-;F.-:lu+_u.-.-.1.l-_l.|'.-'.l:"_:-:+:-:-r'r'l'_|.
Bocent Ty Ap0ok, defoanfig sama g iekemene_linus_emage_dt_defconfig
Bl _detcenhig l.lrl'll-:'l;'!-ltrll'iu.t_uhﬂﬂ‘l_.'ll‘l:l'."rﬂll;
1_defianhy sama | gielesd irn_imege_di_defconbg
- t_defoonfig sama Tgieksd uboot_deflconfig
Teshiop uMEt‘ﬂlf{ﬂﬂhg
£ _chill g ol i
- ot_defconfig
| I_uhoot_defcondig
mﬂ: ubsnet_defoensg
&l _defcordig
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sonfin
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& <
' Fie rame; e T Skl omm_ubool_defoonifig -l
F’Ilr-;:ﬂmhlmw Fesof bype: g Cance
Mg Mebrork My 1 |
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Then perform the following changes:

Under Primary Operation, select Load and Stop.

Awn o=

Under Demo application image storage setup:

Under Flash Memory, expand QSPI Configuration, then select eXecute In Place.
Under Next software type, select Load 4 MB into the start of SDRAM.

- Flash offset is the QSPI offset where a user wants to flash the application.

- Demo app image size is the size of the app image.

- External RAM address to load Demo-App image is the QSPI starting address of the
application. It should match the .text load address in your application linker file. The linker
file can be found in the user application project folder, Eg: ddram.ld file)

5. Click Apply, then OK.
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Note: The table below provides the external QSPI address for the boards. For details, refer to the
product data sheet.

Table 3-1. External QSPI Address

SAM9X60-EK (DT100126) 0x70000000 0x708000000
SAMA7G54-EK (EV21H18A) 0x20000000 0x280000000

An example configuration for SAMA7G54-EK is shown below.
El: Project Progertees - af3 | bootstrap

Crieqres Lnd e -
[ ]
Pl frcuser§ solumee
+ Colt [yl | =
P E Primary Operation

sy (") Load and launch next software
i) Launch externally loaded software

() Configure and stop
(@) Load and stop
=1 Flash Memory
) Mon-volatie memory to load from
@ SPIclock speed: 133000000
[ Support Datafiash recovery by pressing a button
i.- SPI Interface Select
= QSPI Configurabon
@ Q5P Bus Used for Dataflash: 0
@ QSPI IOSET Used for Dataflash: 1

[#] AT91 QSPI instance with Octal Serial Peripheral Interface
] Quad SPL NOR flash memary is > 16MiB (> 128Mib)
Q5P1 Pad calbration is implemented

& 10 Mode selection for OCTAFLASH that does not suppart SFDP

[ Aekecute inPlace |
[] Support Q5PL DMA, transfer
= Naxt Software Type
() u-Boot

() Linue Kemel Tht antrenst Bim dddrnis b8 lnsd Dema-dag bosye 11 esald
L g e 1]

() Android Slar—
() Load 1 MB into start of SORAM Source vatory |30 -8-|9Q%

| @) Load 4MB into start of SDRAM | - rpi
() Load 64 kB into the start of SDRAM 1] Joexe ORI0040000
» |

barage Covhr asrn Flash Offset for Demo-App: Ox00040000

Demo-App Image Size: Ox000c0000
e External Ram Address to Load Demo-Apn Image: Ox 20040000
[[] override the default mach type

[ suild in thumb mode
[ Disable Watchdog

Ell Cancel Apply Uirdock Help

e ety T |
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Now clean and build at91bootstrap.

Note: The boot file (at91bootstrap.elf) generated by using this Kconfig can be used to debug the
Harmony application executed from the serial Flash on MPLAB X IDE.

3.4.2.2 Configure at91bootstrap to Run Harmony Applications Executed from Serial Flash
The configuration step is the same as described in 3.4.2.2 , with a small modification:

« Under Primary Operation, select Load and launch next software.

An example configuration for SAMA7G54-EK is shown below.

Hﬂ Progect Propevtoet - ot boatstrag

Cotegres
] - f im T
Pl b | sclomer -~ i

b ot |detuult] -1l A

. = Primary Clperation
» Woomly (®) Load and launch next software
() Launch externally loaded software
("} Configure and stop
(" Load and stoo
= Flash Memory
Nan-volatie memory to load from
@ SPIclock speed: 133000000
[ support Dataflash recovery by pressing a button
SPT Interface Select
Q5PI Configurabion

@ QSPIBus Used for Dataflash: 0
® (5PI I0SET Used for Dataflash: 1

[] AT91 QSPI instance with Octal Serial Peripheral Interface
£] Quad SPI NOR. flash memory is > 16ME (> 128Mib)
[#] Q5P Pad calbration is implemented

& 1/0 Mode selection for OCTAFLASH that does not suppart SFDP
| [Ae¥ecuteInPlace |

[[] Support Q5PL DMA, transfer
= Naxt Software Type
) U-Boot

() Linue Kemel Thi o ntern sl Bim daddreis b8 lusdl Demimdig bosge 11 desald
D B e R e k. T
Android o TS damid =
(_) Load 1 MB into start of SDRAM Sue Heoy B E-E-TUR
| @ Load 4MB into start of SDRAM | D

M
() Load 64 kB into the start of SDRAM B Jrexs GRI0050000
Demo Application Storage Se — '

Flash Offset for Demo-App: Ox00040000
Demo-App Image Size: Ox000c0000

e External Ram Address to Load Demo-App Image: 0x20040000
[[] Override the default mach type

[ Build in thumb mode
[ Disable Watchdog

[ N e

P =

-

e

Maram Covrfguratorn.
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3.5

3.5.1

Now clean and build at91bootstrap.

Note: The boot file (boot.bin) generated by using this Kconfig can be used to run Harmony
applications executed from QSPI Flash.
Modifications Required to Execute a Harmony Application from Serial Flash

While creating a Harmony application on MPLAB X IDE, do the linker file modifications and
serial Flash pin configuration described in the sections below. Then generate code and build the
application, which is then executed from the serial Flash.

A link to create an application executed from the serial Flash on SAMA7G54-EK is given in
6. References.

Linker File Modifications

1. Assign a text section to serial Flash memory and a data section to the relocate section. The data
section is copied from the serial Flash memory to SRAM during runtime.

Notes:
+ bss and relocate sections should be NOLOAD sections.
+ The relocate section should be loaded from serial Flash and run from SRAM.
2. Remove cache aligned sections and assign _ramcode_lma and _ramdata_lma to SRAM.

An example linker file of SAMA7G54-EK is given in the screenshots below.

Note: The text section load address should match the serial Flash jump address configured in the
at91bootstrap.
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AN5218
Serial Flash XIP Example Using MPLAB Harmony v3

/* Mamsry Spaces Definitions &/
MEMORY

t ram ('BWK}) : ORIGIN = Ox00100000, LENGIH = 128K /* szam */

F% Octa SPI flash MME6LMIG4SGEDIOD on SAMATGS4 is 1Gbit @ 0x20000000==0x28000000
0x20000000-—0x2003FFFF is reserved for at9lbootscrap */ '

" rom (LEX) ¢ ORIGIN = 0Ox20040000, LENGIH = OxXT7EBEEFFFE
M Sectlon Definltians =f ‘axt sechon ] i* Section Defisitioom *
ETINS  Modified Linker File =0 Qtd Linkes file
LBk DEISA4G300 2 g = EsEE THEEFOOOOD =
{ |
. = AUTERI[&)] i | = BLTEM[A}
FROWIDE sfiwed = .}y PRVEDE ] af Lonad = )}
= EmuwbEntry) = textEstry)
o tene tERt.® ognusllnkencE T.") | twwt otenk.® g Linkosce ko7
= rodets .rodats® g linkonce, ") *oreilats o eldta® . e llakonoe. FL )
=AML pwtah® | g, Liskence . srmeatas ) | Extal® | g Liskonoe . arseated, Y]
b I [ b B S ]
FRINVIDE] etioed & .0 i End ot Sext i . ™ RG]
}rrem == F e
o nm pxlda B8 sorted, S0 Rds T2 g Ln QTS owl. DoTp = f* AN e lde is seried, S8 has to g Lo 1is Senow)
PROVIDE_WIDDEM [__exide start & .)) PRIVEDN MIDOTN | el gt & o]
AL exkde & AR wwidy |
i [
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3.5.2

3.6

3.6.1

Serial Flash Pin Configuration
All the serial Flash pins must be configured properly to enable serial Flash support.

The table below provides the pin IDs to be used to connect to external Flash.

Table 3-2. Pin Configuration for Connection to External Flash

ooaramame g

SAM9OX60-EK (DT100126) PB19-PB24
SAMA7G54-EK (EV21H18A) PB9-PB21

The screenshot below shows the configuration for the the SAMA7G54-EK board.
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Debug an Application on MPLAB or Run an Application Executed from Serial

Flash

Debug an Application Executed from the Serial Flash on MPLAB X IDE

Before debugging, ensure that the harmony.bin file in your project directory is flashed in the serial
Flash offset. Refer to the sections 3.1 and 3.2 for initial device setup and tool installation procedure.

1. Erase the serial Flash:
- sam-ba -p j-link -b <board> -a gspiflash -c erase

2. Program the application starting from serial Flash offset of 0x40000:

- sam-ba -p j-link -b <board> -a gspiflash -c write:harmony.bin:0x40000
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3. Reset the board.

The screenshot below illustrates step 2 performed on the SAMA9X60-EK (<board> set to sam9x60-
ek).

‘firmware\sam9x6e_ek.X\disth\defaultiprod
—eP -a q p1+la«h -C write:hjarmony.bin:@x48000

Connection ¢ perled
Detected memory
Page size i
Buffer is 1: ) 5 pages) at address BxB038aZce.
Supported erase bloc Zes: 4KB
Executin ommand ‘write:harmony.bin:@x48888"
ytes of padding to fill the last written page
ytes at address @x8e048688 (166.8
Connection closed.

Note: Do not flash boot.bin to serial Flash memory using SAM-BA to debug the application on
MPLAB X IDE.

To debug the Harmony application executed from the serial Flash on MPLAB X IDE, use either
at91bootstrap.elf or boot.bin file generated in 3.4.2.1 in the Harmony application project properties.
If boot.bin is used, the boot entry address and boot load address must be added in the project
properties as illustrated in the following screenshot.
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Start debugging the application on MPLAB X IDE. The user can observe the program counter and see
that the Harmony application is executed from the serial Flash memory.

With the serial connection established between the board and host PC, open the serial console to
monitor debug messages.
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An example screenshot is shown below:

3.6.2  Running the Harmony Application Executed from Serial Flash Memory
To run the Harmony application executed from serial Flash memory upon reset, flash the boot.bin
and harmony.bin files to the serial Flash memory with the SAM-BA commands shown below.

Note: To run the Harmony application executed from serial Flash upon reset, use the boot.bin file
generated in section 3.4.2.2

The SAM-BA commands to program the boot and application file to serial Flash are:
1. Erase the entire serial Flash:
- sam-ba -p j-link -b sam9x60-ek -a qspiflash -c erase
2. Program the at91bootstrap in the starting address of the serial Flash:
- sam-ba -p j-link -b sam9x60-ek -a qspiflash -c writeboot:boot.bin
3. Program the application starting from serial Flash offset of 0x40000
- sam-ba -p j-link -b sam9x60-ek -a qspiflash -c write:harmony.bin:0x40000

Now press the reset button and the user application is executed from serial Flash.

Note: A console serial communication can be enabled to observe the debug messages.
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4, Performance
The QSPI allows the system to use high-performance serial Flash memories which are small
and inexpensive, in place of larger and more expensive parallel Flash memories. Therefore, the
performance of the QSPI plays an important role. The performance of the QSPI is bounded by the
QSPI speed, Flash capabilities and other criteria.

Note: Refer to the application note “SAMA5D2 Quad SPI (QSPI) Performance” given in
6. References. Performance numbers in the document may vary with respect to compiler settings
and optimization levels.
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5. Conclusion

Developing a QSPI application in XIP requires an understanding of the QSPI protocols, at91bootstrap
Kconfig settings and linker scripts. MPLAB Harmony v3 provides a flexible, abstracted and fully
integrated firmware development platform for 32-bit MPUs. This document described how to use
the XIP mode in the QSPI to work with external Flash memories and how to set up MPLAB X IDE to
debug the application.
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6. References

SAM-BA In-System Programmer Download

Application Note: SAMA5D2 Quad SPI (QSPI) Performance

Harmony application : Blink LED QSPI-XIP application on SAMA7G54-EK
Harmony application : Blink LED QSPI-XIP application on SAM9X60-EK
Configure and build at91bootstrap to enable QSPI-XIP on MPLAB Harmony

Step by Step guide to develop a Harmony application getting executed from Serial flash memory
on SAM9X60-EK
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7. Revision History

Revision A - 12/2023
This is the initial release of this document.
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Microchip Information
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:
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resources, user’'s guides and hardware support documents, latest software releases and archived
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+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
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+ 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
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+ Distributor or Representative

« Local Sales Office

+ Embedded Solutions Engineer (ESE)
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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 products:

* 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, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* 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. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including
to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided

only for your convenience and may be superseded by updates. It is your responsibility to ensure
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that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.
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