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Specifications

« Product Name: SAMRH Family Evaluation Kits
« External Memory: Flash Memory
« Memory Devices:
o SAMRH71F20-EK:
o Memory Device: SST39VF040
o Size: 4 Mbit
o Organized as: 512K x 8
o Mapped from: 0x6000_0000 to 0x6007_FFFF
o SAMRH71F20-TFBGA-EK:
o Memory Device: SST38VF6401
o Size: 64 Mbit
o Organized as: 4M x 16
o Mapped from: 0x6000_0000 to 0x607F_FFFF
o SAMRH707F18-EK:
o Memory Device: SST39VF040
o Size: 4 Mbit
o Organized as: 512K x 8
o Mapped from: 0x6007_FFFF

Product Usage Instructions

Prerequisites
This example runs on the versions listed below:



External Boot Memory Implementation

The SAMRH evaluation boards contain external flash memories connected to the NCSO0 chip-select signals. NCS0
is configured in the HEMC to the 0x6000_0000 memory area at reset. This memory area can be mirrored to the
Boot memory address via BOOT_MODE selection pins.

Memory Devices Features
The following table provides details about external flash memory for each evaluation kit:

Evaluation Kits Memory Devices Size Organised as Mapped from Mapped to

SAMRH71F20-EK SST39VF040 4 Mbit | 512K x 8 0x6000_0000 0x6007_FFFF

Hardware Settings
This section provides the DIP switch configurations for the processor to boot from external memory.

SAMRH71F20-EK DIP Switch Configuration
The processor boots from external flash memory with a configurable data bus width set to 8-bit.

FAQ

Q: How do | know if my board is configured to boot from external memory?
A: Check the DIP switch settings according to the provided configurations in the user manual. Ensure the data bus
width is correctly set for your evaluation kit.

Programming the External Memory of SAMRH Family Evaluation Kits using MPLAB-X with SAMBA Memory
Handlers

Introduction

This application note explains how to make MPLAB-X IDE capable of programing and debugging the external boot
memory embedded in the SAMRH family evaluation kits. This capability is provided by SAMBA Memory Handlers
that are called from MPLAB-X IDE.

This document briefly describes the steps to set up MPLAB-X IDE projects that need to run from the external
memory. Projects can be created from scratch or built from existing ones.

Prerequisites

This example runs on the versions listed below:

« MPLAB v6.15, or later versions
« SAMRH71 DFP packs v2.6.253, or later versions
« SAMRH707 DFP pack v1.2.156, or later versions

External Boot Memory Implementation

The SAMRH evaluation boards contain external flash memories which are connected to the NCSO chip-select
signals. NCSO0 is configured in the HEMC to the 0x6000_0000 memory area at reset. This 0x6000_0000 memory
area can be selected to be mirrored to the 0x0000_0000 Boot memory address via the BOOT_MODE selection
pins at reset, see the relevant device datasheets.

The following table provides details about external flash memory for each evaluation kit.



Table 2-1. Memory Devices Features

Evaluation Kits

SAMRH71F20-EK

SAMRH71F20-TFBGA-E
K

SAMRH707F18-EK

Memory Devices SST39VF040 SST38VF6401 SST39VF040
Size 4 Mbit 64 Mbit 4 Mbit
Organised as 512K x 8 4M x 16 512K x 8

Mapped from

0x6000_0000

To

0x6007_FFFF

0x607F_FFFF

0x6007_FFFF

The supplied SAMBA memory handlers have been developed to load data and code into these external flash

memory devices while complying with the conditions exposed in the table above.

Hardware Settings

This section provides the DIP switch configurations that must be applied to the boards for the processor to boot

from the external memory. The DIP switch configuration has been implemented according to the following

convention:

« The OFF position generates a logic 1

« The ON position generates a logic 0

SAMRH71F20-EK

On this kit the processor boots from external flash memory with a configurable data bus width that must be set to

8-bit.

The following table provides details about complete setting of the DIP switch.

Table 3-1. SAMRH71F20-EK Settings




SAMRH71F20 Processor

SAMRH71F20 EK
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Figure 3-1. SAMRH71F20-EK DIP switch configuration
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SAMRH71F20 — TFBGA - EK

On this kit the processor boots from external flash memory with a configurable data bus width that has been hard-
wired to 16-bit.

The following table provides details about complete setting of the DIP switch.

Table 3-2. SAMRH71F20-TFBGA-EK Settings

SAMRH71F20 Processor SAMRH71F20-TFBGA EK
eP:: Numb eP‘;n Nam Function Options Selection :equwed Configuratio

0: Internal Flash

Boot Mo External Fl
PF24 de Selects the memory boot 1: External Flas | ash SW4-1 =1 (OFF)
h
0: HECC Off

PG26 CFGe | Selects the HECC activation HEGC Off | SW4-2 = 0 (ON)
/ deactivation for all NCSx | ;. e on

0: Hamming
PC27 CFaa | detects the HECG code corr Hamming | SW4-3 = 0 (ON)
ector applied for all NCSx 1: BCH

CFG[1:0] = 00:
8 bit
CFG[1:0] = 01: PG24 =1 (
PG24 CFGO 15 OFF)
Selects the data bus width j | pit ,
. 16 bit
ust for NSCO chip select Hard Wir
CFG[1:0] = 10: ed
32 -
PG25 CFG1 2%5 =0¢(
bit

Figure 3-2. SAMRH71F20-TFBGA-EK DIP switch configuration

Note:
“1” and “0” are inverted on the silkscreen of the board.



SAMRH707F18 — EK

On this kit the processor boots from external flash memory with a fixed 8-bit data bus width. The following table
provides details about complete setting of the DIP switch.

Table 3-3. SAMRH707F18-EK Settings

SAMRH707F18 Processor

SAMRH707F18-EK

Pin Nu
mbers

Pin Name
s

Function

Options

Selecti
on

Required Config
uration

PC30

Boot
Mode 0

PC29

Boot
Mode 1

Boot Mode [1:0] = 00: Internal Flash
(HEFC)

Selects the boot m
emory

Boot Mode [1:0 ] = 01: External Flas
h (HEMC)

Boot Mode [1:0] = 1X: Internal ROM

SW7-1 =1 (OFF)
Externa
| Flash

SW7-2 = 0 (ON)

PA19

CFG3

Boot Mode [1:0] = 01

(External Flash)

Hamming code sel
ected by default as
HECC code correct
or for all NCSx

Internally driven to ‘0’

Boot Mode [1:0] = 1X (Internal ROM)

Selects the active p

0: Run Phase

hase when the inte
rnal ROM is active

1: Maintenance Phase

SW7-3 = “Don’t

N/A ,
care

PA25

CFG2

Boot Mode [1:0] = 01

(External Flash)

Selects the HECC

0: HECC Off

activation /
deactivation for all
NCSx when Extern
al Flash is active

1: HECC On

Boot Mode [1:0] = 1X (Internal ROM)

0: UART Mode

Selects the commu
nication mode whe
n the Internal ROM
is active

Boot Mode 0 =0

1: SpaceWire M LVDS Interface

ode Boot Mode 0 = 1

TTL Mode

HECC

off SW7-4 = 0 (ON)




Figure 3-3. SAMRH707F18-EK DIP switch configuration

Note:
“CFG[2]” and “CFG[3]” are inverted on the silkscreen of the board.

Software Settings
The following section explains how to configure MPLAB X projects to run from external memory.

Board file

The board file is an XML file with the extension (*.xboard) that describes the parameters passed to SAMBA
memory handlers. It must be placed in the user's MPLAB-X project folder.

For the SAMRH evaluation kits, the default name of the board file is “board.xboard”, and its default location is the
root folder of the project: “ProjectDir.X”

Two parameters contained in the board file must be configured by the user to make the file compliant with the
structure of the user’s application.

These two parameters are:

o [End_Address]: This parameter is related to the external boot memory size and defines the memory’s last
address.

« [User_Path]: This parameter defines the absolute path of SAMBA memory handlers’ location.

The other parameters depend on SAMBA memory handler’s implementation and can be kept at their default
values.
The following figure provides a structure example of the board file.

Figure 4-1. Board file content example



Figure 4-1. Board file content example

<?xml n="1_.0"2>
<ranges>
<range start="0x60000000" end="[End Address]" type="samba">
<applet type>InternalFlash</applet type>
code_url>[User_ Path]</code_url>
<code addr>0x21000000</code addr>
<mailbox addr>0x21000004</mailbox addr>
<entry addr>0x21000080</entry addr>
=it3t:5:e=0fflnstan:e=
<ioset>1</ioset>
range
</ranges>

The following table provides the default user parameters of the board files supplied for the SAMRH evaluation kits.

Table 4-1. Board File Parameters

SAMRH Evaluation Ki
t

[End_Addres
s]

[User_Path]

SAMRH71F20-EK 6007_FFFFh | ${ProjectDir}\sst39vf040_loader_samba_sam_rh71_ek_sram.bin
EQM RH71F20-TFGBA 607F_FFFFh | ${ProjectDir}\sst38vf6401_loader_samba_sam_rh71_tfbga_sram.bin
SAMRH707F18-EK 6007_FFFFh | ${ProjectDir}\sst39vf040 loader_samba_sam_rh707_ek_sram.bin

Project Configuration

Board File

The board file must be defined in the “Board file path” field of the project properties of MPLAB X projects, as
shown in the following figure. “Board file path” field is accessible from the debugger tool options (PKoB4 in our
example), then “Program Options” is selected from the “Option Categories” menu.

By default, the board file path field is set to: ${ProjectDir}/board.xboard If the board file is not present in the folder,
SAMBA memory handlers are ignored.
Figure 4-2. Declaration of the Board File in the MPLAB X project properties

Figure 4-2. Declaration of the Board File in the MPLAB X project properties
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External Memory

MPLAB-X Harmony 3 (MH3) sample projects use a default linker script that configures the application to run from
internal boot memory.

By default, the linker script file “ATSAMRH71F20C.Id” is implemented in harmony projects, as shown in the
following figure.



Figure 4-3. Default Linker Script location

Figure 4-3. Default Linker Script location
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The linker script uses the internal parameters ROM_ORIGIN and ROM_LENGTH, as shown in the following figure,
to define the location and length of the boot memory. The application depends on these parameters to create the
executable.

Figure 4-4. Linker Script’s ROM_ORIGIN and ROM-LENGTH definitions

ENTRY (__ XC32 RESET HANDLER NAME)

/.h.l_.h.l_.i.li.Ailili-l..i.l.h.ll-l.llillillAAA.&AAlllililAA.ﬁAhA!lllilllllhll!llkliilllklk

* Memory-Region Macro Definitions

* The XC32 linker preprocesses linker scripts. You may define these

* macros in the MPLAB X project properties or on the command line when
* calling the linker via the xc32-gcc shell.

..ll.l.ll.lllIlllllll‘.llllllillllll!lll!lllllll‘.llllllllllllllllllll!llllllll/

#ifndef RCHM ORIGIN

# define ROM#ORIGIN O0x10000000

#endif

#ifndef ROM LENGTH

# define ROM LENGTH 0x20000

#elif (ROM LENGTH > 0x20000)

# error ROM LENGIH is greater than the max size of 0x20000
#endif

The sample linker script above limits the parameter ROM_LENGTH to 0x0002_0000 which is the length of the
internal flash and generates a compilation error if this condition is not met.

However, this limitation may not be compliant with the use of the external flash memory, as its length could be
greater than 0x0002_0000.

If the code programmed in the external memory is smaller than 0x0002_0000, there is no need to update the linker
script file. However, if it exceeds this length, the ROM_LENGTH parameter should be updated to reflect the actual
length of the external memory.

The ROM_ORIGIN parameter can also be overridden without modifying the linker script file.



Before overriding the ROM_LENGTH parameter, the linker script must be edited to match your hardware
configuration.

To override the ROM_LENGTH parameter, you can use the “Preprocessor macro definitions” field in the MPLAB-X
project properties. This field can be accessed from the “XC32-1d” item, and then

“Symbols & Macros” can be selected from the “Options Categories” menu, as shown in the following figure.

Figure 4-5. Preprocessor macro definitions field
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:
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' Analysis

For example, for the SST39VF040 flash memory device:
If the ROM_LENGTH has not been modified and the built code length should be smaller than 0x0002_0000.

« ROM_LENGTH=0x20000
« ROM_ORIGIN=0x60000000

If the ROM_LENGTH has been updated to 0x0008_0000 and the built code length should be smaller than
0x0005_0000.

« ROM_LENGTH=0x50000
« ROM_ORIGIN=0x60000000

Software Deliveries

SAMBA memory handlers’ mechanism is based on binary applets, which differ according to the processor version
and the external boot memory implemented. There are three binary applets specific to the SAMRH evaluation kits:

« sst39vf040_loader_samba_sam_rh71_ek _sram.bin
« sst39vf040_loader_samba_sam_rh707_ek_sram.bin

« sst38vf6401_loader_samba_sam_rh71_tfbga_sram.bin

These applets run in the processor’s internal RAM and include both the SAMBA interface for communicating with
debug scripts and the routines that perform programming operations (erase, write, and so on) on external boot
memory.

Three zipped software packages are supplied to support the SAMRH evaluation kits. Each package includes:

« The dedicated board file
« The dedicated binary applet file.



Compiling, Programming, and Debugging from the External Boot Memory
Once the MPLAB X project has been completely setup with a valid SAMBA memory handler, user can compile,

program, and debug this project in the external boot memory using the buttons and icon bar from the top menu, as
shown in the following figures.

1. To clean and compile the project, click the Clean and Build.

Figure 6-1. Clean and Build Button

2. To program the application to the device, click the Make and Program.

Figure 6-2. Make and Program Button

T8 P22 -QB-

3. To run the code, click the Debug Project.
Figure 6-3. Debug and Program Button

T B bR %

4. To stop the code, click the Finish Debugger Session.

Figure 6-4. Finish Debugger Session Button

1. Or to pause it, click the Pause.

Figure 6-5. Pause Button
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« Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
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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 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 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.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS 1S”. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
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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
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