ENESANS Application Note

RX Family
Example of Using the High-Resolution Function with GPTW/HRPWM

Introduction

The RX66T Group MCUs are equipped with a general PWM timer (GPTW) and a high-resolution PWM
waveform generation circuit (HRPWM), and the two can be used in combination to generate high-resolution
PWM waveforms.

The descriptions in this application note target RX Family devices equipped with the GPTW and the
HRPWM. 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 Devices
RX Family devices with the GPTW and HRPWM

Confirmed Devices
RX66T Group
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

1. GPTW and HRPWM Specifications

1.1 Overview

The RX66T incorporates a high-resolution PWM waveform generation circuit (HRPWM) that shapes PWM
waveforms generated by GPTWO to GPTW3 with a minimum resolution of approximately 195 ps.

Table 1.1 Specifications for the High-Resolution PWM

Item Description

Channel Channels 0 to 3

GPTW operating modes | ¢ Sawtooth-wave PWM mode

e Sawtooth-wave one-shot pulse mode
e Triangle-wave PWM mode 1/2/3

Functions e The duty can be changed with a resolution of 1/32 of the PCLKC period.
e The timing of rising and falling edges of PWM waveforms can be individually
adjusted.
¢ Waveforms generated by the GPTW can be output as they are, bypassing
the HRPWM.
Operating frequency 80 to 160 MHz
(PCLKC)
RO1AN6642EJ0100 Rev.1.00 Page 3 of 29
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

The figure below shows a block diagram of the GTPW and HRPWM. Whether to output the waveform
generated by the HRPWM (see (a) of Figure 1.1) or bypass the circuit and output the GPTW output as is
(see (b) of Figure 1.1) can be selected. Since this setting is valid on a per-channel basis, the GTCIOCnhA and
GTCIOCnB (n = 0 to 3) pins of each channel reflect the same setting.

HRPWM
PCLKC ® DLL
l *—P> Channel 0
GPTW Rising and falling edge
— —
a
Channel 0 adjustment circuit —-o > @
A/c p GTIOCOA
GTIOCA - O > (b)
Rising and falling edge
— —
a
adjustment circuit —-o > @
A/C p» GTIOCOB
GTIOCB - O > (b)
Channel 1
*—> Channel 1 - GTIOC1A
GTIOCA -
GTIOCB P » GTIOC1B
Channel 2
*—P Channel 2 - GTIOC2A
GTIOCA -
GTIOCB P » GTIOC2B
Channel 3
—P Channel 3 P GTIOC3A
GTIOCA -
GTIOCB P » GTIOC3B
Channel 4
GTIOCA » GTIOC4A
GTIOCB » GTIOC4B
Channel 9
GTIOCA » GTIOC9A
GTIOCB » GTIOC9B
Figure 1.1 Block Diagram of GPTW and HRPWM
RO1AN6642EJ0100 Rev.1.00 Page 4 of 29
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RX Family

Example of Using the High-Resolution Function with GPTW/HRPWM

1.2 Operation

The HRPWM delays the timing of rising and falling edges of PWM signals which are output from the GPTW
(channels 0 to 3) with a resolution of 1/32 of the PCLKC period (tC) (approximately 195 ps minimum) based
on a delay locked loop (DLL) that operates with PCLKC as the reference phase. The delayed PWM signals

are output from the GTIOCnA and GTIOCnB pins (n = 0 to 3).

The amount of delay can be adjusted in the range of 0/32 to 31/32 of tC. Delay amounts exceeding this

range cannot be set.

To set a delay amount exceeding this range, change the value of the general PWM timer compare capture
register m (GTCCRm) in the GPTW.

The PWM waveform generated by the HRPWM is output with a delay of three cycles of PCLKC compared to

when bypassed, even if the delay is set to 0 (0/32 of tC).

In sawtooth-wave PWM mode, sawtooth-wave one-shot pulse mode, and triangle-wave PWM mode 1/2/3 of
the GPTW, the output waveforms for each mode and those passing through the HRPWM are shown in
Figure 1.2, Figure 1.3, and Figure 1.4.

GPTWN.GTCNT

GPTWN.GTPR -+

YYYY --

0000h

GTIOCnA
Bypass HRPWM

GTIOChA
Use HRPWM
0/32 times delay

GTIOCnA
Use HRPWM
1/32 times delay

GTIOCnA
Use HRPWM
31/32 times delay

v

M L

J

3 clocks of PCLKC

|
|
i
4
Delay of 1/32 times P

0/32/1/32

Delay of 31/32 times PCLKC period

31/32

1 PCLKC period

Figure 1.2 Sawtooth-Wave PWM Mode
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

GPTWnN.GTCNT
A

GPTWn.GTPR -~

XXXX ==

YYYY --

0000h

GTIOCnA
Bypass HRPWM

GTIOCnA
Use HRPWM
0/32 times delay

GTIOChA
Use HRPWM
1/32 times delay

GTIOChA
Use HRPWM
31/32 times delay

>
>

o

|
:u’Sclocks of PCLKC
| |
!
|
|

S I NS I A A IR o I A

ZN

Delay of 1/32 times PCLKC period
! |

B - BEEE e - B - B - N

+ ! !
Delay of 31/32 times PCLKC period

Figure 1.3 Sawtooth-Wave One-Shot Pulse Mode

GPTWn.

GPTWN.GTPR -

0000h

GTIOCnhA
Bypass HRPWM

GTIOCnA
Use HRPWM
0/32 times delay

GTIOCnA
Use HRPWM
1/32 times delay

GTIOChA
Use HRPWM
31/32 times delay

4

GTCNT
A

clocks of PCLKC

*
Delay of 1/32 times PCLKC period

PP

*
Delay of 31/32 times PCLKC period

Figure 1.4 Triangle-Wave PWM Mode
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

The amount of delay set in each register is reflected in the pins via temporary registers. The reflection timing
depends on the PWM output operating mode of the GPTW. For details, refer to section 25.3.2, Transfer
Timing of HRREARNA, HRREARNB, HRFEARNA, and HRFEARNB Register Settings (n = 0 to 3), in the
RX66T Group User’s Manual: Hardware.

Since the HRPWM has an internal DLL, it is necessary to set the HROCR.DLLEN bit to 1b and wait for a
stability time (20 ps) before operation. To further ensure the output of the PWM waveform, set the
HROCR.HRRST bit to Ob, then wait for 12 cycles of PCLKC.

Figure 1.5 shows the flow for the HRPWM initial settings. The settings in Figure 1.5 are generated by the
R_Config_ GPTn_Create function (n = 0 to 3) in the Smart Configurator.

Figure 1.5 (a): When using the Smart Configurator, the wait time is automatically generated according to
the set value of the system clock (ICLK).

Figure 1.5 (b): When using the Smart Configurator, the wait time is automatically generated according to
the set value of the ICLK and PCLKC.

C Initial setting )

HROCR.DLLEN =0 Disable the DLL
HROCR.HRRST =1 Reset the HRPWM
HROCR2.HRSELnh =0 Select the GPTWn output
HROCR.DLLEN =1 Enable the DLL
Wait for 20 us (a)
HROCR.HRRST =0 Release the HRPWM from reset
Wait for at least 12 cycles of PCLKC (b)
HROCR2.HRSELn =1 Select the HRPWM output

v

C End of Initial setting )

Figure 1.5 HRPWAM Initial Setting Flow (n = 0to 3)
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

1.3 Usage Notes

1.3.1 Notes on Selecting Timer Prescaler in the GTCNT Counter While Using the HRPWM
The PWM signals output from the GPTW are generated based on the GTCNT counter operating at resolution
equivalent to one clock period which is set by the GPTWn.GTCR.TPCS[3:0] bits (n = 0 to 3). Note that, when
the TPCSJ3:0] bits are other than 0000b (PCLKC/1), a delay at resolution of 0/32 x tC(PCLKC) to 31/32 x
tC(PCLKC) is applied to edges of the PWM signals at low resolution generated based on a selected clock if a
setting for the GPTWn.GTCCRm register (m = A to F) is changed.

For details, refer to section 25.4.2, Note on Selecting Timer Prescaler in the GTCNT Counter While Using
the HRPWM, in the RX66T Group User’s Manual: Hardware.

1.3.2 Notes on Delay Settings for the HRPWM

If the update timing of the HRFEARNA, HRREARNA, HRFEARNB, and HRREARNB registers is within 3
cycles of PCLKC before a PWM cycle (within the range between GTPR-0x0003 and GTPR in saw-wave
mode, or within the range between 0x0003 and 0x0000 in triangle-wave mode), the values before the update
are transferred to temporary registers. Therefore, if an updated value is to be reflected in the next cycle,
change the register value 3 cycles of PCLKC before the PWM cycle.

Operational examples of the notes on delay settings in GPTW’s sawtooth-wave PWM mode, sawtooth-wave
one-shot pulse mode, and triangle-wave PWM modes 1/2/3 are shown in Figure 1.6, Figure 1.7, and Figure
1.8.

The value set in the HRREAROA register is transferred to the temporary register at the end of the cycle, and

the value set in the temporary register becomes the delay amount of the GTIOCOA output waveform.

However, in notes (b) and (d), the values “B" and “C” set in the HRREAROA register are not transferred to

the temporary register. Therefore, the delay amounts in (c) and (e) are the previous delay amounts “A” and

“B".

(a): Period of 3 cycles of PCLKC before a PWM cycle

(b): The value “B” set in the HRFEAROA register is not transferred to the temporary register at the end of the
cycle.

(c): The temporary register remains to be A, so the amount of delay also retains A (the amount of delay
does not become B).

(d): The value “C” set in the HRFEAROA register is not transferred to the temporary register at the end of the
cycle.

(e): B is transferred to the temporary register, so the amount of delay is B (the amount of delay does not
become C).

(H: Since the notes above are not applicable, the value “D” set in the HRFEAROA register is transferred to
the temporary register at the end of the cycle.
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GPTWO.GTCNT
A
GPTWO.GTPR _ |
GPTWO.GTPR-2 - Z

GPTWO.GTPR-10 -~ - -mmmmmme e o

0000h ——F - ; - »
}Fﬁ‘er‘lod of 3PCLKC before PWM cycle iR
GTIOCA | '—‘ ’_;; | |
(Output from GPTWO) = : T
} I Write : I
1 4 | A 4 \ Al
HRREAROA A \ B : C >< N | D
£\ — N
b | d f
temporary registers A i 1 ‘ ® A i %( ) B X %
| 11
VR I I r I
3PCLKC m = PN
|
(Output from HRPWM) 3PCLKC + Delay = A 3PCLKC + Delay = A 3PCLKC + Delay = B

© (e)

Figure 1.6 Operational Examples of the Notes on Delay Settings in Sawtooth-Wave PWM Mode
HRPWM (Delay at the Rising Edge)

GPTWO.GTCNT
A
GPTWO.GTPR ~ | oo D R S
GPTWO.GTPR-2 - |- ~---- ! ---

GPTWO.GTPR-10 ~-f - - Jemmmee L L - --

XXXX — W S—
|
YYYY o -
2777 -} A~
0000h ; 4> >
| | |
GTIOCA o
(Output from GPTWO) ! e
| [l |
| \ AN
HRFEAROA A C XI\I\ i D
|
| N\
. [ o ®
temporary registers LA B H D
I [ |
3PCLKC 4 PN

11

|
3PCLKC + Delay =B
(c) (e)

GTIOCOA |

(Output from HRPWM)

Figure 1.7 Operational Examples of the Notes on Delay Settings in Sawtooth-Wave One-Shot Pulse
Mode HRPWM (Delay at the Falling Edge)
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GPTWO.GTCNT
A Period of 3PCLKC before PWM cycle

GPTWO.GTPR --

XXXX -~

0002h -

0000h

GTIOCA
(Output from GPTWO)

HRFEAROA

IR TR TR - R,

>
P

temporary registers

|
|
|
T
|
1
|
|
|
|
t
|
|
|
T
|
1
|
|
Il

=
o=

3PCLKC H

11

GTIOCOA |
(Output from HRPWM)

©

|
3PCLKC + Delay = B
(e)

Figure 1.8 Operational Examples of the Notes on Delay Settings in Triangle-Wave PWM Mode 1/2/3

HRPWM (Delay at the Falling Edge)

1.3.3 Notes on Resetting the HRPWM

Setting the HROCR.HRRST bit to 1b resets the internal state of HRPWM. If the HRPWM is reset during

operation, the PWM output is fixed to low after 5 cycles of PCLKC.

Setting the HROCR.HRRST bit to Ob releases the internal reset state of the HRPWM. After the reset is

released, wait for 12 cycles of PCLKC.

RO1AN6642EJ0100 Rev.1.00
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2. Operation Confirmation Conditions

The operation of the sample code described in this application note has been confirmed under the conditions

listed in the table below.

Table 2.1 Operation Confirmation Environments

Iltem

Description

MCU

R5F566 TEADFP (included in Renesas Starter Kit for RX66T)

Operating frequency

Main clock: 8 MHz

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

HOCO: Stopped

LOCO: Stopped

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

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

Operating voltage

3.3V

Integrated development
environment

Renesas Electronics
e? studio Version 2022-10

C compiler*!

Renesas Electronics
C/C++ Compiler Package for RX Family V3.04.00

Compiler options
The integrated development environment default settings are used.

RX Smart Configurator

V2.15.0

Board support package (r_bsp)

V7.20

Endian

Little endian

Operating 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: 1. 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)

RO1AN6642EJ0100 Rev.1.00
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3. GPTW 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 GPTW Sample Code List

Name Description Ref.
Sawtooth-Wave PWM Mode + HRPWM e Sawtooth-wave PWM mode 3.2
r01an6642_rx66t_gptw_sawtooth_pwm_hrpwm.zip | ¢ Rising and falling edges adjusted

Triangle-Wave PWM Mode 1 + HRPWM e Triangle-wave PWM mode 1 3.3
r01an6642_rx66t_gptw_triangle_pwml_hrpwm.zip | ¢ Rising and falling edges adjusted

RO1AN6642EJ0100 Rev.1.00
Nov.01.23

RENESAS

Page 12 of 29



RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

3.1.2 Folder Structure
The main folder structure of a sample code is as follows.

[Project name]
| | .cproject
| | project
| | [Project name] HardwareDebug.launch
| | [Project name].scfg «—— — Smart Configurator config-file
| | [Project namel.rcpc «————————— CS+ files for import

settings

SFC
j [Project namel.c <«——  main function

smc_gen

Config_GPTO <« GPTW related setting
B . n indicates channel number
"] config_GPTO.c

] config_GPTO.N
U Config_GPT0_user.c

general
r_bsp
r_config
r_pincfg
Files generated by Smart Configurator
Figure 3.1 GPTW Folder Structure
RO1AN6642EJ0100 Rev.1.00 Page 13 of 29
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3.1.3 File Structure
The main file structure of a sample code is as follows.

Table 3.2 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.

Note: 1. nindicates a channel number.

RO1AN6642EJ0100 Rev.1.00 Page 14 of 29
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3.1.4 Adding Components
The sample codes use the Smart Configurator to add the GPTW as described below.

Table 3.3 Adding Components

Iltem Description

Component General PWM timer ((1) in the figure below)

Configuration name Sample codes use the default setting name.

Operation Refer to the section for each sample code ((2) in the figure below).
Resource Refer to the section for each sample code ((3) in the figure below).

e New Component

Software Component Selection d:f

Select component from those available in list

Category All ~
Function  All w
Filter
Components Short Name Type Version A
# Event Link Controller Code Generator  1.7.0
[ # General PWM Timer Code Generator  1.5.2
W Group scan Mode S12AD Code Generator  1.10.0
#12C Master Mode J ia

[ Show only latest version (1) Select General PWM Timer r

[ 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...

? . ? - Came'

e Mew Component

Add new configuration for selected component dZT

General PWM Timer
Configuration name: kunlig_GPTU

Work mode: Saw-wave PWM mode v
Resource: GPTO / ™

yA

| (2) Differs for each sample code |

(3) Differs for each sample code |

2 < Back Next > Cancel

Figure 3.2 Adding Components
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

3.1.5 Pin Settings
Figure 3.3 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.

i

Generate Code Generate Report

Pin configuration

Hardware Resource + =% = Pin Function AN E R s
Type filter text type filter text (* = any string, 7 = any character All w
® Interrupt controller unit A Enabled Function Assignment Pin Number Directi.. Remarks .
¥ @ Multi-function timer pulse unit | [ GTIOCOA 7 PD2/TRCLK/A7/GTIOC2B/GTIOCOA/GTIOC 7 23 10 )
= MTUD L] GTIOCOA#  * Not assigned * Mot assigned None
= MTUN 1 GTIOCOB 7 Not assigned f Mot assigned None
~ MTUZ | GTIOCOB# * Mot assigned * Not assigned MNone
w MTU3
= MTU4

Click Assignment to display available

- MTUS pins, then select the pins to be used

= MTUG
= MTUT
= MTUS
~ (@& General PWM timer

| «crro |
= GPT1
= GPT2
~ GPT3 Select the channel used by the GPT
= GPT4
= GPTS
~ GPT6
= GPTT

~ GPT8 -
v GPT9 » Select Pins tab

< > < >

Pin Function Pin Number

Overview Board Clocks |System Components nterrupts

Figure 3.3 Pin Settings
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

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 section 14.4.5.1, Software Configurable Interrupt A, in the RX66T Group
User's Manual: Hardware.

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 handler function is created with the name r_Config_GPTn_J[interrupt name]_interrupt in the
Config_ GPTn_user.c file generated by the Smart Configurator.

‘ 5 ] =
Interrupt configuration Generate Code Generate Report

Interrupt vectors

Vector Number Interrupt Peripheral Priority Status Fast Interrupt A
184 CMPC4 CMPC4 Level 15
185 CMPC5 CMPCS Level 15
[| 208 INTA208 (GTCIAD) GPTWO Level 15
209 INTA209 (GTCIVO) GPTWO Level 15
210 INTA210 (GTCIUO) GPTWO Level 15 Used ]
21 INTA211 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO) MTUO L
213 INTA213 (TGIEO) MTUO d  Click Interrupt to display available
214 INTA214 (TGIFO) MTUO d interrupt names, then select interrupts
215 INTA215 (TGIA1) MTU1 4 to be used
216 INTA216 (TGIB1) MTU1 Level 15
Software 217 INTA217 (TCIV1) MTU1 Level 15
Configurable = | 515 INTA218 (TCIU1) MTU1 Level 15
Interrupt A 219 INTA219 (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 compon:

I
J Select Interrupts tab

Overview Board Clocks System Components Pins

Figure 3.4 Interrupt Settings

Only GTCIEO, GTCIFO and GDTEOQ 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 lilter text
Dawn Vector Mumber Interrupt Peripheral Priority Status Fast Interrupt

185 CMPCS CMPCS Level 15
208 INTA208 (GTCIAD) GPTWO Level 15
209 INTA209 (GTCIVO) GPTWO Level 15
210 INTA210 (TGICD) MTUO Level 15
21 INTA211 (TGIDO) MTUD Level 15

[ 212 INTA212 (TCIVO) MTUo Interrupt “GTCIUQ” selection

Overview Board Clocks System Components Pins Interrupts from Fig. 4.4 is missing

L3740 -vavFIvs B

1 error, 0 warnings, 0 others Error message

Description Type

@ Interrupt (1 item)
© E04010004: GTCIUO used by Config_GPTO is not allocated to any interrupt vector. Interrupt

Figure 3.5 Interrupt Settings (Interrupt Selection Missing)
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3.2 Sawtooth-Wave PWM Mode + HRPWM
e Target sample code file name: r01lan6642_rx66t_gptw_sawtooth _pwm_hrpwm.zip

3.2.1 Overview

This sample code outputs a high-resolution PWM waveform using sawtooth-wave PWM mode of the GPTW
and the HRPWM.

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

e Use sawtooth-wave PWM mode

e Use channel 0
e Carrier period =400 ps
e Timer counter clock = 160 MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
e Use GTCCRA for compare matches of the duty cycle output
— Set the GTIOCOA pin as the PWM output pin
— High output at GTCCRA compare match
— Low output at counting starts, low output at counting stops
— Low output at cycle end Refer to section 3.2.3 for
¢ Use GTCCRB for compare matches of the duty cycle output. details on the setting
— Set the GTIOCOB pin as the PWM output pin method.
— High output at GTCCRB compare match
— Low output at counting starts, low output at counting stops
— Low output at cycle end
¢ Software source count start enabled
e High-resolution PWM waveform output enabled
— Apply delay of 0/32 times PCLKC period to rising/falling edges
of the GTIOCOA pin
— Apply delay of 31/32 times PCLKC period to rising/falling edges
of the GTIOCOB pin

Set in Smart Configurator.

e
The structure of this sample code is shown below.
GTIOCA GTIOCOA
GPTW > MPC___H—»PD2
Channel 0 HRPWM
Sawtooth-wave GTIOCB‘ GTIOCOB
PWM mode » MPC E—}PD].

GPTW: Generates PWM waveform with sawtooth-wave PWM mode
HRPWM: Generates high-resolution PWM waveform
MPC: Sets the pins to be used from general purpose /O port to peripheral function I/O port

Figure 3.6 Sample Code Structure
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RX Family Example of Using the High-Resolution Function with GPTW/HRPWM

3.2.2 Operation Details
This section describes the operation of this sample code.
The sample code sets amounts of delay to the rising/falling edges of the PWM waveform in the sawtooth-

wave PWM mode of the GPTW, and outputs the waveform generated by the HRPWM from the GTIOCOA
and GTIOCOB pins.

Figure 3.7 (a): Setting 0/32 times PCLKC as the amount of delay causes the GPTW output waveform to
reflect a delay of 3 cycles of PCLKC.

Figure 3.7 (b): Setting 31/32 times the PCLKC period as the amount of delay causes the GPTW output
waveform to reflect a delay of 31/32 times PCLKC.

GPTWO.GTCNT

A
GPTWO.GTPR- |- — = = o o g -

3IFFh- |- f o A -

\ 4

|
|
0000h }
L

| |

| |

| } | | }

L |

GTIOCOA | {

0/32 times delay i § 2 I 1 | ‘ | } | | } | ‘ |

| |

| |

| |

i [

| |

| |

. 4 !
miialvaueouput”  (3) 3 clocks of PCLKC
GTIOCOB ‘ ‘

| |
31/32 times delay m M

I !
e
|

| >

*
(b) Delay of 31/32 times PCLKC period

Pin function
setting
(GTIOR setting)

Note: 1. Aninitial value output starts when the PMR register is set.

Figure 3.7 Sample Code Operations
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3.2.3 Smart Configurator Settings

The sample code uses the Smart Configurator to add the GPTW as described below. For details on how to

add components, see section 3.1.4, Adding Components.

Table 3.4 Adding Components

Iltem Description

Component General PWM timer
Configuration name Config_GPTO

Operation Sawtooth-wave PWM mode
Resource GPTO

Components iz il © 3 v Configure

~ Basic setting
type filter text
Count setting
v (@ Startup
Clock source
¥ = Generic
& rbsp Timer operation period
v & Drivers

Period register value (GTPRO)
v @ Timers

& Config_GPTO Buffer operation

Count direction
Counter initial value
[ ]\nput capture is operated at count stop

Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sour

GTCCRA operation
Buffer operation

GTIOCOA pin function

GTIOCOA pin output duty
GTIOCOA pin negate control
Qutput at start/stop
Qutput 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 counter clock = 160 MHz

/ (PCLKC)
PCLKC v [160.000 (MHz)
400 T3 » (Actual value: 399.994)
63999

Buffer operation is not performed

Carrier period = 400 ps

Up-counting

N

Count direction = up-counting

N

Counter initial value =0

Compare match

12799 S~

Blfferjopurstin | pt “"‘”“\ Use GPTWO.GTCCRA for compare matches

PWM output pin

PCLKC

Disabled
Start output 0: stop output 0
Qutput 1

Qutput 0

Compare match
Compare match
Compare match

Compare match

Determined by compare man:hes\
Output value set when duty cyc \-h

Set GPTWO.GTCCRA initial value

Set the GTIOCOA pin as the PWM output pin
Set the output duty by compare matches

Low output at counting starts, low output at
counting stops

High output at GPTWO.GTCCRA compare match

Low output at cycle end

~ | 100
v 100
v 100
~ 100

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

foftware source count start

Software source count start enabled

GTETRGD signal edge selection Disabled
Disabled

Disabled

Disabled

Disabled
[T eLca event input
] ELCC event input
["] ELCE event input
[C1ELCG event input

["1ELCB event input
[ELCD event input
[T ELCF event input
[JELCH event input

Figure 3.8 GPTO Settings (1/3)
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~ HRPWM setting

@ Resolution PWM setting
nable output high resolution PWM waveform
nable operation of rising and falling edge adjustment circuit

ETIOCOA pin rising edge delay select Apply delay of 0/32 times PCLKC period

GTIOCOA pin falling edge delay select Apply delay of 0/32 times PCLKC period

GTIOCOB pin rising edge delay select Apply delay of 31/32 times PCLKC period Rising/falling edges of the GTIOCOB pin
GTIOCOB pin falling edge delay select Apply delay of 31/32 times PCLKC penod7 Apply delay of 31/32 times PCLKC period to

Rising/falling edges of the GTIOCOA pin
Apply delay of 0/32 times PCLKC period to
both edges

Overview Board Clogs System Components| Pins|Interrupts bOth edg es
Enable high-resolution PWM waveform output
Enable timing adjustment of rising/falling edges
Figure 3.9 GPTO Settings (2/3)
Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRE GTCCRB input capture sources
GTCCRB operation Compare match v 12799 \
Buffer operation Buffer operation is not performed \ Use GPTWO.GTCCRB for compare matches
GTIOCOB pin function PWM output pin \ Set GPTWO.GTCCRSB initial value
PCLKC
GTIOCOB pin output duty Determined by compare matches \ Set thehGTIOCOB pln as the PWM OUtprL:t pm
GTIOCOB pin negate control Disabled Set the OUtpUt dUty by compare matches
Output at start/stop Start output 0; stop output 0 \ =
Low output at counting starts, low output at
Qutput at compare match QOutput 1 \ Counting sto pS
Output at cycl d Output 0 .
Hpdtatayceen == N High output at GPTW0.GTCCRB compare match
Output value set when duty cycle is set af

Low output at cycle end

Figure 3.10 GPTO Settings (3/3)

3.2.4 Flowchart

The following flowchart shows the main function processing added after code generation by the Smart

Configurator.

Counting starts in the main function.

< main

)

v

Count start

R_Config_GPTO0_Start()

]

Figure 3.11 main Function
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3.3 Triangle-Wave PWM Mode 1 + HRPWM
e Target sample code file name: r01an6642_rx66t_gptw_triangle_pwml1_hrpwm.zip

3.3.1 Overview

This sample code outputs a high-resolution PWM waveform using triangle-wave PWM mode 1 (32-bit
transfer at trough) of the GPTW and the HRPWM.

To facilitate observation of the delay generated by the HRPWM, the GPTW output waveforms are set to
active high and no dead time for both the positive and negative phases.

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

. —
e Use triangle-wave PWM mode 1

e Use channel 0
e Carrier period = 400 us
e Timer counter clock = 160 MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
¢ Use GTCCRA for compare matches of the duty cycle output
— Set the GTIOCOA pin as the PWM output pin
— Toggle output at GTCCRA compare match
— Low output at counting starts, low output at counting stops
— Retain output at cycle end Refer to section 3.3.3 for
e Use GTCCRB for compare matches of the duty cycle output details on the setting
— Set the GTIOCOB pin as the PWM output pin method.
— Toggle output at GTCCRB compare match
— Low output at counting starts, low output at counting stops
— Retain output at cycle end
e Software source count start enabled
¢ High-resolution PWM waveform output enabled
— Apply delay of 0/32 times PCLKC period to rising/falling edges
of the GTIOCOA pin
— Apply delay of 31/32 times PCLKC period to rising/falling edges
of the GTIOCOB pin

Set in Smart Configurator.

PR
The structure of this sample code is shown below.
GTIOCA GTIOCOA
GPTW > MPC___H—»PD2
Channel 0 HRPWM
Triangle-wave | GTIOCB GTIOCOB
PWM mode 1 > —>»PD1

GPTW: Generates PWM waveform with triangle-wave PWM mode 1
HRPWM: Generates high-resolution PWM waveform
MPC: Sets the pins to be used from general purpose I/O port to peripheral function /O port

Figure 3.12 Sample Code Structure
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3.3.2 Operation Details
This section describes the operation of this sample code.
The sample code sets amounts of delay to the rising/falling edges of the PWM waveform in the triangle-wave

PWM mode of the GPTW, and outputs the waveform generated by the HRPWM from the GTIOCOA and
GTIOCOB pins.

Figure 3.13 (a): Setting 0/32 times PCLKC as the amount of delay causes the GPTW output waveform to
reflect a delay of 3 cycles of PCLKC.

Figure 3.13 (b): Setting 31/32 times the PCLKC period as the amount of delay causes the GPTW output
waveform to reflect a delay of 31/32 times PCLKC.

GPTWO.GTCNT
A

GPTWO.GTPR- |- — - o o

!
GTIOCOA <_P
0/32 times delay mn \ /

.
\malvalueou(p;ut*‘ (a) 3 clocks of PCLKC
L
[

GTIOCO0B
31/32 times delay

mn

|

|

0 (T
l —_—

|

*
(b) Delay of 31/32 times PCLKC period

Pin function
setting
(GTIOR setting)

Note: 1. An initial value output starts when the PMR register is set.

Figure 3.13 Sample Code Operations
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3.3.3 Smart Configurator Settings

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

Table 3.5 Adding Components

Iltem Description

Component General PWM timer
Configuration name Config_GPTO

Operation Triangle-wave PWM mode 1
Resource GPTO

Components i &3 ©/ % = Configure

%
- Basic setting
type filter text
Count setting
v @ Startup

Clock source
¥ = Generic

& r_bsp Timer operation period
v & Drivers Period register value (GTPRO)
¥ & Timers

& Config_GPTO Buffer operation

Count direction

Counter initial value

[Jinput capture is operated at count stop

Compare match register and pin setting

GICCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sourg

GTCCRA operation
Buffer operation

GTIOCOA pin function

GTIOCOA pin output duty
GTIOCOA pin negate control
Qutput at start/stop

Qutput 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 counter clock = 160 MHz

/ (PCLKC)

PCLKC ~ | [160.000 (MHz)

100 s v | (Actual value: 400,000
32000

Buffer operation is not performed

Carrier period = 400 ps

Up-counting
0

N

Count direction = up-counting

\

Counter inttial value =0

Compare match

v | 6400

S~

Buffer operation is not perfor

m&
PWM output pin
PCLKC

Use GPTWO0.GTCCRA for compare matches
Set GPTWO0.GTCCRA initial value

Determined by compare matches\

Disabled

Start output 0; stop output 0

Set the GTIOCOA pin as the PWM output pin
Set the output duty by compare matches

Toggle output

N
N
N

Output is retained

Qutput value set when duty cyc

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

Compare match
Compare match
Compare match

Compare match

o0

> 100
= 100
™ 100

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

Software source count start enabled

GTETRGD signal edge selection

Disabled

[C1ELCA event input
[CJELCC event input
[_JELCE event input
[C]ELCG event input

[CJELCB event input
[CJELED event input
[_J ELCF event input
[CJELCH event input

Figure 3.14 GPTO Settings (1/3)
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~ HRPWM setting

High Resolution PWM setting

7Ifnable output high resolution PWM waveform

GTIOCOA pin rising edge delay select
GTIOCOA pin falling edge delay select
GTIOCOB pin rising edge delay select
GTIOCOB pin falling edge delay select

Overview Board Clogls System Components Pins Interrupts

nable operation of rising and falling edge adjustment circuit

Apply delay of 0/32 times PCLKC period
Apply delay of 0/32 times PCLKC period
Apply delay of 31/32 times PCLKC period'
Apply delay of 31/32 times PCLKC period

Enable high-resolution PWM waveform output
Enable timing adjustment of rising/falling edges

Rising/falling edges of the GTIOCOA pin
Apply delay of 0/32 times PCLKC period to
both edges

/

Rising/falling edges of the GTIOCOB pin
Apply delay of 31/32 times PCLKC period
to both edges

Figure 3.15 GPTO Settings (2/3)

Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match
Buffer operation Buffer operation is not performed\
GTIOCOB pin function PWM output pin
PCLKC \
GTIOCOB pin output duty Determined by compare matches \
GTIOCOB pin negate control Disabled
Qutput at start/stop Start output 0; stop output 0 \
Output at compare match Toggle output \
Output at cycle end Qutput is retained \
Qutput value set when duty cycle is set

VB0 N\

Use GPTWO.GTCCRB for compare matches
Set GPTWO0.GTCCRSB initial value

Set the GTIOCOB pin as the PWM output pin
Set the output duty by compare matches

Low output at counting starts, low output at

Toggle output at GPTWO0.GTCCRB compare

counting stops

match
Retain output at cycle end

Figure 3.16 GPTO Settings (3/3)

3.3.4 Flowchart

The figure below shows the processing of the main function added after code generation by the Smart

Configurator.

Counting starts in the main function.

C

main

)

v

Count start

R_Config_GPTO_Start()

]

Figure 3.17 main Function
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4. 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.

Also visit the following Renesas Electronics website:

https://www.renesas.com/software-tool/migration-e2studio-to-csplus

4.1

Importing with e? studio

When using the sample code in e? studio, import it into e2 studio using the following steps.

(The actual screen may vary according to the version of e? studio you are using.)

P8 workspace - G/C++ - & studio

ew

Ppen File...

&

Qose

ose All

Edit Source Refactor MNavigate Search Project

Alt+Shift+N >

Select

pen Projects from File System..

= Create new projects frem an archive file or directory.

EnseiEAl Select an import wizard:

Spve

Shve As...|

E
5
Spve All
R|

Start the e?studio, and select
menu [File] >> [Import...].

type filter text

P8 Import (]

w (= General

vert
Move...
Rgname...

Rfresh

Cgnyert Line Delimiters To

Ppnt..

itch Workspace

Properties

Exit

£}
E (% Existing Projects into Workspace

(4 File System
% HEW Project

| Select [Existing Projects into Workspace].

[T Preferences

(3 Projects from Folder or Archive

N (&5 Rename & Import Existing C/C++
@ Renesas CS5+ Project for CATSKORS
@ Renesas CS5+ Project for CC-RX an

B C/Ces

(&> Code Generator

= Git

= Install

Fa Onmnk

ATSKO
CC-RL

broject into Workspace

Alt+Enter  |st

@

Import Projects

Select a directory to search for existing Eclipse projects.

Select [Select root
directory:].

Einish Cancel

() Select archive file: Browse...

Projects:

elect rDDgdirEctDry:l|[.'¥duwn\oad¥an-rman3956ﬂ011]]-rxv2-d5p¥ v‘ [ Browse...

Select [Add project to

the working sets.

working sets] when using

r01an3956_mw2 (C¥downlead¥an-r01an3956)/0100-rov2-dsp¥rllar) Select All

Deselect All

< > Refrech

Options

["] Search for nested projects

Copy projects into workspacd

[]Hide projects that already exist in the workspace

Waorking sets

|| Add project to working sets New...
Select...
Cancel

Select [Select root directory:], and specify the
directory which stored the project to import.
(e.g. an-r01an3956jj0100-rxv2-dsp)

Each application note has its own project name.

Figure 4.1

How to Import a Project into e? studio
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4.2 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]

File Edit View Project Build Debug Tool Window Help

Eot)2 8a 3 im0 o &8 8 - - & DA LED
FREFR: 0P8R 5

Project|Tree 2% @ st

s d 8@

Learn About CS+
Jle: cecommend reading the titorial o find out what can be dong in CS=

Start the CS+, and select [Open
Existing MCU Simulator Online/e?
studio / CubeSuite / High-performance
Embedded Workshop / PM+ Project]

Open Existing Project
l Loads the project of CS+. Can also be opened dirsctly from the following link

Open Existing MCU Simulator Online/e? studio/CubeSuite/High-p«
The project created with the MCU Simulator Online, the €2 studio, or the old ID

=

Favo,
Nott

Recert Projects
Notfing

Support version:

MCU Simuitor Oriine
or Online can be read
(1 Buid options and smulator options alse ca

Drop here to open the project gtween the project
Fle(" mip)

estudio

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

RHE50 RL78 RX
RHE50_F1L_Tutorial_Analysis
GO ‘ RH850_F1L_Tutorial_Basic_Operation

Select a project (e.g. r01an3956_rxv2).

™ Open Project X
S

4 || « an-r01an39.. > r01an3956_nw2 v & Sesrchlan3 o
Organize = MNew folder f== + [N 0
an-r01an3856}j0100-nov2-dsp A Name - Date modit
r01an3956_rav2 settings
settings HardwareDebug
HardwareDebug src —
sre | | iD1an3956_mv2.rcpe
G4 Select a .rcpc file, and click
b Music the button [Open)].
OneDrive

File name: | r01an3956_nZ.1cpe

Each application note has its own project name.

Project Convert Sttizgs

You can convert y([IR e o))}

T

several projects v

L r01an3956 2 |

when you press 4
place as the selec]

[Nofice]
If you open 2 High
each project

Project seftings
New microcontroller

Open

W] project File for e studio (*.rcpc. v

ancel

Select [Project File for e? studio (*.rcpc)]

Update.

~ | |Product Name-R5F564MLCxFC
Onchip ROM size[KBytes]-4096
On-chip RAM size[Bytes] 524288
Addtional Information: Package=PLQP0176KB-A

8 RSF564MLCxLK(145pin)
¥ R5F5654MLDXBG(176pin)
@ RSF564MLDxFB(144pin)

Select [Empty Application(CC-RX)] in
[Kind of project:],

and specify [Project name:] and [Place:]

Kind of project: Empty Application(CC-RX) v

Project name: r01an3956_ncv2

[ Create on a different place from the source project

Place: Ci\Users\User \Documents\CS+ Projects'rO1an  [w|v | | Browse.
[ Copy all files in the folder of the source project to the destination place
[ Backup the project composition files after conversion
A\ 4
o S

Figure 4.2 How to Import a Project into CS+
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5. Reference Documents

User’s Manual: Hardware
RX66T Group User’s Manual: Hardware (RO1UHQ0749)
(Please obtain the latest version from the Renesas Electronics Corp. website.)

Technical Updates/Technical News
(Please obtain the latest version from the Renesas Electronics Corp. website.)

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.)

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.)
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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 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/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 Vi (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 V. (Max.) and Viu (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.
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(Notel)

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
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

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

Trademarks

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

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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