RE NESAS Application Note

Renesas Synergy™ Platform

PWM Waveform Output to Control Dimming of LEDs

Introduction

The Renesas Synergy™ Platform was proposed as a solution for issues such as the growing complexity of
embedded systems development, increasing costs, and longer development times. Renesas Synergy™
Software Package (SSP) comes with a warranty that guarantees proper operation of the RTOS, the HAL
driver, and the software framework. It allows developers to concentrate solely on creating their applications.
This application note uses LED dimming control as an example to explain how development is done.

The SSP functions used are:

e Thread-X® OS for scheduling of threads

Messaging Framework for inter-thread communication
ADC Framework for regular periodic AD conversion
External IRQ Framework for external interrupt processing
GPT Timer HAL Driver for PWM waveform output

Target Device

e DK-S3A7\3.0

Required Resources

To implement the PWM Waveform Output to Control Dimming of LEDs application example, you need:

e Renesas Synergy™ DK-S3A7 V3.0 kit

e Micro USB cable (included)

e Synergy Software Package (SSP) 1.4.0,1.5.0

e e?studio ISDE \6.2.1

¢ |IAR Embedded Workbench® for Renesas Synergy ™ 8.23.1

¢ Renesas Synergy™ Synergy Standalone Configurator (SSC) v6.2.1

Download all the required Renesas (SSP) from the Renesas Synergy ™ Gallery
(www.renesas.com/synergy/software).
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Renesas Synergy™ Platform PWM Waveform Output to Control Dimming of LEDs

1. Overview

This document demonstrates how the SSP is used for development, using the application example where
the dimming of LEDs is controlled by the PWM waveform output.

Table 1. Operating Environment

e? studio v6.2.1

IAR EW for Synergy and Renesas Synergy™ Standalone Configurator | v8.23.1,6.2.1
(8SC)
Renesas Synergy ™ Software Package (SSP) v1.4.0, v1.5.0
DK-S3A7 evaluation board DK-S3A7v3.0

The SSP modules which are used in this application are listed in the following table.
Table 2. Relevant SSP Modules

Module Type | Module Name

Framework Messaging Framework
ADC Framework
External IRQ Framework
HAL driver ADC Driver

DTC Transfer Driver
GPT Timer Driver
External IRQ Driver

2. Hardware

2.1 Hardware Configuration

A block diagram and an external view are shown in Figure 1 and Figure 2. The required DK-S3A7 Synergy
MCU Group board settings for running the application are shown in Table 4 and Table 5.

Table 3. Hardware configuration

Device Product Name | Connection with the DK-S3A7 Description

Main Board DK-S3A7 — —

— USB cable By J15 Power supply
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Figure 1. Block Diagram
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Figure 2. External View

Table 4. DK-S3A7 S5 Switch Settings
No. Name Setting™
S5-1 | PBs ON
S5-2 [ QSPI OFF
S5-3 | RSXXX OFF
S5-4 | CAN OFF
S5-5 |[BLE OFF
S5-6 | PMOD ON
S5-7 | JTAG ON
S5-8 | BOOT OFF

*1: Grayed out settings are arbitrary
Table 5. DK-S3A7 J4 Jumper Settings

No. Name Setting™
J4-1 DAO Disconnect
J4-2 DAl Disconnect
J4-3 ANO11 Disconnect
J4-4 ANO012 Disconnect
J4-5 ANO013 Connect

*1: Grayed out settings are arbitrary
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PWM Waveform Output to Control Dimming of LEDs

2.2 Clock Settings
The clock settings in the ISDE Synergy Configuration for this application example are given in Table 6.

Table 6. Clock Settings

Clock Frequency | Calculation Formula
XTAL 12 MHz -
HOCO 24 MHz -
LOCO 32768 Hz -
MOCO 8 MHz -
SUBCLK | 32768 Hz -
PLL 48 MHz =XTAL +2x 8
Clock Src | 48 MHz =PLL
ICLK 48 MHz =Clock Src /1
PCLKA 48 MHz =Clock Src /1
PCLKB 24 MHz = Clock Src /2
PCLKC 48 MHz =Clock Src /1
PCLKD 48 MHz =Clock Src /1
BCLK 24 MHz = Clock Src /2
EBCLK 12 MHz =BCLK /2
UCLK 48 MHz = Clock Src
FCLK 24 MHz = Clock Src /2

2.3 Pin Settings
The pin settings in the ISDE Synergy Configuration for this application example are given in Table 7.

Table 7. Pin Settings

Category Classification Iltem Setting Value
Ports P3/P304 Mode Input mode
Pull up None
IRQ IRQ9
P3/P305 Mode Input mode
Pull up None
IRQ IRQ9
Peripherals Timer: GPT/GPT05 Pin Group Selection Mixed
Operation Mode GTIOCA or GTIOCB
GTIOCA None
GTIOCB P701
Timer: GPT/GPT06 Pin Group Selection Mixed
Operation Mode GTIOCA or GTIOCB
GTIOCA P702
GTIOCB None
Analog: ADC/ADCO Operation Mode Custom
ANO013 P013
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3.

Functional Specifications for LED Dimming Control

The details of the functionality for LED dimming control are:

4.

Brightness of LED1 that is mounted on the DK-S3A7 Synergy MCU Group board is controlled by PWM
waveform output from a timer of the Synergy MCU.

LED1 can emit two colors, green and red. The brightness of the two colors is individually adjustable.
Brightness of the red light from LEDL1 is controlled by the potentiometer (POT1) on the DK-S3A7 MCU.
Resistance of the potentiometer (POT1) is read by an AD convertor of the Synergy MCU. The timing for
reading of the resistance is controlled by a periodic interrupt from a timer of the Synergy MCU.
Brightness of the green light from LED1 is controlled by push switches (S1 and S2) on the DK-S3A7
board. S1 raises the brightness and S2 lowers the brightness.

Pressing of push switches (S1 and S2) is detected by sending external interrupts to the Synergy MCU.

Software Configuration

In addition to the SSP, the software configuration of this application note consists of the four threads listed in
Table 8. The relationship between the threads is shown in Figure 3.

Table 8. List of Threads

Symbol Function Source File

red_led_thread Periodically measures the variable resistance (POT1), | src\red_led_thread_entry.c

and changes the brightness of the red light from LED1
based on the measured value.

green_led_thread | Changes the brightness of the green light from LED1 | src\green_led_thread_entry.c

in response to the notification from swl_thread and
sw2_thread.

swl thread Detects 'S1-Pressed' and sends the 'S1-Pressed' src\swl_thread_entry.c

notification to green_led_thread.

sw2_thread Detects 'S2-Pressed’ and sends the 'S2-Pressed' src\sw2_thread_entry.c

notification to green_led_thread.

swl thread
red_led_thread green_led_thread l Detect 'S1-Pressed’ ]
N N
Measure variable Receive notification
N\ N\ *
LED1 Red LED1 Green 'S1-Pressed' notification
Control brightness Control brightness
\ \ _ 'S2-Pressed' notification
sw2_thread

N J V| =)

Figure 3. Thread Configuration
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Website and Support

Visit the following vanity URLSs to learn about key elements of the Synergy Platform, download components
and related documentation, and get support.

Synergy Software
Synergy Software Package
Software add-ons
Software glossary
Dewvelopment tools

Synergy Hardware
Microcontrollers
MCU glossary
Parametric search
Kits

Synergy Solutions Gallery
Partner projects
Application projects

Self-senice support resources:
Documentation
Knowledgebase
Forums
Training
Videos
Chat and web ticket

WWW.renesas.com/synergy/software
WWW.renesas.com/synerqy/ssp
WWW.renesas.com/synergy/addons
WWw.renesas.com/synergy/softwareglossary
WWW.renesas.com/synerqy/tools

WWW.renesas.com/synergy/hardware
WWW.renesas.com/synergy/mcus
WWW.renesas.com/synergy/mcuglossary
WWW.renesas.com/synergy/parametric
www.renesas.com/synergy/kits

Www.renesas.com/synergy/solutionsgallery
WWW.renesas.com/synergy/partnerprojects
Www.renesas.com/synerqgy/applicationprojects

WWW.renesas.com/synergy/docs
WWW.renesas.com/synergy/knowledgebase
WWW.renesas.com/synergy/forum
WWW.renesas.com/synergy/training
WwWw.renesas.com/synergy/videos
WWw.renesas.com/synergy/resourcelibrary
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Revision History

Description
Rev. Date Page Summary
1.00 Mar.18.16 — Initial release
1.01 Jun.10.16 — Support for SSP 1.1.0
1.10 Sep.21.17 — Support for SSP 1.2.0
1.20 Mar.21.19 — Support for SSP 1.4.0 and 1.5.0
6 Changed “the green light from LED2” to “the green light from
LEDY”
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Notice

1.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsiblefor the incorporation or any other use of the circuits, software, and informationin the designof your
product or sy stem. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims invalving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
Y ou shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; testand measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality ": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designatedas a high reliability product or a product for harshenvironments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a directthreat to
human lif e or bodily injury (artfficial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
sy stem; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistentwith any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in thereliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, faiure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environmentsin a Renesas Electronics datasheetor other Renesas Electronics document, Renesas Electronics
products are not subjectto radiation resistance design. You are responsible for implementing safety measures to guard againstthe possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or mafunction of Renesas Electronics products, suchas
saf ety 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 and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contacta Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated intoany products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreignlaws or regulations. Y ou shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdictionover the parties or transactions.

10. Itis the responsibilty of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or

transfersthe productto a third party, to notify such third party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contacta Renesas Electronics sales office if youhave any questions regarding the information contained in this document or Renesas

Electronics products.

(Notel) “Renesas Electronics” asused in thisdocument means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)’ means any product developed or manufactured by or for Renesas Electronics.

Corporate Headquarters
TOY OSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

(Rev.4.0-1 November 2017)

Contact information

For further information on a product, technology, the most up-to-date
v ersion of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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