RENESANS APPLICATION NOTE

RX62N Group RO1ANO766ES0100
Rev.1.00
OS Adaptor Layer: Oct 11, 2011

User Manual and API Specification for RI600 & FreeRTOS™

Introduction
This application note describes the Adaptor Layer in detail. This includes its features and functionalities.

Target Device
e RX62N Group MCU (product number: R5FF562N8BDBG)

Target Board
e RX62N Renesas Start Kit + (product number: ROK5562N0C000BE)

Note: FreeRTOS™ is a trademark of Real Time Engineers Ltd
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1. Introduction to the Adaptor Layer

The Adaptor Layer was designed to allow for applications that are targeted to run on RI-600 RTOS to be quickly ported
to run on FreeRTOS™ without the need to do any re-programming. An illustration is as follows:

User Application / I User Application
" Middleware - : Middleware
[ RI-600
RI'GQO Service
Service | Call
Call : y Adaptor Layer . y
o >
i - 4 FreeRTOS
y RI-600 > I Service
| cal P
I ,/ FreeRTOS
| 2K 2K
Drivers | Drivers
|
Before —|> After
A juxtaposition of RI-600 and FreeRTOS™ Task States shows:
RI600 FreeRTOS

dispatch
| READY I; fl RUNNING |

release from
waitng

WAITING
it pend

WAITING-SUSPENDED

‘ READY 17 RUNNING ‘

—+ Blocked (WA|T|N<31|-—

release from
T

suspend

SUSPENDED

7% SUSPENDED |«
4{ NON-EXISTENT '+

forcibly

sctivate a
4.| '''''' DORMANT Lo
forcibly

It should be noted that in FreeRTOS™, when a Task is placed in the Blocked (WAITING) State and is subsequently
suspended, the resumption of this Task will not place the Task back in the Blocked (WAITING) State as it should have
been. Instead, it will be prematurely released from the Blocked (WAITING) state that it was previously in. This can be,
at times, deemed as an undesired behavior.
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Applications that target the RI-600 platform will not expect such behavioral changes. As such, the Adaptor Layer had to
make up for the WAITING-SUSPENDED state that FreeRTOS™ does not provide for. To this end, the Adaptor Layer
has to make use of a GateKeeper Task to managethe WAITING-SUSPENDED mechanism. Thus, the compiled
Adaptor Layer task states are shown as follows:

READY ' W RUNNING

Managed by GateKeeper Task

“DORMANT"

Every API that causes a Task State to be changed will have its request latched to the GateKeeper Queue to be processed.
However, for APIs that do not require a change of Task State, the Adaptor Layer will take care of its invocation. This
can be clearly seen from the following diagram:

Priority, RI-600

Task C

API Call

A J

RI-600 Kernel

Time

Priority

Case 1: Need not make Kernel Call. | ‘ FreeRTOS
GateKeeper Task

Task APICall 4

Adaptor Layer i
FreeRTOS Kernel

Timer

Priority I | Case 2: Make use of FreeRTOS Kemel Call. | ‘ FreeRTOS
GateKeeper Task ‘r—

Task API Call Iy

Adaptor Layer 4
FreeRTOS Kernel

Time
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2. Adaptor Layer Process Workflow

This section describes the process workflow to successfully deploy the Adaptor Layer for use.

2.1 Overview

An overview of the Adaptor Layer deployment process can be seen as follows:

Adaptor Layer Usage: Process Workflow

| Start

I
I
h 4 I
I
I
I

Explanation

Program an application that uses
the RI-600 APIs.

Program applicationthat targets RI-600

________________ e e e e e e e e e e
v | Import the required Adaptor Layer
Import Adaptor Layerinto Workspace | files and FreeRTOS into the Project
I Workspace.
I
________________ N

I

I Initialize and configure the

I necessary Adaptor Layer files.
I
I

Initialize Adaptor Layer

N

End

2.2 Guided Example using Renesas HEW IDE

221 Creating a new RI-600 Project Workspace

Launch Renesas HEW IDE and create a new project workspace as follows:
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Welcome!

q (¢ Create a new project workspace

(" Open a recent project workspace:

2]

OK

Cancel

|

= ]
j " Browse to another project workspace

;] Administration...

..-'/.

Enter a valid workspace and project name as follows:

New Project Workspace

Projects |

L~ Oikspace Name:

Project Types
@M

Demonstration ot Name:

AdaptorLayerS ampleCode]

@ Empty Application < Nl@i ayerSampleCode

G Library

2 Debugger only - RX600 E1/E2 Directory:

IC:'&D eveloper\Renesas\Hew\AdaptorLayerSa Browse... I

—CPU family:

Qe

W

< IFIenesas RX Standard
[——

—D
D

Properties...

OK

Cancel
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Select the appropriate toolchain and CPU type as follows:

Mew Project-1/11-5elect Target CPU. Toolchain version

Toolchain version

[1.0.0.0 |

Which CPU do wou want to use for this
project’?

CPU Senes:

CPU Type:
R=E10

Re=E2T
Otker

[f there iz no CPU type to be selected,
select the "CPU Type'" that a zimilar ko
hardware specification or zelect "Other'’,

< Back | Mest » Firish Cancel
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Select RI1-600 as the RTOS to be in use:

New Project-2/11-5elect RTOS

Target type

RTOS :

Re=B00

NoneE

ReB00 Senes HIB00/4 Y. 1.00 Release 01

< Back

Mewt =

Firizh

Cancel

RO1ANO766ES0100 Rev.1.00
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Option settings should be as shown:

New Project-3/11-Option Setting

Specify global options.

Erdian: .
Raound ta: Mearest

Precizion of double ;| Single precision

Sigh of char ungigred
Sign of bit field - unzigned
Bit field arder - Lower bit

I [ [ [ A A [

“width of divergence of function | 24 bit

[ 1Denormalized nurmber allower a3 a result
[ 1Replace from int with zhort

[ ]enum size iz made the smallest

[Pack struct, union and class

[U=e try, throw and catch of C++

[ JUze dynamic_cast and typeid of C++

< Back Mewxt = Firizh Canicel
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Accept the defaults:

New Project-4/11-Option Setting

Specify global options.

Fast interrupt sector reqizter ;

Mone _ﬂ

— Baze register
ROM :

Mone ;‘
Fahd

M one ;I

Address
0-00000000  |Mone R4

Changes code generation ;

MHane -

< Back Mest » Firizh Cancel
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Ensure that the “‘C/C++ Source File’ is selected:

New Project-5/11-Setting the Contents of Files to be Generated E’[g]

What kind of initialization routine
would you like to create?

T~ Use /0 Library |

AT s

=

IV Use Heap Memory
Heap Size: 0x400

¥ 170 Register Definition Files
Benefgte Hardware Setup

<Back || Next> Fiish | Cancel |
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Accept the defaults for the Standard Library configuration:

MNew Project-6/11-5etting the Standard Library

Library configuration ;

~ Library :

[w]runtime : runtirme routines [ahways @&
[ Jetype. H[CE3/C99] : Handles and © i
[ Irath. h[C29/C99) : Perfarms nunme
[ Imathf.H[C83/C39) : Performs nume = |
[ Jztdarg. h[CB3/C99) : Suppartz aco
[w]ztdio. h[CB9/C99) : Perfarms input!
[w]ztdlib. H[CE3/C39] ; Performs C pro
[w|ztnng. K[CE3/C93] : Performs sting
[ ioz[EC++] : Performz inputoutput |
[wnew[EC++] : Perfarms memorny allo . |

T2 | —— |

Enable al | Oisabla &

< Back Mewxt = Firizh Canicel
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Clicking next moves forward to step 9 for the selection of the emulator to run:

Mew Project-9/11-5etting the Target System for Debugging

— Targets :

10 E1/EZD

[(1R=E00 Sirmulator

Target type ;| RHE00 ;I
Target CPU ; | R#BZN ;I
< Back Mewst » Firizh Canicel
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Accept the defaults for step 10 as shown:

New Project-10/11-5etting the Debugger Options

T arget name :

wB00 E1/E20 55

Care :

<zingle cones

Configuration narme :

Debug AXE00_E1_E20 SYSTEM

— Detall ophions

|kern Setting

Fodify

[ Initial zezzion

< Back

Mewst » Firizh

Canicel
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Click “Finish’ to complete creation of the project workspace:

Mew Project-11/11-Changing the File Names to be Created

The following source files will be

generated:
File Mame | Ext... | Descrption
dbzct c Setting of B.R Section
typedefine  h Aliazes of Integer Tywpe
zhirk. C Program of sbrk
iodefine h Defintion of 1/0 Reqgiz
rezetprg C Reset Program
buragetup C Hardware Setup file
Adaptorl... b ain Program
&daptorl...  cfg Configuration file
zhirl, ki Header file of sbrk, file
< i | >

< Back et = | Finizh | Cancel
RO1ANO766ES0100 Rev.1.00 Page 16 of 112
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Click ‘OK’ to accept the summary of the project creation workspace:

Summary

Froject Sumrmary:

-------- PROJECT GEMERATOR ------- FN
FROJECT MAME : BAdaptorLavers ampleCode '
FROJECT DIRECTORY : C:ADevelopertRenesazs\Hew'\Ad
CPU SERIES : R=E00

CPU T+PE : REE2M

TOOLCHAIM MAME : Renesas Rk Standard T oolchain

TOOLCHAIM WYERSIOM : 1.0.0.0
GEMERATIOM FILES : )
C:ADeveloperhRenezas\Hew' \ddaptarLayerS ampleCodehAdz
Setting of B.R Section
C:A\DeveloperhRenesazs\Hew' \AdaptorLayerS ampleCodehAdz
Aliazes of Integer Type
C:\DevelopersAenezaz\HewhddaptorLayers ampleCodehads
Frogram of hrl,
C:ADeveloperhRenezas\Hew' \ddaptarLayerS ampleCodehAddz
Defintion of 1/0 Regizter
C:ADeveloperhRenesaz\Hew' \AdaptorLayerS ampleCodehddz
Feset Program v

4 b

Click, 0K, to generate the project or Cancel to abart,

[w [Generate Readme bt as a summary file in the project directony

] Canicel

RO1ANO766ES0100 Rev.1.00 Page 17 of 112
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2.3 Creating a LED Blinky Example Code

Open the file labeled ‘AdaptorLayerSampleCode.c’ as shown in the project workspace:

53] Adaptorl ayerSampleCode - High-performance Embedded Workshop:
File Edit View Project Buld Debug Setup Tools Test Window Device Help

A= =1 |[DefauGession =] 2 ”JFE |

Y o—

#

DwEHd &= 6| s
PR SFHERI LTS

=

= 3 AdaptorlaperSampleCode
= [F AdaptorLayerSampleCode
-9 C source file

| C:\Developer|RenesasiHew) AdaptarLayerSampleCode) Adaptarl ayerSample Code\AdaptarLayer SampleCode . ¢

[ sdaptorlayers ampleCode cfg

=3 Dependencies
- iodefine h
- itron.h
2 kemelh
b kemel_apih
L sbik.h

tupedefine b

-@Pmieml@'(emplam JQNa\ﬂgmn ]Test
HoLoralar (881|272

This is an unsupported freeware versiom, a supported release is also available from Renesas
This is an unsupported freeware version, a supported release is also availabhle from Renesas
FDT API inirtiaslised: wersion 4, 00, 00, 010

Active Project: AdaptorLayerSampleCode

4 Flash }, Euid # Debug )\ Find in Files 1 )\ Find in Files 2 )\ Macro )\Test )\ Wersion Control /

Ready

[ |Defaultl deskiop ms | [mom
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Replace the entire sample code with the following:

#include <machine.h>

#include <stdio.h>

#if defined (__ADAPTOR_RI_600_ )
#include "kernel.h"
#include "kernel _id.h"

#elif defined (__ADAPTOR_FREE_RTOS )
#include "r_FreeRTOSAdaptor.h"

#endif

- LE - 11
#include "i1odefine.h
/*****************************************************************************

*  Defines.
*

*****************************************************************************/

/* LEDs */

#define LEDO PORTO.DR.BIT.B2
#define LED1 PORTO.DR.BIT.B3
#define LED2 PORTO.DR.BIT.B5
#define LED3 PORT3.DR.BIT.B4
#define LEDO_DDR PORTO.DDR.BIT.B2
#define LED1_DDR PORTO.DDR.BIT.B3
#define LED2_DDR PORTO.DDR.BIT.B5
#define LED3_DDR PORT3.DDR.BIT.B4
#define LED ON ((0))

#define LED_OFF @)

/*****************************************************************************

* Function Prototypes.
*

*****************************************************************************/

void InitLEDs();
void LED Task(VP_INT param);

/*****************************************************************************

* Function Name : InitLEDSQ);

* Description : This function initializes the LED for this demo
* application.

* Argument - None.

* Return Value : None.

*****************************************************************************/

void InitLEDs(O{
LEDO_DDR = 1;
LED1_DDR
LED2_DDR
LED3_DDR

mnon
(N

LEDO
LED1
LED2
LED3

LED_OFF;
LED_OFF;
LED_OFF;
LED_OFF;
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Oct 11, 2011 RENESAS



RX62N Group User Manual and API Specification for RI600 & FreeRTOS™

/*****************************************************************************

*

* Function Name : LED _TaskQ);

* Description : This is the LED Task that will execute the Application

* code.

* Argument - None.

* Return Value : None.

R o T R R R R R R R R e R R R e e e R R R R e e e
/

void LED Task(VP_INT param)

{

// Local Variables
static unsigned char toggle = 0;

INnitLEDsSQ);
for (G3){

switch (toggle){
case O:
LEDO
break;
case 1:
LED1
break;
case 2:
LED2
break;
case 3:
LED3 = ~LED3;
break;

~LEDO;

~LED1;

~LED2;

}
toggle = (toggle == 3) ? 0 : ++toggle;

dly_ tsk(500);
}
}
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Add the defined macro for the RI1-600 Project under Build>RX Standard Toolchain, C/C++ Tab, select: Show entries
for: Defines. This is shown as such:

RX Standard Toolchain

Configuratian C/C++ | Assembly | Link/Library | Standard Library | Rigoc 4| ¥

jDEt‘UQ ﬂ Category : ISDUFCE L]

=13 All Loaded Projects
=l @ AdaptorLapers ampleCo
-] C source file
[+ G+ source file
#1-(_] Aszembly source file Defing | Walue Add...
-] Linkage symbal file =———

Shaw entries far ;

Optiohz CAC+H+
-cpu=rxB00 -include="$[COMFIGDIR]"."C: \Frogram .
Filez'RenezazhAI600-44100r07 hincBO0" - N
< | autput=abj="$[CONFIGDIR W$(FILELEAF).ab'" -debug -«
k. Cancel
RO1ANO766ES0100 Rev.1.00 Page 21 of 112
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Add the global defined macro __ ADAPTOR_RI1_600___as shown:

RX Standard Toolchain

Configuration : C/C++ |.-'3.Ssem|:|I_I.J| Linka"LiI:lrar_l.Jl Standard LiI:Irar_l.J! RIGOC 4 I "I
IDel:uug ;i Categon, : ISDurn::e j
= All Loaded Proj E!I:tS
ﬁ@ I R Shaw entries faor ;
- [:I I: SOLICE flle IDefines ;I
[+ [:I C++ zource file
+- #-_1] Assembly source f|IE Drefine | Y alue | Add.
2 ——
Add define 7 [ Femove

Macro: |_ADAPTOR_RI_G00__

Replacement : i

OF. Cancel

Optiohz CAC+H

-cpu=r«B00 -include="$[COMFIGDIR]"."C: YProgram P
FilezhRenezas \RI600-44%1 0007 Yince00" - ]
< m | B output=cbi="$[CONFIGDIRNEFILELEAF).ob" -debug -
] 4 Cancel
RO1ANO766ES0100 Rev.1.00 Page 22 of 112
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Select ‘OK” and exit the RX Standard Toolchain options panel.

RX Standard Toolchain

Configuration

] Debug :J

- C source file
-] C++ source file
-] Azzembly source file
+-|_] Linkage symbal file

C/C++ | Assembly | Link/Library | Standard Library |

Category : | Source _-rJ

Show entries far

J Source file j

Language :

C: | cices) -
Cos [P]: |Cos -]

|nput character code
SIS Ra

[ Allow comment nest

|nterchangeability check

|N|:|ne j

Optionz CAC+H+

RIGOC_ 4 | "l

-cpu=r600 -include="$[COMFIGDIRT","C:M\FProgram .

Files\Renezas\RIE00-4%.1 00001 \inca00" - =

£ [ define=_ ADAPTOR_RI_EO0_ - v
............. o Cancel

.................................
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2.4 Editing the RI-600 Configurator File

Open the ‘AdaptorLayerSampleCode.cfg’ file as shown. This is the configurator file used by RI-600 during the
compilation process.

31 AdaptarLayerSampleCode - High-performance Embedded Workshop
File Edit View Project Buld Debug Setup Tools Test Windaw Device Help

R e =T Y B r——
PA|SHHETE e

SE

= AdaptorLayer3 ampleCade

£ [ AdaptorlayerS ampleCode
543 € source fle

~[# AdaptoiLayerSsmpleCode.c

w3 shke

indefine.h
itron.h
kemelh
kemel_apih
shik.h
typedefine h

N @Pmieﬂs lETemp\ahes J A avigation J Test I

Hoioralar|gi2t|2 | H|?

Thiz is an unsupported freeware wersion, a supported release is also available from Renesas
Thiz is an unsupported freeware wersion, a supported release is also available from Renesas
FDT API initialised: versiom 4, 00, 00, 010

Active Project: AdaptorLayerSampleCode

4 Flash j, Build Debug Find in Files 1 Find in Files 2 Macro Test Wersion Contral

Ready FZ [Defaultl deskiop = 1w [
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Replace the configuration with the following configuration:

//***************************************************************

// R1600/74 System Configuration File
// FPU:Yes, DSP:Yes

//****************************************************************

// System Definition

system{
stack _size = 1024;
priority = 10;
system_IPL = 4;
message_pri = 1;
tic_deno =1;
tic_nume =1;
context = FPSW,ACC;
};
//System Clock Definition
clock{
timer = CMTO;

template = rx610.tpl;
timer_clock = 25MHz;

IPL 3;

};

//Task Definition

task[1{
name = LED_TSK;
entry_address = LED Task(Q);
initial_start = ON;
stack_size = 512;
priority =1;

// stack _section = STK1;
exinf = 1;

};
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2.5 Connecting to the RX62N Board

Add the emulator to connect to the RX62N RSK Board as shown:

Sel:up Tools Test  ‘Window [

Synchronized Debugaging. ..

Debug Sessions. ..

Debug Setkings...

Ef reset cru

Ell Go FS
[Eh Reset Go Shift+FS
EE Free (o

f Qo To Cursor

I - Set P To Cursar

Eun...
= - Display PC Ckrl+5hifE+
F} Skep In Fi1
TH Step Over Fi0
{7 step Qut Shift+F11

Skep...

Step Mode k

@5 Halt Program

Initialize
o -
e connetk
F Disconneck

Save Memory, ..

Yerify Memary...
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Add the following debug settings as shown:

Debug Settings

PIX)

| DefaultSession

v|  Target I Options |

(5 AdaptorLayerS ampleCode

get:
|FI><BDEI E1/E20 SYSTEM

Filename Offset Address | Format | Add... |
| 0K | Cancel
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Click ‘Add’ to add the following configuration:

Debug Settings

IDefauIlSessiun v| Target | Options |
------ I@ Adaptorlapers ampleCode Target:
| R<600 E1/E20 SYSTEM |

Download Module

Offzet: IEIDEIEIEIEIEID Li @l )4 I

=
File format: — |ER/Dwarf2 -l Cancel I
Filename:  [${CONFIGDIR]\${PROJECTNAME).abs L| Browse... | =

Arccess size; I 1 - i

[T Download debug information anly

iy

Remove

I

v Perform memary verfy during download Up
[T Download automatically on target connection D |
] Cancel
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Click ‘OK’ to accept the default settings and “Yes’ when this Debugger warning panel is being displayed:

Debug Settings

IDefauIlSessiun ;I T arget |I:I|:|ti|:|ns|
----- I@ AdaptorLayerS ampleCode Target:
| R<600 E1/E20 SYSTEM -]
LCare:
IEingIe Core Target _ﬂ
Debug format:

|EX/Dwarf2 Ra

b

' wWarning! The target has been changed. IF vou continue, you will lose vour debugger setup § 4 odif
information For the sessions you have modified. Are vou sure wou wank bo conkinuer?

i

Remove

Yes Mo I Cancel I

Up

B

d

] Cancel
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Select the following in the Device window:

Device

ML group: |HKEEN Group

Device: | REFREZME

kMode

{+ Debugging mode
=

{7 whiting the on-chip flazh memary mode

Fower zupply

| Power target from the erulator, [Mak 200md)
o o

Carmunicatian

Emulat
Gerial Mo |E1: 145003457 ~|  Refresh |

MHext >

[x]

Cancel
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Ensure that the board is powered before clicking ‘Next >’:

Communication

JTAG
JTAG Clock:

R ] .

< Back

Firizh

Cancel
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Click “Finish’ to begin connection to the device. Select the following settings in the next window:

SDCS Same endian as the MCU 16

Internal flash memory overwrite | E zteral flash memory

MCU l System
Operating
Mcﬁ;p ROM enabled extended mncD
Endian: v

Irut clock (EXTAL): {12.0000 MHz

External memory areas

Area | Endian B...
CS1  Same endian as the MCU 8
CS2 Sameendanasthe MCU 8
CS3 Same endian asthe MCLl 8
CS4 Sameendian asthe MCU 8
CS5 8

Same endian as the MCU

CSE
7

Same endian as the MCLU 8

Work BAM star ress (0x400
bytes used): ( |3000

Cancel

oK |

| Do not show this dialog box again.

Click ‘OK’ to proceed connecting to the device.
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2.6 Compile and Build LED Blinky Example

Select Build—>Build All to being compilation:

0N Debug  Setup Tools  Test  Window
R Standard Toolchain. ..

3 Build F7
Build 4l

Build Mulkiple. ..

Zlean Current Project
Clean All Projects

Update all Dependencies

Include/Exclude Build
Build Phases. .

Build Configurations. ..
Linkage Crder...

iaenerakte Makefile. ..

When the compilation is done, select “Yes to all’ to download the built module:

Confirmation Request

\i‘) 0K to download module: C:\DevelopertRenesash... aptorLayerS ampleCodehddaptorLavers ampleCodehD ebughtdaptorLaverS ampleCode. abs
[ Don't ask thiz question again

Mo Yes to all Mo to all Cancel
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When the module has been downloaded, program is ready for execution as shown:

AdaptorLayerSampleCode - High-performance Embe;

dded Workshop - [resetprg.c]

File Edt View Project Build Dsbug Setup Tools Test MWindow Device Help - X
D@dd 8 & E | Gl R LY 2] | Debug | | DefaulSession | =]
3 s
) EDg z @ M| ww EREN RU TRV o |EH B EE a8 |8 A=
<
= & AdeplorLayerS smpleCode Ell=]
=7 AdaptorLayerSampleCode
=23 C source file Line Source Address 0., 5. Souce ‘
daptorLayerd ampleCade.c 62 J'f//'f/ff/ff//'f//'f//'f//’f//’f//’f/ff/ff/ff/ff/ff/ff/ff/!’//!'//!'//!'//f//f//f'/z‘
63 / Powsr-on Reset Program
54 VAP EIIPI PP TR R F AP EEE P A P 7 TP A PP TP i i AR idiiiiiiliiii/
65 |FFFF23BF nrfvolid PowerON_Reset PC(woid)
66 i
=3 .
LA e g 67 |[FEFFF23CA set_fpsw(FPEW_init);
=123 Download modules 68
Adaptorl ayers ampleCode abs - 00000000 69 |FFFF23CD _INITSCT () :
=23 Dependencies fAE
iodefine.h Zik v/ INIT_IOLIB(): // Use 8IM I/O
iironh 79 - -
tema:h h 73 V7 errno=0; // Remowe the comment when you use
ermel_api
kemal_\dph 74 '/ srand(({_UINT)1); // Remove the comment when vou
kemel_ra.m.h 25 ¥/ _slptr=NULL; // Remowe the comment when you use
kemel_ram.h 78
kemel_spsirth 77 |[FFFF23D1 Hardwaresetup () ; // Use Hardware Setup
1_emth 78
sbikh 7 7/  set_fintvi<handler address>); // Initialize FINTV register
ypedeline h a0
81
82 #if ((( _RI_CLOCK_TIMER) »=0) && (( RI_CLOCK TIMER) <= 3))
a3 _RI_init_emt () ; // Initialize CMT for RIA00/4
g4 // Do ceomment-out when clock.timer
85 fendif -
4| 3
& Projects IE Tempies || 8l avigaton Tedt J <+ AdaptorLay... | - AdaptoiLay... <+ resetpro.c
£ & |24
TOTALL LINE(Z) [alnf=l-5 N LINES ~
CODE 0000000022 (00000016H)  PRI_KERNEL
ROMDATA 0000000404 (00000194H) CRI_RON
ROMDATA 0000001024 (00000400H) INTERRUPT VECTOR
ROMDATA 0D0O0001ZS (DOODO0OS0H)  FIZ INTERRUPT_VECTOR
| C:%Developer)Renesas)Hew\ daptorLayerSanpleCodel AdaptorLayerSampleCode) Debugh ritahle .sre |
RN S
Fhase OptlLinker finished
Build Finished
0 Errors, 0 Warnings
v
£ >
[T\ Flash_p\Build { Debug }\ FindinFiles 1} FindinFiles2 J Macro ), Test i Wersion Control
Marmal - 100:00:00,000,000 s
Ready =] E¥| FF| Defaultl desktop Read-vritz 56134 1 N UM

RO1ANO766ES0100 Rev.1.00

Oct 11, 2011

RENESAS

Page 34 of 112




RX62N Group

User Manual and API Specification for RI600 & FreeRTOS™

In order to run the program, press F5 or select Debug—> Go as shown:

Setup  Tools  Tesk  Window C

Synchronized Debugaging. ..
Debug Sessions...
Debug Setkings. ..

5T Reset CPU

-

=] Reset Go Shift+FS

5 Free 5o

f Go To Cursar
pc et PC To Cursor

=]

Bur...
e Display PC Chrl+Shift+Y

3 Step In F11
¥ Step Ower F10
I Step Out Shift+F11
akep...
Step Mode L

Initialize

F Disconnect

Save Memory, .,

Yerify Memary. ..

Download Modules k

Unload Modules L
RO1ANO766ES0100 Rev.1.00 Page 35 of 112
Oct 11, 2011 RENESAS




RX62N Group User Manual and API Specification for RI600 & FreeRTOS™

Finally, the LEDs on the RSK should be blinking as such:
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2.7 Creating an Empty Workspace for Adaptor Layer

Launch Renesas HEW IDE and create a new project workspace as follows:

Welcome!

‘ (¢ Create a new project workspace

(" Open a recent project workspace:

2]

OK

Cancel

|

= ]
j " Browse to another project workspace

k2

Administration...

..-'/.

Enter a valid workspace and project name as follows:

New Project Workspace

B Demonslratlon

Projects |
Project Types -’\ i
@ Application < |.&dapt0ri_ayer5 ample

SEEEETIR s
@ Library

> Debugger orly - RX600E1/EZ|  Directory:

IC: \Developer\Renesas‘\Hew\AdaptorLayerSa Browse. .. |

| LRu-famiy—

WX

\‘-__
Tool chain;
<ﬁs—ﬁ< Standard

=
=

~.""N--.._
< >
Properties...
0K Cancel
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Select the toolchain as shown:

New Project-1/5-5elect Target CPU.Toolchain version

CPU Type:

Toaolchain wersion :

Wwhich CPL do wou want to use for this
project’y
CPU Senes:

Reg00

F=E10
FB2M
HHB2T
Other

[ there iz no CPU type to be selected,
gelect the "CPU Type' that a zimilar to
hardware zpecification or zelect "Other'’,

< Back | Mext »

Finizh

Cancel
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Accept the settings in the following windows:

New Project-2/5-Option Setting

Specify global options.

Endian :

Round to
Precizion of double :
Sigh of char

Sign of bit field :
Bit field arder :

“width of divergence of function | 24 bit

Little x:

Mearest

Single precizion

ungigred

unzigned

Lowwer bt

I [ [ [ A A [

[ 1Denormalized nurmber allower a3 a result
[ 1Replace from int with zhort
[ ]enum size iz made the smallest
[Pack struct, union and class
[U=e try, throw and catch of C++

[ JUze dynamic_cast and typeid of C++

< Back

Mewxt = Firizh

Canicel
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Accept the defaults:

New Project-3/5-Option Setting

Specify global options.

Fast interrupt wector regizter ;

Mone _ﬂ

— Baze register
ROM :

Maone

| 4

Rk
Maone

| 4

Address
0-00000000  |Mone e

Changes code generation ;

-

< Back Mewst » Firizh Canicel
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Accept the defaults:

Mew Project-4/5-5etting the Target System for Debugging

— Targets :

FeE00 E1/E20

[1R#E00 Simulatar

Target type ;| R*E00 ;I
Target CPU ;|1 CPUs ]
< Back I Mest » Firizh Cancel
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Click “Finish’ to generate the project workspace:

Mew Project-5/5-5etting the Debugger Options

Target name

Care :

R=600E1/E20 5YSTEM

£zingle cones

Configuration narme :

— Detail options

Debug FXE00_E1_E20 SYSTEM

[term

Setting

[ Initial zezzion

fldifiy

< Back

Hiext &

Firizh

Canicel
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Click ‘OK’ on the prompt as shown:

Froject Summary:

-------- PROJECT GENERATOR -

FROJECT MAME : AdaptorLayers ample

FROJECT DIRECTORY : C:ADeveloperhReneszas\Hew'hd
CPU SERIES : RE00

TOOLCHAIMN NAME - Renesas Hx Standard Toolchain

TOOLCHAIM YERSIOM : 1.0.0.0

SELECT TARGET :
ReBO0 E1/E20 5%'5TEM
DATE & TIME : 7A18/20171 3:18:08 PM

¢ »

Click, 0K to generate the project or Cancel to abart,

v [Generate Readme.tst as a summary file in the project directon

k. Canicel
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2.8 Combine Workspace Files

To develop a dual RTOS application, it is best to combine both the workspaces to have files that share the same code
base. This can be visualized as follows:

RI-600 Workspace FreeRTOS Workspac

Code Base

Copy the workspace files from \AdaptorLayerSample to \AdaptorLayerSampleCode:

& AdaptorLayerSample

File Mas(8 Yiew Fawvorites Tools  Help

earch '[{ Folders v
Chrl+¥ =

kel \AdaptorLaversample v| =
Chrl+Y VB AdaptorLay N

| Undo Rename Chrl+Z

Cut

Paste
Paste Shortcut

Copy To Folder. ..
Move To Folder..,

Select All Chrl+8
Irvert Selection

Fa . 9

ﬂ My Compuker
H My Mebwork Places

Details

Copies the selected items to the Clipboard. To put them in the new location, use the Paste command.
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Past in the following directory as shown:

& AdaptorlayerSampleCode

File W YWiew Favorites Tools  Help

IIndo Rename Chrl+2 L
earch [{ " Folders v
Chrl4s

Chrl+C \AdaptorLayersampleCode b | =0
ChrHY ¥adaptorLayerSampleCode

@ AdaptarLaverSampleCode . ARF

AdaptorLaversampleCode, B

E AdaptorLaversampleCode Hbp

oy ddapkarLayver SampleCode, bvs

Paste Shortbcut

Copy To Folder...

0 Move ToFolder...
4 Select All Chrl4+-a
&

Invert Selection

a My Compukber
!& Pl Metwork, Places

Details

Inserts the items wou have copied or cut inko the selected location,
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Reopen the new Adaptor Layer Workspace as shown:

@& AdaptorLayerSampleCode

File Edit View Favorites Tools Help

e Back ~ d i? /j) Search |{ " Folders v

Address @ C:\Developer\Renesas\Hew\AdaptorLayerSampleCode v ‘ Go
) AdaptorLayerSampleCode
File and Folder Tasks ¥ @ AdaptorLayerSampleCode. ARF
AdaptorLayerSampleCode.BK'W
Other Places
) Hew

\_.ﬂ AdaptorLayerSampleCode.Hbp
() My Documents

AdaptorLayerSampleCode.hws
g My Computer
& My Network Places

)AdaptorLayerSample

@ AdaptorLayerSample.ARF
AdaptorLayerSample . BK'W
n AdaptorLayverSample.hws

Details

Type: HEW Workspace File Date Modified: 7/18/2011 3:38 PM Size 982 bytes 4 My Computer

Accept the changes to the workspace by clicking “Yes’:

Warning

": Thiz workzpace haz been moved.
S Old directory:  C:ADeveloperhRenesas'\Hew'\adaptorLayers ample
Mew directony: C:ADeveloperhRenesas \Hew' \AdaptorLayers ampleCode

Do pou want to continue opening thiz wark zpace’?

[ Don't show thiz warning again

Yes Mo Cancel
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Open the folder \AdaptorLayerSampleCode\AdaptorLayerSampleCode and Drag-and-Drop the files as shown:

5 Adapmrlayer!‘n\mple H1gh -performance Embedded Waorkshop

Fla Edit View ect id ug Setup Tools ¥ndow Device Help
EECEACIEECICI ||qn LED_0FF I % |88 ¢ a8 E % o =] |[oofaSesson =] 24 ||/ |

ot 2re| |

; & AdaptorLayerSampleCode
3 Dependencies Fle Edt View Favorites Took Help

@m Q | e [ rodes | (-

-

Dther Places
|5 AdaptorLayerSampleCode

) My Documents
i My Computer
N My Network Places

Details

| [

Horotalar|idr|e | mE|?
This is an unsupported freeware versiom, a supported release is also available from Renesas

(This is an unsupported freeware versiom, a supported release is also available from Renesas
FDT API initialised: version 4, 00, 00, 010

Active Project: RdaptorLayerSample

|| [AT7\Fash {Buld }, Debug }, FindinFies 1 ) FindinFiles2 }, Macro ), Test ), Version Contral |
Readv

T 7 771 3 Defauiti deskton == s i
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Open AdaptorLayerSampleCode.c:

[ AdaptorLayerSample - High-performance Embedded Workshop
File Edt View Project Build Dsbug Setup Tools Test MWindow Device Help

DeEd|ssee|s|g|nmr  nga|asa [peta = |[odaitersen 1|4 | % |

PA|SEFEI L e e |
=l

1= AdaptorlayerS ample
=[] AdaptorLayerSample
=423 € sowce fle

dbsct.c

hwsetup.c

resetprg.c

shrk.c

[ 423 Dependencies
iodefine.h

; sbik.h

: typedefine h

|C:\peveloperirenesastHewadaptorL ayersampleCodeiAdaptorLayerSampleCodeladaptorl ayer sampleCode. c

" @ Prajects lETemplaTes | Dneviga.. | [ Test
Heroralar|2igr|2|md| 2

This is an unsupported freeware version, a supported release is also available from Renesas
This is an unsupported freeware version, a supported release is also available from Renesas
FDT API inirialised: wersion 4, 00, 00, 010

fActive Project: MdaptorLayerSample

4 Flash A Build 4 Debug j Findin Files 1 Find in Files 2 Macro p Test Yersion Conkral

Ready = |DeFauitl desktop — ms | UM
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Replace the file’s content with the following code:

#include <machine.h>

#include <stdio.h>

#if defined (__ADAPTOR_RI_600_ )
#include "kernel.h"
#include "kernel _id.h"

#elif defined (__ADAPTOR_FREE_RTOS )
#include "r_FreeRTOSAdaptor.h"

#endif

#include "i1odefine.h"

/*****************************************************************************

* Defines.
*

*****************************************************************************/

/* LEDs */

#define LEDO PORTO.DR.BIT.B2
#define LED1 PORTO.DR.BIT.B3
#define LED2 PORTO.DR.BIT.B5
#define LED3 PORT3.DR.BIT.B4
#define LEDO_DDR PORTO.DDR.BIT.B2
#define LED1_DDR PORTO.DDR.BIT.B3
#define LED2_DDR PORTO.DDR.BIT.B5
#define LED3_DDR PORT3.DDR.BIT.B4
#define LED ON ©

#define LED_OFF &)

/*****************************************************************************

* Function Prototypes.
*

*****************************************************************************/

void InitLEDs();
void LED Task(VP_INT param);

void main(void)

{
// Start Kernel
vsta knl(Q);

// Should never get here.
while(1)
{

nopQ;
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/*****************************************************************************

* Function Name : InitLEDSQ);

* Description : This function initializes the LED for this demo
* application.

* Argument > None.

* Return Value : None.

*****************************************************************************/

void InitLEDs(O){
LEDO_DDR = 1;
LED1_DDR
LED2_DDR
LED3_DDR

1!
1;
1

LEDO
LED1
LED2
LED3

}

/*****************************************************************************

* Function Name : LED _TaskQ);

* Description : This is the LED Task that will execute the Application
* code.
*
*

LED_OFF;
LED_OFF;
LED_OFF;
LED_OFF;

Argument > None.
Return Value > None.
*****************************************************************************/

void LED Task(VP_INT param)
{
// Local Variables
static unsigned char toggle = 0;

INnitLEDs(Q);

for (G:){

switch (toggle){
case O:
LEDO = ~LEDO;
break;
case 1:
LED1 = ~LED1;
break;
case 2:
LED2 = ~LED2;
break;
case 3:
LED3 = ~LED3;
break;

}
toggle = (toggle == 3) ? 0 : ++toggle;

dly_ tsk(500);
}
}

Notice that the only difference is the void main(void) function that is added.

RO1ANO766ES0100 Rev.1.00 Page 50 of 112
Oct 11, 2011 RENESAS



RX62N Group User Manual and API Specification for RI600 & FreeRTOS™

Open resetprg.c:

AdaptorLayerSample gh-performance Embedded Workshop - [C daptorLayerSampleCode\AdaptorLayerSampleCode.c]

Flle Edit View Project Build Debug Setup Tools Test ‘Window Device Help

DwHda@ & || |ED_OFF | & " |Debug =] [Defaursession | B

/
lx
- @& AdaplorLayeBample Che S| e |
= @ AdaptorLayerSample 25 #define LED1_DDR PORTO.DDR.EIT.B3 j
=13 C sourcs file 26 #define LEDZ_DDR FORTO.DDR.BIT.BS
Hesoiticiel Sl i) 27 #define LED3_DDR PORT3.DDR. BIT.B4
28
29 #define LED_ON (a3
30 #define LED_OFF (1)
5 Sel
P 32 [ 9590 ok o e o o ok e ok ok ok ok R R ok o ok ok ok ok ok ok ok kR ok kR kR R Rk kR A Ak
shikch 33 * Function Prototypes.
Yypedsfine.h a4 *
35 e R T
36 wold InitLED=s ()
37 woid LED_Task (VE_INT param);
38
39
40 wold main (veid)
41 {
42 // Start Kernel
43 veta_knl ()
44
45 // Should never get here.
46 while (1)
47 {
48 nop () ;
49 }
50
i
52 [ 95 90 ok o e o o ok ok Rk ok kR R ok o ok o ok ok ok kK Kk Rk kR kR kR kA Rk kA Ak
53 * Function Name : InitLEDs () ;
54 * Description : This function initializes the LED for this demo i
3 Projects IE Templates | 4] Maviga. [ Test I 1 AdaploiLaye. ..
1=l
|
Thi= is an unsupported freeware version, a supported release is also availabhle from Renesas
Thiz iz an unsupported freeware version, a supported release iz also available from Renesas
FDT API iniriaslised: wersion 4, 00, 00, 010
Active Project: AdaptorLayerSample
|- I\Flash £ Buld j Debug A FindinFiles 1 4 FindinFilesz & Macro j, Test & wersion Contral
Ready E EF| EF| [efaultt desktop Read-write: 21107 jaz ] nUM
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Replace the entire code of resetprg.c with the following:

#include <machine.h>

#include < h_c _lib.h>

//#include <stddef.h> // Remove the comment when you use errno
//#include <stdlib.h> // Remove the comment when you use rand()
#include ""typedefine.h"

#if defined (__ADAPTOR_RI_600_ )
#include "kernel .h"
#include "kernel _id.h"

#elif defined (__ADAPTOR_FREE_RTOS_ )
#include "r_FreeRTOSAdaptor.h"

#endif

#pragma stacksize su=0x300
#pragma stacksize si=0x100

#if defined (__ADAPTOR_RI_600_ )
#if (((CRI_CLOCK_TIMER) >=0) && ((_RI_CLOCK_TIMER) <= 3))
#include "ri_cmt.h" // Generated by cfg600
#endif

#endif /* _ ADAPTOR_RI_600__ */

#ifdef _ cplusplus

extern "C" {

#endif

void PowerON_Reset PC(void);

void RI_sys dwn__ ( W type, W infl, VW inf2, VW inf3 );
#ifdef _ cplusplus

}

#endif

//#ifdef _ cplusplus // Use SIM 1/0
//extern "C" {

//#endif

//extern void _INIT_IOLIB(void);
//extern void _CLOSEALL(void);
//#ifdef _ cplusplus

//}

//#endif

#define FPSW_init 0x00000100

//extern void srand(_UINT); // Remove the comment when you use rand()

//extern _SBYTE *_slptr; // Remove the comment when you use strtok()
#ifdef _ cplusplus // Use Hardware Setup

extern "C" {

#endif

extern void HardwareSetup(void);
#ifdef _ cplusplus

3
#endif
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//#ifdef _ cplusplus // Remove the comment when you use global class
object

//extern "C" { // Sections CS$INIT and C$END will be generated
//#endif

//extern void _CALL_INIT(void);
//extern void _CALL_END(void);
//#ifdef _ cplusplus

//}

//#endif

#pragma section ResetPRG
#pragma entry PowerON_Reset PC

L1171 77777777/7777777/7777777///77777///777777///7777/7///7777/7////7777///7/7777
// Power-on Reset Program
L1111 77777777/7777777/7777777///77777///777777///7777/7///7/77/7////777/7///7/7777
void PowerON_Reset PC(void)
{

#if defined (__ADAPTOR_FREE_RTOS_ )

set_intb((unsigned long) sectop("'C$VECT™));
#endif

set_fpsw(FPSW_init);

_INITSCTQ);
// _INIT_IOLIBQ); // Use SIM 1/0
// errno=0; // Remove the comment when you use errno
// srand((_UINT)1); // Remove the comment when you use
rand()
// _slptr=NULL; // Remove the comment when you use
strtok()

HardwareSetup(); // Use Hardware Setup

// set _fintv(<handler address>); // Initialize FINTV register

#if defined (__ADAPTOR_RI_600_ )
#if (((_RI_CLOCK TIMER) >=0) && ((_RI_CLOCK TIMER) <= 3))
_RI_init_cmt(Q); // Initialize CMT for RI600/4
// Do comment-out when clock.timer is
either NOTIMER or OTHER.
#endif
#endif /* __ ADAPTOR_RI 600 _*/

nopQ;
// _CALL_INITQ; // Remove the comment when you use global
class object
//vsta_knl(Q); // Start RI1600/4
// Never return from vsta knl
main();
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//  _CLOSEALLQ; // Use SIM 1/0

// _CALL_ENDQ); // Remove the comment when you use global
class object

brkQ:;

}

/*****************************************************************************

* Compilation differences between RI600 and FreeRTOS.

*

* The following sections are required for RI600 to function.
*****************************************************************************/

L1171 77777777/7777777/7777777///77777///777777///7777/7///7777/7////7777///7/7777
// System-down routine for RI1600/4
L1111 77777777/7777777/7777777///77777///777777///7777/7///7/77/7////777/7///7/7777
#if defined (__ADAPTOR_RI_600_ )

#pragma section P PRI_KERNEL

#pragma section B BRI_RAM

struct SYSDWN_INF{

Wtype;

VW infl;
W inf2;
VW inf3;

};
volatile struct SYSDWN_INF _RI_sysdwn_inF;
void RI _sys dwn__ ( W type, VW infl, VW inf2, VW inf3 )

{
// Now PSW.I1=0 (all interrupts are masked.)

_RI_sysdwn_inf.type = type;
_RI_sysdwn_inf.infl = infl;
_RI_sysdwn_inf.inf2 = inf2;
_RI_sysdwn_inf.inf3 = inf3;
while(1)
}
#endif

L1171 77777777/7777777/7777777/7/77777///777777///7777////7777/7///7/777///7/7777
// R1600/4 system data

L1111 7777777777777777/7777777/7/77777///777777///7777////7777/7///7/777///7/7777
#if defined (__ADAPTOR_RI_600_ )

#include "kernel _ram.h" // generated by cfg600
#include "kernel _rom.h" // generated by cfg600
#endif

Notice that the parts that were generated by the RI-600 Workspace Generator have been masked out by the conditional
compile check of _ ADAPTOR_RI 600 __and _ADAPTOR_FREE_RTOS .
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2.9 Importing FreeRTOS™ Files

Copy the entire FreeRTOS™ Source Code Folder that came with this documentation into the workspace folder as
shown:

% AdaptorLayerSampleCode
File  Edit iew  Favorites  Tools  Help File Edit Wew Favorites Tools Help
@Back - -\j .i /_Fj Search LL Folders — ehck hd \A) l’ }Fj Search n< Folders -

Address |C3) c:\Deva\oper\,RenasaﬂHew\,A_daptorlayerSawleCode 62N_Adaptor_Layer RIGO0_FreeRTOS\Source v| G

Other Places

Other Places
) Hew ) RSz ke
() My Documents A . ™7 My Documents
W My Computer

\a My Network Places

=
C AdaptorLayersampleCode.hws ‘S 1y Network Places

Details

4 My Computer
Create a directory in the Workspace for FreeRTOS™:
EI@ AdaptarLayers ample
=[5 AdaptorLayerSample
- &
- |E] Adaptor Add Folder. ..
""" E dbsct.c Rename Folder. ..
] I
% hwisetug Remove Folder DEL
o 9 rezetpr
e 1] sbik.c Caonfigure Yiew. ..,
EI'E Dependenc
&) indefine ITP."DW Docking
2] typedef | |
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Drag and drop the FreeRTOS™ files as follows:

]Juldaplurlnyeriample ngh pzrflmum:e Emhedd:d Wnrkshnp [C \DEII!IIPEI\ \ldlplnrlayerSampleCnde\res:!prg c]

< File Edit View Project B
D | &|s=ea|s @ |q.LmaF; v]n. & % |[|# < B #4  | [Debug =] [poiasession |2 || |

% PARZ R A W
———————————————————————— | x|

| & FreeRTOS
Fle Edit View Favortes Tools Help

[= & AdeptoiLayerSample
- @ AdaptoiLayerS ample

=3 C source file =
&) AdaptorLaperSampleCode.c Qe - @ - [T O sesn [ Foers | [
4] dbsete g
g hwsetup.c Address QC \Dmlupeﬂﬂm;as\rbmﬂmzﬂ Adaptor_Layer RIGO0_FreeRTOS|SourceiFreeRTOS e 60
E] reselpig.c

=] stk

File and Folder Tasks ¥) M

=2&0D apendsnclg | e

5] indefineh Other Places
(] stikh e
(E] typedefineh -

&) My Documents
i§ My Computer
N My Network Places

5 objects selected

160KB 'd My Computer
~ erojects [Etempss | s | @ien | || 2 Adeplolap. < ieselprgc |
%ﬁmmuarﬂlﬂr, = =
| This is an unsupported freeware version, a supported release is also available from Renesas
This is an unsupported freeware version, a supported release is also available from Renesas
FDT API initialised: version 4, 00, 00, 010
Active Project: RdaptorLayerSample
K1 r]‘)rla;[-éauiﬁ A Debug ) FindinFiles1 )\ Findin Files 2 J\ Macro Jy Test } Version Control [
Readv T 71 71 ] Defaukt deshton Read-write 17134 It s I
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Create a folder called Adaptor under the FreeRTOS™ folder in the Workspace. Drag and drop the required Adaptor C

Code file as follows:

&

Ealildid i R A

=z

[= @ AdeploiLayersample
= [F AdaptorLayer5ample

= 4 C source file
&) AdaptorlayerSampleCode.c
4] dosct.c
1] husetup.c
& resetpig.c
(4] sbikc
=]

Vg

daplr
(&) 1_FreeRTOSAdaptorc
= 3 Dependencies
5] FreeRTOSH
Z] FreeRTOSConfigh
E] iodefine.h
5] Esth
@ mpu_vwappers.h
(] portable.h
@ portmactoh
projdefs.h
1_FreeRTOSAdaptorh
1_FreeRTOSAdaptor_Defiritiorss.h
2] rskmandeth
2] shikh
=] StackMacios h
5] taskh
5] typedefine h

" S erojects lﬁlramp\m | v | (A Test |

’JA&-IptandyerSample = I-[i;h-pelfotmmce_ﬁe_dd_ed -W;IE['!DF S [i:\l)eve-lnper;.,\.‘-daptarlyerglrnpl.e_'c;de\lmlprg.c]

DEU@ &b o #|@ | wEoor o 8 B

| &8 & @ g [oebug =] | [DeteuitSession

& Adaptor

Fie Edt View Favortes Tools Help

Qe - © - (F | O sewar [ Folders | [

=l| 2

g r_FreeRTOSAdaptor.h
o r_FreeRTOSAdaptor_Definitions.h

g My Computer
‘3 Iy Metwork Places

Details ¥

Type: C Source File Date Modified: 7/13/2011 3:32 PM Size: 46.6 KB

J My Computer

| 2 Adeptoilay.. & reseipigc |

[Hororarar|gigr |~ |mE|?

FDT API initialised: version 4, 00, 00, 010

Active Project: RdaptorLayerSample

This is an unsupported freeware version, a supported release is also available from Renesas
This is an unsupported freeware version, a supported release is also available from Renesas

[ ] 1\Flash / Buid }, Debug J FindinFles 1 j FindinFies2 jJ, Macro J, Test Jy Version Control |

Readv

T 721 731 7] Defaultl deskton

T

RTIED
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2.10 Defining use of Adaptor Layer

Goto Build>RX Standard Toolchain, under the C/C++ Tab, select: Show entries for: Defines. Add
__ ADAPTOR_FREE_RTOS__ as shown:

RX Standard Toolchain
Configuration : C/C++ | Assembly | Link/Library | Standard Library | RTOS 4| » |
[Debug E Category: |Source ~
[=] All Loaded P t
@ - cjocss Show entries for :
] @ AdaptorLayerS ample

+ (1 C source file | Defines |

(] C++ source file

+ [ Assembly source file Define | Value

=3 Li

Add define
MacrC I ADAPTOR_FREE_RTOS 5
Replacement : |
ok |  cancel |
Options C/C#+ :
-cpu=rx600 -output=obj="${CONFIGDIR]
\$(FILELEAF).obj" -debug -nologo
< [
oK Cancel
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2.11 Including Header Files

Goto Build>RX Standard Toolchain, under the C/C++ Tab, select: Show entries for: Include file directories, add the

following directories as shown:

o  $(WORKSPDIR)\AdaptorLayerSampleCode

o  $(WORKSPDIR)\FreeRTOS
o  3$(WORKSPDIR)\FreeRTOS\Adaptor

RX Standard Toolchain

C/C++ | dssembly | Link/Library | Standard Library | RTOS 4| |

Configuration
|Dehug LJ Categary : |5|:|urn:e j
= @ Al Loaded Projects ) :
= Adaptorlapers ample L ER T
+-_ [ source file |Iru:|u-:|e file directories Li
+-|_7] C++ source file
+-_] Aszzembly source file P ORESPDIR M Adaptorl aperS ampleCode ddd.
+-[Z7 Linkage spmbal file FPAORESPDIRMFreeRTOS
SrAORESPDIR N reeR TOS Wadaptor
! |
Ophionzs CAC++
-cpu=r600 -include="$MORKSFDIR] P
WhdaptarLayerSampleCode " $MORESPOIR] =
< [ VFreeRTOS" "$Mw0RKSPDIR ]\ FreeR TOS Adaptar” - W
(] Canicel
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2.12 Setting Library Files

Goto Build>RX Standard Toolchain, under the Standard Library Tab, select Category: Mode and set Mode to have the
following value from the drop down menu:

RX Standard Toolchain

Configuration : E.-’E++] ﬁ.ssemhly] Lirk/Library  Standard Library l RTOE A | "l

IDEbug ‘ﬂ Categary : IM::u:Ie L]
=3 Al Loaded Projects

-l I@ AdaptorLayerSample
[ C source file
[ C++ zource file

[ Azzembly source file il
[ Linkage spmbaol file 1 (! FIGDIR]MPR CTHAME .l dodify |

E-E-E-E

Ophionz Standard Library

-cpu=r2600 -output="$[COMFIGDIR]
WIIPROJECTMAME] IR -head=runtime, new

] 4 Cancel
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Goto Build>RX Standard Toolchain, under the Standard Library Tab, select Category: Standard Library and select the
following header files to be built:

e stdio.h
e stdlib.h
e string.h

RX Standard Toolchain

B Assembly | Link/Library  Standard Libray | RT0S | cPu < v
|DE|:'UEI L] Category : JStandard Library LJ
= l@ &l Loaded Projects ; St
@ I e R Library canfiguratian

+-[_7 C source file |E[E39] L]
+- |7 C++ zource file
+-_] Aszzembly source file
+-_7 Linkage symbaol file [Wruntime : runtime routines [aways enable] PN
[ Jctype hiC83/C99) : Handles and checks characters 3
[Imath.h[C33/C99] ; Performs numerical calculations
[Imathf. h[CE9/C99) : Perfarmz numencal calculations
[Jetdarg.h[C83/C99) : Supports access bo vaniable arc
[w]=tdin. H[CA9/C33] : Performs inputdoutput handling
[w]=tdlib.h[C33/C39) : Performs C program standard pre

LCategaony :

% =tring. h[C84C99) : Performs string comparizon, cop:
[ Jiog[EC++] ; Performs inputdoutput prcn:essmg -
< | A
Enable all Dizable all
Optionz Standard Library ;
-cpu=rsE00 -output="$[CONFIGDIR]
MPROJECTHAME]NR" -
£ | % head=runtime, ztdio, ztdlib_string, new
ak Cancel
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2.13 Connecting to the RX62N Board

Add the emulator to connect to the RX62N RSK Board as shown:

Setup Tools Test  Window [

Synchronized Debugaging. ..

Debug Sessions...

Debug Setkings...

[Ef reset crU

El &o F5
[E Reset Go Shift+F5
@f Free Go

f G0 To Cursor
I - SetPC To Cursar
Eun...

= - Display PC ikrl+Shift+Y

™ Step In Fi1
W Step Over F10
' Step ot Shift+F1 1
Skep. ..
Skep Mode k

& Halt Program

Inikialize
-
S conneck
F Disconnect

Save Memory, ..

Werify Memary...
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Add the following debug settings as shown:

Debug Settings @
| DefaultS ession v|  Taget I Options |
() AdaptorLayerS ampleCode get: _\
|RXB00 E1/E20 SYSTEM }
Core;
[Single Core Taget E

Filename Offset Address | Format | Add... |
| oK I Cancel
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Click ‘Add’ to add the following configuration:

Debug Settings

[2]%]

l Defaults ezzion

v|  Target | Options |

----- I@ Adaptorlavers ampleCode

Offzet:

Filename:

Download Module |7

File format;

Target:

lHXEEIEI E1/E20 S¥'STEM

(00000000 =] @ ok |
Cancel ;I
|ENDwat2 =l I

|$[EDNFIGDIF|]"~$[F'H OJECTHAME].abs l] Browse... I

Arccess zize: I 1 - i

Remove
[T Download debug information only
W Perform memary verify during download Up
[T Download automatically on target connection Dawh |
Ok Cancel
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Click ‘OK’ to accept the default settings and “Yes’ when this Debugger warning panel is being displayed:

Debug Settings

[2]%]

l Defaults ezzion

v|  Target | Options |

----- I@ Adaptorlavers ampleCode

Target:

lFlXEEIEI E1/E20SYSTEM ‘:I
Core:

ISingIe Core Target ﬂ
Debug format;

|ER/Dwarf2 |

' Warning! The target has been changed. IF vou continue, you will lose vour debugger setup § 4 odif |
f information For the sessions wou have modified. Are you sure wou wank to conkinue?
Remove I
Yes Mo Cancel
Up |
Do |
Ok Cancel
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Select the following in the Device window:

Device

ML group: |HKEEN Group

Dewvice:

kMode

[R5FEE2NE =

{+ Debugging mode
=

{7 whiting the on-chip flazh memary mode

Fower zupply

| Paower target from the emulator. [Mak 200md)
g 5 o

Cormmunication

Emulat
Gerial Mo | E1: 145003457 ~| Refrssh |

MHext >

Cancel
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Ensure that the board is powered before clicking ‘Next >’:

Communication

JTAG
JTAG Clock:

R ] .

< Back

Firizh

Cancel
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Click “Finish’ to begin connection to the device. Select the following settings in the next window:

SDCS Same endian as the MCU 16

Internal flash memory ovenwrite | Esternal flash memory

MCU ] System |
Operating
Mtﬂ;p ROM enabled extended macD
Endian: e ik ]
IrQut clock [EXTALY): |12.DL'IEID MHz

External memory areas

Area | Endian

B
CS1 Same endian as the MCU 8
CS2 Sameendian asthe MCLU 8

8
8
8

CS3 Same endian as the MCU
CS4  Same endian as the MCU
CS5 Same endian as the MCU
CS6 ;
7 Same endian as the MCLU 8

T ——

Work BAM star ress (0x400
bytes used): ( |SOOU

oK Cancel

[ Do not show this dialog box again.

Click ‘OK’ to proceed connecting to the device.
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2.14 Compile and Build LED Blinky Example

Select Build—>Build All to being compilation:

0N Debug  Setup Tools  Test  Window
R Standard Toolchain. ..

3 Build F7
Build 4l

Build Mulkiple. ..

Zlean Current Project
Clean All Projects

Update all Dependencies

Include/Exclude Build
Build Phases. .

Build Configurations. ..
Linkage Crder...

iaenerakte Makefile. ..

When the compilation is done, select “Yes to all’ to download the built module:

Confirmation Request

\i‘) 0K to download module: C:\DevelopertRenesash... aptorLayerS ampleCodehddaptorLavers ampleCodehD ebughtdaptorLaverS ampleCode. abs
[ Don't ask thiz question again

Mo Yes to all Mo to all Cancel
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When the module has been downloaded, program is ready for execution as shown:

AdaptorLayerSampleCode - High-performance Embe;

dded Workshop - [resetprg.c]

File Edt View Project Build Dsbug Setup Tools Test MWindow Device Help - X
D@dd 8 & E | Gl R LY 2] | Debug | | DefaulSession | =]
3 s
) EDg z @ M| ww EREN RU TRV o |EH B EE a8 |8 A=
<
= & AdeplorLayerS smpleCode Ell=]
=7 AdaptorLayerSampleCode
=23 C source file Line Source Address 0., 5. Souce ‘
daptorLayerd ampleCade.c 62 J'f//'f/ff/ff//'f//'f//'f//’f//’f//’f/ff/ff/ff/ff/ff/ff/ff/!’//!'//!'//!'//f//f//f'/z‘
63 / Powsr-on Reset Program
54 VAP EIIPI PP TR R F AP EEE P A P 7 TP A PP TP i i AR idiiiiiiliiii/
65 |FFFF23BF nrfvolid PowerON_Reset PC(woid)
66 i
=3 .
LA e g 67 |[FEFFF23CA set_fpsw(FPEW_init);
=123 Download modules 68
Adaptorl ayers ampleCode abs - 00000000 69 |FFFF23CD _INITSCT () :
=23 Dependencies fAE
iodefine.h Zik v/ INIT_IOLIB(): // Use 8IM I/O
iironh 79 - -
tema:h h 73 V7 errno=0; // Remowe the comment when you use
ermel_api
kemal_\dph 74 '/ srand(({_UINT)1); // Remove the comment when vou
kemel_ra.m.h 25 ¥/ _slptr=NULL; // Remowe the comment when you use
kemel_ram.h 78
kemel_spsirth 77 |[FFFF23D1 Hardwaresetup () ; // Use Hardware Setup
1_emth 78
sbikh 7 7/  set_fintvi<handler address>); // Initialize FINTV register
ypedeline h a0
81
82 #if ((( _RI_CLOCK_TIMER) »=0) && (( RI_CLOCK TIMER) <= 3))
a3 _RI_init_emt () ; // Initialize CMT for RIA00/4
g4 // Do ceomment-out when clock.timer
85 fendif -
4| 3
& Projects IE Tempies || 8l avigaton Tedt J <+ AdaptorLay... | - AdaptoiLay... <+ resetpro.c
£ & |24
TOTALL LINE(Z) [alnf=l-5 N LINES ~
CODE 0000000022 (00000016H)  PRI_KERNEL
ROMDATA 0000000404 (00000194H) CRI_RON
ROMDATA 0000001024 (00000400H) INTERRUPT VECTOR
ROMDATA 0D0O0001ZS (DOODO0OS0H)  FIZ INTERRUPT_VECTOR
| C:%Developer)Renesas)Hew\ daptorLayerSanpleCodel AdaptorLayerSampleCode) Debugh ritahle .sre |
RN S
Fhase OptlLinker finished
Build Finished
0 Errors, 0 Warnings
v
£ >
[T\ Flash_p\Build { Debug }\ FindinFiles 1} FindinFiles2 J Macro ), Test i Wersion Control
Marmal - 100:00:00,000,000 s
Ready =] E¥| FF| Defaultl desktop Read-vritz 56134 1 N UM
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In order to run the program, press F5 or select Debug—> Go as shown:

Setup  Tools  Tesk  Window C

Synchronized Debugaging. ..
Debug Sessions...
Debug Setkings. ..

5T Reset CPU

-

=] Reset Go Shift+FS

5 Free 5o

f Go To Cursar
pc et PC To Cursor

=]

Bur...
e Display PC Chrl+Shift+Y

3 Step In F11
¥ Step Ower F10
I Step Out Shift+F11
akep...
Step Mode L

Initialize

F Disconnect

Save Memory, .,

Yerify Memary. ..

Download Modules k

Unload Modules L
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Finally, the LEDs on the RSK should be blinking as such:
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2.15 Trouble-Shooting

The default vecttbl.c may not have been used when the project is built, drag and drop to add the following files as
shown:

vecttbl.c
intprg.c

lldiptu;Ldyergample th periarmanr.e {mbadded Wnrhlwp [C:! \Dev:loper\. MdantuquerSampleCoﬂe\.leulprg c]

|IDFE @ S| B | & @' I|£a TMERINTERRUPT —— ~| 4, & % ||| 8 @ i 8 ||3e.mﬂ
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b

e e z=mmnm
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= @Ammea’ﬂsmﬂa Fle Edit View Favorites Tools Help
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_V_j |Default52mn

“o|ea e

Address | () C:\DeveloperiRenesas\Hewl AdsptorL ayerSampleCodelFreeRTOS

Other Places

) AdaptorlayerSampleCode
) My Documents

i My Computer

&3 My Network Places

Adaptor
@ 1_FreeRT0SAdaplorc
= 23 Download modules
[1] AdaptorlayerS ample. abs - 00000000
= 23 Dependencies
(5] FresRTOS h
|E] FresRTOS.h
|Z] FresRTOSConfigh
|E] FreeRTOSConfigh
(5] indefine.h
(5] ksth |
|5] &th
E] mpu_wwappers h
E] mpu_wwappers h
E] portable.h
(8] portable.h
5] portmacioh
[E] potmacioh

[B] projdefs.h
[E] proidets.h
|I| queueh

v|Go

[E1 + FraaRTNEAAsNIN b

15.1 KB

i My Computer

 priccts [0 Temwoks | advovs | BTt | ||

[Jovoraiar|2i8|2|md]|?

|[resec cPy

Reser CPU

tUser break

Flash memory writing ...
Flash memory writing ... OK
[Reset CPU

tUser break

<l

| AT E T\ Flash } Buid jDebug A FindinFes 1} FindinFiles2 ) Macio  Test ] Version Control [

-
Ready

"~ luser break CDm:00:17.127.300 |4

IE 7 [ [ Defauttl desktop

Read-write

83j167

&
:

R

Compile and build, all should be working fine now.
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3. Adaptor Layer Usage

3.1 Creating Tasks

Tasks are managed in the Adaptor Layer by the following C Structure:

/* Structure to keep track of Tasks iIn Adaptor Layer */
struct fr_TASK BLOCK

{
pdTASK _CODE pvTaskCode;
const portCHAR * const pcName;
unsigned portSHORT usStackDepth;
pOortBASE_TYPE uxPriority;
void *pvParameters;
XTaskHandle XxHandle;

// Implement WAIT-SUSPEND State
unsigned char TaskState;
signed char SLP_WUP_COUNT;
signed char SUS_RSM_COUNT;

};

This sample shows the creation of Tasks that are to be managed by the Adaptor Layer:

/* Task creation for FreeRT0OS */
struct fr_TASK BLOCK fr_TASKS[fr_MAX TASKS+1] =

{
{(pdTASK_CODE) NULL,

0,

0,

NULL, NULL, O, O, O }, /* Offset O; Not used. */
{(pdTASK_CODE) fr_LED_Task,

"LED_Task",

128,

3,

NULL, NULL, DORMANT, O, O },

¥
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3.2 Creating Mailboxes

Mailboxes are managed in the Adaptor Layer by the following C Structure:

/* Structure to keep track of MailBoxes in FreeRTOS */
struct fr_MAILBOX BLOCK
{

unsigned char ucMai IBoxID;

XQueueHandle pvMailBox;

¥

This sample shows the creation of Mailboxes that are to be managed by the Adaptor Layer:

/* MailBox creation for FreeRTOS */

struct fr_MAILBOX BLOCK fr_MAILBOXES[fr_MAX_MAILBOXES+1] =
{

{0, NULL}, /* ID:0 Not Used. */

{MAIN_MBX, NULL}

};

The pvMai I1Box variable will be initialized by the Adaptor Layer when vsta_knl () is invoked.
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3.3 Creating Memory Pools

Task structures are managed in the Adaptor Layer by the following C Structure:

/* Structure to keep track of Memory Pools in FreeRTOS */
struct fr_MEMORY_POOL_BLOCK

{
unsigned char ucMemoryPool ID;
unsigned int siz_block;
unsigned int num_block;
void * XQueueHandle;
};

This sample shows the creation of Tasks that are to be managed by the Adaptor Layer:

struct fr_MEMORY_POOL_BLOCK fr_MEMORY_POOLS[fr_MAX_MEMORY_ POOLS+1] =

{
{0, 0, 0, NULL}, /* I1D:0 Not used. */
{TOUCH_MPL, 16, 2, NULL},
¥
RO1ANO766ES0100 Rev.1.00 Page 76 of 112

Oct 11, 2011 RENESAS



RX62N Group User Manual and API Specification for RI600 & FreeRTOS™

3.4 Creating Cyclic Handlers

Task structures are managed in the Adaptor Layer by the following C Structure:

/* Structure to keep track of Cyclic Handlers in FreeRTOS */
struct fr_CYCLIC HANDLER BLOCK {

unsigned char ucCyclicHandlerlID;
void * pvCyclicHandler;
unsigned portLONG interval;/* In milliseconds */
XxTaskHandle xHandle; /* Keep track of the Task */
unsigned int TaskPriority;

}:

This sample shows the creation of Tasks that are to be managed by the Adaptor Layer:

struct fr_CYCLIC_HANDLER_BLOCK
fr_CYCLIC_HANDLERS[fr_MAX_CYCLIC_HANDLERS+1] = {

{0, NULL, O, NULL, O},

{T4_CYC, Timerinterrupt, OxA, NULL, 14},

}:

This structure for Cyclic Handlers is used for recording and updating purposes. It should be noted that Cyclic Handlers
are implemented as a high priority Task that will run right after the Gatekeeper Task. This is different from RI1-600’s
implementation of Cyclic Handlers. Cyclic Handlers in RI-600 are considered non-Task state. Implementing Cyclic
Handlers in the Adaptor Layer as Task States may cause some issues depending on the real-time necessity of such
Cyclic Handlers that must be fired. In the alternative, it is advisable to use a hardware timer interrupt, such as MTU1 or
CMT1 on the RX62N, to implement Cyclic Handlers.

In order to implement the Cyclic Handler as a Task, section (4) of the function vsta_knl () in
r_FreeRTOSAdaptor . c should be modified to accommodate the creation of the Cyclic Handler. It is advisable to
code the construct in this manner:

void vsta_knl(void)

{
/* (1) Create all Tasks */

/* (2) Create MailBoxes */

/* (3) Create Memory Pools */

/* (4) Create Cyclic Handlers */ (1) In_dividual cyc_lig: h_ar_1d|er Sh.OUId
. fr_CycHdl_T4_CYC_init( (VP_INT) NULL ); have its own specific init function.
. (2) Reason for individual cyclic
} handler init function is that stack size
needs to be customized.
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/*********************************************************************/

/* These 2 functions can be in r_FreeRTOSAdaptor.c or in a */
/> File. */

/*********************************************************************/

/*********************************************************************/

/* Initialize a Cyclic Handler by creating a Task */
/*********************************************************************/

void fr_CycHdl _T4 CYC_init(VP_INT a)

{
XTaskCreate(
(pdTASK_CODE) fr_CycHdl_T4_CYC,
(void *) "T4_cCYC",
160,
NULL,
configMAX PRIORITIES - ( unsigned portBASE_TYPE ) 2U,
&Fr_CYCLIC_HANDLERS[T4_CYC].xHandle
)
}

/*********************************************************************/

/* Task implementation of Cyclic Handler */
/*********************************************************************/

void fr_CycHdl_T4_CYC(VP_INT a)

{
unsigned portLONG interval = fr_CYCLIC HANDLERS[T4_CYC].interval;

for (53)
{

TimeriInterrupt(a);

vTaskDelay( interval / portTICK RATE MS );

}
}
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4. Adaptor Layer Configurations

4.1 Configuration: r_FreeRTOSAdaptor.h

This section describes the available configurations that can be set for the Adaptor Layer in r_FreeRTOSAdaptor.h.

Defined Macro Description

configADAPTOR_SUPPORT_E_ID When this is set to 1, the return value of E_ID is supported
within the context of RI-600 API Specifications

configADAPTOR_SUPPORT_E_CTX When this is set to 1, the return value of E_CTX is

supported within the context of RI-600 API
Specifications.

GATEKEEPER_QUEUE_LEN This is the Queue Length of the GateKeeper Queue.
This value should be judiciously chosen such that
the rate of event request arrival will not cause the
queue to overrun.

4.2 Configuration: r_FreeRTOSAdaptor_Definitions.h

This section describes the configurations that should be made in r_FreeRTOSAdaptor_Definitions.h.

r_FreeRTOSAdaptor_Definitions.h comprises of definitions required by the use application when using RI-
600. Namely, this file should contain definitions from:

e itron.h

This file can be found in the install directory of RI-600 on the local system. This file contains all the definitions of the
variable types that are available for use in RI-600. In order for the application to preserve these data types, this file
should be updated with the latest RI-600 itron . h definitions used by the application.

e kernel.h

This file can be found in the install directory of RI-600 on the local system. This file contains the required definitions
used by RI-600.

e kernel_api.h

This file can be found in the install directory of RI-600 on the local system. This file contains the function prototypes of
the RI-600 API.

e kernel_id.h

This file is a generated output file from the RX Configurator. It can be found in the project workspace of the RI1-600
configurator output folder.
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This is a sample of how r_FreeRTOSAdaptor_Definitions.h should look like:
/*********************************************************************/

/* (1) Extract from itron.h */

/*********************************************************************/

#ifndef _ ITRON_H
#define _ ITRON_H

/*********************************************************************/

/* type definition */

/*********************************************************************/

typedef signed char B; /* signed 8 bit integer */
typedef signed short H; /* signed 16 bit integer */
typedef signed long W; /* signed 32 bit integer */
typedef signed long long D; /* signed 64 bit integer */
typedef unsigned char UB; /* unsigned 8 bit integer */
typedef unsigned short UH; /* unsigned 16 bit integer */
typedef unsigned long UW; /* unsigned 32 bit integer */
typedef unsigned long long UD; /* unsigned 64 bit integer */

/*********************************************************************/

/* fixed number */
/*********************************************************************/
/*--—- object attribute ----*/

#define TA NULL 0 /* no object attribute specify */
/*--—- time out specify ----*/

#define TMO_POL oL /* polling */
#define TMO_FEVR (-1L) /* forever wait */
#define TMO_NBLK (-2L) /* non blocking */

/*********************************************************************/

* 7 *
/ function macros /
/*********************************************************************/

#endiF /* end of __ ITRON_H */
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/*********************************************************************/

/* (2) Extract from kernel.h */
/*********************************************************************/
#ifndef _ KERNEL_H

#define _ KERNEL_H

typedef UW FLGPTN;/* bit pattern of eventflag */
typedef UH IMASK; /* interrupt mask */
typedef struct t msg {
VP msghead; /* message header */
} T_MSG;
typedef struct t msg pri {
T_MSG msgque; /* message header */
PRI msgpri; /* message priority */
H dmmy ;
} T_MSG_PRI;
typedef struct t rver { /*A0*/
UH maker;
UH prid; /*A0*/
UH spver;
UH prver;
UH prno[4];
} T_RVER; /*A0*/

#endif /* end of _ KERNEL H */

/*********************************************************************/

/* (3) Extract from kernel _api.h */

/*********************************************************************/

#ifndef _ RX_ITRON_KERNEL_API_H
#define _ RX_ITRON_KERNEL_API_H

/********************************

* Systemcall Prototype *

********************************/

#ifdef _ cplusplus
extern "C"'{
#endif

ER act tsk(ID tskid);
ER i1act _tsk(ID tskid);
ER_UINT can_act(ID tskid);
ER_UINT ican_act(ID tskid);

#ifdef _ cplusplus

3
#endif

#endif /* end of _ RX_ITRON_KERNEL_API_H */
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/*********************************************************************/

/* (4) Extract from kernel _id.h */

/*********************************************************************/

#ifndef _ KERNEL_ID_H
#define _ KERNEL_ID_H

#define LED_TASK 1
#define _RI_MAX_TSK 1
#define VTMAX_TSK  _RI_MAX_TSK

#endif /* __KERNEL_ID H */
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4.3 Configuration: r_FreeRTOSAdaptor.c

This section describes the configurations that should be done in r_FreeRTOSAdaptor.c.

These configurations will be presented as follows:

Section Title

Section Label:

Description:

Directions:

Sample Configuration:

There are 2 primary categories to configure the Adaptor Layer for full integration with the RI1-600 conforming
application. They are:

e  Section (A) through (B)

These sections contain pre-configurations that are required. These features are normally taken care of by the RI1-600
Configurator. However, the Adaptor Layer requires such information of the application as well. This section has to be
manually programmed in order to use the Adaptor Layer effectively.

e Section (1) through (4)

These are the necessary configurations for the Adaptor Layer to managed: Tasks, Mailboxes, Memory Pools as well as
Cyclic Handlers.
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4.3.1 Priority Map

Section Label

(A) Priority Map Size and Priority Map

Description

The Adaptor Layer requires a priority look up table for the translation mapping of R1-600 priorities to FreeRTOS™
equivalent priorities. This is where this priority map comes into play. This priority map will be looked up whenever the
R1-600 chg_pri () APl is invoked. If a FreeRTOS™ equivalent priority cannot be found in this table, the Task that
invoked the API will be trapped in an endless for-loop.

Directions

The RI-600 target application will have static priorities assigned to the tasks that are present. These priorities can be
found in the RI-600 Configuration file. It should be noted that the smaller the numerical value of priority that is
assigned to the task in the RI-600 Configuration file, the higher it is the task priority. However, in FreeRTOS™, the
larger the numerical value of priority that is assigned to the task, the higher the task priority.

A systematic approach has been developed to convert the RI-600 priorities to equivalent FreeRTOS™ task priorities.

Take for example, an RI1-600 Configuration of Tasks as such:

task[1{
entry_address = taskl1();
name = TASK 1;
stack_size = 256;
stack _section= SURI_STACK;
priority = 3;
initial_start= OFF;
exinf = 0x0;

}:

task[1{
entry_address = task2();
name = TASK 2;
stack_size = 256;
stack _section= SURI_STACK;
priority = 4;
initial_start= OFF;
exinf = 0x0;

}:
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task[1{
entry_address = task3();
name = TASK_3;
stack_size = 1024;
stack section= SURI_STACK;
priority = 20;
initial_start= OFF;
exinf = 0xO0;

};

The 2 step sequential process to convert RI-600 Priorities to FreeRTOS™ priorities is outlined as follows:

e Arrange RI-600 Priorities in ascending order in a Table from top to bottom

e Assign FreeRTOS™ Priority numbers, beginning with 2, in an increasing manner from bottom to top of the Table.
The IDLE Task in FreeRTOS™ has a priority of 1. In order not to share CPU time with the IDLE Task, Task
priority assignment in FreeRTOS™ should being at 2.

Task Name RI-600 Task Priority FreeRTOS™ Priority
TASK_1 3 4
TASK_2 4 3
TASK_3 20 2

Sample Configuration

The above translates to the follow C Code to be added in the Adaptor Layer:

Vet Fedee R ok FedeFeKe ok D R

* *** CONFIGURATIONS ***

*

* (A) Priority Map Size and Priority Map.

**********************************************************************/

#define PRIORITY_MAP_SIZE 3
struct _fr_TASK _PRIORITIES_MAP fr_TASK_PRIORITIES_MAP [PRIORITY_MAP_SIZE] = {

{ 3, 47, // RI_PRIORITY, FR_PRIORITY
{ 41 3 }1
{20, 2%,
}:
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4.3.2 Global Variables and Task Functions

Section Label

(B) Import of global variables and functions

Description

This section imports all the required Task application function which the Adaptor Layer will use to create Tasks.

Directions

Consolidate all Task function prototype that are present in the application layer and import them into the Adaptor Layer
with the extern keyword modifier.

Sample Configuration

A sample C Code to be added in the Adaptor Layer under section (B) is as follows:

/**************************************************************

*** CONFIGURATIONS ***

(B) Import of global variables and functions

ok % X X

This section should contain all the Task Function name to be used.
***************************************************************/

/* Application Layer functions */
extern void Task_1( VP_INT );
extern void Task 2( VP_INT );
extern void Task 3( VP_INT );
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4.3.3 Adaptor Layer: Task Definitions

Section Label

(1) Task Definitions

Description

This section registers all the application Tasks for the Adaptor Layer to create and manage.

Directions

This section comprises of two steps. Firstly, define the total number of Tasks in the application layer. Secondly,
initialize the fr_TASKS[] array of Structures.

Sample Configuration

A sample C Code to be added in the Adaptor Layer under section (1) is as follows:

/**************************************************************

*** CONFIGURATIONS ***

(1) Task Definitions

ok X X X

Task creation for Adaptor Layer to manage.
***************************************************************/

#define fr_MAX_TASKS 3 /* 3 Tasks */

struct fr_TASK BLOCK fr_TASKS[fr_MAX_TASKS+1] =
{ /* Offset 0; Not used. */
{(pdTASK_CODE) NULL, "™, 0, O, NULL, NULL, NULL, O, O },
{(pdTASK_CODE) task1l,
"TASK_1",
128,
4,
NULL, NULL, DORMANT, O, O },
{(pdTASK_CODE) task2,
" TASK_2",
128,
31
NULL, NULL, DORMANT, O, O },
{(pdTASK_CODE) task3,

" TASK_ 3",
256,
2 7
NULL, NULL, DORMANT, O, O },
¥
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434 Adaptor Layer: Mailbox Definitions

Section Label

(2) Mailbox Definitions

Description

This section defines all the required mailboxes for use by the application Tasks.

Directions

Consolidate all mailbox definitions from the application configurator file and set them accordingly in the Adaptor Layer.

It should be noted that RI-600 supports mailboxes of unlimited length. However, FreeRTOS™ does not have such a
feature. As such, the maximum length of the mailboxes should be judiciously chosen.

Sample Configuration

A sample from the RI-600 Configurator file may look as follows:

mai Ibox[]{
name = TASK 1 _MBX;
wait_queue = TA_TFIFO;
message_qgueue = TA_MFIFO;
max_pri =1;

¥

A sample C Code to be added in the Adaptor Layer under section (2) is as follows:

/ * kKX *kk * XKk *k kX * % * Xk kX * % * XKk * Xk
* *** CONFIGURATIONS **=*

*

* (2) MailBox Definitions

*

* MailBox creation for Adaptor Layer to manage.

*

***************************************************************/

#define fr_MAX_MAILBOXES 1
#define fr_MAILBOX_QUEUE_LENGTH 5
struct fr_MAILBOX_BLOCK fr_MAILBOXES[fr_MAX_MAILBOXES+1] =

{0, NULL}, /* ID:0 Not Used. */
{TASK_1_MBX, NULL},
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4.35 Adaptor Layer: Memory Pool Definitions

Section Label

(3) Memory Pool Definitions

Description

This section defines all Memory Pools that are managed by the Adaptor Layer.

Directions

Consolidate all Memory Pools that are used by the application Tasks.

Sample Configuration

A sample from the RI1-600 Configurator file may look as follows:

memorypool[]{
name = TASK 1 MPL;
wait _queue = TA TFIFO;
section = BRI_HEAP;
siz_block = 64;
num_block = 10;

¥

A sample C Code to be added in the Adaptor Layer under section (3) is as follows:

/ *kKx * Xk * Xk *k kX * X * Xk kX * X *kKkx * Xk
* *** CONFIGURATIONS ***

*

* (3) Memory Pool Definitions

*

* Memory Pool creation for Adaptor Layer to manage.
#define fr_MAX_MEMORY_POOLS 1

struct fr_MEMORY_POOL_BLOCK fr_MEMORY POOLS[fr_MAX_MEMORY POOLS+1] =

{0, 0, 0, NULL}, /* 1D:0 Not used. */
{TASK_1_MPL, 64, 10, NULL},
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4.3.6 Adaptor Layer: Cyclic Handler Definitions

Section Label
(4) Cyclic Handler Definitions
Description
This section defined all the Cyclic Handler for application use.
Directions

Cyclic Handlers in the Adaptor Layer can be implemented as Tasks or periodic interrupts form a hardware timer such as
CMT1 or MTUL.

For harder Real-Time System requirements, it is strongly encouraged that these cyclic handlers be implemented via
means of hardware. However, the option is open for the developer to make use of a Task level Cyclic Handler as
implemented in the Adaptor Layer.

Sample Configuration

A sample from the RI-600 Configurator file may look as follows:

cyclic_hand[1{

entry_address = TimerInterrupt();
name = T4 _CYC;

exinf = 0x0;

start = OFF;

phsatr = OFF;
interval_counter = Oxa;

phs_counter = 0x0;

¥

A sample C Code to be added in the Adaptor Layer under section (4) is as follows:
/**************************************************************

* (4) Cyclic Handler Definitions

*

- . .
Cyclic Handler creation
***************************************************************/

#define Tr_MAX_CYCLIC_HANDLERS 1

struct fr_CYCLIC_HANDLER BLOCK
fr_CYCLIC_HANDLERS[fr_MAX_CYCLIC_HANDLERS+1] = {
{0, NULL, O, NULL, O},
{T4_CYC, Timerinterrupt, OxA, NULL}, // 10ms Interval
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However, it should be noted that an additional 2 functions are required to start and initialize the Cyclic Handlers as
Tasks in the Adaptor Layer. These 2 sample functions are provided:

/**************************************************************

* Function Name : fr_CycHdI_T4_CYC_init

* Description : This function creates the Cyclic Handler as a Task.
* Argument : a:VP_INT (Not in use.)

* Return Value > None.

***************************************************************/

/* -=] T4 CYC :: Cyclic Handler [=- *
void fr_CycHdl T4 CYC_init(VP_INT a)

XTaskCreate(
(pdTASK _CODE) fr_CycHdl _T4 CYC,
(void *) "T4_CYcC",
160,
NULL,
conflgMAX PRIORITIES - (unsigned portBASE_TYPE) 2U,
&Fr_CYCLIC_HANDLERS[T4_CYC].xHandle

) ’
}
/**************************************************************
* Function Name : fr_CycHdl _T4 CYC
* Description : Task code of the Cyclic Handler.
* Argument > a:VP_INT (Not in use.)
* Return Value : None.

***************************************************************/

void fr_CycHdl_T4 CYC(VP_INT a)
{
unsigned portLONG interval = fr_CYCLIC_HANDLERS[T4_CYC].interval;
for (53)
{ _
TimeriInterrupt(a);

vTaskDelay( interval / portTICK_RATE_MS );

Subsequently, the Fr_CycHdl_T4 CYC_init() needs to be placed in the vsta_knl () function to create the
Cyclic Handler.

A sample C Code in vsta_knl() can be seen as follows:

void vsta_knl()

/* *** EDIT HERE WHERE NECESSARY *** */
/* (4) Create Cyclic Handler for :: T4 CYC */
/* *** EDIT HERE WHERE NECESSARY *** */

fr_CycHdl _T4 CYC_init( (VP_INT) NULL );

o
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5. Adaptor Layer conformance with RI-600 Specifications

51 Document Format

This section will have the following document format;

[Brief Task Descrption] : [API Function]

C Language API

[API Function Usage]

Parameter

[API Parameters]

Return Value

[Common return value]

Error Code
Name Description Support
[Defined return code] [Description] Yes/No/Configurable

Note: Configurable support can be enabled in r_FreeRTOSAdaptor.h as shown:

/****************************************************************************

* Configurations for Adaptor Layer
* To Enable: Set macro to 1
****************************************************************************/
#define configADAPTOR_SUPPORT_E ID 1
#define configADAPTOR_SUPPORT_E CTX 1
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5.2 Adaptor Layer: APl Specification

5.2.1 Activates Task with Start Code: sta_tsk()

C Language API

ER ercd = sta tsk(ID tskid, VP_INT stacd);

Parameter
tskid Task ID
stacd Start code

Return Value

E _OK for normal completion or error code (below)

Error Code

Name Description Support

E ID Invalid ID number C

E _OBJ Object state error (task indicated by tskid is N
not in the DORMANT state)

E CTX Context error (invoked from an unallowed system C
state)
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5.2.2 Terminate Current Task: ext_tsk()

C Language API

Void ext_tsk(void);

Parameter

None.

Return Value

None.

Error Code

None.
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523 Term

C Language API

ER ercd

Parameter

tskid

Return Value

inates Other Task: ter_tsk()

= ter_tsk(ID tskid);

Task ID

E OK for normal completion or error code (below)

Error Code

Name Description Support

E_ID Invalid 1D number C

E_OBJ Object state error (task indicated by tskid is N
not in the DORMANT state)

E _I1LUSE I1legal use of service call (task indicated by N
tskid is current task)

E CTX Context error (invoked from an unallowed system C
state)
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5.24 Changes Task Priority: chg_pri()

C Language API

ER ercd = chg _pri(ID tskid, PRI tskpri);

Parameter
tskid Task ID
tskpri New base priority of the task

Return Value

E_OK for normal completion or error code (below)

Error Code

Name Description Support

E_PAR Parameter error N

E ID Invalid ID number C

E _I1LUSE I1legal use of service call (task indicated by N
tskid is current task)

E OBJ Object state error (task indicated by tskid is N
not in the DORMANT state)

E CTX Context error (invoked from an unallowed system C
state)

RO1ANO766ES0100 Rev.1.00
Oct 11, 2011 RENESAS

Page 96 of 112



RX62N Group

User Manual and API Specification for RI600 & FreeRTOS™

5.2.5 Refers to Task Status: ref _tst()

C Language API

ER ercd = ref _tst(ID tskid, T _RTSK! *pk_rtsk);

Parameter

tskid

Return Value

Task ID

E OK for normal completion or error code (below)

Error Code

Name Description Support
E_ID Invalid 1D number C
E CTX Context error (invoked from an unallowed system C

state)

! Please refer to RI-600 User Manual for Data Structure
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5.2.6 Puts

C Language API

ER ercd

Parameter

None.

Return Value

Task to Sleep: slp_tsk()

= slp_tsk(Q;

E OK for normal completion or error code (below)

Error Code

Name Description Support

E_PAR Parameter error N

E_RLWAI Forced release from the WAITING state (accpt N
rel_wai while waiting)

E CTX Context error (invoked from an unallowed system C
state)
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5.2.7 Wakeup Task: iwup_tsk()

C Language API

ER ercd = iwup_tsk(ID tskid);

Parameter

tskid Task ID

Return Value

E OK for normal completion or error code (below)

Error Code

Name Description Support

E_ID Invalid 1D number C

E_OBJ Object state error N

E_QOVR Queuing overflow N

E CTX Context error (invoked from an unallowed system C
state)
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5.2.8 Susp

C Language API

end Task: isus_tsk()

ER ercd = isus_tsk(ID tskid);

Parameter

tskid

Return Value

Task ID

E OK for normal completion or error code (below)

Error Code

Name Description Support

E_ID Invalid 1D number C

E_OBJ Object state error (task indicated by tskid is N
in the DORMANT state)

E_QOVR Queuing overflow (overflow of suspension N
request nesting count)

E CTX Context error (invoked from an unallowed system C
state)
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5.2.9 Resume Suspended Task: irsm_tsk()

C Language API

ER ercd = irsm_tsk(ID tskid);

Parameter

tskid Task ID

Return Value

E OK for normal completion or error code (below)

Error Code
Name Description Support
E_ID Invalid 1D number C
E_OBJ Object state error (task indicated by tskid is N
not in the SUSPENDED state)
E CTX Context error (invoked from an unallowed system C
state)
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5.2.10 Delay Task: dly_tsk()

C Language API

ER ercd = dly tsk(RELTIM dlytim);

Parameter

dlytim Delay time in (ms)

Return Value

E OK for normal completion or error code (below)

Error Code
Name Description Support
E_PAR Parameter error N
E_RLWAI Forced release from the WAITING state (accept N
rel_wai while waiting)
E CTX Context error (invoked from an unallowed system C
state)
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5.2.11 Send to Mailbox: snd_mbx(), isnd_mbx()

C Language API

ER ercd = snd_mbx(ID mbxid, T _MSG *pk_msg);

ER ercd = isnd_mbx(ID mbxid, T_MSG *pk_msg);
Parameter

mbxid Mailbox ID

pk_msg Start address of the message to be sent

Return Value

E_OK for normal completion or error code (below)

Error Code
Name Description Support
E_PAR Parameter error N
E ID Invalid ID number C
E CTX Context error (invoked from an unallowed system C
state)
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5.2.12 Receive from Mailbox: rcv_mbx(), prcv_mbx(), trcv_mbx()

C Language API

ER ercd = rcv_mbx(ID tskid, T_MSG2 **ppk _msqg);

ER ercd = prcv_mbx(ID tskid, T_MSG **ppk_msg);

ER ercd = trcv_mbx(ID tskid, T_MSG **ppk_msg, TMO tmout);

Parameter

mbxid Mailbox ID

ppk_msg Pointer to the storage to which the start
address of the received message is retruned.

tmout Timeout (milliseconds)

Return Value

E_OK for normal completion or error code (below)

Error Code
Name Description Support
E_PAR Parameter Error N
E ID Invalid ID number C
E_RLWAI Forced release from the WAITING state Y
E_TMOUT Polling failure or timeout Y
E CTX Context error (invoked from an unallowed system C
state)
2 Please refer to RI-600 User Manual for Data Structure
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5.2.13 Acqu

C Language API

ER ercd
ER ercd

Parameter

mpfid
p_blk

Return Value

ire fixed-sized memory block: get_mpf(), pget_mpf()

get _mpf(ID mpfid, VP *p_blk);
pget_mpf(ID mpfid, VP *p_blk);

Fixed-sized memory pool 1D

Pointer to the storage to which the start address of
the memory block is returned

E OK for normal completion or error code (below)

Error Code

Name Description Support

E_PAR Parameter error N

E ID Invalid 1D number C

E_RLWAI Forced release from the WAITING state (accept Y
rel_wai while waiting)

E_TMOUT Polling failure or timeout Y

E CTX Context error (invoked from an unallowed system C
state)
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5.2.14 Release fixed-sized Memory Pool: rel_mpf()

C Language API

ER ercd = rel_mpFf(ID mpfid, VP blk);

Parameter

mpfid
blk

Return Value

Fixed-sized memory pool 1D

Start address of the memory block to be released

E_OK for normal completion or error code (below)

Error Code

Name Description Support

E_PAR Parameter error N

E ID Invalid ID number C

E CTX Context error (invoked from an unallowed system C
state)
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5.2.15 Refer to System Time: get_tim()

C Language API

ER ercd = get _tim(SYSTIM3® *p_systim);

Parameter

P_systi

Return Value

m Pointer to the storage to which the system time is
returned

E_OK for normal completion or error code (below)

Error Code
Name Description Support
E CTX Context error (invoked from an unallowed system C

state)

% Please refer to RI-600 User Manual for Data Structure
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5.2.16 Starts Cyclic Handler Operation: sta_cyc()

C Language API

ER ercd = sta cyc(ID cycid);

Parameter

cycid Cyclic handler 1D

Return Value

E OK for normal completion or error code (below)

Error Code
Name Description Support
E_ID Invalid 1D number C
E CTX Context error (invoked from an unallowed system C
state)
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5.2.17 Release fixed-sized Memory Pool: stp_cyc()

C Language API

ER ercd = stp_cyc(ID cycid);

Parameter

cycid Cyclic handler 1D

Return Value

E OK for normal completion or error code (below)

Error Code
Name Description Support
E_ID Invalid 1D number C
E CTX Context error (invoked from an unallowed system C
state)
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5.2.18 Rotates Task Precedence: irot_rdq()

C Language API

ER ercd = irot_rdq(PRIl tskpri);

Parameter

tskpri Task priority

Return Value

E OK for normal completion or error code (below)

Error Code
Name Description Support
E_PAR Parameter error N
E CTX Context error (invoked from an unallowed system C
state)
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5.2.19 Start Kernel: vsta_knl()

C Language API

Void vsta knl(void);

Parameter

None.

Return Value

None.

Error Code

None.
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSl is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity
to noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.




Notice

1. All information included in this document is current as of the date this document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas
Electronics products listed herein, please confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to additional and different information to
be disclosed by Renesas Electronics such as that disclosed through our website.

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the ion of i ictor products and icati You are fully responsible for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with the applicable export control laws and regulations and follow the procedures required by such laws and
regulations. You should not use Renesas Electronics products or the technology described in this document for any purpose relating to military applications or use by the military, including but not limited to

the development of weapons of mass destruction. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohil under any i domestic or foreign laws or regulations.

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

7. Renesas Electronics products are classified according to the following three quality grades: "Standard", "High Quality", and "Specific". The recommended applications for each Renesas Electronics product
depends on the product's quality grade, as indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular application. You may not use any Renesas
Electronics product for any application categorized as "Specific” without the prior written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way liable for any damages or losses incurred by you or third parties arising from the
use of any Renesas Electronics product for an application categorized as "Specific” or for which the product is not intended where you have failed to obtain the prior written consent of Renesas Electronics.

The quality grade of each Renesas Electronics product is "Standard" unless otherwise expressly specified in a Renesas Electronics data sheets or data books, etc.

"Standard": Computers; office equipment; communications i ; test and measurement i ; audio and visual equipment; home electronic appliances; machine tools;
personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety equipment; and medical equipment not specifically
designed for life support.

"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or systems for life support (e.g. artificial life support devices or systems), surgical
implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or system manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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