REN ESAS Application Note

RX Family
Synchronous Operation Using MTU3/GPTW

Introduction

This application note describes how to perform synchronous operation using the MTU3d and GPTW (start,
stop, clearing (restart)).

RX66T Group microcontrollers (MCUs) are equipped with the Multi-Function Timer Pulse Unit 3 (MTU3d)
and the General-Purpose PWM Timer (GPTW).

The descriptions in this application note target RX Family devices equipped with the MTU3 and the GPTW.
When using this application note with Renesas MCUs other than the RX66T Group, careful evaluation is
recommended after making modifications to comply with the alternate MCU.

Target Device
RX Family devices equipped with the MTU3 and GPTW

Confirmed Devices
RX66T Group

The Multi-Function Timer Pulse Unit 3 is referred to as “MTU” throughout this document.
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1. MTU and GPTW Specifications

This application note describes synchronous operation of the MTU and GPTW (start, stop, clearing (restart)).

The following terms are used throughout the application note.

— Inter-channel Signals, registers, etc. in the MTU and GPTW are used for synchronous operation
within the MTU or GPTW.
— Inter-module Modules, pins, etc. outside the MTU or GPTW are used for synchronous

operations with modules, pins, etc. outside the MTU or GPTW

External trigger input and ELC event input are included in this classification
— Software Sets registers
— Hardware Pins, internal/external module interrupts, internal signals, etc.

The following sections describe the differences between MTU and GPTW synchronous operation.
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1.1 Differences in Synchronous Operations
The following lists the MTU and GPTW synchronous operations (start, stop, clearing (restart)).

Table 1.1 Synchronous Operation Functions (1/2)

— When the bits of the target
channels are set to 1b, the TCNT
counters of the set channels start
counting

— MTUO to MTU4 and MTU9 cannot
be synchronized with MTU6 and
MTU7

e Use TCSYSTR register

— When the bits of the target
channels are set to 1b, the TCNT
counters of the set channels start
counting

— MTUO to MTU4 and MTU9 can be
synchronized with MTUG and
MTU7

Item MTU GPTW

Inter-channel Synchronous start by software Synchronous start by software
synchronous e Use TSTRA and TSTRB registers e Use GTSTR register

start

— When the bits of the target
channels are set to 1b, the GTCNT
counters of the set channels start
counting

— Updating the GTSTR register of
any channel enables counting
starts of GTCNT counters of the
channels set to 1b

Inter-channel
synchronous
stop

Synchronous stop by software
e Use TSTRA and TSTRB registers
— When the bits of the target
channels are set to Ob, the TCNT
counters of the set channels stop
counting
— MTUO to MTU4 and MTU9 cannot
be synchronized with MTUG6 and
MTU7

Synchronous stop by software
o Use GTSTP register
— When the bits of the target
channels are set to 1b, the GTCNT
counters of the set channels stop
counting
— Updating the GTSTP register of
any channel enables counting stop
for the GTCNT counters of the
channels setto 1b

Inter-channel
synchronous
clearing

Synchronous clearing by hardware
¢ Use compare match

— Use the CCLR bits of TSYRA,
TSYRB and TCR to set the clearing
generation source and channels

— When a clearing generation source
is generated, the TCNT counters of
the channels to be cleared are
count cleared

— MTUO to MTU4 and MTU9 cannot
be synchronized with MTUG6 and
MTU7

e Use TGImn interrupt(m=AtoD,n=0
to 2)

— When a clearing generation source
is set in the TSYCR register, the
TCNT counters of MTU6 and MTU7
clear the counts at the set interrupt
generation timing

Synchronous clearing by software
e Use GTCLR register
— When the bits of the target
channels are set to 1b, the GTCNT
counters of the set channels are
cleared
— Count stop is possible for the
GTCNT counter on channels set to
1b when updating the GRCLR
register of any channel

RO1AN6282EJ0100 Rev.1.00
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Table 1.2 Synchronous Operation Functions (2/2)

Item MTU GPTW
Inter-module Synchronous start by hardware Synchronous start by hardware
synchronous e ELC eventinput o Select sources with GTSSR register
start —  Set “counting starts” to the bits for The following sources can be selected:
the target channels of ELOPA, — External trigger input (GTETRGA,
ELOPB, and ELOPE in the ELC GTETRGB, GTETRGC and
— When the event sources selected in GTETRGD)
the ELSRn register are generated, — ELC event input
the CSTn bits of the TSTRA and — Pininput (GTIOCnA and GTIOCnB)
TSTRB registers are set to 1b and
counting starts.
— If the same event sources are
selected in the ELSRn register,
MTUO, MTU3, MTU4, MTUS,
MTU7, and MTU9 can be
synchronized
Inter-module - Synchronous stop by hardware
synchronous e Select sources with GTPSR register
stop The following sources can be selected:
— External trigger input (GTETRGA,
GTETRGB, GTETRGC and
GTETRGD)
— ELC event input
— Pininput (GTIOCnA and GTIOCnB)
Inter-module Synchronous clearing by hardware Synchronous clearing by hardware
synchronous e ELC eventinput e Select sources with GTCSR register
clearing — Set “counting restarts” to the bits The following sources can be selected:
for the target channels of ELOPA, — External trigger input (GTETRGA,
ELOPB, and ELOPE in the ELC GTETRGB, GTETRGC and
— When the event sources selected in GTETRGD)
the ELSRn register are generated, — ELC event input
the TCNT counts of the selected — Pininput (GTIOCnA and GTIOCnB)
channels are cleared
— If the same event sources are
selected in the ELSRn register,
MTUO, MTU3, MTU4, MTUS,
MTU7, and MTU9 can be
synchronized

RO1AN6282EJ0100 Rev.1.00
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2. Operation Confirmation Conditions

The sample codes included in this application note have been confirmed under the following operating

conditions.

Table 2.1 Operation Confirmation Environments

Item

Description

MCU

R5F566TEADFP (included in Renesas Starter Kit for RX66T)

Operating frequency

Main clock: 8MHz

PLL: 160MHz (Main clock x 1/1 x 20)

HOCO: Stopped

LOCO: Stopped

System clock (ICLK): 160MHz (PLL x 1/1)

Peripheral module clock A (PCLKA): 80MHz (PLL x 1/2)
Peripheral module clock B (PCLKB): 40MHz (PLL x 1/4)
Peripheral module clock C (PCLKC): 160MHz (PLL x 1/1)
Peripheral module clock D (PCLKD): 40MHz (PLL x 1/4)
FlashIF clock (FCLK): 40MHz (PLL x 1/4)

Operating voltage

3.3V

Integrated development
environment (IDE)

Renesas Electronics
e? studio Version 2022-01

C compilerNote

Renesas Electronics
C/C++ Compiler Package for RX Family v3.04.00

Compiler option
The integrated development environment default settings are used.

iodefine.h version

V1.00

Endian

Little endian

Operation mode

Single-chip mode

Processor mode

Supervisor mode

Sample code version V1.00

Board Renesas Starter Kit for RX66T (Product number:
RTK50566 TOCxxxxxBE)

Emulator E2-Lite

Note: Import the same version of the toolchain (C compiler) as specified in the original project. If the same

toolchain is not located in the import destination, the toolchain cannot be selected, and an error will
occur. Check the toolchain selection status on the project settings screen.

Refer to FAQ 3000404 for setting methods.

FAQ 3000404: ‘Program "make" not found in PATH’ error when attempting to build an imported

project (e? studio)

RO1AN6282EJ0100 Rev.1.00

Jun.29.22

Page 9 of 137

RENESAS




RX Family

Synchronous Operation using MTU3/GPTW

3. MCU Sample Codes

3.1 Common
3.1.1 Sample Code List

This application note provides the following sample codes created with the Smart Configurator.

Sample codes can be downloaded from the Renesas Electronics website.

Table 3.1 MTU Sample Code List

Name Sample Code Usage Conditions Ref.
12-Phase PWM Output in PWM Mode 2 e PWM mode 2 3.2
r01an6282_rx66t_mtu3_pwm2_sync.zip o Software (TCSYSTR register) synchronous start

e Hardware (compare match) synchronous clearing
Inter-Channel Synchronous Clearing Using e PWM mode 1 3.3
Compare Match e Software (TCSYSTR register) synchronous start
r01an6282_rx66t_mtu3_cmp_sync.zip e Hardware (compare match) synchronous clearing
5-Phase Complementary PWM Output e Complementary PWM mode 2 (transfer at trough) 34
r01an6282_rx66t_mtu3_complementary_sync.zip o Software (TCSYSTR register) synchronous start
MTUG6/MTU7 Counter Synchronous Clearing by e PWM mode 1 3.5
Interrupt e Software (TCSYSTR register) synchronous start
r01an6282_rx66t_mtu3_int_sync.zip e Hardware (TGImn interrupt) synchronous clearing
Synchronous Operation by Event Input from ELC e PWM mode 1 3.6

r01an6282_rx66t_mtu3_elc_sync.zip

e Hardware (ELC) synchronous start
e Software (TSTRA register) synchronous stop
e Hardware (compare match) synchronous clearing

RO1ANG6282EJ0100 Rev.1.00
Jun.29.22
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3.1.2 Folder Structure
The main folder structure of a sample code is as follows.

[Project name]
i:] cproject
D project
|j [Project name] HardwareDebug.launch
L] [Project name].scfg «——————— Smart Configurator config-file

|| [Project namel.rcpc «—————— CS+ files for import
settings

src

*J [Project namel.c «———main function
smc_gen

Config_MTUn <« MTU related Config setting
"] ConfigMTUne n indicates channel number
¥ config_MTUnh When multiple channels are used,

" Confia MTU : such as in complementary PWM mode,
&) Contig_MTUn userc the generated file name will look like:
general Config_MTU3_MTU4

r_bsp

r_config

r_pincfg

Files generated by Smart Configurator

Figure 3.1 MTU Folder Structure

RO1AN6282EJ0100 Rev.1.00 Page 11 of 137
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3.1.3 File Structure

The main file structure of a sample code is as follows.

Table 3.2 MTU File Structure

File Name

Description

[Project name].c

main function

This is the main function.

The Smart Configurator generates an empty function. The necessary
processing for each sample code is described here.

Config_MTUn.c*

R _Config MTUn_Create function

This is the MTU’s initialization function.

The initialization function based on the settings in the Smart Configurator is
generated by the Smart Configurator.

The call for this function is generated by the Smart Configurator. This function
is called in the R_Systemlnit function executed before the main function.

R Config MTUn_Start function
This is the MTU’s count start function.
This function is generated by the Smart Configurator.
In the sample codes, this function is called from the main function.

R Config MTUn_Stop function
This is the MTU’s count stop function.
This function is generated by the Smart Configurator.
This function is not used in the sample codes.

Config_MTUn_user.c*

r Config MTUn_ Create Userlnit function
This is the MTU’s user initialization function.
The Smart Configurator generates an empty function. The necessary
processing for each sample code is described here.

This is the last function to be called in the R_Config_ MTUn_Create function
generated by the Smart Configurator.

r Config MTUn [interrupt name] interrupt function
This is the interrupt handler function.

The Smart Configurator generates an empty function. The necessary
processing for each sample code is described here.

Config_MTUn.h*

This is the header file that defines MTU related functions.

This file is included in the r_smc_entry.h file generated by the Smart
Configurator.

To use MTU related functions, be sure to include the r_smc_entry.h file.

*

. n indicates channel number

RO1AN6282EJ0100 Rev.1.00 Page 12 of 137
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3.1.4 Adding Components
The sample codes use the Smart Configurator to add the MTU as described below.

Table 3.3 Adding Components

Item Description

Component Reference the section for each sample code ((1) in figure below)
Configuration Name Sample codes use the default setting name

Operation Reference the section for each sample code ((2) in figure below)
Resource Reference the section for each sample code ((3) in figure below)

e MNew Component

Software Component Selection &3

Select component from those available in list

Category All 2
Function All b4
Filter

Components Short Name Type Version

## Open Source FAT File System.
# Phase Counting Mode Timer
i# Port Output Enable

# Ports

[m PWM Mode Timer

r_tfat_rx Firmware Integr..  4.02
Code Generator  2.2.0
Code Generator  1.9.0
Code Generator  2.2.0

1.100

Code Generator

=

[l Show only latest version
[V] Hide items that have duplicated functionality

(1) Differs for each sample code

Description

This component provides PWM maode 1 and PWM mode 2 operations of Multi-Function Timer ~
Pulse Unit (MTU) or 16-Bit Timer Pulse Unit (TPU). PWM waveforms output in range of 0% to 100% ~
o e R S
Download the latest FIT drivers and middleware

Configure general settings...

Cancel

e MNew Component

Add new configuration for selected component dj

PWM Mode Timer

Configuration name: itonfiq MTUO
Operation: PWM mode 1 ~
Resource: MTUD / i
/ (2) Differs for each sample code
(3) Differs for each sample code |

Figure 3.2 Adding Components
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3.1.5 Pin Settings
Figure 3.3 shows an example of pin settings using the Smart Configurator.

Configure the pins after setting the MTU. For MTU settings, refer to “Smart Configurator Settings” for each
sample code.

Pin settings are carried out in the R_Config_MTUn_Create function generated by the Smart Configurator.

Pin configuration

Hardware Resource 2
Type filter text
[ &aAn

& Digital power supply

@ Clock generator

@ Clock frequency accuracy measurement circuit
@ Operating mode control

& System control

@ On-chip emulator

o Buses

@ Interrupt controller unit

¥ @ Multi-function timer pulse unit 3

= MTUO
MTU1
MTUZ2

MTU3 ]

v @

Pin Function Pin Number

MTU4

= % & Pin Function A | Q] ied
type filter text (* = any string, 7 = any character) All i
X Enabled Function  Assignment Pin Number Direction Remarks Comments
[l  MTIOC3A + P33/D7/MTIOC3A/MTCLKA/MTIOC # 58 10
[ Mmoc3a# s Not assigned * Not assigned None
M Mmocie ¢ PT1/D5/MTIOCIB/MTIOCIBH/GTIC * 56 10
[[] MTIOC3B# ¢ Not assigned 7 Not assigned None
O MTIOC3C 7 Not assigned * Not assigned None
[ MTIOC3C# - Not assigned 7 Not assigned None
| 1 wmmocip p7a/D2/MTIOCID/MTIOCID#/GTI # 53 10 )|
[ MTOC3D# # Not assigned # Not assigned None

|

Generate Code Generate Report

Click Assignment to display available
pins, then select the pins to be used

MTUS
MTUG
MTU?

the MTU

Select the channel used by

eneral PWM timer
GPTO
GPT1
GPT2
GPT3

.
.
©
&
.
.
= MTU9
G
.
.
.
w GPT

Overview Board Clocks System Components @ Interrupts.

Select Pins tab

Figure 3.3 Pin Settings
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3.1.6 Interrupt Settings

Figure 3.4 shows an example of interrupt settings using the Smart Configurator. For details on Software
Configurable Interrupt A, refer to Renesas RX66T Group User’'s Manual Hardware, section 14.4.5.1 Software
Configurable Interrupt A.

Configure interrupts after setting the MTU settings. For MTU settings, refer to “Smart Configurator Settings”
for each sample code.

Interrupt settings can be configured in the R_Config_MTUn_Create function, R_Config_MTUn_Start function,
and R_Config_MTUn_Stop function, all of which are generated by the Smart Configurator.

The interrupt handler function is created with the name r_Config_ MTUn_[interrupt name]_interrupt in the
Config_MTUn_user.c file generated by the Smart Configurator.

=)

I““""Pt conﬁguraﬁon Gﬂ"Dla.iF,' Code ﬁonc.‘a!: Report
Interrupt vectors =
Type filter text
Vector Number Interrupt Peripheral  Priority Status Fast Inter... o

184 CMPC4 CMPC4 Level 15

| 185 CMPC5 CMPCS Level 15
208 INTAZ208 (TGIAD) MTUO Level 15
209 INTA209 (TGIBO) MTUQ Level 15
210 INTA210 (TGICO) MTUO Level 15
211 INTA211 (TGIDD) MTUO Level 15
212 INTA212 (TCIVO) MTUO Level 15
213 INTA213 (TGIED) MTUQ Level 15
214 INTA214 (TGIFD) MTUO Level 15
215 INTA215 (TGIAT) MTL1 Level 15

Software 216 INTA216 (TGIB1) MTU1 Level 15
Configurable 4 2"’ INTA217 (TCIVT) MTU1 Level "> | Click Interrupt to display available
218 INTA218 (TCIU1) MTU1 Level 15 . .
Interrupt A 5 N1 i, i Cavalis interrupt names, then select interrupts to
; be used

220 INTAZ20 (TGIB2) MTUZ2 Level 15
21 INTA221 (TCIV2) MTU2 Level 15
222 INTA222 (TCIUZ) MTU2 Levgh s
223 INTA223 (TGIA3) MIU3  Level 15 Used )
224 INTA224 (TGIB3) MTU3 Level 15
225 INTA225 (TGIC3) MTU3 Level 15
226 INTAZ226 (TGID3) MTU3 Level 15

| 227 INTA227 (TCIV3) MTU3 Level 15 w

Note:

The interrupt priority settings made here may not be uwil Select Interrupts tab
Please check the configuration files of each FIT compon:

Overview Board Clocks System Components Pin|

Figure 3.4 Interrupt Settings

RO1AN6282EJ0100 Rev.1.00 Page 15 of 137
Jun.29.22 RENESAS



RX Family Synchronous Operation using MTU3/GPTW

3.2 12-Phase PWM Output in PWM Mode 2

e Target sample code file name: r01an6282_rx66t_mtu3 _pwm2_sync.zip

3.2.1 Overview
In MTU PWM mode 2, up to 12 phases of PWM waveforms can be output in synchronization.

This sample code describes a case in which 12-phase PWM is output by using the TCSYSTR register to
perform software synchronous start for MTUO to MTU3 and MTU9, and using the timer counter (TCNT) clear
of MTU3 (channel 3), which cannot be set to PWM mode 2, as synchronous clearing for MTUO to MTU2 and
MTU9 (channels 0 to 2 and 9).

RO1AN6282EJ0100 Rev.1.00 Page 16 of 137
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The following list provides the MTU settings used in the sample code.

e MTUS (channel 3)
— Use normal mode timer
— Set to synchronous operation
— Carrier period = 1ms
— Timer count clock = 40MHz (PCLKC/4)
— Use MTU3.TGRA as period register
e Timer counter clear source = MTU3.TGRA compare match
— Toggle output at TGRA compare match

MTUO to MTU2 and MTU9 (channels 0 to 2 and 9)

— Use PWM mode 2
— Set to synchronous operation
— Initial output value = low
— Timer count clock = 40MHz (PCLKC/4)
— Counter clear source = counter clear of channel 3

in synchronous operation
— Use MTUO.TGRA as duty register

e High output at MTUO.TGRA compare match
— Use MTUO.TGRB as duty register

e High output at MTUO.TGRB compare match
— Use MTUO.TGRC as duty register

e High output at MTUO.TGRC compare match
— Use MTUO.TGRD as duty register

e High output at MTUO.TGRD compare match
— Use MTU1.TGRA as duty register

e High output at MTU1.TGRA compare match
— Use MTU1.TGRB as duty register

e High output at MTU1.TGRB compare match
— Use MTU2.TGRA as duty register

e High output at MTU2.TGRA compare match
— Use MTU2.TGRB as duty register

e High output at MTU2.TGRB compare match
— Use MTU9.TGRA as duty register

e High output at MTU9.TGRA compare match
— Use MTU9.TGRB as duty register

e High output at MTU9.TGRB compare match
— Use MTU9.TGRC as duty register

e High output at MTU9.TGRC compare match
— Use MTU9.TGRD as duty register

e High output at MTU9.TGRD compare match

Set in Smart Configurator.
~— For Setting Methods,

refer to section 3.2.3.

RO1AN6282EJ0100 Rev.1.00
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The structure of this sample code is shown below.

MTU
Channel 3
Periodic MTIOC3A
counter » MPC H» P33
operation
MTUS3.TCNT clear
MTIOCOA
» MPC H» P31
MTIOCOB
Channel 0 MPC El—’ P30
PWM mode 2 MTIOCOC
» MPC H» P27
MTIOCOD
MPC H—» PBO
| MTIOC1A
Channel 1 » MPC H» PA5
PWM mode 2 MTIOC1B
MPC > PA4
| MTIOC2A
Channel 2 » MPC H—» PA3
PWM mode 2 MTIOC2B
»  MPC H—» PA2
| MTIOC9A
» MPC H» P21
MTIOC9B
Chamnel 9 [1————»[WPC_13> P22
Pl mede 2 > MPC_}3> POl
MTIOC9D
MPC  H—» PE1

MTUS3: Periodic counter operation
MTUO to MTU2 and MTU9: Generate PWM mode 2 waveform
MPC: Sets pins to be used from general purpose I/O port to peripheral function I/O port

Figure 3.5 Sample Code Structure
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3.2.2 Operation Details

The sample code operations are shown below. Use the TGRA of MTU3 as the period register, which cannot
be set to PWM mode 2. The TCNT of MTUS is cleared by a TGRA compare match. The TCNTs of MTUO to
MTUZ2 and MTU9 are cleared in synchronization with the clearing of the TCNT of MTU3 clearing.

MTIOC3A (P33)

MTU3.TCNT
A

9C3Fh

TTCNT count start

—\

//////‘ Intil value output™™®

A 4

\ 4

MTU.TCSYSTR

.
t
|
|

.
t
|
|

MTIOCOA (P31)
MTIOCOB (P30)
MTIOCOC (P27)
MTIOCOD (PBO)
MTIOC1A (PA5)
MTIOC1B (PA4)
MTIOG2A (PA3)
MTIOC2B (PA2)
MTIOCOA (P21)
MTIOC9B (P22)
MTIOCIC (PO1)

MTIOCOD (PE1)

|
>< F4h
MTUO.TCNT
MTU1.TCNT

I
|
I
MTU2.TCNT
MTUS TCNT +TCNT count start
A |
I

|
Clear in synchronization
with MTU3.TCNT clear

|
Clear in synchronization
with MTU3.TCNT clear

t
|
|
|

Clear in synchronization
with MTU3.TCNT clear

\4

T ey

]

A 4

//////l\: Initial vaIusfoutput("D'g’

Y

li t
//////|\ Initial value output™
]

Inttial value output™®
t

—
N

B <
N

t
Initial value output™

Inttial value output™

e
//////i\

s
T

N t
//////:\ Inttial value output™®’

Inttial value output™
N

T

T

i

+
Initial value output™

|
Pin function
setting

(TIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 3.6 Sample Code Operations
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3.2.3 Smart Configurator Settings

The sample code uses the Smart Configurator to add the MTU as described below. For details on how to
add components, refer to section 3.1.4 Adding Components.

Table 3.4 Adding Components (MTU3)

Item Description
Component Normal Mode Timer
Configuration name Config_MTU3

Input capture/ 4 pins

Output compare pins

Resource MTU3

Software component configuration

Components E © % v Configure Timer counter clear source =
CE Snchopermiieceing | MTU3.TGRA compare match

ype filter text i i " 3 o -
type fliter text nclude this channel in the synchronous operation /[Please set synchronous operation of other channel

v = Startup
Giran TCNT3 counter setting
~ & Generic
@ rbsp Counter clear source TGRA3 compare match/input capture (Use TGRA3 as a cycle register) -
~ @ Drivers

X Counter clock selection | PCLK/4 ¥ | | Rising edge "
~ & Timers
« Config_MTUO External clock pin setting \ Timer count clock = 40MHz

« Config_MTU1 - T - o
= Enable the noise filter far MTCLKA pir Enable the noise filter far MTC

& Config_MTU2 (PCLK/4)

& Config_MTU3 e

« Config_MTU9

General register setting

TGRA3 Qutput compare register = |1 ms ~ | (Actual value: 1)

TGRB3 Qutput compare register b 100 \ls ¥ (Actual value: 100)

TGRC3 Qutput compare register ~! (100

TGRD3 Qutput compare register i 100 Carrier perIOd =1ms

Input/Output setting re
Initial output value = low

MTIOC3A pin Qutput initial 0, toggle at compare match
: - Toggle output at compare match
MTIOC3E pin Output disabled T
MTIOC3C pin Qutput disabled o
MTIOC2D pin Output disabled e

Noise filter setting

PCLK

A/D converter start trigger setting
[ Enable start request on TGRA input capture/compare match (MTU3 TRGAN signal)

Interrupt setting

[“]Enable TGRA input capture/compare match interrupt (TGIA3) Level 15 (highest)
[JEnable TGRB input capture/compare match interrupt (TGIB3) Level 15 [highest)
[_]Enable TGRC input capture/compare match interrupt (TGIC3) Level 15 {highest)
[_]Enable TGRD input capture/compare match interrupt (TGID3) Level 15 (highest)
[]Enable overflow interrupt (TCIV3) ' Level 15 (highest)

A/D conversion start request frame synchronization signal setting
[apsmo pin Source not selected

[Japsmi pin Source not selected

Figure 3.7 MTUS3 Settings
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Table 3.5 Adding Components (MTUO to MTU2 and MTU9)

Item

Description

Component

PWM Mode Timer

Configuration name

Config_MTUO | Config_MTU1 | Config_MTU2 [ Config_MTU9

Operation

PWM Mode 2

Resource

MTUO | MTU1 | MTU2 | MTU9

Figure 3.8 shows the Config_MTUO settings. The settings for MTU1, MTU2, and MTU9 are basically the
same. As duty cycles differ, refer to Figure 3.9 to Figure 3.11 for TGRA, TGRB, TGRC and TGRD settings.

Components ol “ ¥ Configure Timer counter clear source = £
¥ synchronous moda.sew counter clear of channel 3
ype fliter bed Tlude this channel in the synchronous operatio]  (Please set synchronous operation of other channel)
" Startup
v & Ganaric TCNTO counter setting
@ r_ bsp Counter clear source Counter clear on another synchronous channel ¥
ke v ?Ti\::ets Counter clock selection PCLE/4 ~ | Rising edge =
g syl i —— \ Timer count clock = 40MHz
& Config MTU2 (PCLK/4)
« Config_MTU3
w Config_MTUZ PCLK
General register setting
TGRCO Qutput compare register ~ | Buffer transfer when compare match A occurs
TGRDO Qutput compare register ~ | Buffer transfer when compare match B cocurs
TGRFO Qutput compare register ~ | Buffer transfer when compare match E occurs
Qutput setting
MTIOCOA pin Output initial 0, 1 at compare match, 0 at counter clear \ Initial Outp ut value = low
MTIOCOB pin Qutput initial 0, 1 at compare mateh, 0 at counter clear H igh OUtpUt at oompa re match
MTIOCOC pin Qutput initial 0, 1 at compare match, 0 at counter clear == Low o Utput at counter clear
MTIOCOD pin QOutput initial 0, 1 at compare match, 0 at counter clear / i
PWM output setting
s
TGRA ] xohis 7999 = MTUO.TGRA initial value setting
TGRE nitislvalue 11999 =————=——MTUO.TGRB initial value setting
TGRC initial value 13899 e———|MTUO.TGRC initial value setting
TGRD initial value 15999 ——T"_ |MTUO.TGRD initial value setting
TGRE initial value 100
TGRF initial value 100
A/D converter start trigger setting
"] Enable start request an TGRA compare match (MTUO TRGAN signal)
["] Enable start request on TGRE compare match (TRGON signal)
Interrupt setting
] Enable TGRA compare match interrupt (TGIAD) Level 15 (highest)
[] Enable TGRB compare match interrupt (TGIBO) Level 15 (highest)
] Enable TGRC compare match interrupt (TGICO) Level 15 (highest)
[[] Enable TGRD compare match interrupt (TGIDO) Level 15 (highest)
[] Enable TGRE compare match interrupt (TGIEQ) Level 15 (highest)
] Enable TGRF compare match interrupt (TGIFO) Level 15 (highest)
["] Enable overflow interrupt (TCIVO) Level 15 (highest)
A/D conversion start request frame synchronization signal setting
] ADSMO pin ! Source not selected
] ADsM1 pin Source not selected
Figure 3.8 MTUO Settings
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PWM output setting

TGRA initial value

TGRB initial value

R e —

—_—

17999
19999

MTU1.TGRA initial value setting
MTU1.TGRB initial value setting

Figure 3.9 MTU1 Settings (TGRA and TGRB Compare Match Register Settings)

PWM output setting

TGRA initial value

TGRB initial value

us

—— |

———

MTU2.TGRA initial value setting
MTU2.TGRSB initial value setting

21999

23999

Figure 3.10 MTU2 Settings (TGRA and TGRB Compare Match Register Settings)

PWM output setting

TGRA initial value
TGRB initial value
TGRC initial value
TGRD initial value
TGRE initial value

TGRF initial value

Us

25999 — | MTU9.TGRA initial value setting

27999 ————t——1 MTU9.TGRB initial value setting

prer _____+——1 MTU9.TGRC initial value setting
—_———1 MTU9.TGROD initial value setting

31999

100

100

Figure 3.11 MTU9 Settings (TGRA, TGRB, TGRC and TGRD Compare Match Register Settings)
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3.2.4 Flowcharts
The following shows the processing of a component added after code generation by the Smart Configurator.

In the main function, count start function mtu_start is read and counting is started.
< main >

Count start
mtu_start()

\ 4

Figure 3.12 main Function

Counting is started for MTUO to MTU3 and MTU9 in the count start function.

This function is newly created after code generation by the Smart Configurator.

< mtu_start >

A 4

MTUO to MTU3 and MTU9 count start

\ 4
< return >

Figure 3.13 Count Start Function
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3.2.5 Usage Notes
3.2.5.1 Counting Starts for Multiple Channels

In this sample code, the SCHO to SCH3 and SCH9 bits of timer counter synchronous start register
TCSYSTR are set at the same time in the mtu_start function to start counting multiple channels at the same
time.

When using the R_Config_ MTUm_Start (m = 0 to 3, 9) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read.

The MTUO to MTU3 and MTU9 counting can be started simultaneously by setting the CSTO0 to CST3 and
CST9 bits of timer start register TSTRA at the same time.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.17 Timer Start Registers (TSTRA,
TSTRB, TSTR) and 22.2.19 Timer Counter Synchronous Start Register (TCSYSTR).

3.2.5.2 Contention between Overflow/Underflow and Counter Clearing

If an overflow/underflow and a counter clearing occur simultaneously, neither a TCIV interrupt nor a TCIU
interrupt is generated and the TCNT clearing takes precedence.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.17 Contention between
Overflow/Underflow and Counter Clearing.
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3.3 Inter-Channel Synchronous Clearing Using Compare Match

e Target sample code file name: r01an6282_rx66t_mtu3_cmp_sync.zip

3.3.1 Overview

Synchronous operation can be used to modify multiple TCNT values at the same time (synchronous setting).
Multiple TCNT values can be set to 0000h at the same time by the TCR register setting (synchronous
clearing).

This section describes a sample code in which MTUO to MTUZ2 are set to synchronous operation and PWM
mode 1, and MTU1 and MTUZ2 are synchronously cleared by counter clear source MTUO. MTUO to MTUZ2
use the TCSYSTR register to perform synchronous start by software.

The following list provides the MTU settings used in the sample code.

e MTUO (channel 0) )

— Use PWM mode 1

— Set to synchronous operation

— Initial output value = low

— Carrier period = 1ms

— Timer count clock = 40MHz (PCLKC/4)

— Use MTUO.TGRB as period register
e Timer counter clear source = MTUO.TGRB compare match
e Toggle output at TGRB compare match

— Use MTUO.TGRA as duty register
e Toggle output at TGRA compare match

MTU1 and MTU2 (channels 1 and 2) Set in Smart Configurator.
— Use PWMmode 1 i ~— For Setting Methods,
— Set to synchronous operation
— Initial output value = low refer to section 3.3.3.
— Timer count clock = 40MHz (PCLKC/4)
— Counter clear source = counter clear of channel 0
in synchronous operation
— Use MTU1.TGRA as duty register
e Toggle output at TGRA compare match
— Use MTU1.TGRB as duty register
e Toggle output at TGRB compare match
— Use MTU2.TGRA as duty register
e Toggle output at TGRA compare match
— Use MTU2.TGRB as duty register
e Toggle output at TGRB compare match
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The structure of this sample code is shown below.

MTU
Channel 0 MTIOCOA‘
PWM mode 1 d
MTUO.TCNT clear
Channel 1 MT|OC1A‘
PWM mode 1 4
!
Channel 2 MTIOCZA‘
PWM mode 1 ”

MPC

MPC

MPC

> P33

—»> PA5

> PA3

MTUO to MTU2: Generate PWM mode 1 waveform
MPC: Sets pins to be used from general purpose 1/O port to peripheral function 1/0 port

Figure 3.14 Sample Code Structure
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3.3.2 Operation Details

The sample code operations are shown below. MTUO to MTUZ2 are set to synchronous operation and PWM
mode 1, the MTUO counter clear source is set to MTUO.TGRB compare match, and MTU1 and MTU2
counter clear sources are set to synchronous clearing. Three-phase PWM waveform is output from the
MTIOCOA, MTIOC1A, and MTIOC2A pins.

MTUO.TCNT
A

9C3Fh—

4E1Fh- |

\ 4

u
TTCNT count start

—¢ |

MTIOCOA (P31) //////‘ Intial value output®™*

|
|

t t t
MTU.TCSYSTR >< EOh : : I
|
: | | |
| Clear in synchAmnization with Clear in synchAronization with Clear in synbhmnizatbn
| MTUO.TCNT clear MTUO.TCNT clear with . TCNT clear
MTU1.TCNT
MTU2.TCNT TCNT count start l l l
A
7TCFFh—+ ————————————f - —--
| | |
| | |
| | |
| | |
3E7Fh— § — — ——t-—-—-- ————q--F---- ————r—q--
2EDFh— + — — | | L —— —f At ———— - S ———— b —{——
1F3Fh— + — — ! -ttt A e
| | D | P |
| | | | »
| | | »
| |

MTIOC1A (PA5) //////|; Initial value output™*® ! “ | | ‘ | |

MTIOC2A (PA3) /I mervaeowoa™ | | [ ] [ ]

Pin fuvnction
setting
(TIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 3.15 Sample Code Operations
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3.3.3 Smart Configurator Settings

The sample code uses the Smart Configurator to add the MTU as described below. For details on how to
add components, refer to section 3.1.4 Adding Components.

Table 3.6 Adding Components (MTUO)

Item Description
Component PWM Mode Timer
Configuration name Config_MTUO
Operation PWM Mode 1
Resource MTUO
Components &2 1 = =% ¥ Configure Timer counter clear source =

ter text

> Startup

v (= Generic TCNTO counter setting

= Synchronous moda T
]

v Ainclude this channel in the synchronous operatio)

MTUO.TGRB compare match

(Please set synchronous operation of other channel)

@ r_bsp Counter clear source TGRBO compare match (Use TGRBO as a cycle register)
v v' I-),m:'?:ers Counter clock selection PCLK/4 ¥ Rising edge >

« Config MTUO External clock pin setting \ Timer count clock = 40MHz

¢ Config MTU1 sy i, (PCLK/4)

& Config_MTU2 A — ki For MTCLKD ¢

PCLK
General register setting
TGRCO Output compare register ~ Buffer transfer when compare match A occurs
TGRDO Output compare register v | Buffer transfer when compare match B occurs
TGRFO Output compare register ~ | Buffer Initial output value = low
Output setting Toggle output at compare match
MTIOCOA pin Output initial 0, toggle at compare match &
‘When TGRB compare match  Toggle output from MTIOCOA pin o
MTIOCOC pin Output disabled \ Toggle OUtpu:naattIS RB compare
0 output from MTIOCOC pin

PWM output setting /I Carrier period = 1ms |
PWM period 1 ms | al value: 1)
TGRA intial value 19999 \l MTUO.TGRA initial value setting |
TGRB initial value 39999
TGRC initial value 100
TGRD initial value 100
TGRE initial value 100
TGREF initial value 100

A/D converter start trigger setting

[] enable start request on TGRA compare match (MTUO TRGAN signal)
[[] Enable start request on TGRE compare match (TRGON signal)
Interrupt setting

[] Enable TGRA compare match interrupt (TGIAQ) Level 15 (highest)
[[] Enable TGRB compare match interrupt (TGIBO) Level 15 (highest)
[ Enable TGRC compare match interrupt (TGICD) Level 15 (highest)
[ Enable TGRD compare match interrupt {TGIDO) Level 15 (highest)
[[] Enable TGRE compare match interrupt (TGIEQ) Level 15 (highest)
[] Enable TGRF compare match interrupt (TGIFO) Level 15 (highest)

[ Enable overflow interrupt (TCIVO) Level 15 (highest)

A/D conversion start request frame synchronization signal setting
[] ADsmo pin

Source not selected

Source not selected

[] ADSM1 pin

Figure 3.16 MTUO Settings
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Table 3.7 Adding Components (MTU1 and MTU2)

Item Description

Component PWM Mode Timer

Configuration name Config_MTU1 | Config_MTU2

Operation PWM Mode 1

Resource MTU1 | MTU2

Figure 3.17 shows the Config_ MTU1 settings. The settings for MTU2 are basically the same. As duty cycles
differ, refer to Figure 3.18 for TGRA and TGRB settings.

Components &3 | = 58 =
L] :
type filter text
¥ & Startup
¥ & Generic
@ r_bsp

¥ & Drivers
~ & Timers
& Config_MTUQ
« Config_MTU1
« Config_ MTU2

Configure Timer counter clear source =
Synchronous mode sattie counter clear of channel 0
nclude this channel in the synchronous operption  (Please set synchronous operation of other channel)
TCNT1 counter setting
Counter clear source Counter clear on another synchronous channel w
Counter clock selection PCLE/4 ¥ | |Rising edge v
External clock pin setting \ Timer count clock = 40MHz
e — ; (PCLK/4)
PCLK

Initial output value = low
Toggle output at compare match

Output setting

MTIOCTA pin Output initial 0, toggle at compare match w

When TGRB compare match  Toggle output from MTIOCTA pin -
\ Toggle output at TGRB compare

PWM output setting match

100 s
TGRA initial value 11999 MTU1.TGRA initial value setting
TGRE initial value 31999 MTU1.TGRB initial value setting

A/D converter start trigger setting
|: Enable start request on TGRA compare match (MTU1 TRGAN signal)

Interrupt setting

[ ] Enable TGRA compare match interrupt (TGIA1) Level 15 (highest)
[l Enable TGRB compare match interrupt (TGIB1) Level 15 (highest)
|: Enable overflow interrupt (TCIV1) Level 15 (highest)

A/D conversion start request frame synchronization signal setting
[ 1 ADSMO pin Source not selected

|: ADSM1 pin Source not selected

Figure 3.17 MTU1 Settings

TGRA initial value

TGRB initial value

(113
7999 —————— MTU2.TGRA initial value setting
15999 _____——— MTU2.TGRB initial value setting

Figure 3.18 MTU2 Settings (TGRA and TGRB Compare Match Register Settings)

RO1AN6282EJ0100 Rev.1.00 Page 29 of 137

Jun.29.22

RENESAS




RX Family Synchronous Operation using MTU3/GPTW

3.3.4 Flowcharts
The following shows the processing of a component added after code generation by the Smart Configurator.

In the main function, count start function mtu_start is read and counting is started.
< main >

Count start
mtu_start()

Y

Figure 3.19 main Function

Counting is started for MTUO to MTU2 in the count start function.

This function is newly created after code generation by the Smart Configurator.

( mtu_start >

A 4

MTUO to MTUZ2 count start

v
< return >

Figure 3.20 Count Start Function
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3.3.5 Usage Notes
3.3.5.1 Counting Starts for Multiple Channels

In this sample code, the SCHO to SCH2 bits of timer counter synchronous start register TCSYSTR are set at
the same time in the mtu_start function in order to start counting multiple channels at the same time.

When using the R_Config_ MTUm_Start (m = 0 to 2) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read.

The MTUO to MTUZ2 counting can be started simultaneously by setting the CSTO to CST2 bits of timer start
register TSTRA at the same time.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.17 Timer Start Registers (TSTRA,
TSTRB, TSTR) and 22.2.19 Timer Counter Synchronous Start Register (TCSYSTR).

3.3.56.2 Synchronous Operation Group

Synchronous operation (set/clearing) can be performed in the following two groups. Synchronous operation
can be carried out within the group, but not with another group. Also, MTUS5 does not support synchronous
operation.

e Group A: MTUO, MTU1, MTU2, MTU3, MTU4, and MTU9
e Group B: MTU6 and MTU7

The following table shows the relationships between synchronous operation and synchronous start/stop and
the registers.

Table 3.8 Relationships between Group and Register

Operation Group A Group B
(MTUO to MTU4, MTU9) (MTUG6, MTU7)

Setting of intended channel of TSYRA TSYRB

synchronous operation

Count synchronous start/stop TSTRA TSTRB

Count synchronous start TCSYSTR

3.3.56.3 Contention between Overflow/Underflow and Counter Clearing

If an overflow/underflow and a counter clearing occur simultaneously, neither a TCIV interrupt nor a TCIU
interrupt is generated and the TCNT clearing takes precedence.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.17. Contention between
Overflow/Underflow and Counter Clearing.
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3.4 5-Phase Complementary PWM Output

e Target sample code file name: r01an6282_rx66t mtu3_complementary_sync.zip

3.4.1 Overview

6-phase complementary PWM can be output by synchronizing operations of MTU3 and MTU4 with MTU6
and MTU7.

This section describes a sample code in which MTU3 and MTU4 are synchronously started with MTU6 and
MTU7 to provide 5-phase complementary PWM output. The unused 1-phase pin (P93) of MTU7 is used as a
general purpose /O port.

The following list provides the MTU and PORT settings used in the sample code

e MTUS3, MTU4, MTUG, and MTU7 (channels 3, 4, 6, and 7)
— Use complementary PWM mode 2 (transfer at trough)
— Carrier period = 1ms
— Dead time = 30us
— Timer count clock = 40MHz (PCLKC/4)
— Set MTUN.TGRA to MTUNn.TCNT upper limit value (n = 3, 6)
(1/2 carrier period + dead time)
— Set buffer transfer timing
e Transfers data at the trough of the count
— Initial output value is high, active level is low
— Use MTUN.TGRB (n = 3, 6) as U-phase duty register
o Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
o Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match Set in Smart Configurator.
— Use MTUN.TGRA (n =4, 7) as V-phase duty register — For Setting Methods,
o Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
o Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
— Use MTUN.TGRB (n = 4) as W-phase duty register
e Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
o Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
— Enable underflow interrupt

—_

refer to section 3.4.3.

e PORT
— Use P93 as general purpose I/O port
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RX Family
The structure of this sample code is shown below.
MTU
MTIOC3B
Channel 3 > MPC ]
Complementary MTIOC3D
PWM mode > MPC
MTIOC4A
» MPC |
MTIOC4B
Channel 4 )m
Complementary MTIOC4C
PWM mode > MPC
MTIOC4D
> MPC }
MTIOC6B
Channel 6 » MPC
Complementary MTIOC6D
PWM mode > MPC }
MTIOC7A
» MPC |
Channel 7 MTIOC7C
Complementary > MPC
PWM mode
MPC

P> P71
—P»> P74

—P» P72
—P»> P73
—P»> P75
—»> P76

—P»> P95
P> P92

> Po4
—» P91
> P93

MTU3, MTU4, MTU6, and MTU7: Generate complementary PWM mode waveform
MPC: Sets pins to be used, other than P93, from general purpose |/O port to peripheral function I/O port
Sets only P93 to general purpose 1/O port

Figure 3.21 Sample Code Structure
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3.4.2 Operation Details

The sample code operations are shown below. Synchronous start is performed by setting MTU3, MTU4,
MTUG, and MTU7 to complementary PWM mode 2 (transfer at trough) and setting 1Bh to the

MTU.TCSYSTR register.

P93 is set to high just before the MTU counting starts, and output is toggled for each underflow interrupt

(TCIV4) generation.

Complementary PWM Mode 2

(transfer at trough) MTU3.TCNT
Output waveform is active-low. ~ MTU4.TCNT
MTUG.TCNT
MTU7.TCNT

A
4E20h - -

3E80h- -

2EEOh- -

1F40h- —

\ 4

MTU.TCSYSTR

MTIOC3B (P71) ////])
Initial value output™®

MTIOC3D (P74) ////l]

MTIOC4B (P73) //////

| Initial value output™®

MTIOC4D (P76) //1//1] ,

| Initial value output™®

MTIOC6B (P95) //////I

Initial value output™®
MTIOC6D (P92) /////]]
Initial value output™®

MTIOCTA (P94) //////]

,Initial value output™®

MTIOCTC (PO1) //I/I],

| Initial value output™®

: SetP93 = high

Ly

Set P93 = low SetP93 = high Set P93 = low
by TCIV4 generation by TCIV4 generation by TCIV4 generation

v v v

P93 ///ll])

| Initial value output™'®
Pin function
setting
(TIOR setting)

| | L

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 3.22 Sample Code Operations
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3.4.3 Smart Configurator Settings
The sample code uses the Smart Configurator to add the MTU as described below. For details on how to
add components, refer to section 3.1.4 Adding Components.

Table 3.9 Adding Components (MTU3 and MTU4)

Item Description

Component Complementary PWM Mode Timer

Configuration name Config_MTU3_MTU4

Operation Complementary PWM Mode 2 (transfer at trough)

Resource MTU3_MTU4
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Components =i &3 = -~ < 3 ¥ Configure
L - -
- Basic setting
type filter text
Synchronous mode setting
v @ Startup —
) L Include this channel in the synchronous operation
v & Generic
@ rbsp TCNT3 counter setting

v @ Drivers Counter clear source Disabled counter clear ¥

v & /O Ports

& Config_PORT Counter clock selection PCLK/4 \" Rising edge v
v @& Timers External clock pin setting Timer count clock = 40MHz (PCLK/4)

« Config_MTU3_MTU4 sble the n fitor for MTCLKA nin P S —

« Config_MTU6_MTU7 ) ' 4 et i \ v

PCLK
) / Carrier period = 1ms
PWM ot setting
Timer operation period 1 ms ¥ | (Actual value: 1
[] Enable dead time Dead time |30 s -

= Dead time = 30us

MTU3.TGRB register value 16000 =———MTU3.TGRB initial value setting
MTUA.TGRA register value 12000 —~—~— MTU4.TGRA initial value setting
MTUA.TGRB register value sooo —|MTU4.TGRB initial value setting

- Advance setting
Brushless DC motor control setting

[JEenable U, v and W phase output control by software or external input signal

Set buffer transfer timing
Output setting Transfers data at the trough of the count
[] Enable MTIOC3A toggle output

Buffer transfer timing of PWM output level setting  Transfers data at the trough of the count he
/ [+] Enable U phase: Initial output level of MTIOC3B pin (positive-phase)
Active level:L (Initial output:H,output at compare match on up-count:Loutput at compare match on down-countH) ~
[V Enable U phase: Initial output level of MTIOC3D pin (negative-phase)
Active levelL (Initial output:H,output at compare match on up-count:H,output at compare match on down-count:l) +
|7' Enable V phase: Initial output level of MTIOC4A pin (positive-phase)
Active levelL (Initial outputH,output at compare match on up-countLoutput at compare match on down-countH) ~
[“IEnable V phase: Initial output level of MTIOCAC pin (negative-phase)
Active levelL (Initial output:H,output at compare match on up-count:H,output at compare match on down-countl) ~
[ Enable W phase: Initial output level of MTIOC4B pin (positive-phase)
Active level:L {Initial output:H,output at compare match on up-count:Loutput at compare match on down-count:H)

[] Enable W phase: Initial output level of MTIOCAD pin (negative-phase)

\ Active level:L (Initial output:H,output at compare match on up-count:H,output at compare match on down-count:l}) ~

Active level: Low, Initial output value: High
Positive-phase: Low output at up-counting compare match, high output at down-counting compare match
Negative-phase: High output at up-counting compare match, low output at down-counting compare match

Figure 3.23 MTU3 and MTU4 Settings (1/2)
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Interrupt setting
Interrupt skipping mode Interrupt skipping function 1 (compare match interrupt skipping) ~

NiTUpt SKippIng count Disable interrupt skip

D Enable MTU3/TGRA compare match interrupt (TGIA3) riority  |Level 15 (highest)

n pt skipping count Disable interrupt skip

Enable underflow interru pt able MTU3/TGRB compare match interrupt (TGIB3)

rity  |Level 15 (highest)

able MTU4/TGRA compare match interrupt (TGIA4)

rity  {Level 15 (highest)
[]Enable MTU4/TGRE compare match interrupt (TGIB4) riority  |Level 15 (highest)
nable MTU4 underflow interrupt (TCIV4) Priority  |Level 15 (highest) ~

Interrupt skipping count Disable interrupt skip e

Buffer register and synchronous clearing operation setting
[ ] Waveform output immediately before synchronous clearing is retained

3 trans iming fr buffer to temparary 1 Do not link with interrupt skipping function 1

A/D conversion start trigger setting

[ "] Enable A/D conversion start request on matching of the crest of count {trigger signal of MTU3 TRGA3N)

[] Enable A/D conversion start request on matching of the trough of count (trigger signal of MTU4 TRGA4N)

[[] enable A/D conversion start request on matching of the counter and cycle register value (trigger signal of MTU4 TRG4ABN)

Enable A/D conversion start request on matching of the cou

ter and cycle set register A value

regue utput On matching of counting up
nitial value of A/D conversion start r st cyde sof ister A | B5535
nitial val ycl wuffer regi ! 65535
Link with TGIA3 interrupt skipping
Link with TCIV4 interrupt skipping
Enable A/D conversion start request on matching of the counter and cycle set register B value
requ utpu On matching of counting up
nitial val ) conversion start | 5ty register B 65535

nitial value of cydl buffer reg 65535

with TGIA3 interrupt skipping

Link with TCIV4 interrupt skipping

Transfer data from the cycle set buffer register Transfers data at the crest of the count
A/D conversion start request frame synchronization signal setting

[Japsmo pin  Sour Source not selected

[JADSM1 pin  Source  |Source not selected

Figure 3.24 MTU3 and MTU4 Settings (2/2)

RO1AN6282EJ0100 Rev.1.00

Jun.29.22

Re Page 37 of 137
RENESAS




RX Family Synchronous Operation using MTU3/GPTW

Table 3.10 Adding Components (MTU6 and MTU7)

Item Description

Component Complementary PWM Mode Timer

Configuration name Config_ MTU6_MTU7

Operation Use complementary PWM mode 2 (transfer at trough)
Resource MTU6_MTU7

Components @& = - < 3 ¥ Configure

L
- Basic setting

type filter text
— Synchronous mode setting
¥ = Startup : : .
M [ Include this channel in the synchronous operation
v = Generic
*® r_bsp TCNT6 counter setting
v @ Drivers Counter clear source Disabled counter clear o
v & I/O Ports . " e
& Config_PORT Counter clock selection PCLK/4 Rising edge v
¥ & Timers .
: Timer counterclock = 40MHz (PCLK/4) |
& Config_MTU3_MTU4 ) ) ) o _

or MICLEE pin

« Config MTU6_MTUT |

BCLK Carrier period = 1ms
PWM output setting
Timer operation period 1 ms ¥ | (Actual value: 1)
[ Enable dead time Dead time |30 s K

~ Dead time = 30us

200
MTUB.TGRB register value _16000 T MTUG.TGRB initial value setting
MTUT.TGRA register value 12000 = |MTU7.TGRA initial value setting
MTU7.TGRB register value 8000

- Advance setting
Brushless DC motor control setting

[ Enable U, V and W phase output control by software or external input signal

Set buffer transfer timing
Output setting Transfers data at the trough of the count

[ Enable MTIOCBA toggle output
Buffer transfer timing of PWM output level setting | Transfers data at the trough of the count i
/7| Enable U phase: Initial output level of MTIOCEE pin (positive-phase)

Active levelL (Initial output:H,output at compare match on up-countLoutput at compare match on down-countH)
] Enable U phase: Initial output level of MTIOCED pin (negative-phase)

Active levelL (Initial output:H,output at compare match on up-countH,output at compare match on down-count:l)
7| Enable V phase: Initial output level of MTIOCTA pin (positive-phase)

Active levelL (Initial output:H,output at compare match on up-count:Loutput at compare match on down-count:H) ~

[] Enable v phase: Initial output level of MTIOCTC pin (negative-phase)

\ Active level.L (Initial output:H,output at compare match on up-count:H,output at compare match on down-count:Ll)
[ enable W phase: Initial output level of MTIOCTB pin (positive-phase)
Active levelL (Initial output:H,output at compare match on up-count:Loutput at compare match on down-countH
[1Enable W phase: Initial output level of MTIOCTD pin (negative-phase)

Active level: Low, Initial output value: High
Positive-phase: Low output at up-counting compare match, high output at down-counting compare match
Negative-phase: High output at up-counting compare match, low output at down-counting compare match

Figure 3.25 MTUG6 and MTU7 Settings
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When using P93 as a general purpose I/O port, add the PORT as shown below.
Table 3.11 Adding Components (PORT)

Item Description
Component Port
Configuration name Config PORT
Resource PORT
Components 3.2 = = 3 ¥  Configure
%% | ['port selection PO
type filter text
P &= Startup ]
v & Generic [JPoRTD []roRT
Bk []pORT2 []PORT3
v = Drivers
v & /O Ports [1poRT4 [1roRTS
« Config_PORT
¥ Thaes [1porTs CporT? Select PORT9
& Config_MTU3_MTU4 [1PORTS [ PORTS
« Config_MTUE_MTU7
[]PORTA [JroRTE
[JPORTD [1PORTE
[1PORTH

Figure 3.26 Settings for P93 (1/2)

Components &l - = = 3 ¥ Configure
-

Port selection PORT9

type filter text

~ = Startup
¢ W Genasic [ apply to all
# rbsp Unused GPIO n Qut Pull-up [CMOS output Output 1 |Normal drive output
v & Drivers PO
v & /O Ports = = s :
« Config PORT ® Unused GPIO Oin O 0out [IPull-up |CMOS output » Output 1 Nermal drive output ~
v & Timers P91
@ Config_MTU3_MTU4 e
& Config MTUE_MTU7 (® Unused GPIO (U In () Out |:| Pull-up CMOS output e Output 1 Mormal drive output
Paz2
® Unused GPI0 Oin O Out  [La— ot Output 1 Normal drive output
Select Out
P93 _—
O Unused GPIO (DIn (@ Out Pull-up  |CMOS output v~ [Joutput1 |Nermal drive output
Po4
ZE'Unused GPIO i?j' In "'__3Out i:| Pull-up  CMOS output et Output 1 Mormal drive output
Pas
® Unused GPIO (Oin (O Out [Pull-up | CMOS output v Output 1 Mormal drive output
P96
® Unused GPI0O Oin O 0ut [Pull-up  €MOS output v Output 1 Nermal drive output ~
Figure 3.27 Settings for P93 (2/2)
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3.4.4 Flowcharts
The following shows the processing of a component added after code generation by the Smart Configurator.

In the main function, count start function mtu_start is read and counting is started.

C =

A 4
PORT9.PODR = 08h

Count start
mtu_start()

>
>

Figure 3.28 main Function

The MTU3, MTU4, MTUG6 and MTU7 counting is started in the count start function.

This function is newly created after code generation by the Smart Configurator.

< mtu_start >

A 4

Enable TCIV4 interrupt

A 4
MTU3, MTU4, MTU6, and MTU7
Count start

v
( return >

Figure 3.29 Count Start Function
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The TCIV4 interrupt handler function changes the value of P93 according to the value of the current P93.

Q_ Config_MTU3_MTU4_c4_tciv4_interru @

A
If PO3 =1,set P93 =0
If P93 =0, set P93 =1

A 4

( return >

Figure 3.30 TCIV4 Interrupt Handler Function
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3.4.5 Related Operations
3.4.5.1 Stopping during Synchronous Operation
The TSTRA and TSTRB registers are used to stop MTU3, MTU4, MTU6, and MTU7. The CST3 and CST4

bits of the TSTRA register are set to Ob to stop MTU3 and MTU4, and the CST6 and CST7 bits of the
TSTRB register are set to Ob to stop MTU6 and MTU7.

The stop timing may not be the same between MTU3/MTU4 and MTUG6/MTU?.

3.4.6 Usage Notes
3.4.6.1 Counting Starts for Multiple Channels

In this sample code, the SCH3, SCH4, SCH6, and SCH7 bits of timer counter synchronous start register
TCSYSTR are set at the same time in the mtu_start function in order to start counting multiple channels at
the same time.

When using the R_Config_ MTU3_MTU4_Start and R_Config_ MTU6_MTU7_Start functions generated by
the Smart Configurator, the counting starts timing may not be the same because each of the functions are
read.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.19 Timer Counter Synchronous
Start Register (TCSYSTR).

3.4.6.2 Counter Value when Count Operation is Stopped in Complementary PWM Mode

When the counting operation is stopped while operating in complementary PWM mode, MTU3. TCNT
(MTUB.TCNT) goes to the value of timer dead time register TDDRA (TDDRB) and MTU4. TCNT
(MTU7.TCNT) goes to 0000h.

For details, refer to RX66T Group User’'s Manual: Hardware, section 22.6.13 Counter Value When Count
Operation is Stopped in Complementary PWM Mode.

3.4.6.3 Notes to Prevent Malfunctions in Synchronous Clearing for Complementary PWM
Mode

Operational malfunctions may occur when performing synchronous clearing in complementary PWM mode.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.25 Notes to Prevent Malfunctions
in Synchronous Clearing for Complementary PWM Mode.

3.4.6.4 Notes on Buffer Register Updates

When updating the buffer registers in complementary PWM mode, the transfer of the updated buffer values
is triggered by writing to MTU4.TGRD on the MTU3 and MTU4 sides, and by writing to MTU7.TGRD on the
MTU6 and MTU?7 sides. Note that if the write timing to both registers straddle the transfer timing,
simultaneous transfer will not occur.

RO1AN6282EJ0100 Rev.1.00 Page 42 of 137
Jun.29.22 RENESAS



RX Family Synchronous Operation using MTU3/GPTW

3.5 MTUG6/MTU7 Counter Synchronous Clearing by Interrupt

e Target sample code file name: r01an6282_rx66t_mtu3_int_sync.zip

3.5.1 Overview

MTU6 and MTU7 can perform counter clearing using TGImn interrupt generation timing (m =Ato D, n=0to
2) by setting the TSYCR register.

This sample code describes how to perform counter clearing for MTU7 at the MTUQ’s TGIBO interrupt
generation timing using the timer synchronous clear register (TSYCR). MTUO and MTU7 use the TCSYSTR
register to perform synchronous start by software.

The following list provides the MTU settings used in the sample code.

e MTUO (channel 0) —
— Use PWM mode 1
— Initial output value = low
— Carrier period = 1ms
— Timer count clock = 40MHz (PCLKC/4)
— Use MTUO.TGRB as period register
e Timer counter clear source = MTUO.TGRB compare match
e Low output at TGRB compare match
— MTUO.TGRA as duty register
e High output at TGRA compare match

e MTU7 (channel 7) Set in Smart Configurator.
— Use PWM mode 1 i
— Initial output value = low = For Setting Methods,
— Timer count clock = 40MHz (PCLKC/4)
— No counter clearing
— Use MTU7.TGRA as duty register
e Toggle output at TGRA compare match
— Use MTU7.TGRB as duty register
e Toggle output at TGRB compare match
— Use MTU7.TGRC as duty register
e Toggle output at TGRC compare match
— Use MTU7.TGRD as duty register
e Toggle output at TGRD compare match
— Enable clearing by MTUO.TGIBO interrupt generation timing

refer to section 3.5.3.
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The structure of this sample code is shown below.

MTU
MTIOCOA
Channel 0
Chanmel0. >[WPC 1> P
MTUO.TGIBO
MTIOC7A
Channel 7 MTlOC7C) —»> P94
St e | > MPC__H» Po

MTUO and MTU7: Generate PWM mode 1 waveform
MPC: Sets pins to be used from general purpose I/O port to peripheral function 1/0 port

Figure 3.31 Sample Code Structure
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3.5.2 Operation Details

The sample code operations are shown below. Synchronous operation is started by setting MTUO and MTU7
to PWM mode 1 and setting 81h to the MTU.TCSYSTR register.

MTUO.TGRB is used as a period register, and MTUO.TCNT is count cleared by the compare match of TGRB
((1) in the figure below). MTU7.TCNT is count cleared at the timing the compare match interrupt (TGIBO) of
MTUO.TGRB is generated ((2) in the figure below). Note that (1) and (2) do not occur simultaneously. For
details, refer to 3.5.6.2.

MTIOCOA outputs high at an MTUO.TGRA compare match and low at an MTUO.TGRB compare match.
MTIOCT7A toggles output each time an MTU7.TGRA compare match or MTU7.TGRB compare match occurs.
MTIOCT7C toggles output each time an MTU7.TGRC compare match or MTU7.TGRD compare match
occurs.

TGIBO TGIBO TGIBO

MTUO.TCNT
A v v v

MTUO.TGRB— 9C3Fh~

MTUO.TGRA— 4E1Fh- -

v

TCNT count
start

—\&

MTIOCOA (P31) /!l \ Initial value/output ™ > . . .

MTU.TCSYSTR >< 81h

1 (2) Clear in (2) Clear in (2) Clear in
TCNT count synchronization with synchronization with synchronization with
start TGIBO interrupt generation TGIBO interrupt generation TGIBO interrupt generation

MTU7.TCNT ¢
A ‘

MTU7.TGRD— 5DBFh- |- - -

MTU7.TGRC— 2EDFh- |- — -
MTU7.TGRB— 1F3Fh--|-——

MTU7.TGRA— 7CFh- -} ——+

Initial value output™® |

1
1
|
MTIOCTA (P94) J/il}] Sl Fl l
|
|

MTIOC7C (P91) //////I; Initial value output™'®
Ll

Pin flmction
setting
(TIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 3.32 Sample Code Operations
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3.5.3 Smart Configurator Settings
The sample code uses the Smart Configurator to add the MTU as described below. For details on how to
add components, refer to section 3.1.4 Adding Components.

Table 3.12 Adding Components (MTUO)

Item Description

Component PWM Mode Timer

Configuration name Config_MTUO | Config_ MTU7

Operation PWM Mode 1

Resource MTUO | MTU7
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Components a3 - - = 3 ¥ Configure
s syndhcoroui moda setting Timer counter clear source =
type filter text . . MTUO.TGRB compare match
T T e [ Include this channel in the synchronous r

¥ = Startup
v & Generic
& r_bsp
v (& Drivers
~ & Timers
« Config_ MTUO
« Config_MTU7

TCNTO counter setting

-

Counter clear source TGRBO compare match (Use TGRBO as a cycle register) ~

Counter clock selection PCLE/4 ~  |Rising edge -

External clock pin setting Timer count clock = 40MHz

Enable the noise filter for MTCLKA pin Enable the noise filter (PCLK/4)
Enable the noise filter for MTCLEC pin Enable the noise filter for MTCLKD pin
t cdlock s PCLK
General register setting
TGRCOD Output compare register ~ | Buffer transfer when compare match A occurs
TGRDO Qutput compare register w~  Buffer transfer when compare match B occurs
TGRFO Output compare register v | [Buffer Initial output value = low
High output at compare match

Qutput setting
MTIOCOA pin Qutput initial 0, 1 at compare match v
When TGRB compare match |0 output from MTIOCOA pin -
MTIOCDC pin Output disabled \ Low output ?Tta-l;thB compare

0 eutput from MTIOCOC pin

PWM output setting Carrier period = 1ms

PWM period -.1 (Actual value: 1)

TRA el os koo —————MTUO.TGRA initial value setting
TGRB initial value | 39999

TGRC initial value [100

TGRD initial value I‘IUCI

TGRE initial value [100

TGRF initial value ‘IDCI

A/D converter start trigger setting

(] Enable start request on TGRA compare match (MTUO TRGAN signal)
[ ] Enable start request on TGRE compare match (TRGON signal)
Interrupt setting

(] Enable TGRA compare match interrupt (TGIAD) Level 15 (highest)
—| Enable TGRB compare match interrupt (TGIBO) Level 15 (highest)
[ ]Enable TGRC compare match interrupt (TGICO) Level 15 (highest)
[l enable TGRD compare match interrupt (TGIDO) Level 15 (highest)
[ ] Enable TGRE compare match interrupt (TGIED) Level 15 (highest)
[_|Enable TGRF compare match interrupt (TGIFO) Level 15 (highest)

[ enable overflow interrupt (TCIVO) Level 15 (highest)

A/D conversion start request frame synchronization signal setting
[ ]ADSMO pin S Source not selected

[ JADSM1 pin  Sour Source not selected

Figure 3.33 MTUO Settings
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Components &3 . -

ol

type filter text

& Startup

v &= Generic
@ 1 bsp

& Drivers

v & Timers
« Config_MTUO
« Config_MTU7

Configure
Synchronous mode setting

[ Include this channel in the synchronous operation

TCNT7 counter setting

Counter clear source Disabled counter clear ~
Counter clock selection PCLE/4 \ ~  Rising edge i
External clock pin setting Timer count clock = 40MHz
D . (PCLK/4)
Enable the noise filter for MTCLKA pin Enable the =TT
r dock 5 W PCLK
General register setting
TGRC7 Output compare register o Initial value output = low
Toggle output at compare match
TGRD7 Output compare register “ | Toggle output at TGRB compare match
QOutput setting /
MTIOCT7A pin Output initial 0, toggle at compare match S
When TGRB compare match | Toggle output from MTIOCTA pin e
MTIOCTC pin Output initial 0, toggle at compare match -

When TGRD compare match | Toggle output from MTIOCTC pin

Initial value output = low
Toggle output at compare match

PWM output setting

100
. : a Toggle output at TGRD compare match
TGRA initial value | 1999 \
TGRB initial value [7999 ' MTU7.TGRA initial value setting
- r = \ MTU7.TGRB initial value setting
o I e (11999 ——— MTU7.TGRC initial value setting
TGRD initial value 23999 — MTU7.TGRD initial value setting

A/D converter start trigger setting
[_] Enable start request on TGRA compare match (MTU7 TRGAN signal)
["] Enable start request on matching of the counter and cycle register value (TRGTABN signal)

able start request on matching of the counter and oy et register A value (TRGTAN signal)

r A (TADCORA 6553

yel buffer register A | 65535

e start request on matching of the counter and cy ter B value (TRG7BN signal)

65535
nitial val ycle set buffer register B (TADCO 65535
Transfer data from the cycle set buffer register

Interrupt setting

[ enable TGRA compare match interrupt (TGIAT) Level 15 (highest)
:l Enable TGRB compare match interrupt (TGIB7) Level 15 (highest)
[ Enable TGRC compare match interrupt (TGIC7) Level 15 (highest)
[]enable TGRD compare match interrupt (TGIDT) Level 15 (highest)

Enable clearing at MTUO/TGIBO
interrupt generation timing

:l Enable overflow interrupt (TCIVT)

MTUE, MTUT timer s
[] Enable
nable counter synchronous clearing at MTUQ/TGRB input capture/compare match

wamious clearing 56

etfiter synchronous clearing at MTUO/TGRA input capture/compare match

[_] Enable counter synchronous clearing at MTUO/TGRC input capture/compare match
[1enable counter synchronous clearing at MTUO/TGRD input capture/compare match
[ Enable counter synchronous clearing at MTU1/TGRA input capture/compare match
[ Enable counter synchronous clearing at MTU1/TGRB input capture/compare match
[_| Enable counter synchronous clearing at MTU2/TGRA input capture/compare match

[_] Enable counter synchronous clearing at MTU2/TGRB input capture/compare match
A/D conversion start request frame synchronization signal setting
[]aDSMO pin 500 Source not selected

[JADSM1 pin  Sau Source not selected

Figure 3.34 MTU7 Settings
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3.5.4 Flowcharts
The following shows the processing of a component added after code generation by the Smart Configurator.

In the main function, count start function mtu_start is read and counting is started.

C -

A 4
Count start
mtu_start()

>
>

Figure 3.35 main Function

The MTUO and MTU7 counting is started in the count start function.

This function is newly created after code generation by the Smart Configurator.

< mtu_start >

A 4

MTUO and MTU7 count start

v
< return >

Figure 3.36 Count Start Function
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3.5.5 Related Operations
3.5.5.1 Using Multiple Synchronous Clearing

This sample code is used to describe an operation in which multiple synchronous clearing is performed.

The MTU7’s Smart Configurator settings should be changed as follows.

Enable clearing at MTUO/TGIAO

MTUG, MTUT timer synchronous clearing setting . X L
interrupt generation timing

~[Enable counter synchronous clearing at MTUO/TGRA input capture/compare match

|+ ble counter synchronous clearing at MTUQ/TGRB input capture/compare match

| Enable counter synchronous elearing at MTUD; TR preepésraieampare match | Enable clearing at MTUO/TGIBO
interrupt generation timing

(| Enable counter synchronous clearing at MTUQ/TGRD input capture/compare match

[ ] Enable counter synchronous clearing at MTU1/TGRA input capture/compare match
(] Enable counter synchronous clearing at MTU1/TGRB input capture/compare match
(| Enable counter synchronous clearing at MTU2/TGRA input capture/compare match
(] Enable counter synchronous clearing at MTU2/TGRB input capture/compare match

Figure 3.37 MTU7 Settings
Figure 3.38 shows operations after the settings have been changed.

MTUO.TGRB is used as the period register and MTUO.TCNT is counter cleared at a TGRB compare match
((1) in Figure 3.38). MTU7.TCNT is counter cleared at the MTUO.TGRA compare match interrupt (TGIAQ)
generation timing ((2) in Figure 3.38) and the MTUO.TGRB compare match interrupt (TGIBO) generation
timing ((3) in Figure 3.38). Note that the timing of the MTUO.TGRA compare match and (2), and the timing of
(1) and (3), are not simultaneous.

MTIOCOA outputs high at an MTUO.TGRA compare match and low at an MTUO.TGRB compare match.
MTIOCTA toggles output each time an MTU7.TGRA compare match or an MTU7.TGRB compare occurs.

In the same manner as MTIOC7A, MTIOC7C toggles output each time an MTU7.TGRC compare match
occurs ((4) in Figure 3.38). Because MTU7.TCNT is cleared before the MTU7.TGRD compare match occurs,
the MTU7.TGRD compare match does not occur and output does not change.
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MTUO.TCNT TGIAO TGIBO TGIAO TGIBO TGIAO TGIBO

1 AR A S SR S

MTUO.TGRB— 9C3Fh~ ]

MTUO.TGRA— 4E1Fh- -

\ 4

TCNT count
start

|
— | o
>

MTIOCOA (P31) /1 ‘mma value output™®

MTU.TCSYSTR >< 81h

TCNf count
start

i i i

|

| | |

| 3) Synéhronize | 3) Synéhronize | 3) Synéhronize
} clearing with TGIBO } clearing with TGIBO } clearing with TGIBO
} interrupt generation } interrupt generation } interrupt generation
MTU7.TCNT ¢ (2) Synéhronize (2) Synchronize (2) Synchronize

' A i clearing with TGIAO clearing with TGIAO clearing with TGIAO

interrupt generation interrupt generation interrupt generation

MTU7.TGRD— 5DBFh- -

MTU7.TGRC— 2EDFh- -
MTU7.TGRB— 1F3Fh- -

MTU7.TGRA— 7CFh--

—
Initial value output™® } } |
MTIOCT7A (P94) //////,i ’—' 1 | | |
|

MTIOC7C (P91) //////|\: Initial value output™®
| ‘ ‘ ‘ ‘ ‘ }
Pin ﬂECtion “) () 4) 4) 4) (4)
setting
(TIOR setting)

Y

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 3.38 Operations After Setting Changes
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3.5.6 Usage Notes
3.5.6.1 Counting Starts for Multiple Channels

In this sample code, the SCHO and SCH7 bits of timer counter synchronous start register TCSYSTR are set
at the same time in the mtu_start function to start counting multiple channels at the same time.

When using the R_Config_MTUO_Start and R_Config_MTU7_Start functions generated by the Smart
Configurator, the counting start timings may not be the same because each of the functions are read.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.19 Timer Counter Synchronous
Start Register (TCSYSTR).

3.5.6.2 Interrupt Signal Timing

The timing of the compare match signal and the timing of compare match interrupt (TGInm (m=AtoD,n=0
to 7, 9)) are not simultaneous.

For details, refer to RX66T Group User's Manual: Hardware, section 22.5.2 Interrupt Signal Timing.

3.5.6.3 Regarding MTU6

Although this sample code confirms the counter clear operation for MTU7, the same counter clear operation
can be performed for MTU6. However, because MTIOC6A (PA1) and MTIOCG6C (PAOQ) are connected to the
CAN transceiver on the board used in this application note (Renesas Starter Kit for RX66T), the counter
clear operation on MTUG will not output the correct results. To confirm operations in MTUB, either refrain
from using MTIOCGBA (PA1) and MTIOC6C (PAO) or disconnect the CAN transceiver.
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3.6 Synchronous Operation by Event Input from ELC

e Target sample code file name: r01an6282_rx66t_mtu3_elc_sync.zip

3.6.1 Overview
The MTU can use the ELC (event link controller) to perform synchronous operation (start and stop).
This sample code describes how to perform counting start for MTUO and MTU1 by selecting the GTCCRA

compare match of GPTWO as the event source of ELC. MTU1 is synchronously cleared by counter clear
source of MTUO. GPTW1 starts simultaneously with GPTWO0, and outputs PWM in the same cycle as MTUQ.
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The following list provides the GPTW, MTU, and ELC settings used in the sample code.

GPTWO0 and GPTW1 (channels 0 and 1)
— Use Sawtooth-wave PWM mode
— Initial output value = low
— Carrier period = 100us
— Timer counter clock = 160MHz (PCLKC)
— Use GTPR as period register
e Count direction = up-counting
e Counter initial value = 0
— Use GPTWO0.GTCCRA as duty register
e Use GTIOCOA pin as PWM output pin
e Toggle output at GTCCRA compare match
e Retain output at cycle end
— Use GPTW1.GTCCRA as duty register
e Use GTIOC1A pin as PWM output pin
e Toggle output at GTCCRA compare match
e Toggle output at cycle end
— Software source count start enabled

MTUO (channel 0)
— Use PWM mode 1
— Initial output value = low
— Set to synchronous operation
— Carrier period = 100us
— Timer counter clock = 160MHz (PCLKC)
— Use MTUO.TGRB as period register
e Timer counter clear source = MTUO.TGRB compare match
e Toggle output at TGRB compare match
— Use MTUO.TGRA as duty register
e Toggle output at TGRA compare match

MTUS3 (channel 3)
— Use PWM mode 1
— Initial output value = low
— Set to synchronous operation
— Counter clear source = counter clear of channel 0
in synchronous operation
— Timer counter clock = 160MHz (PCLKC)
— Use MTUS3.TGRA as duty register
e Toggle output at TGRA compare match
— Use MTU3.TGRB as duty register
e Toggle output at TGRB compare match

ELC
— Select GPTO compare match A as event
— Select MTUO as destination resource and count start as operation

— Select MTU3 as destination resource and count start as operation

Set in Smart Configurator.
— For Setting Methods,

refer to section 3.6.3.
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The structure of this sample code is shown below.

GPTW
Channel 0 GTIOCOA
> MPC PD2
Sawtooth- ” El—’
wave GPTWO0.compare match A
PWM mode
ot GTIOCIA
) MPC E|—> PDO
wave
PWM mode
ELC MTU
Count MTIOCOA
T el »[_WPC_H1>
" PWM mode 1 q P31
MTUO.TGIBO
Count MTIOC3A
start Channel 3
! A -
1 PWM mode 1 'ma » P33
ELC: Event controls of MTU synchronous operation
GPTWO0 and GPTW1: Sawtooth-wave PWM mode
MTUO and MTU3: Generate PWM mode 1 waveform
MPC: Set pins to be used from general purpose 1/O to peripheral function I/O port
Figure 3.39 Sample Code Structure
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3.6.2 Operation Details

The sample code operations are shown in Figure 3.40. GPTWO0 and GPTW1 are set to sawtooth-wave PWM
mode and MTUO and MTUS are set to PWM mode 1. GPTWO0 compare match A is set to the event source of
ELC, and MTUO and MTUS3 are set to counting start when the event is generated.

The operation is executed in the following order, steps 1 to 8.

1.

2.
3.

8.

The GPTWO0.GTSTR register is set to 0003h and GPTWO0 and GPTW 1 are started synchronously. ((1) in
Figure 3.40)

GPTWO0.GTCCRA compare match occurs and GTCIAO is generated ((2) in Figure 3.40).

Using GPTWO0 compare match A (GTCIAO) as the event source, the TSTRA.CSTO0 and CST3 bits of the
MTU go to 1b and the MTUO and MTU3 TCNT start counting ((3) in Figure 3.40)

MTUO.TCNT is cleared at an MTUO.TGRB compare match, and MTU3.TCNT, which was set for
synchronous clearing at an MTUO.TGRB compare match, is also cleared ((4) in Figure 3.40).

GPTWO0 compare match A is generated repeatedly but is disabled when the TSTRA.CSTO0 and the
CST3 bit of the MTU are 1b ((5) in Figure 3.40).

Every third generation of GTCIAO sets Ob in the TSTRA.CSTO bit of the MTU and stops the
MTUO.TCNT count ((6) in Figure 3.40). MTU3.TCNT continues to count until the next MTUO.TGRB
compare match occurs.

When GPTWO0 compare match A occurs while the MTUO.TCNT counting is stopped, TSTRA.CSTO bit of
the MTU goes to 1b and the MTUO.TCNT starts counting. The TSTRA.CST3 remains at 1b and the
GTCIAOQ generation is disabled ((7) in Figure 3.40).

Steps 4 to 7 are repeated.

Note that in synchronous operation using ELC, the operation timing may not be simultaneous for the event
generation module (GPTWO in the sample code) and the modules that receive generated events and
perform interlinked operations (MTUO and MTU3 in the sample code).
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(1) GTCNT count
start

i
GPTWO0.GTSTR X 3h
I

|
|
GPTWO.GTCNT |

GPTW1.GTCNT (2) GTCIAO  (2) GTCIA0  (2) GTCIAO  (2) GTCIA0  (2) GTCIA0  (2) GTCIAO  (2) GTCIAQ

GPTW1.GTCCRA— 1F3Fh-—f- Lt A L

GPTW0.GTCCRA— 0001h- — ==

Initial value output™'®)

GTIOCO0A (PD2) /111

MTUO.TCNT

MTUO.TGRB— 3E7Fh —1————

MTUO.TGRA— 1F3Fh —{—-—--—

\ 4

A

MTU3.TGRB— 2EDFh - 1
MTU3.TGRA— 1F3Fh -

\ 4

MTIOC3A (P33) /I :: Initial value output " '_l l_l l_l l_l l_l

Pin fuvnction
setting
(TIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 3.40 Sample Code Operations
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3.6.3 Smart Configurator Settings

The sample code uses the Smart Configurator to add the GPTW, MTU, and ELC as described below. For
details on how to add components, refer to section 3.1.4 Adding Components.

Table 3.13 Adding Components (GPTWO0 and GPTW1)

Item

Description

Component

General PWM Timer

Configuration name

Config_ GPTO

| Config_GPT1

Work mode Sawtooth-Wave PWM Mode

Resource GPTO | GPT1
RO pEAgE Timer count clock = 160MHz

o M _— - Basic setting (PCLKC)

:IH S;.;nu : Count setting

., g Ge:eric Clock source PCLKC v 160.000 (MHz)
& r_bsp Timer operation period 100 s v | (Actual value: 99.994)

¥ @ Drivers Period register value (GTPRO) 15999

¥ & Event link controller
& Config_ELC
v & Timers
« Config GPTO
& Config GPT1
« Config_MTUO
& Config_MTU3

Buffer operation
Count direction
Counter initial value

[[]input capture is operated at

Buffer operation is not performed

Carrier period = 100us

Up-counting \

0

count stop

Count direction = up-counting
Counter initial value = 0

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GICCRA operation
Buffer operation
GTIOCOA pin function

o filte
GTIOCOA pin output duty
GTIOCOA pin negate contral
Qutput at start/stop
Qutput at compare match

Qutput at cycle end

Compare match

Buffer operation is not pedorrb\

PWM output pin

PCLKC

Disabled

Start output 0; stop output 0
Toggle output

Output is retained

Output value set when duty cycle is set

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation
GTCCRD operation
GTCCRE operation
GTCCRF operation

Compare match
Compare match
Compare match

Compare match

Count operation sources setting

gunt start sources Count stop sources Counter clear sources Count up sources

[] Joftware source count start
GTETRGA signal edge selection

IEIECE Ladl Lacs

Disabled

Dicablod

Enable software source count start

[ eLea event input
] ELCE ewent input
] ELCE event input
[C]ELCG event input

Qutput stop setting

Output stop group select

Disabled
Disabled
Disabled
Disabled
D ELCB event input
[ ELCD event input
[JELCF event input
[ ELCH event input

Group A

u Enable simultaneous high output stop detection

[C] Enable simultaneous low output stop detection

Determined by compare mdt(h

v 1

\

Use GPTWO0.GTCCRA as compare match
GTCCRA initial value =1

Set GTIOCOA pin as PWM output pin

Low output at counting starts
Toggle output at GPTW0.GTCCRA compare match
Output retained at cycle end

Ter release

v 100
bt 100
= 100
s 100

Count down sources

Figure 3.41 GPTO Settings (1/2)
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= Advance setting

A/D conversion start request setting

GTADTRA GTADTRE

:| Enable compare match (up-counting) A/D conversion start request (GTADTRA)

:‘ Enable compare match (down-counting) A/D conversion start request (GTADTRA)

alue i ] 100

uffer operation Buffer operation is not performed
uffer transfer timi in No transfer

A/D converter start request signal monitor setting

[JEnable 512 ounting

Enable GTCCRA compare match interrupt

ounting

nable GTCCRA input capture/compare match interrupt (GTCIAD)  Priarity  Level 15 (highest)

|| Enable GTCCRB input capture/compare match interrupt (GTCIBO) riority | Lewel 15 {highest)
D Enable GTCCRC compare match interrupt (GTCICO) riority  Lewel 15 (highest)
["] Enable GTCCRD compare match interrupt (GTCIDO) riority | Lewel 15 (highest)
["] Enable GTCCRE compare match interrupt (GTCIED) orit Level 15 (highest)
D Enable GTCCRF compare match intermupt (GTCIFO) Level 15 (highest)
[[] Enable GTCNT overflow (GTPR compare match interrupt (GTCIVO) riority  |Level 15 (highest)
[ Enable GTCNT underflow interrupt (GTCIUD) riority | Lewel 15 {highest)

Interrupt and A/D converter start request skipping setting
GTCIVO/GTCIUQ interrupt skipping function Skipping is not performed o
U0 in pt skipping coun Skip count of 1

skipping function

GTCIUO interrupt skipping function

L
Link GTCIED kipping function
Link GTCIF
L

t skipp

request with interrupt skipping function

Link GTADTRB A/D converter start request with GTCIVD/GT nterrupt skipping function
Extended interrupt skipping setting
Extended interrupt skipping counter 1 count source | Skipping is not performed b
kip cou Skip count of 1
Extended interrupt skipping counter 2 count source | Skipping is not performed g
Skip cou Skip count of 1

sunter 2 initial skie i Skin count of 1

i pt extan kipping funciion No extended interrupt skipping
interrug ! kipping function No extended interrupt skipping

nction No extended interrupt skipping

nternipt skipping funct No extended interrupt skipping

R skipping funct No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

i No extended interrupt skipping
buffer tra nded skipping function No extended interrupt skipping
transfer exten kipping functiol No extended interrupt skipping

No extended interrupt skipping

buffer transfer exter pping fu g No extended interrupt skipping

= HRPWM setting
High Resolution PWM setting
[_] Enable output high resolution PWM wavefarm

Enabl, at e adju:

rising and falling e

ircuit

pin risine el Apply delay of 0/32 times PCLKC period
JCOA pin falling edge delay sel Apply delay of 0/32 times PCLKC period

lay Apply delay of 0/32 times PCLKC period
18 pin falling ed y sel Apply delay of 0/32 times PCLKC period

Figure 3.42 GPTO Settings (2/2)
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Components i &8 ofc R

type filter t

v & Startup
v & Generic
® r_bsp
¥ & Drivers
¥ = Event link controller
« Config_ELC
v @& Timers
& Config_GPTO
& Config_GPT1 |
= Config_MTUD
» Config_MTU3

Buffer operation Buffer operation is not performed

St Timer count clock = 160MHz
- Basic setting (PCLKC)
Count setting
Clock source PCLKC v 160.000 (MHz)
Timer operation period 100 s ~| (Actual value: 99.994)
Period register value (GTPR1) 15999

Carrier period = 100us

Count direction Up-counting

\

Counter initial value 0

|—]Iﬂput capture is operated at count stop

Count direction = up-counting
Counter initial value = 0

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation Compare match

> 7999

\

Buffer operation is not perfok

PWM output pin

Buffer operation

GTIOC1A pin function

Use GPTW1.GTCCRA as compare match
GTCCRA initial value setting

PCLKC

GTIOC1A pin output duty Determined by compare matches

Set GTIOC1A pin as PWM output pin

GTIOC1A pin negate control Disabled

Qutput at start/stop Start output 0; stop output 0 ==}
Output at compare match Toggle output —
Output at cycle end Toggle output —

Output value set when duty cycle is s

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting
GTCCRC operation Compare match
GTCCRD operation Compare match
GTCCRE operation

GTCCRF operation

Compare match
Compare match

Count operation sources setting

boftware source count start
Disabled

Dicablod

ETETRGA signal edge selection

JIEIECE Lol L

Enable software source count start

Disabled
Disabled
Disabled
Disabled
[T ELCB event input
[JELCD event input

[ ELCF event input
|:| ELCH event input

[T ELCA event input

j ELCC event input

] ELCE event input

j ELCG event input
QOutput stop setting
Output stop group select Group A
[ Enable simultaneous high output stop detection

[ Enable simultaneous low output stop detection

Low output at count start
Toggle output at GPTW1.GTCCRA compare match
Toggle output at cycle end

1 alter release

N 100
b 100
. 100
b4 100

gunt start sources Count stop sources Counter clear sources Count up sources Count down sources

Figure 3.43 GPT1 Settings
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Table 3.14 Adding Components (MTUO and MTU3)
Item Description
Component PWM Mode Timer
Configuration name Config_MTUO | Config_MTUS3
Operation PWM Mode 1
Resource MTUO | MTU3
Components % - = <3 ¥ Configure Timer counter clear source =
" MTUO.TGRB compare match
_-:.-,-|;&' f_ille' = nelude this channel in the synchronous operation/ (Please set synchronous operation of ather channel)
v = Startup
8 BanaHé TCNTO counter setting
® r_bsp Counter clear source TGRBO compare match (Use TGRBO as a cycle register)

v = Drivers

v & Event link controller

-

Config_ELC

Timers

L

-

L4

L

Config_GPTO
Config_GPT1
Config_MTUO
Config_MTU3

PCLK e

Counter clock selection

Rising edge

External clock pin setting

Timer count clock = 160MHz

(PCLK)

Buffer transter when compare match A occurs

Buffer transfer when compare match B occurs

Enable the noise filter for MTCLKA pin E
Enable the noise filter for MTCLKC pin Enable the noise filter for MTCLKD pin
f lock selection PCLK
General register setting
TGRCO Output compare register v
TGRDO Output compare register w
TGRFO OQutput compare register v | |Buffer trd

Output setting

Initial output value = low
Toggle output at compare match

MTIOCOA pin Output initial 0, toggle at compare match

When TGRB compare match

w

Toggle output from MTIOCOA pin\

MTIOCOC pin Output disabled

Toggle output at TGRB compare
match

0 output from MTIOCOC pin

PWM output setting

Carrier period = 100us |

(Actual value: 100)

\lMTUO.TGRA initial value settingl

PWM period 100 us i
TGRA initial value 7999

TGRE initial value 15999

TGRC initial value 100

TGRD initial value 100

TGRE initial value 100

TGREF initial value 100

A/D converter start trigger setting

[ Enable start request on TGRA compare match (MTUQ TRGAN signal)
[] Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

[]Enable TGRA compare match interrupt (TGIAD)
[] Enable TGRB compare match interrupt (TGIEO)
[] Enable TGRC compare match interrupt (TGICO)
[l Enable TGRD compare match interrupt (TGIDO)
I: Enable TGRE compare match interrupt (TGIED)

[] Enable TGRF compare match interrupt (TGIFO)

[ Enable overflow interrupt (TCIVO)

A/D conversion start request frame synchronization signal setting

|—_ ADSMO pin Source not selected

[Japsm1 pin Source not selected

Level 15 (highest)
Level 15 (highest)
Level 15 (highest)
Level 15 [highest)
Level 15 (highest)
Level 15 (highest)

Level 15 [highest)

Figure 3.44 MTUO Settings
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Components @3 = = 3 ¥ Configure

type filter text

Timer counter clear source =

Synchronous mode setting channel O counter clear
nclude this channel in the synchronous operation / (Please set synchronous operation of other channel)

* & Startup
il G " TCNT3 counter setting
= benendc
® r_bsp Counter clear source Counter clear on another synchronous channel 7
v & Dri
ik : Counter clock selection PCLK ~  Rising edge
v = Event link controller
i.' Config_ELC External clock pin setting Timer count clock = 160MHz
» & Timers Enable the noise filter for MTCLKA pin Enable the noisd (PCLK)
« Config_GPTO o
& Config GPT1 loise filter d lection PCLK
@ Config MTU0 General register setting
« Config MTU3
TGRC3 Qutput compare register hd Buffer transfer when compare match A occurs
TGRD3 Qutput compare register ~ | Buffer ti Initial value output = low
Toggle output at compare match
Output setting
MTIOC3A pin Qutput initial 0, toggle at compare match v
When TGRB compare match  Toggle output from MTIOC3A pin i
MTIOC3C pin Output disabled Toggle output at TGRB compare
match
l } compar ! 0 output from MTIOC3C pin
PWM output setting
W peri 100 us (At lu )
TGRA initial value 7999 MTU3.TGRA initial value setting
TGRE initial value 11999 MTU3.TGRB initial value setting
TGRC initial value 100
TGRD initial value 100
A/D converter start trigger setting
|: Enable start request on TGRA compare match (MTU3 TRGAN signal)
Interrupt setting
[ Enable TGRA compare match interrupt (TGIA3) ] Level 15 {highest)
[ enable TGRB compare match interrupt (TGIB3) rie Level 15 (highest)
] Enable TGRC compare match interrupt (TGIC3) 1 Level 15 (highest)
[] Enable TGRD compare match interrupt (TGID3) Level 15 {highest)
[ Enable overflow interrupt (TCIV3) % Level 15 (highest)
A/D conversion start request frame synchronization signal setting
|—, ADSMO pin T Sowurce not selected
LADSM1 pin  Sour Source niot selected
Figure 3.45 MTU3 Settings
RO1AN6282EJ0100 Rev.1.00 Page 62 of 137

Jun.29.22

RENESAS




RX Family Synchronous Operation using MTU3/GPTW

Table 3.15 Adding Components (ELC)

Item Description
Component Event Link Controller
Configuration name Config_ELC
Resource ELC
Co ts AL S EH > Confi .
— —— Select Config_MTUO
i ELC setting Port group and single-port setting Select Counting is started

type filter text
- Y H | Note ] Only one type of event (SOURCE Event) can be connected with one module (DESTNATION Resource

B Smg“"’ ) SOURCE DESTINATION

E :"ret;:p +/- Configuration Resource  Event Configuration Resource Operation Priority

= | Config_GPTO

v & Drivers

v| MTUO ¥ |Couming is started v i

GPTO GPTO compare match A~ ~ | Config_MTUO
GPTO /GF‘T{) compare match A v I Config_MTU3

v|MTU3  + [Counting is started v |

v & Event link controller @ | Config_GPTO \
& Config_ELC w2

v & Timers Select Config_GPTO
« Config_GPTO Select GPTO compare match A
« Config_GPT1

Select Config_ MTU3
Select counting is started

« Config_MTUD
« Config_MTU3

Figure 3.46 ELC Settings
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3.6.4 Flowcharts
The following shows the processing of a component added after code generation by the Smart Configurator.

In the main function, the ELC is enabled, the count start function gpt_start is read, and counting is started. If
the value of the interrupt generation count flag (g_int_cnt) is equal to STOP_INTERVAL (set to 3 in the
sample code), MTUO counting is stopped, MTUO.TCNT is cleared, and the interrupt generation count flag is

updated to O.
This sample code uses the following variables.

e g_int_cnt: variable for retaining interrupt generation count

This sample code uses the following constant.
e STOP_INTERVAL: setting value that determines the interval at which MTUO is stopped

C -

\ 4
ELC start
R_Config_ELC_Start()

A 4
Count start
gpt_start()

Y

3rd interrupt generated?
STOP_INTERVAL = g_int_cnt

MTUO count stop

v

MTUO.TCNT clear

A 4

Update interrupt generation count flag to 0

Figure 3.47 main Function
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In the count start function, the GTCIAO interrupt is enabled and the GPTO and GPT1 counting is started.
This function is newly created after code generation by the Smart Configurator.

( gpt_start >

\ 4
Enable GTCIAO interrupt

A 4
GPTO0 and GPT1 count start

y
( return >

Figure 3.48 Count Start Function

In the GTCIAO interrupt handler function, the interrupt generation count flag is increased by 1.

( r_Config_GPTO0_gtcia0_interrupt >

g_int_cnt ++

A 4

C return >

Figure 3.49 GTCIAO Interrupt Handler Function
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3.6.5 Usage Notes
3.6.5.1 Counting Starts for Multiple Channels

In this sample code, the CSTRTO and CSTRT1 bits of timer software start register GTSTR are set at the
same time in the gpt_start function in order to start counting GPTWO0 and GPTW1 at the same time.

When using the R_Config_ GPTm_Start (m =0, 1) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.8.1 Synchronous Operation by
Software.

3.6.5.2 Operations in Response to Event Signal from ELC

This sample code explains how to perform a count start operation when an event signal is received from the
ELC. The MTU can also perform a count restart (counter clearing) operation and input capture operation as
interlinked operations.

For details, refer to RX66T Group User's Manual: Hardware, section 22.8.2 MTU Operations in Response to
Receiving Event Signals from the ELC.

3.6.5.3 Notes on Timer Mode Register Settings for ELC Event Input

When setting the MTU as the destination resource for the ELC, set the timer mode register (TMDR) for the
corresponding channel to the initial value (00h).

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.26 Notes on Timer Mode Register
Setting for ELC Event Input.

3.6.5.4 Event Signal Output to ELC

Although this sample code describes the operation of receiving an event signal from the ELC, it is possible to
output an interrupt request signal from the MTU to the ELC as an event signal.

For details, refer to RX66T Group User's Manual: Hardware, sections 19. Event Link Controller (ELC) and
22.8.1 Event Signal Output to the ELC.

3.6.5.5 Usage Notes on MTU Operation by Event Signal Reception from the ELC

Precautions must be taken when the MTU is used in count start operation or count restart (count clearing)
operation by event link.

For details, refer to RX66T Group User's Manual: Hardware, section 22.8.3 Usage Notes on MTU Operation
by Event Signal Reception from the ELC.
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4. GPTW Sample Codes

4.1 Common

41.1 Sample Code List

This application note provides the following sample codes created with the Smart Configurator.

Sample codes can be downloaded from the Renesas Electronics website.

Table 4.1 GPTW Sample Code List

Name Sample Code Usage Conditions Ref.
Synchronous Operation by Software in Sawtooth- | e Sawtooth-wave PWM mode 4.2
Wave PWM Mode e Software (GTSTR register) synchronous start
r01an6282_rx66t_gptw_sawtooth_pwm_sync.zip e Software (GTSTP and GTCLR register)
synchronous stop/clearing
Synchronous Operation (Phase Shift) by Software | e Sawtooth-wave PWM mode 4.3
in Sawtooth-Wave PWM Mode e Software (GTSTR register) synchronous start
r01an6282_rx66t_gptw_sawtooth_pwm_sync_shift.zip e Software (GTSTP and GTCLR register)
synchronous stop/clearing
e Phase shift by GTCNT counter value
Synchronous Operation (Phase Shift) by Software | e Triangle-wave PWM mode 1 4.4
in Triangle-Wave PWM Mode e Software (GTSTR register) synchronous start
r01an6282_rx66t_gptw_triangle_sync_shift.zip e Phase shift by GTCNT counter value
Synchronous Operation by Event Input from ELC e Sawtooth-wave PWM mode 4.5
r01an6282_rx66t_gptw_sawtooth_1st_elc_sync.zip e Hardware (ELC) synchronous start
e Hardware (ELC) synchronous stop/clearing
Synchronous Operation by External Trigger Input e Sawtooth-wave PWM mode 4.6
r01an6282_rx66t_gptw_sawtooth_1st_trigger_sync.zip e Hardware (external trigger) synchronous start
e Hardware (external trigger) synchronous
stop/clearing
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4.1.2 Folder Structure
The main folder structure of a sample code is as follows.

[Project name]
|j Lcproject
|j Jproject

| | [Project name] HardwareDebug.launch

| | [Project name].scfg «—— — Smart Configurator config-file
1 [Project namel.rcpc «———————— CS+ files for import
settings

src
smc_gen

Config_GPTO <«— GPTW related setting
B . n indicates channel number
J Config_GPT0.c
] config_GPTO.h
U Config_GPT0_user.c

general
r_bsp
r_config
r_pincfg
Files generated by Smart Configurator
Figure 4.1 GPTW Folder Structure
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4.1.3 File Structure
The main file structure of a sample code is as follows.

Table 4.2 GPTW File Structure

File Name Description

[Project name].c main Function
This is the main function.

The Smart Configurator generates an empty function. The necessary
processing for each sample code is described here.

Config_ GPTn.c* R_Config GPTn_Create Function

This is the GPTW’s initialization function.

The initialization function based on the settings in the Smart Configurator is
generated by the Smart Configurator.

The call for this function is generated by the Smart Configurator. This function
is called in the R_Systemlnit function executed before the main function.

R Config GPTn_Start Function
This is the GPTW'’s count start function.
This function is generated by the Smart Configurator.
In the sample codes, this function is called from the main function

R Config GPTn_ Stop Function
This is the GPTW'’s count stop function.
This function is generated by the Smart Configurator.
This function is not used in the sample codes.

Config_GPTn_user.c* | r Config GPTn Create Userlnit Function

This is the GPTW’s user initialization function.

The Smart Configurator generates an empty function. The necessary
processing for each sample code is described here.

This is the last function to be called in the R_Config_ GPTn_Create function
generated by the Smart Configurator.

r_Config GPTn_[interrupt name]_interrupt Function
This is the interrupt handler function.
The Smart Configurator generates an empty function. The necessary
processing for each sample code is described here.

Config_GPTn.h* This is the header file that defines GPTW related functions.

This file is included in the r_smc_entry.h file generated by the Smart
Configurator.

To use GPTW related functions, be sure to include the r_smc_entry.h file.

*: nindicates channel number
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4.1.4 Adding Components
The sample codes use the Smart Configurator to add the GPTW as described below.

Table 4.3 Adding Components

Item Description

Component General PWM Timer ((1) in figure below)

Configuration name Sample codes use the default setting name

Work mode Reference the section for each sample code ((2) in figure below)
Resource Reference the section for each sample code ((3) in figure below)

e’ New Component

Software Component Selection tﬁ

Select component from those available in list

Category All e
Function All i
Filter
Components Short Name Type Version
B Event Link Controller Code Generator _ 1.7.0
[ # General PWM Timer Code Generator 1.5.2
®Group Scan Mode 512AD Code Generator 1100
#12C Master Mode - —

FIsho T o (1) Select General PWM Timer r
W onl o versio

[~ Hide items that have duplicated functionality

Description

This software component provides configurations for General PWM Timer.

Download the latest FIT drivers and middleware

Configure general settings...

e’ New Component

Add new configuration for selected component Cb’

General PWM Timer
Conflguration name: Ekunlig_GPTU

Work mode: Saw-wave PWM mode v

yA
/l (2) Differs for each sample code

(3) Differs for each sample code

Resource: GPTO

Figure 4.2 Adding Components
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4.1.5 Pin Settings
Figure 4.3 shows an example of pin settings using the Smart Configurator.

Configure the pins after setting the GPTW. For GPTW settings, refer to “Smart Configurator Settings” for
each sample code.

Pin settings are carried out in the R_Config_GPTn_Create function generated by the Smart Configurator.

fel =
Generate Code Generate Report

Pin configuration

| Hardware Resource + = % & Pin Function A | G e
Type filter text type filter text (* = any string, ? = any character) All r

W Interrupt controller unit ~ Enabled Function  Assignment Pin Number Directi.. Remarks

~ @ Multi-function timer pulse unit [ [w]  GTIOCOA  # PD2/TRCLK/AT/GTIOC2B/GTIOCOA/GTIOC # 23 10 ]
= MTUO []  GTIOCOA# ¢ Not assigned

= MTU1 [] GTocoB Mot assigned

= MTU2 [] GTOCOB# # Mot assigned
= MTU3

» MTU4
w MTUS
~ MTUG
» MTUT
w MTU9
~ (@ General PWM timer

| «cpro |
= GPT1
~ GPT2
~ GPT3 | Select the channel used by the GPT
~ GPT4
~ GPTS
~ GPT6
= GPT7
~ GPT8 ,
- GPT9 v Select Pins tab

< > < >

# Mot assigned MNone
* Mot assigned None
* Not assigned None

Click Assignment to display available
pins, then select the pins to be used

| Pin Function Pin Mumber

| Overview Board Clocks System Components nterrupts

Figure 4.3 Pin Settings
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4.1.6 Interrupt Settings

Figure 4.4 shows an example of interrupt settings using the Smart Configurator. For details on Software
Configurable Interrupt A, refer to Renesas RX66T Group User’'s Manual Hardware, section 14.4.5.1 Software
Configurable Interrupt A.

Configure interrupts after setting the GPTW settings. For GPTW settings, refer to “Smart Configurator
Settings” for each sample code.

Interrupt settings can be configured in the R_Config_ GPTn_Create function, R_Config_GPTn_Start function,
and R_Config_GPTn_Stop function, all of which are generated by the Smart Configurator.

The interrupt hander function is created with the name r_Config_ GPTn_[interrupt name]_interrupt in the
Config_ GPTn_user.c file generated by the Smart Configurator.

. i =
‘ Interrupt configuration Generate Code Generate Report

Interrupt vectors

fifter text

WVector Number Interrupt Peripheral Priority Status Fast Intermupt ~
184 CMPC4 CMPC4 Level 15
185 CMPC5 CMPCS Level 15
(| 208 INTA208 (GTCIAD) GPTWO Level 15
209 INTA209 (GTCIVD) GPTWO Level 15
210 INTA210 (GTCIUD) GPTWO Level 15 Used )
211 INTA211 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO) MTUO p
213 INTA213 (TGIEO) MTUO L Click Interrupt to display available
214 INTA214 (TGIFO) MTUO { interrupt names, then select interrupts
215 INTA215 (TGIAT) MTU1 L to be used
216 INTA216 (TGIB1) MTU1 Level 15
SOﬂWare 217 INTAZ217 (TCIVT) MTUT Lewel 15
Configurable — 218 INTA218 (TCIUT) MTU1 Level 15
Interrupt A 219 INTA218 (TGIA2) MTU2 Level 15
220 INTA220 (TGIB2) MTU2 Level 15
221 INTA221 (TCIV2) MTU2 Level 15
222 INTA222 (TCIU2) MTU2 Level 15
223 INTA223 (TGIA3) MTU3 Level 15
224 INTA224 (TGIB3) MTU3 Level 15
225 INTA225 (TGIC3) MTU3 Level 15
226 INTA226 (TGID3) MTU3 Level 15
227 INTA227 (TCIV3) MTU3 Level 15 v
"~ Note:

The interrupt priority settings made here may not be uti

[
Please check the configuration files of each FIT rompanj Select Interrupts tab |

Overview Board Clocks System Components Pms

Figure 4.4 Interrupt Settings

Only GTCIEO, GTCIF0 and GDTEQO are selected for GPTW interrupts by default in the Interrupts tab of the
Smart Configurator. To use interrupts configured in the Components tab, the interrupts must be selected in
the Interrupts tab. The following shows the status and error message when a selection is missing.

Interrupt vectors

Up ype lifter text
Dewri Vector Mumber Interrupt Peripheral Priarity Status Fast Interupt

185 CMPC5S CMPCS Level 15
208 INTAZ208 (GTCIAD) GPTWO Level 15
209 INTAZ209 (GTCIVO) GPTWO Level 15
210 INTAZ210 (TGICD) MTUD Level 15
211 INTA211 (TGIDO) MTUD Level 15

| 212 INTAZ12 (TCIVD) MTUD Interrupt “GTCIUQ” selection

Overview Board Clacks System Compaonents Pins Interrupts from Fig. 44is missing

b VRl PERE Ve 5 L

1 error, 0 warnings, 0 others Error message

Description Type

@ [nterrupt {1 tem)
© E04010004: GTCIUO used by Config_GPT0 is not allocated to any interrupt vector. Interrupt

Figure 4.5 Interrupt Settings (Interrupt Selection Missing)
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4.2 Synchronous Operation by Software in Sawtooth-Wave PWM Mode

e Target sample code file name: r01an6282_rx66t_gptw_sawtooth_pwm_sync.zip

4.2.1 Overview

In the GPTW sawtooth-wave PWM mode, synchronous start can be performed using the GTSTR register,
synchronous stop using the GTSTP register and synchronous clearing using the GTCLR register.

This section describes a sample code that repeatedly performs synchronous count start and synchronous
stop/clearing for GPTWO0 to GPTW3 (channels 0 to 3) by software source according to the compare match
interrupt of MTUO (channel 0).

The following list provides the MTU and GPTW settings used in the sample code.

e MTUO (channel 0) )
— Use normal mode timer
— Initial output value = low
— Carrier period = 200us
— Timer counter clock = 160MHz (PCLKC)
— Use TGRA as period register
e Timer counter clear source = TGRA compare match
e Toggle output at TGRA compare match

GPTWO0 to GPTW3 (channels 0 to 3)
— Use sawtooth-wave PWM mode
— Low output at counting starts, low output at counting stops
— Low output at cycle end
— Carrier period = 400us
— Timer counter clock = 160MHz (PCLKC)  For Setting Methods,
— Use GTPR as period register refer to section 4.2.3.
e Count direction = up-counting
e Counter initial value =0
— Use GPTWn.GTCCRA as duty register (n = 0 to 3)
e Use GTIOCnA pin as PWM output pin
e High output at GPTWn.GTCCRA compare match
— Use GPTWn.GTCCRB as duty register (n = 0 to 3)
e Use GTIOCnB pin as PWM output pin
e High output at GPTWn.GTCCRB compare match
— Software source count start,
software source count stop, and
software source count clear enabled

Set in Smart Configurator.
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The structure of this sample code is shown below.

MTU

Channel 0
Timing
generation

MTIOCOA
>

GPTW

Channel 0 N VIBC
Sawtooth- GTIOC

S TIOCOB >
PWM mode

GTIOCOA

MPC

Channel 1 GTIOC1A

Sawtooth- - 1B > MPC
wave GTIOC >
PWM mode

MPC

|
Channel 2 GTIOC2A

Sawtooth- TI0C2B
wave GTIOC >

PWM mode

» MPC

MPC

Channel 3 GTIOC3A

Sawtooth-
wave
PWM mode

» MPC

GTIOC3B

MPC

P> P31

> PD2
> PD1

» PDO
> PB7

> PB6
P> PB5

H>» P32
> P33

MTUO: Generates timing for synchronous operations
GPTWO to GPTW3: Generates sawtooth-wave PWM mode waveform

MPC: Sets pins to be used from general purpose /O port to peripheral function 1/O port

Figure 4.6 Sample Code Structure
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4.2.2 Operation Details

The sample code operations are shown in Figure 4.7. Use the TGRA of MTUOQ as the period register to set
the count synchronous start or synchronous stop/clearing for GPTWO0 to GPTW3 when a TGRA compare
match interrupt is generated.

e Synchronous start
When the first TGRA compare match interrupt is generated, software start register GPTWO0.GTSTR is set
and GPTWO to GPTW?a3 start counting in synchronization ((1) in Figure 4.7).

e Synchronous stop/clearing
When the third TGRA compare match interrupt is generated, software stop register GPTWO0.GTSTP and
software clear register GPTWO0.GTCLR are set, and counting stops and the counters are cleared in
synchronization ((2) in Figure 4.7).

RO1AN6282EJ0100 Rev.1.00 Page 75 of 137
Jun.29.22 RENESAS



RX Family Synchronous Operation using MTU3/GPTW
MTUO.TCNT
TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO
FOFFh |- — JI ____________ i _____ i _____ i ______ i _____ i _____ =
|
|
|
|
0000h ‘Ik >
MTUO.TCNT count start

MTIOCOA (P31) ////i/ Yﬁq—l—l—l—l—l—l—

B (1) Register written B Register written
GPTWO0.GTSTR >< 0000000Fh >< 00000000h >< 0000000Fh
: ,‘ (2) Register V\./ritten
GPTWO.GTSTP | >< 0000000Fh |
[ 1 t
| B (2) Register written
| T
GPTWO0.GTCLR | >< 0000000Fh |
I . |
| | |
GPTWO.GTCNT : (2) Count |
8E$w;g$gNN$ (1) Count start stop/clearing |
GPTW3.GTCNT l lCOU”t start
A
FOFFh f——————— e — — ———— -
EOFFh - —————— - — — A e L
o Y e e R e e
AEFFh |- — = — e A L j—————
O5FFh |- —— — - — e L |—— = -
TCFFh f———— oo
63FFh |- ——————— A -
4AFFh | —— — — - — = T E———
BIFFh |- e L L A
|
0000h .

GTIOCOA (PD2) i l; Initial value dutput™®®)

!
|
i e s

GTIOCOB (PD1) [/ : |nma|va\ue];|utput("“e'

_)-—-Fq-=++
|

—_—\ l
GTIOC1A (PDO) /T I\ ntiat valug output==

Y

|

T q_._,_;_'_

GTIOC1B (PB7)  MININII I it vasd oo™

L

] J—:—O—l—

R <
GTIOC2A (PBB)  /////I1II] |\ Intial valué output™®

JE— <
GTIOC2B (PBS)  /////////I/]\ il vaud ouput™

_ <
GTIOC3A (P32)  //[[/I1/II] |\ mtel vaiuéouput™>*

—l«
GTIOC3B (P33) /I l\ Initial value%ompw"‘"e’

Pin fu*nction
setting
(GTIOR setting)

Note: The sample code waveform starts outputting the

initial values when the PMR register is set.

Figure 4.7 Sample Code Operations
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4.2.3 Smart Configurator Settings

The sample codes use the Smart Configurator to add the MTU and GPTW as described below. For details
on how to add MTU components, refer to section 3.1.4 Adding Components, and for details on how to add

GPTW components, refer to section 4.1.4 Adding Components.

Table 4.4 Adding Components (MTUO)

Item Description

Component Normal Mode Timer

Configuration name Config_MTUO

Input capture/ 2 pins

Output compare pins

Resource MTUO
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RX Family Synchronous Operation using MTU3/GPTW
Components &=eilh = & 3 ¥ Configure
L .
e s Timer counter clear source =
type Hiiter text [ include this channel in the synchron TGRA compare match
~ = Startup 3
“ & Genarc TCNTO counter setting
@ r_bsp Counter clear source TGRAD compare match/input capture (Use TGRAD as a cycle register)
v & Dri
rw?ﬁ Counter clock selection |PCLK w Rising edge
¥ & Timers
« Config_GPTO External clock pin setting \ Timer count clock = 160MHz
« Config GPT1 iy . - (PCLKC)
« Config_GPT2 _—
« Config GPT3 it i MTCLKD p
« Config_MTUO Naoise fil PCLK
General register setting
TGRAD Output compare register ~ :200 s | (Actual value: 200)
TGRBO Output compare register = 100 \ | lus > | (Actual value: 100)
TGRCO Output compare register vl (100 Carrier period = 20()”3
TGRDO Output compare register W 100 riy TR T AT T
TGRED Qutput compare register v| |100 us > | (Actual value: 100)
TGRFO Output compare register ¥ ?‘IUO Hs ~  (Actual value: 100)

Input/Output setting
MTIOCOA pin
MTIOCOB pin
MTIOCOC pin

MTIOCOD pin

Moise filter setting

Interrupt setting

Enable TGRA compare match interrupt

Overview Board Clocks System Components Pins Interrupts

Output initial 0, toggle at compare match

Qutput disabled

Initial output value = low
Toggle output at compare match

Output disabled
Output disabled

PCLK

A/D converter start trigger setting

. nable TGRA input capture/compare match interrupt (TGIAO)  Priority
Lt capture/compare match interrupt (TGIBO)

it capture/compare match interrupt (TGICO)

[] Enable TGRD input capture/compare match interrupt (TGIDO)

[] Enable TGRE compare match interrupt (TGIEQ)

(] Enable TGRF compare match interrupt (TGIFO)

[] enable overflow interrupt (TCIVO)

[_|Enable start request on TGRA input capture/compare match (MTUD TRGAN signal)
[] enable start request on TGRE compare match (TRGON signal)

Level 15 (highest) ~
Level 15 (highest)
Level 15 (highest)
Level 15 (highest)
Level 15 (highest)
Level 15 (highest)

Level 15 (highest)

Figure 4.8 MTUO Settings
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Table 4.5 Adding Components (GPTWO0 to GPTW3)

Item Description

Component General PWM Timer

Configuration name Config_GPTO | Config_GPT1 | Config_GPT2 | Config_GPT3
Work mode Sawtooth-Wave PWM Mode

Resource GPTO | GPT1 | GPT2 | GPT3

Figure 4.9 to Figure 4.12 show the Config_GPTO settings. The same settings apply to GPT1 to GPT3. As the
output duty cycles differ, the GTCCRA and GTCCRB setting values for each channel also differ.

Components @ &8 + 3 v Configure
‘ ‘S | Timer count clock = 160MHz
type filter text
Count setting / (PC LKC)
v & Startup
. G Clock source PCLKC v 160.000 (MHz)
b eneric
® i bsp Timer operation period 400 s ~ Actual value: 399.994)
~ & Drivers 5 3
Period register value (GTPRO) 63999 \ . .
v & Timers 2 Carrier period = 400us

« Config_GPTO
& Config GPT1
& Config_GPT2
& Config_GPT3
& Config MTUO

Buffer operation Buffer operation is not performed

Count direction Up-counting
Counter initial value 0

[]Input capture is operated at count stop

Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources
GTCCRA operation Compare match
Buffer operation Buffer operation is not performed
GTIOCOA pin function PWM output pin
PCLKC

GTIOCOA pin output duty Determined by compare matches
GTIOCOA pin negate control Disabled

QOutput at start/stop Start output 0; stop output 0

QOutput at compare match Output 1
Qutput at cycle end Output 0
Output value set when duty cycle is

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting
GTCCRC operation Compare match
GTCCRD operation Compare match
GTCCRE operation

GTCCRF operation

Compare match
Compare match

Count operation sources setting

—)

N

Count direction = up-counting

Counter initial value =0

= 12799

\
Use GPTWO0.GTCCRA as compare match
GPTWO0.GTCCRA initial value setting

Set GTIOCOA pin as PWM output pin

9720% V4|

set after

Low output at counting starts, low output at
counting stops
High output at GPTWO0.GTCCRA compare match,

low output at cycle end

~| 100
b 100
= 100
i 100

Count start sources Count stop sources Counter clear sources Count up sources Count down sources

oftware source count start

GTETRGA signal edge selection Disabled

Enable software source count start [>*

hibled

Disabled

Disabled

GTETRGD signal edge selection

Disabled
Disabled

Disabled

[JELcB event input
[JELED event input
[JELCF event input
[JELCH event input

(] ELCA event input

] ELCC event input

[J ELCE event input

(] ELCG event input
Qutput stop setting
Qutput stop group select Group A
[[JEnable simultaneous high output stop detection
[“1Enable simultaneous low output stop detection

Figure 4.9 GPTO Settings (1/4)
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Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources

[Software source count stop

Enable software source count stop v
GIETRGC signal edge selection Disabled >
GTETRGD signal edge selection Disabled v

Disabled

Disabled

Disabled

Disabled
[eLcA event input [ eLcB event input
[TELcC event input [1ELED event input
[ ] ELCE event input []ELCF event input
] ELCG event input [JELCH event input

Figure 4.10 GPTO Settings (2/4)

Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources

oftware source count clear

Enable software source count clear .

GTETRGC signal edge selection Disabled
GTETRGD signal edge selection Disabled

Disabled

Disabled

Disabled

1 Disabled
] ELCA event input [ ELCB event input
(] ELCC event input [JELCD event input
:I ELCE event input D ELCF event input
[ ELCG event input [JELCH event input

Figure 4.11 GPTO Settings (3/4)

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match v 19199 \

Buffer operation Buffer operation is not performed \ Use GPTWO.GTCCRB as compare match

GTIOCOB pin function PWM output pin GPTW0.GTCCRB initial value setting
PCLKC

GTIOCOB pin output duty Determined by compare matches Set GTIOCOB pln as PWM OUtpUt pln

GTIOCOB pin negate control Disabled

Output at start/stop Start output 0: stop output 0 \ = Ut at 5 v butat

Qutput at compare match Qutput 1 \ Ow output a OOUntl-ng St S, low outputa

counting stops
QOutput at cycle end Output 0 .
phinsda s, L N High output at GRTWO0.GTCCRB compare match,

Qutput value set when duty cycle is set afte low OUtpUt at CyCIe end

Figure 4.12 GPTO Settings (4/4)
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4.2.4 Flowcharts
The following flowchart shows the main function processing of a function added after code generation by the

Smart Configurator.
< main >

A4
Count start
R_Config_MTUOQ_Start()

\ 4

Figure 4.13 main Function

In the TGIAO interrupt handler function, the control register for GPTW synchronous start or synchronous
stop/clearing is set according to the current interrupt generation count.

This sample code uses the following variable.

e s_int_cnt: interrupt generation count variable for repeating synchronous start and synchronous
stop/clearing operations

< r_Config_MTUO_tgia0_interrupt >

1stinterrupt No
generated?
(s_int_cnt =0)

Yes 3rd interrupt No
generated?
s_int_cnt=3
y
Synchronous count start Synchronous stop/clearing
Set GPTW0.GTSTR Set GPTWO0.GTSTR and
GPTWO0.GTCLR
y v Y
Update interrupt generation count Initialize interrupt generation count Update interrupt generation count
- ! |
A 4

< return >

Figure 4.14 TGIAO Interrupt Handler Function
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4.2.5 Usage Notes
4.2.5.1 Counting Starts for Multiple Channels
In this sample code, the CSTRTO to CSTRT3 bits of timer software start register GTSTR are set at the same

time in the r_Config_MTUOQ_tgiaO_interrupt function to start counting the GPTWO0 to GPTW3 channels at the
same time.

When using the R_Config_ GPTm_Start (m = 0 to 3) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.8.1 Synchronous Operation by
Software.

4.2.5.2 Inter-Channel Synchronous Operation Setting Register by Software

The GTSTR, GTSTP and GTCLR registers of each channel are common registers, and the channel
operation at the bit position written to 1b can be performed, regardless of which channel register is updated.
Writing Ob does not cause any change in counter operation or register value.

For details, refer to RX66T Group User's Manual: Hardware, sections 24.2.2 General PWM Timer Software
Start Register (GTSTR), 24.2.3 General PWM Timer Software Stop Register (GTSTP), and 24.2.4 General
PWM Timer Software Clear Register (GTCLR).

4.2.5.3 Order of Priority in Events

In this sample code, synchronous start/stop by software can be realized by setting multiple bits of the
GTSTR and GRSTP registers to 1b at the same time.

When start/stop by a hardware source set in GTSSR/GTPSR conflicts with the CPU writing (GTSTR
writing/GTSTP writing), the CPU writing takes priority.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.5 Order of Priority in Events, (2)
The GTCR.CST Bit.
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4.3 Synchronous Operation (Phase Shift) by Software in Sawtooth-Wave PWM
Mode

e Target sample code file name: r01an6282_rx66t_gptw_sawtooth_pwm_sync_shift.zip

4.3.1 Overview

In GPTW sawtooth-wave PWM mode, synchronous start can be performed using the GTSTR register, and
synchronous stop using the GTSTP register. Count start can be performed with phase differences among
channels by setting the GTCNT counter value for each channel before the count start.

This section describes a sample code that repeatedly performs synchronous start/stop/clearing for GPTWO
to GPTW3 (channels 0 to 3) by software source, by setting the counter initial value with phase differences
among channels using the Smart Configurator.

The following list provides the MTU and GPTW settings used in the sample code.

¢ MTUO (channel 0) N
— Use normal mode timer
— Initial output value = low
— Carrier period = 200us
— Timer counter clock = 160MHz (PCLKC)
— Use TGRA as period register
e Timer counter clear source = TGRA compare match
e Toggle output at TGRA compare match

GPTWO0 to GPTW3 (channels 0 to 3)
— Use sawtooth-wave PWM mode
— Low output at counting starts, low output at counting stops
— Low output at cycle end
—  Carrier period = 400us ) ]
— Timer counter clock = 160MHz (PCLKC) Set in Smart Configurator.
— Use GTPR as period register = For Setting Methods,
e Count direction = up-counting
e GPTWO counter initial value = 9599 (15% of cycle)
e GPTWH1 counter initial value = 6399 (10% of cycle)
GPTW2 counter initial value = 3199 (5% of cycle)
o GPTWa3 counter initial value = 0
— Use GPTWn.GTCCRA as duty register (n = 0 to 3)
e Use GTIOCnA pin as PWM output pin
e High output at GPTWn.GTCCRA compare match
— Use GPTWn.GTCCRB as duty register (n = 0 to 3)
e Use GTIOCnB pin as PWM output pin
e High output at GPTWn.GTCCRB compare match
— Software source count start,
software source count stop, and
software source count clearing enabled

refer to section 4.3.3.
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The structure of this sample code is shown below.

MTU

Channel 0
Synchronous
timing
generation

GPTW

Channel 0
Sawtooth-
wave
PWM mode

MTIOCOA
>

GTIOCOA

GTIOCOB

>

Channel 1
Sawtooth-
wave
PWM mode

GTIOC1A

>

GTIOC1B

Channel 2
Sawtooth-
wave
PWM mode

GTIOC2A

GTIOC2B

>

Channel 3
Sawtooth-
wave
PWM mode

GTIOC3A

GTIOC3B

»

MPC

MPC

MPC

MPC

MPC

MPC

MPC

MPC

MPC

—»> P31

> PD2
> PD1

—» PDO
—» PB7

—»> PB6
—»> PB5

> P32
> P33

MTUO: Generates synchronous timing
GPTWO to GPTW3: Generate sawtooth-wave PWM mode waveform
MPC: Sets pins to be used from general purpose I/O port to peripheral function 1/O port

Figure 4.15 Sample Code Structure
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4.3.2 Operation Details

The sample code operations are shown in Figure 4.16. Use the TGRA of MTUQ as the period register to set
the count synchronous start or synchronous stop/clearing for GPTWO0 to GPTW3 when a TGRA compare
match interrupt is generated.

e Synchronous start
When the first TGRA compare match interrupt (TGIAO) is generated, GPTWO0.GTSTR is set and GPTWO
to GPTW3 counting starts in synchronization from the counter initial value of each channel, enabling
phase shift start (count start with phase shift differences among channels) ((1) in Figure 4.16).
After the second count start, the phase shift does not occur because the counter initial value set for each
channel is initialized by synchronous clearing ((2) in Figure 4.16).

e Synchronous stop/clearing
When the 4th TGRA compare match interrupt is generated, software stop register GPTWO0.GTSTP and
software clear register GPTWO0.GTCLR are set, GPTWO0 to GPTW3 counting stops in synchronization,
and the counter is cleared ((3) in Figure 4.16).
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MTUO.TCNT

TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO

0000h >
MTUO.TCNT count start
MTIOCOA (P31) /111 \! it value output®®
] ] ] ] ] ]
GPTWO0.GTCNT ! |
A %nwn ! ym%m ¢ewm ! |
FOFFh clearing

4AFFh

o
C7FM 000n ‘

GTIOCOA (PD2) /I Smm vave ouput "

|
GTIOCOB (PD1) /I \risai vatee outpute=

GPTW1.GTCNT

A
F9FFh

I I
GPTW2.GTCNT |
¢(3) Stop/ ¢(2> Stat | |
clearing |

A
FOFFh

AEFFh
95FFh

257Fh?1£52—
crFn 18P ]

GPTW3.GTCNT

A
FOFFh | ——-—-
EOFFh | ————-
C7FFh | ————-

257Fh31FEb—7
cren 18°Fh |
0000h

GTIOC3A (P32)

1|
M |\ Initial value oufput ")
|

1
GTIOC3B (P33)  //IIIIIII |\ Inital value output*!

Pin function
setting
(GTIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 4.16 Sample Code Operations
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4.3.3 Smart Configurator Settings

The sample codes use the Smart Configurator to add the MTU and GPTW as described below. For details
on how to add MTU components, refer to section 3.1.4 Adding Components, and for details on how to add

GPTW components, refer to section 4.1.4 Adding Components.

Table 4.6 Adding Components (MTUO)

Item Description

Component Normal Mode Timer

Configuration name Config_MTUO

Input capture/ 2 pins

Output compare pins

Resource MTUO
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Components ©::% . = = 3 ¥ Configure

Synchronous mode setting -
type filter text Timer counter clear source =
; ype sekiitiriese [Jinclude this channel in the synchronous operation

- TGRA compare match
¥ (= Startup
. G : TCNTO counter setting
¥ = Generic
&  bsp Counter clear source TGRAO compare match/input capture (Use TGRAD as a cycle register)

¥ @ Drivers

. Counter clock selection  PCLK ~  Rising edge
v = Timers
« Config_GPTO External clock pin setting Timer count clock = 160MHz

& Config_GPT1 Enable the noise fi (PCLKC)
« Config_GPT2 —
. Enable the noise filter for MTCLKD pin

& Config_GPT3 I

« Config_ MTUQ [ loise filter cloch PCLK
General register setting
TGRAD Output compare register ~| (200 \ 1 us “ | (Actual value: 200)
TGRBO Output compare register > 100 LS > (Actualyalie 1000
TGRCO Output compare register | |100 Carrier period = 200us
TGRDO Output compare register o 100 Hs “ | (Actual value: 100)
TGREO Output compare register ! 100 | ms ~ | (Actual value: 100)
TGRFO Qutput compare register v 100 | us | [Actual value: 100)
Input/Output setting .

Initial output value = low

MTIOCOA pin Output initial 0, toggle at compare match Toggle output at compare match
MTIOCOB pin Output disabled OTETOTE T
MTIOCOC pin Output disabled e aise filter

MTIOCOD pin Output disabled v Use noise filter

Noise filter setting
PCLK
A/D converter start trigger setting

[] Enable start request on TGRA input capture/compare match (MTUD TRGAN signal)
[JEnable start request on TGRE compare match (TRGON signal)

Interrupt setting

/@nabie TGRA input capture/compare match interrupt (TGIAQ)  Priority | Level 15 (highest) ~

. ut capture/compare match interrupt (TGIBO) riority | Level 15 {highest)
Enable TGRA compare match interrupt
ut capture/compare match interrupt (TGICO) riarity | Level 15 (highest)
E Enable TGRD input capture/compare match interrupt (TGIDO) ricvity | Level 15 {highest)
[] Enable TGRE compare match interrupt (TGIEO) riority  |[Lewel 15 {highest)
|1 Enable TGRF compare match interrupt (TGIFD) riarity | Level 15 (highest)
[] Enable overflow interrupt (TCIVO) ricnity [ Lewel 15 {highest)

Overview Board Clocks System Components Pins Interrupts

Figure 417 MTUO Settings
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Table 4.7 Adding Components (GPTWO0 to GPTW3)

Item

Description

Component

General PWM Timer

Configuration name

Config_GPTO | Config_GPT1 | Config_GPT2 | Config_GPT3

Work mode

Sawtooth-Wave PWM Mode

Resource

GPTO

| GPT1

| GPT2 | GPT3

Figure 4.18 to Figure 4.21 show the Config_GPTO0 settings. The settings for GPT1 to GPT3 are basically the
same. Due to the phase differences among channels, the counter initial value for each channel also differs.
As the output duty cycles differ, the GTCCRA and GTCCRB setting values for each channel also differ.

Components i &3 *

e
type fiiter text
v @ Startup
v & Generic
® r_bsp
¥ @ Drivers
v @& Timers
« Config_GPTO
« Config_GPT1
& Config_GPT2
& Config_GPT3
« Config_MTUO

£ 3 ¥ Configure

- Basic setting
Count setting
Clock source
Timer operation period
Period register value (GTPRO)
Buffer operation
Count direction
Counter initial value
1 Input capture is operated at count stop

Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation
Buffer operation

GTIOCOA pin function

GTIOCOA pin output duty
GTIOCOA pin negate contral
Output at start/stop
Output at compare match

Output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting
GTCCRC operation
GTCCRD operation
GTCCRE operation
GTCCRF operation

Count operation sources setting

Timer count clock = 160MHz

(PCLKC)

/!

PCLKC
400

¥ 160.000

bs ¥ | (Actual value: 399.994

63999

Buffer operation is not performed

Carrier period = 400us

Up-counting
9599

Count direction = up-counting

/|

Counter initial value = 9599

Compare match

~  [127199 ~_

Buffer operation is not perfformed
PWM output pin

PCLKC

Use GPTWO0.GTCCRA as compare match
GPTWO0.GTCCRA initial value setting

Determined by compare matches
Disabled

Set GTIOCOA pin as PWM output pin

Start output 0; stop output 0

Output 1

vy LA

Output 0

Output value set when duty cycle is set

Low output at counting starts, low output at
counting stops
High output at GPTWO0.GTCCRA compare match,
low output at cycle end

Compare match
Compare match
Compare match

Compare match

w 100
~ 100
v 100
i 100

nt start sources Count stop sources Counter dear sources Count up sources Count down sources

[ Roftware source count start

Enable software source count start

GTETRGD signal edge selection Disabled
Disabled
Disabled

Disabled

Disabled

] ELCB event input
[ 1ELCD event input
] ELCF event input
j ELCH event input

E ELCA event input
[[JELCC event input

E ELCE event input

E ELCG event input
Output stop setting
Qutput stop group select Group A b
] Enable simultaneous high output stop detection

] Enable simultaneous low output stop detection

Figure 4.18 GPTO Settings (1/4)
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Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources

boftware source count stop

Enable software source countstop |4 -
GIETRGL signal edge selection Disabl ¥
GTETRGD signal edge selection Disabled =

Disabled

Disabled

Disabled

Disabled
[JeLca event input [ ELCB event input
I: ELCC event input :‘ ELCD event input
I: ELCE event input :I ELCF event input
[JELCG event input [T ELCH event input

Figure 4.19 GPTO Settings (2/4)

Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources

/.oftware source count clear

Enable software source count clear .
GIETRGC signal edge selection Disabled b
GTETRGD signal edge selection Disabled i

Disabled

Disabled

Disabled

Disabled
[ ELcA event input ] ELCB event input
] ELCC event input [JELCD event input
|: ELCE event input :| ELCF event input
E ELCG event input :‘ ELCH event input

Figure 4.20 GPTO Settings (3/4)

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match v 19199 \

_ \ Use GPTW0.GTCCRB as compare match
SHACAR PN linction EWH 0 tPME PID \ GPTWO0.GTCCRSB initial value setting
N

Buffer operation Buffer operation is not performed

PCLKC
GTIOCOB pin output duty Determined by compare matches Set GTIOCOB pin as PWM output pin
GTIOCOB pin negate control Disabled
Output at start/stop Start output 0; stop output 0 >
Output at compare match Output 1 N Low output at counting starts, low output at
Output at cycle end Output 0 \ counting stops

High output at GPTWO0.GTCCRB compare match,
low output at cycle end

Output value set when duty cycle is set after

Figure 4.21 GPTO Settings (4/4)
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4.3.4 Flowcharts
The following flowchart shows the main function processing of a function added after code generation by the

Smart Configurator.
< main >

A 4
Count start
R_Config_MTUOQ_Start()

A 4

Figure 4.22 main Function

In the TGIAO interrupt handler function, the control register for GPTW synchronous start or synchronous
stop/clearing is set according to the current interrupt generation count.

This sample code uses the following variable.

e s_int_cnt: interrupt generation count variable for repeating synchronous start and synchronous
stop/clearing operations

< r_Config_MTUO_tgia0_interrupt >

1st interrupt generated? No
(s_int_cnt=10)

Yes
3rd interrupt generated? No
(s_int_cnt=3)
Y
Synchronous count start Synchronous stop/clearing
Set GPTWO0.GTSTR Set GPTWO0.GTSTR and
GPTWO0.GTCLR
y v Y
Update interrupt generation count Initialize interrupt generation count Update interrupt generation count
. ! |
Y

< return >

Figure 4.23 TGIAO Interrupt Handler Function
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4.3.5 Related Operations
4.3.5.1 When a Phase Difference is Set so Counter Initial Value > Compare Value

The following describes an example of phase shift start operation when the counter initial value is set to a
value higher than the compare value.

e GPTWO0: when counter initial value > GTCCRA and GTCCRB compare values
In the first cycle, counting starts from 577Fh, which is greater than the compare value, and because
neither GTCCRA nor GTCCRB compare match occurs, the waveform output does not change ((1) in
figure below). In the second cycle, counting starts from counter value 0000h, so both GTCCRA and
GTCCRB compare matches occur and output goes high ((2) in figure below).

e GPTW1: when counter initial value < GTCCRA and GTCCRB compare values
In the first cycle, counting starts from 18FFh, which is less than the compare value, so GTCCRA and
GTCCRB compare matches occur and output goes high ((3) in figure below).

GPTWO.GTCNT Stop/

A clearing
FOFFh - - - — — —p — — — — — — — — — - - — = — =

577Fh A Ny S R
GPTWO.GTCCRA—4AFFh [~~~ ——— - ——————— [~~~ ———— A== —— — —
GPTWO0.GTCCRB — 31FEh [~ — — — — — —° E N Y N L

E
l

0000h
GTIOCOA (PD2) /I I’\ !

GTIOCOB (PD) /I \

GPTWA.GTCNT |
A
FOFFh | — = — = — = —

GPTW1.GTCCRA — 7CFFh |- — — — 5 — — — —
GPTW1.GTCCRB — 63FFh |- — — — & — — — —

18FFh Set initial value
0000h |

GTIOC1A(PDO) //////////// |; Initial value output .

GTIOC1B (PB7) /I S Intial value output (3)

Pin ftxwtion
setting
(GTIOR setting)

Figure 4.24 Operation Example of Phase Shift Start (GPTWO0: Counter Initial Value > Compare Value)
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4.3.5.2 Output Change by Synchronous Stop/Clearing Operation After Phase Shift Start

The following describes an example of operation when synchronous stop or synchronous clearing is
performed after the phase shift start of GPTWO0 and GPTW1.

e Phase shift start — synchronous stop

GPTWO.GTSTP is set during count operation after the phase shift starts and GPTWO0 and GPTW1 are
synchronously stopped ((1) in figure below). From the next synchronous start ((2) in figure below), the
counter is incremented from the counter value at the time the count stops, so the set phase difference is
retained.

The following operation example describes a case in which the GTIOR.OADFLT (OBDFLT) bit is set to
low output when counting stops. At (1) stop, the GPTWO pin output level changes from high to low, and
the GPTW1 remains at low ((3) in figure below).

GPTWO.GTCNT
A
FOFFh F—— — — — — —
ANFFh |- — — — — — — — — —
31FFh |- —Set initial value: —!
257Fh
0000h
GTIOCOA (PD2) i I; Il value outpyt

GTIOCOB (PD1) /)11 l;ln'nial value output

T
I
I
I

GPTW1.GTCNT

- ——

Start
A
FOFFh |- —— A

AEFFh |- ——— 4 ————
95FFh |F———4———————— — —

18FFh Set ini:tial value

0000h *
k(—l—)
GTIOC1A(PDO) ////////////I Initial value output

IE— |
GTIOC1B (PB7) //////////// |\‘ Init'alvalue;output
I ®)

Pin f%ction

setting
(GTIOR setting)

T
AN 1 R —,

|

Figure 4.25 Operation Example of Synchronous Stop After Phase Shift Starts
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e Phase shift start — synchronous clearing
When GPTWO0.GTCLR is set during count operation after the phase shift starts and GPTWO0 and GPTW1
are synchronously cleared ((1) in figure below), the set phase difference is lost because the counter is
incremented from counter value 0000h.
The following operation example describes a case in which the GTIOR.GTIOA (GTIOB) bit is set to low
output at cycle end. At (1) clearing, the GPTWO pin output level changes from high to low, and the

GPTW1 remains at low ((2) in figure below).

GPTWO.GTCNT
A
FOFFh |- — — — — — — —
4AFFh |- — — — — — — — —
31FFh |- — Set initial value -
257Fh

0000h

GTIOCOoB (PD1) /i1 :Inkial value output

GPTW1.GTCNT

\4

]
T
I
I
I

A

FoFFh | ———d 1
I
I

AEFFh |- ——— 4 ———

95FFh |- —— —F———
I
I
I

18FFh Set ini;tial value

0000h } ‘

GTIOC1A (PDO) /I I\ el value output | :

—{:
GTIOC1B (PB7) ////////////|\ Initial value output

v

Pin function setting
(GTIOR setting)

Figure 4.26 Operation Example of Synchronous Clearing After Phase Shift Starts
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4.3.6 Usage Notes
4.3.6.1 Counting Starts for Multiple Channels

In this sample code, the CSTRTO to CSTRT3 bits of timer software start register GTSTR are set at the same
time in the r_Config_MTUOQ_tgiaO_interrupt function to start counting GPTWO0 to GPTW3 at the same time.

When using the R_Config_ GPTm_Start (m = 0 to 3) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.8.1 Synchronous Operation by
Software.

4.3.6.2 Inter-channel Synchronous Operation Setting Register by Software

The GTSTR, GTSTP, and GTCLR registers of each channel are common registers, and the channel
operation at the bit position written to 1b can be performed, regardless of which channel register is updated.
Writing Ob does not cause any change in counter operation or register value.

For details, refer to RX66T Group User's Manual: Hardware, sections 24.2.2 General PWM Timer Software
Start Register (GTSTR), 24.2.3 General PWM Timer Software Stop Register (GTSTP), and 24.2.4 General
PWM Timer Software Clear Register (GTCLR).

4.3.6.3 Order of Priority in Events

In this sample code, synchronous start/stop by software can be realized by setting multiple bits of the
GTSTR and GRSTP registers to 1b at the same time.

When a start/stop by a hardware source set in GTSSR and GTPSR conflicts with a CPU write (GTSTR
write/GTSTP write), the CPU write takes priority.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.5 Order of Priority in Events (2)
The GTCR.CST Bit.

4.3.6.4 Setting a Value Greater than the Compare Value as the Counter Initial Value

In this sample code, the counter initial value for all channels is set to a value less than the first compare
value.

If the counter initial value is set to a value greater than the first compare value, the first compare match may
not occur, and the output waveform may appear inverted.

For details, refer to section 4.3.5.1 When a Phase Difference is Set so Counter Initial Value > Compare
Value
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4.4 Synchronous Operation (Phase Shift) by Software in Triangle-Wave PWM Mode

e Target sample code file name: r01an6282_rx66t_gptw_triangle_sync_shift.zip

4.41 Overview

In triangle-wave PWM mode, count start can be performed at the same time with phase differences among
channels, as described for sawtooth-wave PWM mode in section 4.3, by setting the GTCNT counter value
for each channel before the count start and performing synchronous start.

This section describes a sample code that performs synchronous start for GPTWO0 to GPTWS5 (channels 0 to
5) by software source and outputs 6-phase complementary PWM, by setting the counter initial value with
phase differences among channels using the Smart Configurator.

The following list provides the GPTW settings used in the sample code.

GPTWO to GPTWS5 (channels 0 to 5)

— Use triangle-wave PWM mode 1 (32-bit transfer at trough)

— Retain output at cycle end

— Carrier period = 1ms

— Timer counter clock = 160MHz (PCLKC)

— Use GTPR as period register
e Count direction = up-counting
e GPTWO counter initial value = 40000 (50% of cycle
e GPTWH1 counter initial value = 32000 (40% of cycle
e GPTW2 counter initial value = 24000 (30% of cycle
e GPTWS3 counter initial value = 16000 (20% of cycle Set in Smart Configurator.
o GPTW4 counter initial value = 8000 (10% of cycle) = For Setting Methods,
o GPTWS counter initial value = 0

— Use GPTWn.GTCCRA as duty register (n = 0 to 5)
e Use GTIOCnhA pin as PWM output pin
o High output at counting starts, high output at counting stops
e Toggle output at GPTWn.GTCCRA compare match

— Use GPTWn.GTCCRB as duty register (n = 0 to 5)
e Use GTIOCnB pin as PWM output pin
e Low output at counting starts, low output at counting stops
o Toggle output at GPTWn.GTCCRB compare match

— Use automatic dead time generation

— Software source count start enabled

—_

~— ~— ~— ~—

refer to section 4.4.3.
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The structure of this sample code is shown below.

GPTW
GTIOCOA
Channel 0 2 MPC
Triangle-wave GTIOCOB
PWM mode 1 MPC
| GTIOC1A
Channel 1 g MPC
Triangle-wave GTIOC1B
PWM mode 1 MPC
| GTIOC2A
Channel 2 > MPC
Triangle-wave GTIOC2B
PWM mode 1 MPC
| GTIOC3A
Channel 3 > MPC
Triangle-wave GTIOC3B
PWM mode 1 >» MPC |—
| GTIOC4A
Channel 4 » MPC
Triangle-wave GTIOC4B
PWM mode 1 MPC
| GTIOC5A
Channel 5 P> MPC
Triangle-wave GTIOC5B
PWM mode 1 » MPC

> PD2
> PD1

> PDO
> PB7

> PB6
P> PB5

H» P32
H>» P33

H>» P71
H» P92

> P72
> P75

GPTWO to 5: Generate triangle-wave PWM mode 1 waveform
MPC: Sets pins to be used from general purpose I/O port to peripheral function 1/0 port

Figure 4.27 Sample Code Structure
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4.4.2 Operation Details

The sample code operations are shown in Figure 4.28. Synchronous count for GPTWO0 to GPTWS5 starts
from the counter initial value of each channel and phase shift start is enabled (count start with phase
differences among channels) by setting software start register GPTWO0.GTSTR ((1) in Figure 4.16).

In addition, pin outputs of the sample code are set to a uniform duty cycle to clarify the phase difference.

RO1AN6282EJ0100 Rev.1.00 Page 98 of 137
Jun.29.22 RENESAS



Synchronous Operation using MTU3/GPTW

1 Register written
0000003Fh
|
¢ (1) Count start
|

X

|

|

|

|
L
L
RSN SPUDUDUN S, NV N NEPUIDUIDUIDUIOURY MU AUy SIS Npup -+
¥
I

I

|

|

|

I

|

|

T B A
| |
| |
| |
| |
I 1
I I
! I

GPTWO.GTCNT

GPTWO0.GTSTR

RX Family

|
|
I
|
I
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ docrooSNe e N e N e
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ RN S N D -—— [ B B
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NS SRR N N IS R S SR N i B ——
R S NG N DRSS EN P SR . N ) E DR SRR N N
i NS I |
I i e B R |
I
I
EEZE T | N I | R Iy JE—— .
01 d s e
| u
\\\\\\\ I
I
) N ]
Nt N ] |
N e |
I I
e | |
| |
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ dmmpeeNe e N e N
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ e e S B B e i B ———t—— - I
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ i e N i B S e i I I
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ i aii > I Ebibt I I I | I
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ | | | | | |
i il [ B | | | | | |
I I I I I I )
I I I I I |
| | | A i [ N |
| - o/ | | | |
| 5 m | ..na. | | m | m |
| = z | 3 | 3 ) | ot |
[N o2 @ @ ) I @ I I @«
| € = ) € | | € NG . € )
3 =1 | 3 [H S - 3 | | 3 |
| 3 ko4 N = e ] Q | ) Q | | 5 s Q | . .
| m o | o | | z ) o | | H H o | H H
| RS - — = , " S , ‘ e LI | | 5 |5 = | 5 |3
| H i ~ H H ~ H H ~ | | ElE ~ | | s |2 ~ | s |2
+ HEFs -Fs1-—> s1ift-—>» Y- tFli-ti{-—>»+-+ S -3 -F31{-—p--+-—————--—- 33— -—+-———--V| 3-131
| 2 g W W | 5 W W | | 5 ° ° | | 2 2 | | H H
| 3 |3 | a [ 2 R [ = s |3 [ = 2 |2
| 3 3 m m | 5 m m | | 5 S g | | 3 > > | | 3 > >
! BN s | | o s |= L3 z |z Lo 3 2|2 A HIIENE
| £z £l | s £ ] 1B g |z Do k= =4 b 5|[$E =
I = = _ = R N N DR B o D2~ I N P = I = — — L _ _ELl|F - _ L _E|[ -
| = = 1 T = = T | = = = T | = = = T I @ = = | I @ = =
| NS = [ NS = 1 NS = [ kol NS = [ @ NS = [ HINIES
| = = 5 | | = = 5] | | 2] = = 5 | | (2] = = 3] | | = = 3] | | = =
A L L =~ -~ TA L L ~ ~ TA L L ~ ~ TA L L ~ ~ TA L L ~ ~ = A ~ ~
£ £ c < 0] £ £ < < O] £ £ S O} F £ < 9] £ < cc 0] £ < <
888 §3 5 £ 858 88 5 £ 85 388 3 2 85 &85 g £ &8 8 g ¢ g8 §s @
[a] [a) [a] o m o @ e ~ b} ~ ~
828 S22 & £ 8§z2¢ S8z B £ §g% g8¢ & £ 8z LsE &€ F 8§z L8&E & £ 8 2 SE &
- 02 o N\ o o < 9 3 o N\ o o - O N o N\ o o - O o o < o o - 0 oo <« o o - o < o
8 83 83 § © 888 85 = © 88 g 88 8§ © 88 $8s8 « © 8 8 88 = O 8 8 8w i
S 8 Q o s & 8 S Q 8} S 9 S & 9 O ST} s Q Q s 9 s Q o] ISR} s Q (o]
S 8o S8 S 8 o 8 8 =1 3 3 8 S S 3 8 S SS 8 8 S 8 S
= = = = = = = [ = = = =
o o [CEENO] [CEENO] o o o o o o

Page 99 of 137

RENESAS

Figure 4.28 Sample Code Operations

T
Pint szwtion
setting
(GTIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.
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4.4.3 Smart Configurator Settings
The sample codes use the Smart Configurator to add the GPTW as described below. For details on how to
add GPTW components, refer to section 4.1.4 Adding Components.

Table 4.8 Adding Components (GPTWO to 5)

Item Description

Component General PWM Timer

Configuration name Config_GPTO | LR | Config_GPT5
Work mode Triangle-Wave PWM Mode 1

Resource GPTO | IR | GPT5

Figure 4.29 and Figure 4.30 show the Config_GPTO settings. The settings for GPT1 to GPT5 are basically
the same. Due to the phase differences among channels, the counter initial value for each channel also
differs.
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Components @ il

¥ @ Startup
¥ & Generic
® r bsp
~ @& Drivers
v & Timers
« Config_ GPTD
« Config_GPT1
« Config_GPT2
« Config_GPT3
« Config_GPT4
+ Config_GPT5

Configure

- Basic setting

Count setting

Clock source

Timer operation period
Period register value (GTPRO)
Buffer operation

Count direction

Counter initial value

[] Input capture is operated at count stop

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation
Bufter operation
GTIOCOA pin function
GTIOCOA pin output duty
GTIOCOA pin negate control
Qutput at start/stop
Output at compare match

Output at cycle end

Timer count clock = 160MHz
(PCLKC)

PCLKC ~ 160000 (MHz)

1 ms Lot Actual value: 1
80000 . .
\ Carrier period = 1ms

Buffer operation is not performed

Up-counting ~

40000 \

Count direction = up-counting

Counter initial value = 40000

Compare match e 56000 \ |
Buffer operation is not performed
Use GPTWO0.GTCCRA as compare match

— \ Set GPTWO0.GTCCRA initial value setting

PCLEC

Determined by compare matches

Disabled

Set GTIOCOA pin as PWM output pin

Start output 1; stop output 1

High output a counting starts, high output at counting

Toggle output §

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation
GTCCRD operation
GTCCRE operation
GTCCRF operation

Count operation sources setting

= stops
:mpu‘l 'sze'md‘” s } Toggle output at QPTWO.GTCCRA compare match,
' . retain output at cycle end
Compare match bd 100
Compare match ~ 100
Compare match ~ 100
Compare match ~  |100

Count start sources Count stop sources Counter clear sources Count up sources Count down sources

oftware source count start

Enable software source count start

Disabled v
Disabled »

Disabled bl

GTETRGD signal edge selection

[CJELCA event input
[TELCC event input
[C1ELCE event input
[T1ELCG event input

Output stop setting
Output stop group select

Disabled v
Disabled

Disabled

Disabled

Disabled

ELCB event input

1ELCD event input

1 ELCF event input

JELCH event input

5
C
[
C

Group A »

Automatic dead time setting is valid

- Advance setting

matic dead time setting

GOV GTDVD

| Butomatically set GTCCRBO using GTCCRAO value and dead time

[ Enable buffer (GTDBU)

WU value 4800
hutomatically set the same value of GTDW

Set GTDVU value

Set same value to GTDVD

[/ Enable compare match (up-counting) A/D conversion start request (GTADTRA)
[] Enable compare match (down-co unting) A/D conversion start request (GTADTRA)

Overview Board |Clocks System Components Pins| Interrupts

Buffer operation is not performed

Nao transfer

Figure 4.29 GPTO Settings (1/2)
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match A 56001
Buffer operation Buffer operation is not performed \
GTIOCOB pin function PWM output pin Use as GPTWO0.GTCCRB compare match

I PCLKC \
GTIOCOB pin output duty Determined by compare matches . .

. - Set GTIOCOB pin as PWM output pin
GTIOCOB pin negate control Disabled
QOutput at start/stop Start output 0; stop output 0
Output at compare match Toggle output § Low output at counting starts, low output at counting
Output at cycle end Output is retained stops
Output value set when duty cycle s set ,,nh Toggle output at GPTW0.GTCCRB compare match,
retain output at cycle end

Figure 4.30 GPTO Settings (2/2)
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4.4.4 Flowcharts
The following flowchart shows the main function processing of a function added after code generation by the

Smart Configurator.
< main >

A 4
Count start
gptw_start()

»
>

Figure 4.31 main Function

Counting is started for GPTWO0 to GPTWS5 in the count start function.
This function is newly created after code generation by the Smart Configurator.

< gptw_start >

A 4

GPTWO to GPTWS5 count start

v
< return >

Figure 4.32 Count Start Function
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4.4.5 Related Operations
4.4.5.1 When a Phase Difference is Set so Counter Initial Value > Compare Value

The following describes an example of phase shift start operation when the counter initial value is set to a
value higher than the compare value.

e GPTWO: when counter initial value > GTCCRA and GTCCRB compare values
Counting starts from 9C40h, which is greater than the compare value, and because neither GTCCRA nor
GTCCRB compare match occur during up-counting, the waveform output does not change ((1) in figure
below). During down counting, both GTCCRA and GTCCRB compare matches occur, so the GTIOCOA
pin outputs low and the GTIOCOB pin outputs high ((2) in figure below).

e GPTW1: when counter initial value < GTCCRA and GTCCRB compare values
Counting starts from 7D00h, which is less than the compare value, and because both GTCCRA and
GTCCRB compare matches occur, the GTIOCOA pin outputs low and the GTIOCOB pin outputs high ((3)
in figure below).

GPTWO.GTCNT l Count start
A
|

0001 3880h

0000 9C40h __ _ _
0000 DACOh

0000 0000h
GTIOCOA (PD2) /111 <

Initial value output |(1)
[

|
[l
|
|
|
GTIOCOB (PD1) ///////I\‘In'rtialvalueoutput ! @) |
|
|
|
|

GPTW1.GTCNT
A

0001 3880h [~ — 4 ————————

<&

|
0000 DACOh [~ — =~~~ =~ ==~
Set initial value
0000 7D00h : |
' [
0000 0000h } ;
GTIOC1A (PDO) /111 e ®
I |
[

GTIOC1B (PB7)  /MHIN “nital vatue output
f
|

Pin f!nction
setting
(GTIOR setting)

Figure 4.33 Operation Example of Phase Shift Start (GPTWO0: Counter Initial Value > Compare Value)
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4.4.6 Usage Notes
4.4.6.1 Counting Starts for Multiple Channels

In this sample code, the CSTRTO to CSTRTS bits of timer software start register GTSTR are set at the same
time in the gptw_start function to start counting GPTWO to GPTWS at the same time.

When using the R_Config_ GPTm_Start (m = 0 to 5) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.8.1 Synchronous Operation by
Software.

4.4.6.2 Order of Priority in Events

In this sample code, synchronous start by software can be realized by setting multiple bits of the GTSTR
register to 1b at the same time.

When a start/stop by a hardware source set in GTSSR and GTPSR conflicts with a CPU write (GTSTR
write), the CPU write takes priority.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.5 Order of Priority in Events (2)
The GTCR.CST Bit.

4.4.6.3 Setting a Value Greater than the Compare Value as the Counter Initial Value

In this sample code, the counter initial value for all channels is set to a value less than the first compare
value.

If the counter initial value is set to a value greater than the first compare value, the first compare match may
not occur, and the output waveform may appear inverted.

For details, refer to section 4.4.5.1 When a Phase Difference is Set so Counter Initial Value > Compare
Value.
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4.5 Synchronous Operation by Event Input from ELC

e Target sample code file name: r01an6282_rx66t_gptw_sawtooth 1st_elc_sync.zip

4.51 Overview
GPTW can perform synchronous operation (start, stop, clearing) using the ELC (event link controller) event
input of a hardware source.

This section describes a sample code that repeatedly performs synchronous count start and synchronous
stop/clearing for GPTWO0 and GPTW1 (channels 0 and 1) according to the compare match interrupt of MTUO
(channel 0), using ELC event input of a hardware source.
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The following list provides the MTU, GPTW and ELC settings used in the sample code.

MTUO (channel 0)

— Use PWM mode 1

— Initial output value = low

— Carrier period = 400us

— Timer counter clock = 160MHz (PCLKC)
— Use TGRA as duty register

e High output at TGRA compare match

— Use TGRB as period register

e Timer counter clear source = TGRB compare match
e Low output at TGRB compare match

GPTWO0 and GPTW1 (channels 0 and 1)

— Use sawtooth-wave one-shot pulse mode

— Low output at counting starts, low output at counting stops
— Retain output at cycle end

— Carrier period = 200us

— Timer counter clock = 160MHz (PCLKC)

— Use GTPR as period register

e Count direction = up-counting
e Counter initial value = 0

— Use GPTWn.GTCCRA as duty register (n =0, 1)

e Use GTIOCnA pin as PWM output pin
e Toggle output at GPRTWn.GTCCRA compare match

— Use GPTWn.GTCCRB as duty register (n =0, 1)

e Use GTIOCnB pin as PWM output pin
e Toggle output at GPTWn.GTCCRB compare match

— Use double buffer registers

e GTCCRC and GTCCRD operate as buffer registers of GTCCRA
e GTCCRE and GTCCREF operate as buffer registers of GTCCRB

— Enable sources:

Count start source = ELCA event input
Count stop source = ELCB event input
Counter clear source = ELCB event input

ELC

— Select MTUO compare match OA as ELC event
— Select MTUO compare match 0B as ELC event
— Select GPTW event source A as destination resource
— Select GPTW event source B as destination resource

—_

Set in Smart Configurator.
~— For Setting Methods,

refer to section 4.5.3.
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The structure of this sample code is shown below.

MTU
MTIOCOA
Channel 0 »  MPC _H» P31
Event
generation TGRA
compare match
ELC GPTW
TGRB ELCA Channel 0 GTIOCOA
compare match > » Sawtooth- » MPC H—» PD2
ELCB wave one- GTIOCOB
» ] »| shot pulse »  MPC __H—P>» PD1
mode
Channel 1 GTIOC1A
L~ Sawtooth- »  MPC H» PDO
wave one- GTIOC1B
L shot pulse » MPC —» PB7
mode
ELC: Event controls of GPTW synchronous operation as a hardware source
MTUO: Generates synchronous operation timing
GPTWO and GPTW1: Generate sawtooth-wave one-shot pulse mode wave
MPC: Sets pins to be used from general purpose I/O port to peripheral function I/O port
Figure 4.34 Sample Code Structure
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4.5.2 Operation Details

The sample code operations are shown in Figure 4.35. The event sources of ELC are set as follows: the
MTUO’s TGRA compare match is set as the ELCA event and TGRB compare match as the ELCB event.

e Synchronous start
GPTWO0 and GPTW1 synchronous count starts by ELCA event input when the MTUO.TGRA compare
match occurs ((1) in Figure 4.35).

e Synchronous stop/clearing
GPTWO0 and GPTW1 synchronous count is stopped/cleared by ELCB event input when the MTUO.TGRB
compare match occurs ((2) in Figure 4.35).

For details on sawtooth-wave one-shot pulse mode, refer to RX Family PWM Output Methods Using
MTU3/GPTW Application Note, section 4.5.2 Operation Details.
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MTUO.TCNT

A
MTUO.TGRB—F9FFh

MTUO.TGRA—9C3Fh

\ 4

0000h

GPTWO.GTCNT
A (1) Start (2) St-op/ 2) St.op/ 2) St.op/ (1) Start
clearing clearing clearing

e |V v v Yoo vy v

757Fh [~~~ T A A T

a2fh |- L/ 0
3ABFh [~~~

7FFh b
0000h
I

v

GPTWO0.GTCR.CST

I
I
GTIOCOA (PD2) ///////l \Initial value input ™)
|

Ob

|

|

|
+
T

|

I
b

I

I

I

I

L

N{—?—F ‘
GTIOCO0B (PD1) ///////l Initial valueinput‘"“'e)‘

|
(2) Stop/
clearing

GPTW1.GTCNT
(1) Start

A

(2) Stop/
clearing

(2) Stop/

clearing (1) Start

7CFFh
4251 1 [ e < I I R

423Fh
3ABFh

\ 4

7FFh
0000h ()

|
}
+
T
|
T
GPTW1.GTCR.CST >< 1b 0b
!
I
I
I

h<—¢—>_|
GTIOC1B (PB7) ///////l Initial value inpu!‘"”‘*’l

I

Pin f%ction
setting
(GTIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 4.35 Sample Code Operations
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4.5.3 Smart Configurator Settings

The sample codes use the Smart Configurator to add the MTU and GPTW as described below. For details
on how to add MTU components, refer to section 3.1.4 Adding Components, and for details on how to add
GPTW components, refer to section 4.1.4 Adding Components.

Table 4.9 Adding Components (MTUO)

Item Description

Component PWM Mode Timer

Configuration name Config_MTUO

Operation PWM Mode 1

Resource MTUO
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RX Family Synchronous Operation using MTU3/GPTW
Components =5 - -+ 3 ¥  Configure o
LS Synchronous mode setting
Lype r;':e;“"“" [ include this channel in the synchranous operation Timer count clear source =
v @ Startu
G 1 2 TCNTO counter setting TGRB compare match
v = Generic
@« r_bsp Counter clear source TGRBO compare match (Use TGRBO as a cycle register)
* S Y Counter clock selection PCLK v |Rising edge
¥ = Event link controller
# Config ELC External clock pin setting Timer count clock = 160MHz
¥ @ Timers Ena Iter for MTCLKA pin Enable the noisq (PCLKC)

« Config_GPTO
& Config_GPT1
« Config_MTUD

Enable the noise filter for MTCLKC pin Enable the noise filter for MTCLKD pin
filter dock selecti PCLK

General register setting
TGRCO Output compare register v Buffer transfer when compare match A occurs
TGRDO Qutput compare register bl Buffer transfer when compare match B occurs
TGRFO Qutput compare register vl e Initial output value = low
Glaaig / High output at TGRA compare match
MTIOCOA pin Qutput initial 0, 1 at compare match X
When TGRBE compare match 0 output from MTIOCOA pin \
MTIOCOC pin Output disabled Low output at TGRB compare match

iy 0 output from MTIOCOC pin

PWM output setting

PWM period 400 s | (Actual value: 400)
TGRA initial value 31999 \

TGRB initial value 63999 \ Carrier period = 400yus
TGRC initial value | 100

S e b TGRA initial value setting
TGRE initial value 100

TGRF initial value _IO[}

A/D conwverter start trigger setting
["]Enable start request on TGRA compare match (MTUQ TRGAN signal)
[Jenable start request on TGRE compare match (TRGON signal)

Interrupt setting

["] Enable TGRA compare match interrupt (TGIAD) riarity  |Lewel 15 (highest)
[] Enable TGRB compare match interrupt (TGIBO) riority | Lewel 15 (highest)
|:| Enable TGRC compare match interrupt (TGICO) rionity Lewel 15 (highest)
["]Enable TGRD compare match interrupt (TGIDO) riority | Level 15 (highest)
[]Enable TGRE compare match interrupt (TGIEQ) riori Level 15 (highest)
D Enable TGRF compare match interrupt (TGIFO) rionity  Lewel 15 (highest)
["]Enable overflow interrupt (TCIVO) riority |Level 15 (highest)

A/D conversion start request frame synchronization signal setting
D ADSMO pin o Source not selected

[JADsm1 pin ¥ Source not selected

Overview Board Clocks System Components Pins|Interrupts

Figure 4.36 MTUO Settings
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RX Family Synchronous Operation using MTU3/GPTW

Table 410 Adding Components (GPTW0 and GPTW1)

Item Description

Component General PWM Timer

Configuration name Config_GPTO | Config_GPT1
Work mode Sawtooth-wave One-Shot Pulse Mode

Resource GPTO | GPT1

Figure 4.37 to Figure 4.40 show the Config_GPTO settings. The settings for GPT1 are basically the same.
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RX Family Synchronous Operation using MTU3/GPTW

Components i i3 2 % ¥ Configure a
- Timer count clock = 160MHz
- Basic settin,
type filter text 4 (PCLKC)
1 Count setting
~ @ Startup
¥ ™ Gareiic Clock source PCLKC = 160.000 (MHz)
w r_bsp Timer operation period 200 s ~ | (Actual value: 199.994)
~ & Drivers Period register value (GTPRO} 31999 \ Carrier period = 200us
~ & Event link controller -
& Config_ELC Buffer aperation Buffer operation is not performed
v & Timers Count direction Up-counting

& Config GPTO Count direction = up-counting

Counter initial value 0
Config_GPT1
s Cﬂnfjg,MTUD ’— Input capture is operated at count stop \
@ Config_| e
Counter initial value = 0

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation Compare match ot 1919 S
Buffer operation Double buffer operation \ Use G PTWO. GT CC RA as com pare match
GTIOCDA pin function PWM output pin GPTWO0.GTCCRA initial value setting

Noise filter PCLKC
GTIOCOA pin output duty e GPTWO0.GTCCRA operates as double buffer |
GTIOCOA pin negate contral Disabled
Output at start/stop Start output 0; stop output 0 Set GTIOCOA pin as PWM output pin |
Output at compare match Toggle output \
gL — \ Low output at counting s:arts, low output at counting

slops

QOutput value set when duty cycle is S\

Z

Toggle output at GRTWO0.GTCCRA compare match
Retain output at cycle end

GTCCRC, GTCCRD. GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA o
GTCCRD operation Double buffer register for GTCCRA i
GTCCRE operation Buffer register for GTCCRB b
GTCCRF operation Double buffer register for GTCCRB o

Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources

[[]software source count start

GTETRGA signal edge selection Disabled v
GTETRGB signal edge selection Disabled »
GTETRGC signal edge selection Disabled bt
GTETRGD signal edge selection Disabled ¥

Set ELCA event input as count start source

Disabled
LCA event Input [T ELCB event input
[ ELEC event input [JELCD event input
[T ELCE event input [ ELCF event input
[ ELCG event input [ ELCH event input
Output stop setting
Qutput stop group select Group A i

Enable time error output stop detection

[] Enable simultaneous high output stop detection

[[JEnable simultaneous low output stop detection

- Advance setting
Automatic dead time setting
[ Automatically set GTCCRBO using GTCCRAD value and dead time

cmvu GIow

A/D cenversion start request setting

GTADTRA GTADTRB

[ Enable compare match (up-counting) A/D conversion start request (GTADTRA)

[JEnable compare match (down-counting) A/D conversion start request (GTADTRA)
00

Buffer operation is not performed

No transfer

Overview Board Clocks System Compaonents|Pins Interrupts

Figure 4.37 GPTO Settings (1/4)
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Count operation sources setting
Count start sources ‘Count stop sources Counter clear sources Count up sources Count down sources

[_l Software source count stop

GTETRGA signal edge selection Disabled v

GTETRGE signal edge selection Disabled b

GTETRGC signal edge selection Disabled v

GTETRGD signal edge selection Disabled v
Disabled

Set ELCB event input as count stop source

isabled
] ELCA event input LCB event input

[]ELCC event input [TELCD event input
[ ELCE event input [] ELCF event input
[JELCG event input [T ELCH event input

Figure 4.38 GPTO Settings (2/4)

Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources

[ software source count clear

GTETRGA signal edge selection Disabled -

GTETRGE signal edge selection Disabled s

GTETRGC signal edge selection Disabled >

GTETRGD signal edge selection Disabled v
Disabled

Set ELCB event input as counter clear source

abled
[T ELCA event input LCB event input

[T ELCC event input [TELCD event input
[J ELCE event input ] ELCF event input
[T ELCG event input [TELCH event input

Figure 4.39 GPTO Settings (3/4)

Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation

Buffer operation

GTIOCOB pin function
Moise filtes

GTIOCOB pin output duty

GTIOCOB pin negate control

Qutput at start/stop

Output at compare match

Output at cycle end

Compare match

Double buffer operation

PWM output pin

PCLKC

Determined by compare matches
Disabled

Start output 0; stop output 0
Toggle output

Qutput is retained

Output value set when duty cyde is set after

V16959 N

i

Use GPTWO0.GTCCRB as compare match
GPTWO0.GTCCRSB initial value setting

GPTWO0.GTCCRB operates as double buffer |

Set GTIOCOB pin as PWM output pin |

o

4948

Low output at counting starts, low output at counting
stops
Toggle output at GPTWO0.GTCCRB compare match
Retain output at end of cycle

Figure 4.40 GPTO Settings (4/4)
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RX Family Synchronous Operation using MTU3/GPTW

ELC component settings are as follows.
Table 4.11 Adding Components (ELC)

Item Description
Component Event Link Controller
Configuration name Config_ELCA1
Resource ELC

oo T | Select MTUO compare match 0A | ®

ELC setting Port group and single-port setting

Select GPT event source A |

type filter text
[ Note ] Only one type of event (SOURCE Evffnt) can be connected with one module (DESTINATION Resource).
b d Sm'(:::er\c AQURCE EEEANATION
& rbip 4= C_onhgurat\on Resource Event Cunhg_u(at_lon Resource Operation Priority
% Dwel{ @ jConfig MTUQ  ~ |MTUQ IMTUO compare match0A  ~ I Config_GPTO ¢ ~ | GPT event source A” ¥ | Count start/stop/up/down, clear counter or input capture ~ ~
i '-/Can_lg_MTUU_ ~ |mTug [ MTUO compare match 08~ | Config GPTO \~ | GPT event source 8 | ¥ | Count start/stop/up/down, clear counter o input capture
« Config_ELC /
v Timers . .
¢ Contig GPT0 |Se|ect Conﬂg_MTUOl |Select Conﬂg_GPTOl Select GPT event source B |
& Config GPT1

« Config MTUO | Select MTUO compare match 0B |

Qverview Board Clocks System Components Pins Interupts

Note: GPTW event sources are common to all channels, so both GPTWO0 and GPTW1 channels can be
used.

Figure 4.41 ELC Settings
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RX Family Synchronous Operation using MTU3/GPTW

4.5.4 Flowcharts
The following flowchart shows the main function processing of a function added after code generation by the

Smart Configurator.
( main >

A 4
ELC start
R_Config_ELC_Start()

Y
Count start
R_Config_MTUOQ_Start()

»
>

Figure 4.42 main Function

The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the values of the buffer registers. In order to set the second compare match register value in the first
cycle, a forced buffer transfer is performed after setting the buffer register values, and then the temporary
register and compare register values are set. This function is called from within the R_Config GPTO_Create
function.

R_Config_ GPT1_Create_Userlnit also performs the same processes.

C R_Config_GPTO0_Create_Userlnit >

\ 4
Set initial value of buffer register of GTCCRA
Set GPTWO0.GTCCRD to 47% of cycle

\ 4
Set initial value of buffer register of GTCCRB
Set GPTWO.GTCCRFto 94% of cycle

\ 4

Forced buffer transfer

y

< return >

Figure 4.43 User Initialization Function
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4.5.5 Related Operations
4.5.5.1 MTU and GPTW Synchronous Count Start using ELC Event Input

Figure 4.44 shows the synchronous count start operation for GPTWO0 and GPTW1 when counting starts in
MTUO.

e Synchronous start
Synchronous count starts for GPTWO0 and GPTW1 at the MUTO.TGRA compare match (TCNT count
value: 0000h) by ELCA event input ((1) in Figure 4.44).

Note that in synchronous operation using ELC, the operation timing differs for the event generation module
(MTUO in the sample code) and the modules that receive generated events and perform interlinked
operations (GPTWO0 and GPTW1 in the sample code).

For details, refer to section 4.5.6.3.
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RX Family

MTUO.TCNT
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I I
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T
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I
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T
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| l 2
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| | [¢]
| | =
I I =
| | 2
| | =
| | =
I I <
| | a
| | W
I I °
I I 2
| | S
| | T
I I 2
I I £
| |
| | ”
ﬂk L W
° ey £ -~
x & 5
S =
2 S S o
1 1 1 —
O o
X 4 o 3
O O Q o
O O o o
= = 5 e
Q 9 g =
o =] =4
= = =
s = =

ELCA

B

GPTWO0.GTCNT

I
Initial value output

A

I
I
GTIOCOA (PD2) ////1/] |\

GPTWO0.GTCR.CST

I
GTIOCOoB (PD1) /1] \ Initial value output

|
(1) Start

GPTW1.GTCNT

A

GTIOC1A (PDO) ///////l\ Initial value output}
GTIOC1B (PB7) |/ \

GPTW1.GTCR.CST

L

////// Initial value output !

I
Pin f%ction

setting
(GTIOR setting)

Figure 4.44 Example of MTU and GPTW Synchronous Operation by ELC Event Input
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RX Family Synchronous Operation using MTU3/GPTW

4.5.6 Usage Notes
4.5.6.1 Order of Priority in Events

In this sample code, synchronous start/stop can be realized by using ELC event input of a hardware source.

When a start/stop by a hardware source set in GTSSR and GTPSR conflicts with a CPU write (GTSTR
write/GTSTP write), the CPU write takes priority.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.5 Order of Priority in Events (2)
The GTCR.CST Bit.

4.5.6.2 GTCNT Counter Start/Stop

In synchronous count start/stop operation using a hardware source, when a start source event input occurs,
the GTCR.CST bit is set to 1b, and when a stop source event input occurs, the GTCR.CST bit is set to Ob.

Since the GTCNT counter starts/stops after the count clock is selected by TPCS[3:0] bits following the
GTCR.CST bit update, events are ignored until the GTCNT counter actually starts, and events may be
accepted, or interrupts may be generated after the CST bit is set to Ob.

For details, refer to RX66T Group User’'s Manual: Hardware, section 24.10.4 The GTCNT Counter
Start/Stop.

4.5.6.3 Timing of Hardware Count Start, Stop, and Clear Operations
The start timing of synchronous operation differs according to the hardware source and clock used.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.7 Hardware Count Start/Count
Stop and Clear Operation.

4.5.6.4 Operation of GPTW When Event Signal is Input

Eight event signals specified by the ELSR48 to ELSR55 registers are connected to every channel of GPTW
as GPTW event sources A to H.

For details, refer to RX66T Group User's Manual: Hardware, section 19.3.4 Operation of GPTW When Event
Signal is Input.
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4.6 Synchronous Operation by External Trigger Input

e Target sample code file name: r01an6282_rx66t_gptw_sawtooth _1st_trigger_sync.zip

4.6.1 Overview

GPTW can perform synchronous operation (start, stop, clearing) using an external trigger input of a
hardware source.

This section describes a sample code that repeatedly performs synchronous count start and synchronous
stop/clearing for GPTWO0 and GPTW1 (channels 0 and 1) using external trigger input of a hardware source.

The following list provides the MTU, GPTW and POEG settings used in the sample code.

e MTUO and MTU1 (channels 0 and 1) )
— Use normal mode timer
— Set to synchronous operation
— Carrier period = 200us
— Timer counter clock = 160MHz (PCLKC)
— Use MTUO.TGRA as period register
e Timer counter clear source = MTUO.TGRA compare match
— MTIOCNA pin initial output is low,
Toggle output at MTUn. TGRA compare match (n =0, 1)

e GPTWO0 and GPTW1 (channels 0 and 1)
— Use sawtooth-wave one-shot pulse mode
— Low output at counting starts, low output at counting stops
— Retain output at cycle end
— Carrier period = 200us
— Timer counter clock = 160MHz (PCLKC) Set in Smart Configurator.
— Use GTPR as period register = For Setting Methods,
e Count direction = up-counting
e Counter initial value =0
— Use GPTWn.GTCCRA as duty register (n =0, 1)
e Use GTIOCnA pin as PWM output pin
e Toggle output at GPTWn.GTCCRA compare match
— Use GPTWn.GTCCRB as duty register (n =0, 1)
e Use GTIOCnB pin as PWM output pin
e Toggle output at GPTWn.GTCCRB compare match
— Set sources:
Count start source = GTETRGA pin input rising edge detection
Count stop source = GTETRGB pin input rising edge detection
Counter clear source = GTETRGB pin input rising edge detection

refer to section 4.6.3.

e POEG
— Enable GTETRGA pin settings
— Enable GTETRGB pin settings
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The structure of this sample code is shown below.

POEG MTU

Channel 0
GTETRGA
MPC » Event

.

MTIOCOA

»[ MPC H-

A

Iy Lt
PB4 rote) generation
External

I

trigger output

GTETRGB Channel 1
MPC » Event

MTIOC1A

[ SLLLES. SN I N
P31 (note)

» _l;

1l
Y

L WP :
PG o) generation

GPTW

Channel 0
Sawtooth-

GTETRGA _

GTIOCOA

»[ MPC_H
P27(note)

\ 4

GTETRGB | Waveone-

GTIOCO0B

» MPC H—» PD2

shot pulse
mode

Channel 1
Sawtooth-

\ 4

GTIOC1A

» MPC H—» PD1

»[ MPC _H—» PDO

wave one-

GTIOC1B

\ 4

shot pulse
mode

> _MPC_hH—» PB7

POEG: Outputs GTETRGA and GTETRGB pins as external trigger to GPTW

MTUO: Generates synchronous operation timing

GPTWO0 and GPTW1: Generate sawtooth-wave one-shot pulse mode waveform

MPC: Sets pins to be used from general purpose I/O port to peripheral function I/O port

Note: Make connections on board.

Figure 4.45 Sample Code Structure
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4.6.2 Operation Details

The sample code operations are shown below. Output pin MTIOCOA (P31) is connected to external trigger
input pin GTETRGA (PB4) and output pin MTIOC1A (P27) is connected to external trigger input pin
GTETRGB (P96) on the board.

e Synchronous start
GPTWO0 and GPTW1 synchronous count starts by detecting a rising edge of external trigger input pin
GTETRGA ((1) in figure below).

e Synchronous stop/clearing
GPTWO0 and GPTW1 synchronous count is stopped/cleared by detecting a rising edge of external trigger
input pin GTETRGB ((2) in figure below).

For details on sawtooth-wave one-shot pulse mode, refer to RX Family PWM Output Methods Using
MTU3/GPTW Application Note, section 4.5.2 Operation Details.

MTI A (P31 S:
GTE(-?ggA ((PsB4)) M Initial value output™*®’
1) GTETRGA 1) GTETRGA 1) GTETRGA
"'( r)ising edge "( r)ising edge "'( r)ising edge "'
g;é?_gé’g ((22976)) Y Z Initial value output™®®
| (2) GTETRGB | (2) GTETRGB | (2) GTETRGB |
| "' rising edge | * rising edge | "' rising edge |
| | | |
| | |
GPTWO.GTCNT ! ! ! !
A (1) Start (2) Stop/ (1) Start (2) Stop/ (1) Start (2) Stop/ (1) Start
clearing clearing clearing
y
7CFFh } — — — — — — V¥
Fh -~~~ ===~ A1~~~ — —
423Fh | — — — — — — — — /1L
3ABFh [~~~ "=/~ A"
/FFh b - — —— — — — (| 1} — — — — —
0000h >

GPTWO0.GTCR.CST

J— |
GTIOCOA (PDZ) ///////l Innb\vdueouput‘""'“l “

—
GTIOCOB (PD1)  /////1/\ ntarvaue ouput| '
I ! I

GPTW1.GTCNT | | : | ~ ' :
A | (1) Start (2) Stop/ (1) Start (2) Stop/ (1) Start (2) Stop/ (1) Start
clearing clearing clearing
I
7CFFR L4 ___ Y ____ . Y____ .Y ____ Y ____ .Y __
787Fh [ = :: ——————————— F F
7% 7 I P R up | R S
sABFN [T T T S
vaiT I e S L | E e
0000h I >

GPTW1.GTCR.CST

| N
-~/
I |
GTIOC1A (PDO) ///////|\‘.nm.vdueoupum’}»l b
GTIOCTB (PB7) /1] \imetvavo oo™

Pin fu*nction
setting
(GTIOR setting)

Note: The sample code waveform starts outputting the initial values when the PMR register is set.

Figure 4.46 Sample Code Operations (Start at GTETRGA Pin Input Rising Edge, Stop/Clearing at
GTETRGB Pin Input Rising Edge)
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4.6.3 Smart Configurator Settings

The sample codes use the Smart Configurator to add the MTU and GPTW as described below. For details
on how to add MTU components, refer to section 3.1.4 Adding Components, and for details on how to add
GPTW components, refer to section 4.1.4 Adding Components.

Table 4.12 Adding Components (MTUO and MTU1)

Item Description

Component Normal Mode Timer

Configuration name Config_ MTUO | Config_ MTU1
Input capture/ 2 pins

Output compare pins

Resource MTUO | MTU1

The following figure shows the Config_ MTUO settings. The settings for MTU1 are basically the same. As pin
output levels differ, I/O pin settings also differ.

Components &3 = = 3 *  Configure

Timer counter clear source =
MTUO.TGRA compare match

nclude this channel in the synchfonous operation

=N Synchronous mode setk

type filter text
— |__ (Please set synchronous operation of other channel

¥ = Startup

v = Ganeric TCNTO counter setting

& rbsp Counter clear source TGRAQ compare match/input capture (Use TGRAD as a cycle register) -
v & Dri
nw_m Counter clock selection  PCLK ~  Rising edge
¥ & Timers

« Config_GPTO A \ Timer count clock = 160MHz

& Config_GPT1 e oy ; sjsie (PCLKC)

& Config MTUO . | i =T

& Config_ MTU1 hesy 2 g 5 s

@ Config_ POEG PCLK
General register setting
TGRAD Qutput compare register b 200 \ us | (Actual value: 200)
TGRED Qutput compare register . 100 173 > (Actual valye: 100}
TGRCO Output compare register - 100 Carrier period = 2OOHS
TGRDO Qutput compare register b 100 us w1 (Actual value: 100)
TGRED Qutput compare register b 100 us ~ | (Actual value: 100)
TGRFO Output compare register e 100 Hs ~ | (Actual value: 100)

e Pin initial output = low

MTIOCDA pin Qutput initial 0, toggle at compare match h— Toggle output at compare match
MTIOCOB pin Qutput disabled TSETIOTSE T
MTIOCOC pin Output disabled »e
MTIOCOD pin Output disabled i Use noise filter
Moise filter setting
PCLK

A/D converter start trigger setting

[ Enable start request on TGRA input capture/compare match (MTUD TRGAN signal)
[[J Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

[ Enable TGRA input capture/compare match interrupt (TGIAQ)

Level 15 (highest)
|: Enable TGRB input capture/compare match interrupt (TGIBD) Level 15 (highest)
[] Enable TGRC input capture/compare match interrupt (TGICO) Level 15 (highest)
[ Enable TGRD input capture/compare match interrupt (TGIDO) Level 15 (highest)

E Enable TGRE compare match interrupt (TGIED) Level 15 (highest)

Figure 4.47 MTUO Settings
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Table 413 Adding Components (GPTW0 and GPTW1)

Item Description

Component General PWM Timer

Configuration name Config_GPTO | Config_GPT1
Work mode Sawtooth-wave One-shot Pulse Mode

Resource GPTO | GPT1

Figure 4.48 to Figure 4.51 show the Config_GPTO settings. The settings for GPT1 are basically the same.
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Components i &3 G

x
type filter text
~ @ Startup
~ & Generic
@ r_bsp
v @ Drivers
~ @& Timers
« Config_GPTO
« Config_GPT1
& Config_MTUO
« Config_ MTU1
& Config_POEG

Overview Board | Clocks System

¥ Configure " @
= Timer count clock = 160MHz
- Basic setting (PC LKC)
Count setting
Clock source PCLKC w 160.000 (MHz)
Timer operation period 200 ps ~ alue:
Period register value (GTPRO) 31999

| Buffer aperation Buffer operation is not performed

Carrier period = 200us

Count direction Up-counting

Counter initial value o

Count direction = up-counting

—
O Input capture is operated at count stop \
Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRE GTCCRB input capture sources

Counter initial value = 0

GTCCRA operation Compare match

v 1919 S~

Buffer operation Double buffer operation

GTIOCOA pin function PWM output pin

Use GPTWO0.GTCCRA as compare match
GPTWO0.GTCCRA initial value setting

PCLKC

; @il

GTIOCOA pin output duty Determined by compare matches

GPTWO0.GTCCRA operates as double buffer

Disabled

GTIOCOA pin negate control

Qutput at start/stop Start output 0; stop output 0

Set GTIOCOA pin as PWM output pin

Qutput at compare match Toggle output

Output at cycle end Output is retained

Output value set when duty cycle is SN 2

) il

Low output at counting starts, low output at counting
stops
Toggle output at GPTWO0.GTCCRA compare match
Retain output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting
GTCCRC operation Buffer register for GTCCRA
GTCCRD operation Double buffer register for GTCCRA
Buffer register for GTCCRB

Double buffer register for GTCCRB

GTCCRE operation
GTCCRF operation

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources Count down sources

("] Software source count start

Set count start source to GTETRGA pin input rising edge

GTETRGA signal edge selection Rising edge
GTETRGB signal edge selection Disabled
GTETRGC signal edge selection Disabled
GTETRGD signal edge selection Disabled
Disabled
Disabled
Disabled
Disabled

j ELCA event input
]ELCC event input
:‘ ELCE event input
] ELCG event input

D ELCB event input
[[] ELED event input
D ELCF event input
|:| ELCH event input

Output stop setting

Qutput stop group select Group A

Enable dead tin etection

[] enable simultaneous high output stop detection
[l enable simultaneous low output stop detection

= Advance setting

Automatic dead time setting
|_|AutomaticaHy set GTCCRBO using GTCCRAOD value and dead time

GTovD

GTovU
—

A/D conversion start request setting
GTADTRA GTADTRE

] Enable compare match (up-counting) A/D conversion start request (GTADTRA)
[Ienable compare match (down-counting) A/D conversion start request (GTADTRA)
100
Buffer operation is not performed

No transfer

Components Pins Interrupts

Figure 4.48 GPTO Settings (1/4)
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Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources Count down sources

_] Software source count stop
GTETRGA signal edge selection
GTETRGB signal edge selection
GTETRGC signal edge selection

GTETRGD signal edge selection

] ELCA event input
[T ELCC event input
] ELCE event input
] ELCG event input

Disabled

Set count stop source to GTETRGB pin input rising edge

Rising edge ——r
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled

[CIELCB event input
[CELCD event input
[CIELCF event input
[TELCH event input

=2

Figure 4.49 GPTO Settings (2/4)

Count operation sources setting

Count start sources  Count stop sources Counter clear sources Count up sources Count down sources

[[] software source count clear
GTETRGA signal edge selection
GTETRGE signal edge selection
GTETRGC signal edge selection

GTETRGD signal edge selection

[ ewca event input
(] ELCC event input
(] ELCE event input
Cecs event input

Disabled

Set counter clear source to GTETRGB pin input rising edge

Rising edge ==
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled

[ ELCB event input
1 ELED event input
[ ELCF event input
[CJELCH event input

w

Figure 4.50 GPTO Settings (3/4)

Compare match register and pin setting
GICCRA GTCCRA input capture sources GTCCRB

GTCCRE operation

Buffer operation

GTIOCOB pin function
GTIOCOB pin cutput duty
GTIOCOB pin negate control
Qutput at start/stop
Qutput at compare match

QOutput at cycle end

GTCCRB input capture sources

Compare match

v 16959

Double buffer operation

N

PWM output pin

Use GPTWO0.GTCCRB as compare match
GPTWO0.GTCCRSB initial value setting

PCLKC

GPTWO0.GTCCRB operates as double buffer

Determined by compare matches

Disabled

Set GTIOCOB pin as PWM output pin |

Start output 0; stop output 0

N

Toggle output \
QOutput is retained \
Output value set when duty cycle is set 4

Low output at counting starts, low output at counting
stops
Toggle output at GPTWO0.GTCCRB compare match
Retain output at cycle end

Figure 4.51 GPTO Settings (4/4)

RO1ANG6282EJ0100 Rev.1.00
Jun.29.22

RENESAS

Page 127 of 137




RX Family Synchronous Operation using MTU3/GPTW

To use the external trigger input pin, add the POEG component as indicated below.
Table 4.14 Adding Components (POEG)

Item Description

Component Port output enable

Configuration name Config POEG

Resource POEG

Components i il 2l 3 @

type filter text

~ & Startup
~ & Generic

@ r_bsp

~ & Drivers

¥ & Timers
« Config_GPTO
& Config_GPT1
« Config_MTUO
« Config_MTU1
« Config POEG |

GPT cutput pin output disable setting

— Dwrect stop request

Overview Board Clocks System Components Pins Interrupts

Figure 4.52 POEG Settings
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4.6.4 Flowcharts

The following flowchart shows the main function processing of a function added after code generation by the

Smart Configurator.

C mai

! )

y

Count

mtu0_mtu1_start()

start

»
»

Figure 4.53 m

ain Function

The MTUO and MTU1 counting is started in the count start function.

This function is newly created after code generation by the Smart Configurator.

< mtu0_mtu1_start >

A 4

MTUO and MTU1 count start

< retu

A
m >

Figure 4.54 Count Start Function
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The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the values of the buffer registers. In order to set the second compare match register value in the first
cycle, a forced buffer transfer is performed after setting the buffer register values, and then the temporary
register and compare register values are set. This function is called from within the R_Config GPTO_Create

function.

R_Config_ GPT1_Create_Userlnit also performs the same processes.

C

R_Config_GPTO0_Create_Userlnit

)

A 4

Set initial value of buffer register of GTCCRA
Set GPTWO0.GTCCRD to 47% of cycle

A 4

Set initial value of buffer register of GTCCRB
Set GPTWO.GTCCREF to 94% of cycle

A 4

Forced buffer transfer

A

return

Figure 4.55 User Initialization Function
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4.6.5 Related Operations
4.6.5.1 Assigning Start and Stop/Clearing to One External Input Trigger

This sample code describes an operation which performs counter synchronous start and stop/clearing of
GPTWO0 and GPTW1 by detecting the rising/falling edge of one external trigger input GTETRGA.

Change the count stop source and counter clear source settings for GPTWO0 and GPTW1 in the Smart
Configurator as follows.

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources Count down sources

| Software source count stop

GTETRGA signal sdge selecion [ TEEGERNg o Set count stop source to GTETRGA pin input falling edge

GTETRGB signal edge selection Disabled b7
GTETRGC signal edge selection Disabled >
GTETRGD signal edge selection Disabled g

[JELCA event nput [ ELCB event input
[CJELCC event input [JELCD event input
[ ELCE event input [ ELCF event input
[_] ELCG event input [_] ELCH event input

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources Count down sources

[ software source count clear

GTETRGA signal edge selection |Falling adge ~| Set counter clear source to GTETRGA pin input falling edge
GTETRGB signal edge selection Disabled o

GTETRGC signal edge selection Disabled 2

GTETRGD signal edge selection Disabled v

Disabled

Disabled

[] ELCA event input ["]ELCB event input
"] ELCC event input []ELCD event input
[_] ELCE event input [_] ELCF event input
"] ELCG event input [JELCH event input

Figure 4.56 GPTWO0 and GPTW1 Settings

After changing the settings, the operation will be as shown in Figure 4.57.

e Synchronous start
GPTWO0 and GPTW1 synchronous count starts by detecting a rising edge of external trigger input pin
GTETRGA ((1) in Figure 4.57).

e Synchronous stop/clearing
GPTWO0 and GPTW1 synchronous count is stopped/cleared by detecting a falling edge of external trigger
input pin GTETRGB ((2) in Figure 4.57).
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MTIOCOA (P31) »
GTETRGA (PB4) ////// Initial value output

(1) GTETRGA (2) GTETRGA GTETRGA GTETRGA GTETRGA GTETRGA
"' rising edge "' falling edge ‘ rising edge ‘falling edge ’.' rising edge "' falling edge "
GPTWO.GTCNT
A (1) Start (2) Stop/ (1) Start (2) Stop/ (1) Start (2) Stop/ (1) Start
clearing clearing clearing

7CFFh | — — — — — — — —— — — — — —

7S7Fh [~~~ T~
423Fh |- — — — — — — — —
3ABFh [~~~ —

7FFh b — — — — — — — —
0000h ol >

GPTWO0.GTCR.CST ><

GTIOCOA (PD2) ///////l |nnia|va|ueoutpu1‘
§ |

' ' | ' | '

A (1) Start QL, top/ (1) Start (Czlze:;‘r’lg/ (1) Start ggfﬁ‘g’/ (1) Start
eeep Lo~y Y .Y Y _ Y Y ﬁ_ _
787Fh =S ======I=====gf=====d=====g-=-====kF=-===c—g=-==== -

|
appep b 0 1/ 4 _ ___\_ 0 ____ _
Y= T i T 7 | Rt Sy (e § Rl lls” (il | H :: ==

v

|
7FFh L | MZ
0000h —+ - - ' '

GPTW1.GTCR.CST

DS,
GTIOC1A (PDO) ///////I\mlvalueomw, : '
—\<—l—>—|

GTIOC1B (PB7)  //IIII/\ ntial value output|

Pin function
setting
(GTIOR setting)

Figure 4.57 Example of MTU and GPTW Synchronous Operation Using One External Input Trigger
(Start at GTETRGA Pin Input Rising Edge, Stop/Clearing at Input Falling Edge)
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4.6.6 Usage Notes
4.6.6.1 Counting Starts for Multiple Channels

In this sample code, the SCHO and SCH1 bits of timer counter synchronous start register TCSYSTR are set
at the same time in the mtu0_mtu1_start function to start counting MTUO and MTU1 at the same time.

When using the R_Config_ MTUm_Start (m =0, 1) function generated by the Smart Configurator, the
counting starts timing may not be the same because each of the functions are read. The MTUO and MTU1
counting can be started simultaneously by setting the CSTO and CST1 bits of timer start register TSTRA at
the same time.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.17 Timer Start Registers (TSTRA,
TSTRB, TSTR) and 22.2.19 Timer Counter Synchronous Start Register (TCSYSTR).

4.6.6.2 Order of Priority in Events

In this sample code, synchronous start/stop by software can be realized by using an external trigger of a
hardware source.

When a start/stop by a hardware source set in GTSSR and GTPSR conflicts with a CPU write (GTSTR
write/GTSTP write), the CPU write takes priority.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.5 Order of Priority in Events (2)
The GTCR.CST Bit.

4.6.6.3 GTCNT Counter Start/Stop

In synchronous count start/stop operations using a hardware source, when a start source edge is detected,
the GTCR.CST bit is set to 1b, and when a stop source edge is detected, the GTCR.CST bit is set to Ob.

Since the GTCNT counter starts/stops after the count clock is selected by TPCS[3:0] bits following the
GTCR.CST bit update, events are ignored until the GTCNT counter actually starts, and events may be
accepted, or interrupts may be generated after the CST bit is set to Ob.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.4 The GTCNT Counter
Start/Stop.

4.6.6.4 Timing of Hardware Count Start, Stop, and Clear Operations
The start timing of synchronous operation differs according to the hardware source and clock used.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.7 Hardware Count Start/Count
Stop and Clear Operation.
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5. How to Import the Project

The sample code is provided in the format of an e? studio project. This chapter describes how to import a
project into e? studio and CS+. After the import is complete, confirm the build and debugger settings.

5.1  Importing with e? studio
When using the sample code in e? studio, import it into €2 studio using the following steps.

(The actual screen may vary according to the version of e? studio you are using.)

P8 workspace - C/C++ - & studio

gdit Source Refactor Mavigate Search Project

ew Alt+Shift=N > 5 Import 8] X
Ppen File... Select N
Y (R Eshm A d Create new projects from an archive file or directory. E - 5
Qose
==t it Select an impart wizard:
Spve 2 K type filter text
d.es:.| Start the e studio, and select -
= . v (= General N
shean | menu [Eile] >> [Import...]. L Archive File
Rpvert C /"L‘? Existing Projects mtoWorkspace'\
L File System . . . i
Moe... i HEW Project Select [Existing Projects into Workspace].
Rfname.. F2 [ Preferences
Rbresh Es (3 Projects from Folder ar Archive
1 bl /1 .
Chryert Line Delimiters To , P 23 Rename & Impoltt Existing C/C++ Project inte Workspace
1@ Renesas CS+ Project for CA7BKOR|CATEKO
Pgnt.. Ctrl+P @ Renesas CS+ Project for CC-RX anfl CC-RL
. B CCas
Rb¥orarscs (= Code Generator
=5 rc = Git
= Install
z Fo Onrenk hd
g Expert..
Properties Alt+Enter sl
Exit JV

@ <Back ! Mext > ' Einish Cancel

Import Projects —
Select a directory to search for existing Eclipse projects. ; ;4
Select [Select root \W'M'“P“ ~ [B=w= || Select [Select root directory:], and specify the
directory:]. O Select archive file: Browse... directory which stored the project to import.
Brojects: (e.g. an-r01an3956j0100-rxv2-dsp)
r01an3956_mw2 (C¥downlead¥an-r01an39356]/0100-rv2-dsp¥rllar) Select All EaCh appl|Cat|0n nOte haS |tS own prOJeCt name.
Deselect All
< > Refresh
Options
[[]Search for nested projects
[ Hide projects that already exist in the workspace
Woerking sets
[_TAdd project to working sets New...
Select [Add project to Select.
working sets] when using
the working sets.
Cancel

Figure 5.1 How to Import a Project into e? studio
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5.2 Importing with CS+
When using the sample code with CS+, import the code to CS+ using the following steps.

(The actual screen may vary according to the version of CS+ you are using.)

™ CS+ for CC - [Start]

Eile Edit View Project Build Debug Tool Window Help

Eot)2 Ba 3 bmo o @s d - - EE 4L @D
FREFR 0P8R 5

Project{Tree 2% @ st

s dgl@

Learn About CS+
l 2 recommend reading the tutorial to find out what can be done in CS+

Start the CS+, and select [Open

studio / CubeSuite / High-performance

Open Existing MCU Simulator Online/e? studio/CubeSuite/High-p

HardwareDebug src
The project created with the MCU Simulator Online, the &* studio, or the old 10

Existing MCU Simultor rinele

- .. » B 01an3956_ne2
Embedded Workshop / PM+ Project] M [« anOtan3g.. > 1an3056.002 v [ B | Seerch Dlan3cSs oo »
Open Existing Project Organize » New folder = O @
l Loads the project of CS+. Can also be opened directly from the following link an-101an38560100-nov2-dsp o - ~ p—
Recent Projects Favo
Nothing Nott r01an3956_rav2 settings L
" settings HardwareDebug

—
Support version: st | | iD1an3956_mv2.rcpe

MCU Simulater Oriine

or Onine can be rea G34 i i
Drop here o open the prject 0 Eu\\duwunsands\mu\alurwwuns:lsug‘ : delweenlhEDmJec Selecta -repe flle’ and click
ietoen) oo & Music the button [Open].
OneDrive

Open Sample Project

Many sample projects that can be built immediately are provided. After selecting
specify the destination folder to copy the: selected sample: project

RHB50 RL78 RX

GO ‘ RHB50_F1L_Tutorial_Basic_Operaiion

Select a project (e.g. r01an3956_rxv2). " S

. rq| - 5 -
’Wm_m_m“a‘_mm File name: | r01an3956_nZ.1cpe Project File for & studio (*.rcpc

neel

Each application note has its own project name.

Select [Project File for e? studio (*.rcpc)]

Project Convert Scttivgs

ACTELLELE Y Project Convert Setti

BT

several projects v

L[ r01an3956 2 |

Project settings.
When you press 1

place as the selec| New microcontroller

[Notice]
If you open 2 High
each project

Update...

~ | | Product Name:R5F564MLCxFC
On-chip ROM size[KBytes]:4096
On-chip RAM size[Bytes]:524288

W REF564MLCxLK(145pin)
W RSFS64MLDXBG(176pin)
W RSFS64MLDxFB(144pin)
% RSF564MLDxFC(176pin)

Addtional Information:Package=PLQP0176KB-A

Kind of project: Empty Application(CC-RX)

Select [Empty Application(CC-RX)] in
[Kind of project:],
and specify [Project name:] and [Place:]

Project name: r01an3956_nxv2

Crezie on a different place from the source project

Place: C:\Users\User1'\Documents\CS+ Projectsir0lan  [o] o

Copy all files in the folder of the source project to the destination place

Browse...

] Backup the project composition files after converfion
A4

l OK ' Cancel

Figure 5.2 How to Import a Project into CS+
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6. Reference Documents

User's Manual: Hardware
RX66T Group User’s Manual: Hardware (RO1UHQ0749)
(Please obtain the latest version from the Renesas Electronics Corp. website.)

e Technical Updates/Technical News
(Please obtain the latest version from the Renesas Electronics Corp. website.)

e User’s Manual: Development Environment
RX Family CC-RX Compiler User's Manual (R20UT3248)

(Please obtain the latest version from the Renesas Electronics Corp. website.)

e User's Manual: Development Environment
RX66T Group Renesas Starter Kit User's Manual (R20UT4150)
(Please obtain the latest version from the Renesas Electronics Corp. website.)

e Application Note
RX Family PWM Output Methods Using MTU3/GPTW (RO1AN5995)
(Please obtain the latest version from the Renesas Electronics Corp. website.)
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit 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. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance 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
the 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.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is 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. Additionally, 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.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vix (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LS| is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of 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.

10.

1.

12.

13.
14,

(Note1)

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 responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. 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 involving 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.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You 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; test and 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 designated as a high reliability product or a product for harsh environments 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 direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; 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 inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
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