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ABSTRACT

FREERTOS is a popular open-source real-time operating system used in embedded systems. It provides
APIs for tasks, semaphores, mutexes, timers, and so forth.

HALCoGen is a GUI-based driver generating tool for the Hercules family of devices. HALCoGen also
supports FREERTOS for various devices in the Hercules family. It enables users to generate the
FREERTOS code, along with other drivers.

This application report provides an overview on FreeRTOS. This document is not a FreeRTOS user's
guide, and only describes how to use FreeRTOS on Hercules devices with HALCoGen.
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1 FreeRTOS Source Files
FreeRTOS source files can be divided into platform-dependent and platform-independent files. It supports
various families, including TI's Hercules microcontroller.
The FreeRTOS\Source folder contains the drivers for each submodule, such as tasks, semaphores,
gueues, and so forth. These drivers are platform-independent.
The FreeRTOS\Sourcelinclude folder contains the header files, including a header file named
mpu_wrappers.h. For the platforms that support MPU, these header files redefine the kernel functions to
the corresponding MPU wrapper functions. More details on MPU wrapper functions are provided in the
following sections.
The FreeRTOS\Source\portable\XXX folder contains platform-dependent code. For every platform,
FREERTOS provides a .c and an assembly file for port functions, and a header file named portmacro.h for
the platform-dependent macros.
Along with these source files, a FreeRTOS project requires the following files:
» FreeRTOSConfig.h — Contains macros for customizing the FreeRTOS drivers. Sample file provided as
part of demos.
* mpu_wrappers.c — Contains the MPU wrapper functions for kernel functions. For FreeRTOS v9 and
later, a sample file is provided as part of FreeRTOS\Source\portable\Common folder.
2 FreeRTOS Support in HALCoGen
To generate FreeRTOS code along with HALCoGen drivers, select DeviceName FREERTOS as Device
while creating the HALCoGen project, as shown in Figure 1. FreeRTOS drivers are not supported for
every device variant in a device family. This document provides steps on how to customize the drivers for
a different device variant.
The FreeRTOS source files are generated with a prefix "os_"
[ B Mew Project &11
Farnily: Dewvice:
£ TMS470M ~ ke TMSEFOLENI7ZWT
£ TMSE70LS20x G ThSE70LS3137PGE
= TMSE70LS31x e ThD=R70LS31USE
3 TMSE70LS21x = e TMD=R70LS3THDK
£3 BMdix P ThSE70LE3137 2% T_FREERTOS
3 TMS570LS12x R ThSE70LS3135PGE
GRTRSE70LS31352WT
1 :‘ ;mﬁsjmsm GRTRSE70LE31342W T
B TMSS70LS04x G ThSE70LS3134PGE
3 TMS570LS03x
3 TMS570LS02x -
Mame: |<Enter Name>
Location: | DACCSTWaorkspace D
Create directory for project
Froject will be created at. D\ CCSMWarkspace\<Enter Name>.
Tools:  Texas Instruments Tools v
(0]4 Cancel
Figure 1. Select Device
2 FreeRTOS on Hercules Devices SPNA237-April 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNA237

13 TEXAS
INSTRUMENTS

www.ti.com MPU Settings as an Add-on for Safety Use Cases

Navigate to the OS tab to configure various options for the OS files, as shown in Figure 2.

Start Page TMSSTOLS3137ZWT_FREERTOS | OS5 | PINMUX GIO SCI UM SCI2 MIBSPI

General

— Configuration
Corfiguration options will set macros in FreeRTOSCarfig h

¥ iUse Task Preemption: =g Mutexes o | Use Verbose Stack Checking

Iz |dle Hook Ilze Recursive Mutexes ze Timers

IUse Tick Hook |se Counting Semaphores Generate Runtime Statistics
lUse Co-Routines V| Idle Task Should Yeild lse Malloc Failed Hoolk

lUse Trace Facility IUse Stack Overflow Hool

— Task Configuration

RTI Clock (Hz); | 30000000 Tick Rate (Hz); | 1000

Mazx Priorities: |2 Total Heap Size: 8192

Task Mame Length: 16 Min Stack Size: 128

— Coroutine Corfiguration

Coroutine Priorties: |2

— Timers Configuration
Timer Task Priorty: |0 Queue Length: |0 Stack Size: 0

Figure 2. OS Tab

These configurations are translated to create the FreeRTOSConfig.h, and are provided as part of the
generated drivers.

3 MPU Settings as an Add-on for Safety Use Cases

For devices with a Memory Protection Unit (MPU), FreeRTOS provides hooks for MPU configurations.
MPU lets the user partition the device memory into various regions and configure the access rights for
each regions. TI's Hercules microcontrollers are Arm® Cortex®-R based and support MPU.

3.1 MPU Wrapper Functions

There are two modes of CPU: privileged mode and user mode (hames may differ depending on the
device). User mode is a restricted mode, and is typically used to execute the user tasks. Privileged mode
is used to execute the kernel code and for system initialization. The kernel code and data are typically
placed in a privileged memory section, so that these are not accessed directly by user tasks. MPU
wrapper functions provide wrappers for kernel functions so that they are executed in privileged mode.
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Sample MPU wrapper function:
void MPU_vTaskDelete ( TaskHandle_t xTaskToDelete )

{
BaseType_t xRunningPrivileged = prvRaisePrivilege();
vTaskDelete ( xTaskToDelete );
POrtRESET_PRIVILEGE( xRunningPrivileged );
¥
3.2 MPU Regions for Tasks
The FreeRTOS task driver provides support to have n number of memory regions assigned to each task.
The memory regions and its access rights may vary, depending on the tasks.
In a FreeRTOS environment, the MPU regions can be categorized into task-specific regions and common
regions. Task-specific regions are configured every time a task switch occurs. The common regions are
configured at the time the scheduler is initialized.
The first four regions and the last region (regions 0-3 and n-1) are configured when the scheduler is
started and are common for all the tasks. This includes the flash, RAM, and peripherals memories. The
other regions are task-specific, and can be configured during the task creation. There is a dedicated MPU
region for the task stack.
Table 1 lists the device families with the number of MPU regions, and how they are split into common and
task-specific regions.
Table 1. Device Families
No. of
MPU
Device Family Regions Common Regions Task-Specific Regions
Region 0: Unprivileged flash region
Region 1: Privileged flash region .
TMS570LS31x RM48x 12 Region 2 Privileqed RAM redion Region 4: Task stack
TMS570LS12x RM46x glon - Frviieg re9 Regions 5-10: User-defined
Region 3: Peripherals region
Region 11: Privileged system region
Region 0: Unprivileged flash region
Region 1: Privileged flash region .
R 4: Task stack
TMS570LS04x RM42x 8 Region 2: Privileged RAM region eg!on askstac )
. ) ) Regions 5,6: User-defined
Region 3: Peripherals region
Region 7: Privileged system region
The number of task-configurable
; . i ; regions can be changed in the
Reg!on o Ur.lp.rlvneged flash r.eglon HALCoGen GUI. Default = 3
Region 1: Privileged flash region Redion 11: Task stack
TMS570LC43x RM57x 16 Region 2: Privileged RAM region g. ) )
. ) ) Regions 12-14: User-defined
Region 3: Peripherals region e .
. e . The remaining regions can be
Region 15: Privileged system region configured in the HALCoGen GUI, and
are common for all tasks.
NOTE: Privileged flash and RAM regions include the privileged code and data section used by the
kernel.
All the MPU configurations done through the HALCoGen GUI are reset when the scheduler is initialized.
With TMS570LC43x and RM57x devices, there is an option to set the number of regions used by the
FreeRTOS. The regions not used by FreeRTOS can be configured through the HALCoGen GUI. These
are not reset by the FreeRTOS code.
To modify the default MPU regions set by FreeRTOS, modify the prvSetupDefaultMPU function available
on the os_port.c file.
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A task can be created using two FreeRTOS APIs:

» XTaskCreate — This disables all user-defined task-specific regions, and enables access to the entire
RAM region as part of the task stack region. The task created using this API is called a non-restricted
task, as this has access to the entire RAM region.

e XTaskCreateRestricted — This lets the user define the regions they need access to. The task stack
region is set with the actual stack size. The task created using this APl is called a restricted task, as
this does not have access to any RAM region other than its own stack (unless explicitly mentioned).

For more details on how to create restricted and non-restricted tasks, see the HALCoGen examples.

4 Porting FREERTOS on a Different Part Number

HALCoGen supports FreeRTOS driver generation for only a few devices. This section explains how to
generate FreeRTOS drivers for any device part number. This example uses the TMS570LS1227PGE
device. For the TMS570LS12x family, HALCoGen provides a FreeRTOS port for the TMS570LS1227ZWT

part.
1. Create a HALCoGen project with TMS570LS1227ZWT_FREERTOS, as shown in Figure 3.
i | Mew Project LJﬁ
Family: Device:
[ TK=470hM - G TMERTOLST1 227 W T
[ TMSEAOLS20x G TMEE70LS 22V FGE
[ THSEOLSE31x g TME70LS1 227 2WT_FREERTOS
[ ThSE70LE21x 3 e TMSE70LST 22520 T
3 Rh45x e TMEE70LS1 225PGE
= TMSETOLST 2% e TMEE7OLST 22420 T
e TMEE70LS1 224PGE

[ TMS570LE1Tx
[ RhidBx

[d ThSEZ0LE04x
[ ThEEZ0LS03x

1 THACE?O N

e TMEE7ILET1224PGE_FREERTOS

MName: 12272%WT_FreeRTOS|

Location: | D:ACCSTWorkspace | |

¥| Create directory far project
Frojectwill be created at: D:ACCS MWWorkspace! 1227 2WT_FreeRTOS.

Tools:  Texas Instrurments Tools -

0] 4 | ‘ Cancel

Figure 3. Create a HALCoGen Project
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2. Configure the PLL and other clock settings as per the actual device requirements. In the example
shown in Figure 4, the maximum CPU clock for the TMS570LS1227PGE is 160 MHz, whereas, with
the TMS570LS1227ZWT, it is 180 MHz.

TMS570L51227ZWT_FREERTOS | OS5 PINMUX  GIO  SCI LN 5CIR2 MIBSPIL  SPI2 MIBSPIE  SPM MIBSPIS SPIL SPB

General Driver Enable  SAFETY IMIT = R4-MPU-PMU  Interrupts  VIM General VIM RAM  VIM Channel0-31  VIM Channel 32-€

—PLL 1 Configuration

Osc Freq: [0
VD Post
¢ INTCLE cik  Output Div ppclk PLL1 Div PLLCLK PLL 1 Src Config PLL1
Clk Div: |6 - 2 p—— L —=e—s 13000

Multiplier
135 -

!

TMSSTOLS12277WT_FREERTOS | 05 PINMUX GIO SCI LN 5CI2 MIBSPIL  5P12 MIBSPE  SPM MIBSPIS  SPIL SPE

General Driver Enable SAFETYINIT R4-MPU-PMU  Interrupts  VIM General VIMRAM  VIM Channel 0-31  VIM Channel 32-€

—PLL 1 Corfiguration

Osc Freq: |[E
Vo Post
# INTCLE cig Output Div gpclk PLL 1 Div PLLCLK PLL 1 Src Config PLL1
Clk Div: |6 - 2 p— - 160.00

Multiplier

Figure 4. Configure PLL

3. Configure the FreeRTOS port as required in the OS tab. Save and generate code.
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4. Create a HALCoGen project with the TMS570LS1227PGE, as shown in Figure 5.

B " Mew Project [—J-?h
Family: Dewvice:
[ ThS470m » SR TMISR7ILST227 2T
[ ThSE70LS20x i TMEE7ILE1227FGE
[ TMSB7OLE31x a TMSHTOLE1 227 2WT_FREERTOS
[ THSEZOLS21x 3 i TRSE70LS1 2252 T
[ Rhddx G TMSHTOLS1225FGE
[ TMSEFOLS] 2« ca TMER70LE1 2242 T
ca TMERYOLE1224FPGE

[ TMSEFOLETTx
[ Rhidbx

[ ThS570L=04x
[ ThSE70LE03x

I ThASEZ0O SN2

R TMERYILE1224FPGE_FREERTOS

Mame: |1287FGE

Location: | DACCSTWorkspace D

4| Create directory for project
Frojectwill he created at. D:ACCEMWorkspaceh1227FGE.

Tools:  Texas Insttuments Tools -

Ik, | ‘ Cancel

Figure 5. New Project
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5. Set VIM configurations as shown in Figure 6. FreeRTOS uses 2 interrupts: RTI Compare 0 and
System Software Interrput (SSI) (see Figure 7).

Enable interrupt channel: 2 - RTI Compare 0. Set ISR name as vPortPreemptiveTick
Enable interrupt channel: 21 - SSI. Set ISR name as vPortYeildWithinAPI.

General  Driver Enable

—WIM Channel 0-31 Corfiguration

SAFETY INIT  R4-MPU-PMU

Interrupts

YIM General

— Intemupt Assignment —CHANMAPO-CHANMAP31
= el e
0: ESM High — — Fl2
) — ——= |RQ
1: Reserved 1 —E—[_ B Fla
. — [t — —h= |R
2: RTI Compare 0 2 B [ ra
R e g i W
[ — " FIQ
Figure 6. VIM Configuration
TMSSTOLS1227PGE | PINMUX  RTI  GIO  SCI LIWN  SCI2 MIBSPDL  MIBSPE  SPHM MI
General Driver Enable  SAFETYINIT ~ R4-MPU-PMU  Interrupts  VIM General | VIM RaM
—WIM BAM : |5R Assignments
Base Address: | (<FFFE2000 I VIM BAM Party enable
(b 00000000: PH | phantom Intemupt (c00000040:15 | ade1Group 1Intemupt 0000008031
(e 00000004:00 | esmHighIntemupt (00000044:16 | can1HighLevellntemupt || (0000008432
(00000003:01 | phantom Intemupt (c00000043:17 | phartomIntemupt (c00000088:33
[<0000000C:02 | vPort Preemptive Tick (0000004218 | phantomIintemupt Cc0000008C 34
00000010:03 |tiCompare 1 Intemupt x00000050:15 |crcintemupt Cec0D0000090: 35
[00000014:04 |tiCompareZintemupt [00000054:20 | esmblowintemupt 0000009436
(0000001 8:05 |tiCompare 3intemupt b00000058:21 |vPortYeildWithinAPI| Cc00000092:37
(0000001 C:06 | tiCverflowlintemupt (c0000005C:22 | phartomIntemupt (e 000005C: 38

Figure 7. VIM ISR Assignments

VIM RAM | VIM Channel 0-31
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6. FreeRTOS also uses the SVC exception. Enable the exception handler as vPortSWI, as shown in
Figure 8.

TMSSTOLSL227PGE | PINMUX  RTI GIO SC1 LM SCI2 MIBSPIL  MIBSPEE  SPM  MIBSPIS SPIL SPI3  SPIS  CANL CAl
General Driver Enable  SAFETYINIT  R4-MPU-PMU | Interrupts | VIM General VIM RAM  VIM Channel0-31  VIM Channel 32-62
— Intermupt Configuration

M emany
Reset (e & | 0500000000 [ "iinn
Undefined [ | 0400000004 | et
. " t By L Prefetch ] __| 0<0000000C _prefetch
yztem, nterrupt -
Peipherals ™ VM PO |2CotexRar | D32 [ | 9200000010y f gabort
01 Reserved 0x00000014 . | o ertomintemupt
Dizpatch Mode —
N e e
— i — R el e oo #0510
Wector Mod
FI sctor Mode  W000000IE o fy o e #-Beib0]

Figure 8. Enable PortSWI

7. Disable the RTI driver and configure the other peripherals as required, then generate the code.

8. Copy the OS files from the 1227ZWT project to the 1227PGE project. This includes the files starting
with prefix "os_", FreeRTOS.h and FreeeRTOSConfig.h.

9. Make the following changes in the linker command file in 1227PGE project:

MEMORY
{
VECTORS (X) : origin= lengtt 28
KERMEL (RX) : origin= 2@ length 3
FLASH® (RX) : origin= 28 lengtl 13FFE@ - @x30ea
STACKS (RW) : origin= lengtt 1588
KRAM (RW) : origin=-8x@8880150@ length-8xéeoe8508
RAM (RW) : origin=@x@8@80158@ + @x30@ length=8x@@@2EBRE - Ox308
/* USER CODE BEGIN (2) */
/* USER CODE END */
¥
" USER CODE BEGIN (3) */
" USER CODE END */

* Section Configuration

SECTIONS

1
.intvecs : {} > VECTORS
/* FreeRTOS Kernel in protected region of Flash */

.kernelTEXT : {} » KERNEL
.cinit : {} » KERNEL
.pinit : {} » KERNEL
/* Rest of code to user mode flash region */
text : {} > FLASH®
.const : > FLASH@
/* FreeRTOS Kernel data in protected region of RAM */
.kernelBss : {} > KRAM
.kernelHEAP {} ¥ RAM
.bss : {} » RAM
.data t{} ¥ RAM
/* USER CODE BEGIN (4) */
* USER CODE END */

;
10. The FreeRTOS port is now ready for the TMS570LS1227PGE device.
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(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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