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Getting Started with FreeRTOS™ BSP for

I.MX 7Dual

1 Overview

The FreeRTOS™ BSP for 1.MX 7Dual is a
Software Development Kit that provides
comprehensive software support for the i.MX
7Dual processor. The FreeRTOS BSP includes a
set of peripheral drivers that aim at encapsulating
peripheral register access and give users the
maximum flexibility at same time, an open
source event driven preemptive RTOS —
FreeRTOS operating system (OS) and an open
source multicore communication stack — RPMsg.

Demo and example applications are provided to
demonstrate peripheral drivers, FreeRTOS
kernel, RPMsg usage and to highlight the main
features of the 1.MX 7Dual processor. Figure 1.
highlights the layers and features of the
FreeRTOS BSP for i.MX 7Dual.

For supported toolchain versions, see the
FreeRTOS BSP v.1.0.1 for i. MX 7Dual Release
Notes (FRTOS1017DRN).
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FreeRTOS OS (www.freertos.org) is the market leading real-time operating system, and the FreeRTOS

BSP for 1.MX 7Dual provides the development environment on i.MX 7Dual, including peripheral drivers,
multicore communication stack, and FreeRTOS OS integration. The following is the architecture of the

FreeRTOS BSP.

User Application

Muti-Core

Communication
Peripheral

. FreeRTOS
Drivers

CMSIS Core

Header Files SOC Header CMSIS DSP

i.MX 7Dual Processor

Figure 1. FreeRTOS BSP for i.MX 7Dual architecture

The FreeRTOS BSP release provides two packages: The .exe package is a self-extract installer that can be used on
Windows® OS, and the tarball is for installation on Linux® OS.

The organization of files in the FreeRTOS BSP for i.MX 7Dual release package is focused on ease-of-use. The
FreeRTOS BSP for i.MX 7Dual folder hierarchy is organized at the top level with the folders below.

Examples

Demo applications
Driver examples
Docmumentations
Middleware

Cortex Microcontro

source and lib files.

Deliverable Location
<install_dir=/examples/...
<install_dir>fexamples/<board_name>/demo_apps/..
<install_dir>/examples/<board_name>/driver_examples/...
<install_dir>/doc/...
<install_dir=/middleware/...

Peripheral Driver, Startup Code and Utilities <install_dir>/platform/...

ller Software Interface Standard <install_dir>/platform/CMsIS/...

(CMSIS) ARM Cortex®-M header files, DSP library

Processor header file <install_dir=/platform/devices/<device_name=/include/...
Linker script for each supported toolchain <install_dir>/platform/devices/<device_name>/linker/...
CMSIS compliant Startup Code <install_dir=/platform/devices/<device_name>/startup/...
Peripheral Drivers <install_dir=/platform/drivers/...

Utilities such as debug console <install_dir>/platform/utilities/...

FreeRTOS Kernel Code <install_dir>/rtos/FreeRTOS/...

External useful tools <install_dir>/tools/...

Figure 2. FreeRTOS BSP for i.MX 7Dual directory structure
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2 FreeRTOS BSP Demo and Example Applications
The FreeRTOS BSP provides two types of software applications:

e Demos: Applications intended to highlight key functions of the ARM® Cortex®-M4 Core in . MX
7Dual SoC, focusing on a particular use case on FreeRTOS OS.

e Examples: Simple applications intended to concisely illustrate how to use the peripheral drivers of
the FreeRTOS BSP in the bare metal environment.

This section describes how the demo and example applications interact with other components of the
FreeRTOS BSP. To get a comprehensive understanding of all FreeRTOS BSP components and folder
structure, see the FreeRTOS BSP i.MX 7Dual API Reference Manual (FRTOS7TDAPIRM).

2.1 Locating demo source files

When opening a demo or example application in any of the supported tool chains, there are a variety of
source files referenced. It is important to understand the location of these source files in the FreeRTOS
BSP tree. Therefore, if needed, they can be copied or modified to help develop applications for custom
hardware later on. Additionally, many files are shared and, if modified, impact other demos. As a result,
the user should have a full grasp of the FreeRTOS BSP structure to fully understand the effect of
manipulating the source files.

There are four main areas under install directory of the FreeRTOS BSP tree used to provide the full source
code for each demo application:

dac

Examp|e_-5 — Demo (example) source code and configuration files.

middleware  me——) Shared middleware modules used by demos/examples.
platfarm — Shared, SoC-specific linker files, startup code and source
for peripheral drivers, and useful services.

rtos — The source code of FreeRTOS kernel and its porting layer.

tools
'EL LA_OPT_Base_License,htm
|| SW-Content-Register-FreeRTOS-B3P-1.0, 141, MA7D bk

Figure 3. Root folder structure of FreeRTOS BSP for i.MX 7Dual
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2.2 FreeRTOS BSP examples folder

The examples folder contains all demos/examples source code and board configuration files. All
applications are cataloged by board name. The directory structure of examples folder is shown as follows.

~ armagec
ds5
( blinking_im:_demo _
iar
hello_world '<

|| FreeRTO5Config.h
hiello_warld_ddr

|| hardware_jnit.c
hello_warld_ocram

\_ |_|main.c

( demo_apps < hiello_warld_gspi
driver_examples lows_power_imx=7d
|| board.c YEMSa
|| board.h semad_demo
|| clock_freq.c sensor_demo
imx7d_sdb_m4 \
Examp |les _ || dack_freq.h
imx7d_wal_me o
|| gpio_pins.c
|| gpio_pins.h
L_| pin_mux.c
\ || pin_rrze. b

Figure 4. Examples folder structure

At the top level of each board folder, there is a common set of files used by the demos and examples.
These files can be modified to perform operations such as changing the pin mux configuration. All board
support files are provided as part of the FreeRTOS BSP:

e board.c/h: The header file contains board-specific configuration macros for things such as
debug terminal configuration, push buttons, LEDs and other board-specific items. The C file
contains clock and RDC initialization functions.

e clock_freq.c/h: Contains functions that are used to get current clock frequency of a specified
peripheral such as GPT, 12C, or UART.

e gpio_pins.c/h: Definitions used by the FreeRTOS BSP GPIO driver for the platform’s GP1O
pins. These include push buttons and LEDs, but can include other items such as interrupt pins
for external sensors.

e pin_mux.c/h: Contains peripheral-specific pin mux configurations. These functions can be
called by the hardware init() function or individually by the demo application.
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2.3 FreeRTOS BSP middleware folder

The middleware folder contains the source code of all the middleware used by demos/examples. The open
source multicore communication stack — RPMsg is included in the middleware folder.

~
. commaon
. docs
. middleware - . multicore - . open-amp =< | porting
. rpmsg
e = virtio

Figure 5. Middleware folder structure

2.4 FreeRTOS BSP platform folder

The platform folder contains the source code for the primary components including CMSIS header files,
peripheral drivers, startup, utilities, and linker files.

, CMSIS

| devices
. platform )
J drivers

J utilities

Figure 6. Platform folder structure

2.5 FreeRTOS BSP rtos folder
The rtos folder contains the source code of market leading RTOS — FreeRTOS OS:

(

J include
. portable
|| croutine.c
. License || event_groups.c
. rtos EEE) | FreeRTOS | Source < L] list.c
| readmetd || queue.c
| | tasks.c

|| timers.c

\. & readme.te

Figure 7. rtos folder structure
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3 Building a Demo Using IAR Embedded Workbench IDE

This section describes the steps required to build demo applications provided in the FreeRTOS BSP. The
hello_world demo for .MX 7Dual SABRE-SD board is used as an example, though these steps can be
applied to any board, demo or example application in the FreeRTOS BSP.

1. Open the demo application workspace files located in the following path:
<install dir>/examples/<board name>/demo_apps/<demo name>/iar

Using the .MX 7Dual SABRE-SD board as an example, the hello world workspace is
located in this folder:

<install dir>/examples/imx7d_sdb_m4/demo_apps/hello world/iar/hello_world.eww
2. Select the desired build target from the drop-down. For this example, select the “hello_ world —

29
Debug” target.
/& hello_world - IAR Embedded Workbench IDE L h, A ——
File Edit View Project Tools Window Help
DE P S|4 BR| o A AN RE X 1 IRk
Workspace * | main.c | hardware_init.c board.c |dod<_ﬁ'eq.c|debug_oonsole_imx.h | dock_freq.h
[Debug '] 10 A+
Debu 2 * Copyright (c) 2015, Freescale Semicond
B (Fhello_world - De... 3 # All rights reserved.
@ 1 board * 4 *
= 3 driver M 5 * Redistributicon and use in scource and b.
= Cfreertos N 6 * are permitted provided that the follow.
(] curce 7 *
gstanup " g * o Redistributions of source code must .
Syst.em 9 * of conditions and the fellowing disc.
@ O utilities " 1o .
L@ 3 0uput
. 11 * o Redistributions in binary form must .
12 * list of conditions and the following
13 * other materials provided with the di.

Figure 8. Demo build target selection

3. To build the demo application, click the “Make” button, highlighted in red below.

%hello_mrld—IAR Embedded Workbench IDE . — P ——
File Edit View Project Tools Window Help
DeHd | & +BR|o o A EX XY S
Workspace * | main.c | hardware_init.c board.c |dod<_ﬁeq.c | debug_console_imx.h | dodk_freq.h
[Debug - 15 /*
Files S 1: 1 2 * Copyright (c) 2015, Freescale Semicond
E}alhello_world-De__ [ v | | 3 * All rights reserved.
a1 board " 4 *
& O3 driver . 5 # Redistribution and use in source and b.
@ Ctreettas * 6 * are permitted provided that the follow.
& 7 source " 7 w
gstanup " 8 *# o Redistributions of source code must :
[+ x
DE?{E‘Z:} . 9 * of conditicons and the felleowing disc.
*
L@ [ Output 10
11 * o Redistributions in binary form must :

Figure 9. Build the demo application

4. The build completes without errors.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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5. The build result can be found at
<install dir>/examples/<board name>/demo_apps/<demo name>/iar/<build conguration>:

-

MName Date modified Type Size

J list 6/10/2015 9:58 AM  File folder

. obj 6/13/201511:51 PM  File folder
|| helle_waerld.bin 6/10/2015 9:58 AM  BIN File 11 KB
|| helle_world.out 6/10/2015 9:58 AM  OUT File 435 KB

Figure 10. Build result

e The *.out file contains the debug information of the demo application. It can be used for
software debugging.

e The *.bin file is the demo application binary file. It can be loaded and run on the target board
using U-Boot.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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4 Building a Demo Using DS-5 IDE

This section describes the steps required to build demo applications provided in the FreeRTOS BSP. The
hello_world demo for i.MX 7Dual SABRE-SD board is used as an example, though these steps can be
applied to any board, demo or example application in the FreeRTOS BSP.

1. Open ARM DS-5 IDE on the computer.

© C/C++ - Edlipse Platform ML NS S [
File Edit Source Refactor Navigste Search Project Run Window Help

W [®-®-Gifaaa  JRIE GG @R IB O
B8 e Quick Access | =@

Bm|m =0
ER-
> (122 hello_world_im:

=g g=o0® =g

An outline is not available.

i Problems 52| ¢ Tasks [ Console [ Properties 4 Search =

0 errors, 3 warnings, 0 others

Description
» & Warnings (3 items)

« o] v < 0

1% hello_werld_jmx7d_val_m4

&

Figure 11. ARM DS-5 overview

2. Select “File -> Import” from the DS-5 IDE menu. In the window that appears, expand the
“General” folder and select “Existing Projects into Workspace”. Then, click the “Next” button.

r o
& Import ==
Select N\
Create new projects from an archive file or directory. I E - 5

Select an import source:

type filter text

4 [= General

5, Archive File
|1§ Existing Projects into Workspa:el
[, File System
=L Preferences
= C/C++
» = CVS
= Install
> = MQX
» [= Remote Systems
» = Run/Debug
» [= Scatter File Editor
» = Target Configuration Editer
> = Team

@ < Back Next » Finish

L

]

Figure 12. Selection of the correct import type in DS-5 IDE
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3. Click the “Browse” button next to the “Select root directory:” option.

£ Import

Import Projects

Select a directory to search for existing Eclipse projects.

ok

1@ Select root directory: | hd Browse...
() Select archive file: Browse...
Projects:
Select All
Options

[7] Search for nested projects
[7] Copy projects into workspace

Working sets
[C] Add project to working sets

Select...

7"\- - -
d ac MENL ~ ni= ance|
@ o> [ o

Figure 13. Projects directory selection window
4. Point to the hello world demo for the appropriate device, which can be found using this path:
<install dir>/examples/<board name>/demo_apps/hello_world/ds5
For this example, the specific location is:
<install dir>/examples/imx7d_sdb_m4/demo_apps/hello_world/ds5

5. After pointing to the correct directory, the “Import Projects” window should look like the figure
below. Click the “Finish” button.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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2 Import A e e S

Import Projects

Select a directory to search For existing Eclipse projects,

o

(@ Select root directory:  Cnup'FreeRTOS_BSP_1.01_iMXTDNe - Browse...
(7 Select archive file: Browse...

Projects:

hello_werld_imx7d_sdb_md (ChnxphFreeRTOS_BSP 10101 | Select All

Deselect All

it

Refresh

1| 1] r

Options
[] Search for nested projects
[] Copy projects into workspace
Working sets
[ Add project to working sets

Working sets: Select...

@ Mext = Finish ] [ Cancel

Figure 14. Select hello_world project

There are two project configurations (build targets) supported for each project:

e Debug — Compiler optimization is set to low, and debug information is generated for the
executable. This target should be selected for development and debugging.

¢ Release — Compiler optimization is set to high, and debug information is not generated. This
target should be selected for final application deployment.

Choose the appropriate build target, “Debug” or “Release”, by clicking the downward facing
arrow next to the hammer icon, as shown below. For this example, select the “Debug” target.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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8 crc-- - e e

File Edit 5ocurce Refactor Mavigate 5Search Project Run Windo

T | v B v o [(Acive) ~|& EY
v 1debug
rbl:'rnject E.. &3 | ] Stre
2 release
=T =

= hello world_imx7d_sdb_md

Figure 15. Selection of the build target in DS-5 IDE

8. The demo starts building after the build target is selected. To rebuild the demo in the future, click
the hammer icon (assuming the same build target is chosen).

9. The build result can be found at
<install dir>/examples/<board name>/demo_apps/<demo name>/ds5/<build conguration>.

e The *.axf file contains the debug information of the demo application. It can be used for
software debugging.

e The *.bin file is the demo application binary file. It can be loaded and run on the target board
using U-Boot.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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5 Building a Demo Using ARM GCC

This section describes the steps to configure the command line ARM GCC tools to build demo
applications. The hello world demo application targeted for the .MX 7Dual SABRE-SD board hardware
platform is used as an example, though these steps can be applied to any board, demo or example
application in the FreeRTOS BSP.

5.1 Setting up the toolchain

This section contains the steps to install the necessary components required to build and run a FreeRTOS
BSP demo application with the ARM GCC toolchain, as supported by the FreeRTOS BSP. There are
many ways to use ARM GCC tools, but this example focuses on a Windows operating system
environment. Though not discussed here, ARM GCC tools can also be used with both Linux OS and Mac”
OSX.

5.1.1 Installing the GCC ARM Embedded tool chain

Download and run the installer from launchpad.net/gcc-arm-embedded. This is the actual toolset, such as
compiler and linker.

5.1.2 Installing MinGW

The Minimalist GNU for Windows (MinGW) development tools provide a set of tools that are not
dependent on third-party C-Runtime DLLs (such as Cygwin). The build environment used by the
FreeRTOS BSP does not use the MinGW build tools, but does leverage the base installation of both
MinGW and MSYS. MSYS provides a basic shell with a Unix-like interface and tools.

1. Download the latest MinGW mingw-get-setup installer from
sourceforge.net/projects/mingw/files/Installer/.

2. Run the installer. The recommended installation path is C:\MinGW. However, you may install it to
any location.

NOTE
The installation path cannot contain any spaces.

3. Ensure that the “mingw32-base” and “msys-base” are selected under Basic Setup.

B MinGW Installation Manager

Installation  Package Settings

Basic Setup Package Class  Installed Version Repository Version Description

All Packages . . . .
9 D mingw-developer-tool... bin 2013072300 An MSYS Installation for MinGW Developers (meta)

mingw32-base bin 2013072200 A Basic MinGW Installation
] mingw32-gcc-ada bin 4.5.1-4 The GNU Ada Compiler

D mingw32-gcec-fortran bin 4.8.1-4 The GNU FORTRAN Compiler
] mingw32-gec-g++ bin 4,8.1-4 The GNU C++ Compiler
[] mingw32-gcc-ohjc bin 4.8.1-4 The GNU Objective-C Compiler

msys-base bin 2013072300 A Basic M3YS Installation (meta)

Figure 16. Setting up MinGW and MSYS
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4. Click “Apply Changes” in the “Installation” menu and follow the remaining instructions to
complete the installation.

T MinGW Installation Manager

Package Settings

Update Catalogue Package
Mark All Upgrades D mingw-developer-tool...
I Apply Changes I m?ngw32—base
|:| mingw32-gcc-ada
Quit Alt+F4 ] mingw32-gecc-fortran
D mingw32-gcc-g++
|:| mingw32-gcc-objc
msys-base
Figure 17. MinGW and MSYS installation complete

5. Add the appropriate item to the Windows operating system Path environment variable. It can be
found under Control Panel -> System and Security -> System -> Advanced System Settings in the
"Environment Variables..." section. The path is:

<mingw _install _dir>/bin
Assuming the default installation path is C:\MinGW, an example is shown below. If the path is not
set correctly, the toolchain does not work.

Note
If "C:\MinGW\msys\x.x\bin" is in the PATH variable (as required by

FreeRTOS BSP), remove it to ensure that the new GCC build system works

correctly.
System Properties =
Computer Name | Hardware | Advanced | System Protection | Remote
Environment Variables (=]
Edit System Variable =
Variable name: Path
Variable value: agram Files (x86)\CMakebin; C: MinGW \bin
System variables
Variable Value -
o3 Windows_NT
Path C:\Program Files (x86)\Parallels\Paralel...
PATHEXT .COM;.EXE; . BAT;.CMD;.VBS;.VBE; . JS;....
PROCESSOR_A... AMD&4 il
[ New... ] [ Edit... ] [ Delete ]
— —

Figure 18. Adding Path to systems environment
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5.1.3 Adding a new system environment variable for ARMGCC_DIR

Create a new system environment variable and name it ARMGCC_DIR. The value of this variable should point to
the ARM GCC Embedded tool chain installation path, which, for this example, is:

C:\Program Files (x86)\GNU Tools ARM Embedded\4.9 2015q1

See the installation folder of the GNU ARM GCC Embedded tools for the exact path name of the installation.

Environment YVariables @
o — — h!
Mew System Variable @
Yariable name: ARMGCC_DIR
Variable value: C:'Program Files (x86)GMU Tools ARM Emb
[ K. ] [ Cancel

System variables

Variable Value i
05 Windows_NT (W
Path C:'Program Files (x586)\Parallels\Parallel.. .
PATHEXT .COM; .EXE; .BAT;.CMD;.VBS; .VBE;.JS;....
PROCESSOR._A... AMDo4 v
| Mew.. || Edit.. || Delete |

’ oK ][ Cancel ]

Figure 19. Adding ARMGCC_DIR system variable

5.1.4 Installing CMake

1. Download CMake 3.0.x from www.cmake.org/cmake/resources/software.html.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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2. Install CMake, and ensure that the option "Add CMake to system PATH" is selected. You can
select whether it is installed into the path for all users or just the current user. In this example, the
installation is for all users.

A CMake 3.0.2 Setup ol @ xR

Install Options
Choose options for installing CMake 3.0.2

By default CMake does not add its directory to the system PATH.

Do not add CMake to the system PATH
©) Add CMake to the system PATH for all users
ake to the system current user

Create CMake Desktop Icon

[ <Back | mext> | [ cancel

Figure 20. Installing CMake

3. Follow the remaining instructions of the installer.

4. You may need to reboot your system for the PATH changes to take effect.

5.2 Building the hello world demo application
To build the demo application, follow these instructions:

1. Open a GCC ARM Embedded tool chain command window. To launch the window, from the
Windows operating system Start menu, go to “Programs -> GNU Tools ARM Embedded
<version>" and select “GCC Command Prompt”.

. GMU Tools ARM Embedded 4.8 201443
, Documentation
5CC Command Prompt
_iﬂ; Uninstall GMU Tools for ARM Embec

Figure 21. Launch command prompt

2. Change the directory of the command window to the hello world demo application directory in the
FreeRTOS BSP: <install dir>/examples/<board name>/demo_apps/hello world/armgcc/.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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3. There are two project configurations (build targets) supported for each FreeRTOS BSP project:

e Debug — Compiler optimization is set to low, and the debugging information is generated for
the executable. This target should be selected for development and debugging.

e Release — Compiler optimization is set to high, and the debugging information is not
generated. This target should be selected for final application deployment.

There are batch files provided to build both configurations. For this example, the “Debug” target is
built and “build debug.bat” is typed on the command line. If the “Release” target is desired, type
the “build release.bat” instead.

Alternatively, if it is not desired to use the command line, double-click the batch files from
Windows operating system Explorer.

X Chwindows\system32icmd.exe

C:~>nxpS\FreeRTOS_BSP_1.8.1_iME?Dexamplessinx?d_sdb_md4~\demo_apps~hello_worldsarmgecc™sbuild_all.hat

Figure 22. Build debug version of platform library

4. When the build finishes, the output looks like the figure below.

[188x1 Built target hello_world

C:=~nxp>»FreeRTOS_BSP_1.8.1_iMEYD examples simx?d_sdb_md4sdemo_appsshello_worldsarmgoc >pause
Press any key to continue . . .

Figure 23. Hello world application builds successful

5. The demo application is generated in one of these directories, according to the build target:
<install_dir>/examples/imx7d_sdb _md4/demo_apps/hello world/armgcc/debug

<install dir>/examples/imx7d_sdb_md4/demo_apps/hello_world/armgcc/release

6. The build result can be found at
<install _dir>/examples/<board name>/demo_apps/<demo name>/armgcc/<build conguratio
n>.

e The *.elf file contains the debugging information of the demo application. It can be used for
software debugging.

e *bin file is the demo application binary file. It can be loaded and run on the target board using
U-Boot.

Getting Started with FreeRTOS BSP for i.MX 7Dual, Rev. 0, 07/2016
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6 Running Application with U-Boot

This section describes the steps to run application using an SD card with prebuilt U-Boot image for i. MX
processor. The prebuilt U-Boot image can be found in Linux BSP bundle or package for .MX 7Dual
processor. For more information about how to write the U-Boot image to SD card and create FAT file
system partition, see the i. MX Linux User's Guide (IMXLUG) in the Linux BSP package.

6.1 Running application on TCM (Cortex-M4 Core's Tightly Coupled
Memory) with U-Boot

1. Prepare an SD card with the prebuilt U-Boot image from the Linux BSP packet for .MX 7Dual
processor.

2. Insert the SD card to the computer, and copy the application image (for example hello_world) you
want to run to the FAT partition of the SD card.

2, Computer » SD Card (H:)

Organize v Share with v Burn New folder =~ 0 @

b Eaias Name Date modified Type

Bl Desktop || hello_world.bin 7/28/20159:53 AM  BIN File
& Downloads

= Recent Places
4 Libraries 3
1% Computer

g, Primary (C:)

a Software (D:)

a Workstation (E:)
B 5D Card (H:)

E 1 item

Figure 24. Copying firmware image to SD Card FAT partition

3. Safely remove the SD card from the computer.

4. Insert the SD card to the target board. Make sure to use the default boot SD slot and double check
the dip switch configuration. There is only one SD slot, which is used for boot. The default
configuration of the validation board is boot from SDI.

5. Connect the “DEBUG UART” slot on the board with the computer through the USB cable. The
Windows OS installs the USB driver automatically, and the Ubuntu OS finds the serial devices.

6. On Windows OS, open the device manager, find “USB serial Port” in “Ports (COM and LPT)”.
Assume that the ports are COM9 and COM10. The smaller numbered port (COMY) is for the
debugging message from ARM Cortex-A7 core and the larger numbered port (COM10) is for
ARM Cortex-M4 core.
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On Ubuntu OS, find the TTY device with name /dev/ttyUSB* to determine your debugging port.

Similar to Windows OS, the smaller number is for ARM Cortex-A7 core and the bigger number is
for ARM Cortex-M4 core.

&% Device Manager | =RACE X
File Action View Help
e EHEHE &
45 B40163-12
5@ Batteries
- 1M Computer

5 Disk drives

. B Display adapters

> ¢4 DVD/CD-ROM drives

3 .'j:-_:, Human Interface Devices

25 Imaging devices

¥ Jungo

- 2= Keyboards

&4 Mice and other pointing devices
» B Monitors
b ‘EF Metwork adapters
7 Ports (COM & LPT)
" ECP Printer Port (LPT1)

=" USE Serial Port (COML10)
; =" USB Serial Port (COM3)

B 2 Processors

5 % Sound, video and game controllers
b 4 Storage controllers
] System devices
b - i@ Universal Serial Bus controllers

Figure 25. Determining the COM Port of target board

Open your favorite serial terminals for the serial devices, setting the speed to 115200 bps, data bits
8, no parity, and power on the board.

On the COM9 terminal, press any key within 3 seconds of booting, and U-Boot enters command
line mode, and then you can run your application from TCM with following commands:

fatload mmc 0:1 0x7F8000 hello world.bin: Load the application image from the SD card to
TCM.

b. dcache flush: Flush cached content to TCM.
C. bootaux 0x7r8000: Start the ARM Cortex-M4 core from the TCM.
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Figure 26. U-Boot cmd to run application on TCM
9. The application is started on the ARM Cortex-M4 core through COM 10.
£P COM10 - PuTTY | B e |

LS

Figure 27. FreeRTOS OS hello world demo running on ARM Cortex-M4 core’s TCM

6.2 Running application on DDR/OCRAM with U-Boot

Some applications with the names ended by “ ddr” or " ocram" in FreeRTOS BSP should be run in DDR
or OCRAM.
To run application from DDR/OCRAM, follow the steps below:
1. The first 7 steps are the same as running application from TCM as mentioned above.
2. After finish the first 7 steps, power on the board and enter U-Boot command line mode. Then, you
can execute the following commands:
e DDR
a. fatload mmc 0:1 0x9FF00000 hello world ddr.bin: Load the application image from the
SD card to DDR RAM.
b. dcache flush: Flush cached content to DDR RAM.
C. bootaux 0x9FF00000: Start the ARM Cortex-M4 core from the DDR.
e OCRAM
a. fatload mmc 0:1 0x00910000 hello world ocram.bin: Load the application image from
the SD card to DDR RAM.
b. dcache flush: Flush cached content to OCRAM.
C. bootaux 0x00910000: Start the ARM Cortex-M4 core from the OCRAM.
The application is started on ARM Cortex-M4 core through COM 10.

6.3 Running application on QSPI with U-Boot

Some applications with the names ended by " gspi" in FreeRTOS BSP should also boot from an external
storage device like QSPI Flash.
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To run the application from QSPI Flash, follow the steps below:
1. The first 7 steps are the same as running application from TCM as mentioned above. Make sure
that U-Boot has QSPI enabled.
2. After finish the first 7 steps, power on the board and enter U-Boot command line mode. Then, you
can write image and run it from QSPI Flash with the following commands:
e Fori.MX 7Dual SABRE-SD board:

a.

b.
C.

d.
€.

f.

fatload mmc 0:1 0x80000000 hello world gspi.bin: Load the flash image file from the
SD card to DDR RAM.

sf probe 0:0: Load the SPI flash driver.

This message is displayed, “sr: Detected Mx25L51235F with page size 256 Bytes,
erase size 64 KiB, total 64 MiB”.

sf erase 0x100000 0x40000: Erase 256 KB in the flash starting from 0x100000.

sf write 0x80000000 0x100000 0x40000: Burn the image from DDR RAM to the QSPI
Flash.

bootaux 0x60100000: Start the ARM Cortex-M4 core at the flash head.

e Fori.MX 7Dual Validation board:

a.

b.
C.

d.
€.

f.

fatload mmc 0:1 0x80000000 hello world gspi.bin: Load the flash image file from the
SD card to DDR RAM.

sf probe 1:0: Load the SPI flash driver.

This message is displayed, “sr: Detected N250256 with page size 256 Bytes, erase
size 4 KiB, total 32 MiB”.

sf erase 0x0 0x40000: Erase the first 256 KB in the flash.

sf write 0x80000000 0x0 0x40000: Burn the image from DDR RAM to the QSPI Flash.
bootaux 0x68000000: Start the ARM Cortex-M4 core at the flash head.

The application is started on ARM Cortex-M4 core through COM 10.
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7 Debugging Application with Trace32 Debugger

Although IAR and DS5 are supported to build the FreeRTOS BSP and examples, the debugger part of
these IDE tools are not enabled. Only TRACE32 is able to debug the programs built from ARM-GCC,
IAR and DS5.

1. To debug the program with TRACE32, a script file is used. Find it at

<install dir>/tools/trace32/attach imx7d m4.cmm.

2. Make sure that TRACE32 ICD (In-Circuit-Debugger) for ARM is installed and the Lauterbach
debugger device supports ARM Cortex-A7 and ARM Cortex-M4 debugging.

3. Build a FreeRTOS application of the RAM target, and change the default ELF load path in
attach imx7d m4.cmm: data.load.elf "<your ELF path>" /verify.

4. Connect the TRACE32 debugger device to the computer and the board (through JTAG). Run the
TRACE32 ICD ARM debugger, and load attach imx7d m4.cmm by choosing “File -> Run
Batchfile”.

mmv Bresk Run CPU Misc Trace Pef Cov Window Help

FERICHEET I Y

)TRA(BZ Development System (c) 1989-2012 Lauterbach GmbH
{_][_wuw_llmllmllmduwnwm]i
[ [ M

Figure 28. Running the batch file in Trace32

5. Run (GO) and debug the program with the single step (Step, Over, Next, Return) or break points.
rﬁ
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75 sul b r] r3, dl
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Figure 29. Starting debugging
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8 Revision History

This table summarizes the revisions made to this document.

Table 1 Revision history

Revision number

Date

Substantive changes

0

03/2016

Initial release
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