REN ESAS Application Note

RX Family
Usage Examples for Phase Counting Modes Using MTU3/GPTW

Introduction
This application note describes how to use phase counting modes by using the MTU3d and GPTW.

The RX66T-group microcomputer has on-chip multi-function timer pulse unit 3 (MTU3d) and general PWM
timer (GPTW), thus supporting phase counting modes that count the number of edges for two pulse signals
with a phase difference.

This application note is applicable to RX-family devices that have on-chip MTU3 and GPTW. If you use this
application note for a microcomputer that is not of the RX66T group, you need to revise the content
according to the specifications of the target microcomputer and evaluate operation adequately.

Applicable devices
RX-family devices that have on-chip MTU3 and GPTW

Device used for operational verification
RX66T group

Hereinafter, the multi-function timer pulse unit 3 is referred to as "MTU".
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RX Family

Usage Examples for Phase Counting Modes Using MTU3/GPTW

1. Specifications of the MTU and GPTW
This application note covers the phase counting modes for the MTU and GPTW.

Two pulse signals with a phase difference are input to the MTCLKA (MTCLKC and GTIOCnA) and MTCLKB
(MTCLKD and GTIOCnB) pins, and then the number of edges are counted (by incrementing or

decrementing).

The following describes the functionality of phase counting modes.

Table 1.1 Functionality of Phase Counting Modes

Item

MTU

GPTW

Channel

MTU1 and MTU2

GPTn(n=01t09)

Functionality

A timer independently working in 16-bit
phase counting mode can be set for each
channel.
A timer working in conjunction with two
channels in 32-bit phase counting mode
can be set (LWA =1).

Long words can be accessed.
Timers can be cascade-connected (LWA
=0).

Long words cannot be accessed.

A timer in 32-bit phase counting mode can
be set for each MTU independently.

B-phase: MTCLKB and MTCLKD

Mode Modes 1to 5 Modes 1to 5

Configuration Mode setting: TMDR1 Count-up setting: GTUPSR
register Mode expansion: TCR2.PCBJ[1:0] Count-down setting: GTDNSR
Input pin A-phase: MTCLKA and MTCLKC A-phase: GTCIOCnA

B-phase: GTCIOCnB
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RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW

1.1 Types of Phase Counting Modes and Settings in Smart Configurator

The following table shows the types of phase counting modes that can be set for the MTU and GPTW of an
RX66T. For details about how to specify the settings in Smart Configurator for MTU or GPTW, click the
[MTU] or [GPTW] link in the "Mode" column of the table.

Table 1.2 Types of Phase Counting Modes (1/3)

Mode Operational conditions Waveform
Operation | A-phase B-phase
Mode 1 Up- High Rising Aphase_ [ [ |
e MTU counting Low Falling Bphae_J—j_th_ L _r—|__r—|__
e GPTW Rising Low N vae RERE R ?
Falling High L EERRENE
Down_ H|gh Fa”lng U:p-c;ounti;ng %D;own-;co%nting‘
counting Low Rising
Rising High
Falling Low Time
Mode 2-1 Up- Falling High Aphase_ [ [
e MTU counting B phase ;
e GPTW GTONT valve
Ui -céuntin Down-countini
Down- Falling Low /pg/, \\g
counting T
Time
Mode 2-2 Up- Rising High mpese_ [ 1 [ L[ L[ 1L [ L
e MTU counting B phase
o GPTW GTONT valie ‘ ‘
Up-courjting Down-éoun(ing
Down- Rising Low // \\
counting I
Mode 2-3 Up- Falling High Aphase_ [ [ L
[ ] MTU Counting B phase
e GPTW Rising STNTvale
- Up-ccﬁ)unting /y \ Downécountinﬁg
Down- Falling Low /H —1% —~
counting ~
Rising
Time
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Usage Examples for Phase Counting Modes Using MTU3/GPTW

Table 1.3 Types of Phase Counting Modes (2/3)

Mode Operational conditions Waveform
Operation | A-phase B-phase
Mode 3-1 Up- Falling High Aphase_ [ 1]
[ ] MTU COUntIng B phase \_,_\_
e GPTW oToNTiale |
- - Up-c;unling \ Down»countirig
Down- High Falling // ~
counting T
Time
Mode 3-2 Up- Rising High Aprase_ [ 1 [ 1|
e MTU counting B phass™ L L I L
. GPTW Rikend
) Up-counting /y ~ Down-cour:ning
- - / 2
Down- High Rising
counting
Mode 3-3 Up- Falling High Aphase_ [ [ L[]
o MTU COUntIng B phase |
e GPTW Rising T
Up—(%ounting/v Dt;)wn—coL;nting
Down- High Falling — - —
counting P
Rising
Time
Mode 4 Up- High Rising Aprass 1 1 L I 1L T 1L 71—
e MTU counting Borase__ [ | [ |
e GPTW Low Falling TNTihe
Up-[%ounting/ %Down%countin;g
Down- High Falling
counting
Low Rising
Time
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Usage Examples for Phase Counting Modes Using MTU3/GPTW

Table 1.4 Types of Phase Counting Modes (3/3)

Mode Operational conditions Waveform
Operation | A-phase B-phase
Mode 5-1 Up- Falling High aphase_ [ L[]
[ ] MTU Counting B phase | I I Y e
e GPTW Low GTONT valke ;
- Up-c;unling
Downl- Down-counting not //
counting performed ]
Time
Mode 5-2 Up- High Falling Aprase_ [ [ LT LJ
e MTU counting B phase L L
e GPTW Low GTENT yalue
Up-counting > 4
Down- Down-counting not
counting performed
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RX Family

Usage Examples for Phase Counting Modes Using MTU3/GPTW

1.1.1

Specifying the Settings in Smart Configurator (for MTU)

This section describes how to specify the phase counting mode settings for the MTU in Smart Configurator.
The same settings apply to all types of phase counting modes (16-bit phase counting mode, 32-bit phase

counting mode, and cascade connection mode)

Table 1.5 Phase Counting Mode Settings (for MTU) (1/4)

Mode Waveform
Mode 1
High-Rising
Count condition setting Low-Falling
_ Rising-Low
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) ¥ Falling-High
Up count High-Rising, Low-Falling, Rising-Low, Falling-High *
Down count High-Falling, Low-Rising, Rising-High, Falling-Low “\ (Phase counting mode 1)
A-phase
Botase High-Falling
T Low-Rising
st a8 Rising-High
.J..:,r:,..ny : Falling-Low
T
Mode 2-1 Count condition setting
External clocks MTCLEA (A-phase) - MTCLKB (B-phase) ™
Up count Falling-High ~—— Falling-High
Down count Falling-Low ¥ (Phase counting mode 2)
e ) (R D (G R (Y [ S G )
: : : / \ Falling-Low
E-phase — i
TCNT:Huo : :
Up-nounlﬂ.;..__ - : --.___%cmmw
i Tirnal
Mode 2-2 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKE (B-phase) v
Up count Rising-High | Rising-High
Down count Rising-Low V\ (Phase counting mode 2)
e \ Rising-Low
B-phase —-—-—-—1
TONT wilua
| '.Iﬂ-l'.Ollmﬂ.a.. e
= Theres
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RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW

Table 1.6 Phase Counting Mode Settings (for MTU) (2/4)

Mode Waveform
Mode 2-3 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) ~
Up count Falling/Rising-High - Faling/Rising-High
Down count Falling/Rising-Low N ¥ | (Phase counting mode 2)
:": “ Falling/Rising-Low
M ERE R
Mode 3-1 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) b
Up count Falling-High = Falling-High
Down count High-Falling \v (Phase counting mode 3)
i B & N  High-Faling
B-phase
O van
dmss |
Mode 3-2 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) ~
Up count Rising-High b Rising-High
Down count High-Rising \:F'hrnre' counting mode 3)
PR ey TN s B o B N High-Rising
Fpas ! L
E : : _ Don-coniing
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Table 1.7 Phase Counting Mode Settings (for MTU) (3/4)

Mode Waveform
Mode 3-3 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) v
: o . —_— Falling/Rising-High
Up count Falling/Rising-High
Down count High-Falling/Rising \ v | (Phase counting mode 3)
aphese —I LT LT 1 N High-Falling/Rising
S-phase — i 5= g I
Mode 4 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) £ High-Rising
Up count High-Rising. Low-Falling B a Low-Falling
Down count High-Falling, Low-Rising Y (Phase counting mode 4)
aosese J T LT LT TLTTLT N High-Faling
sowe __ 1 1 1 1 I Low-Rising
TONT valus : i i i i
Mode 5-1 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKR (B-phase) ™
Up count Fa!ling—HighjLow —_— Falling—High/Low
Down count No down count ~ | (Phase counting mode 5)
\\
A-phass SEE: T ] s R g I N No down count
T  E e [ ey 1O
TCNT vakst i
= Thire
RO1AN6387EJ0100 Rev.1.00 Page 10 of 63

June.29.22 RENESAS



RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW

Table 1.8 Phase Counting Mode Settings (for MTU) (4/4)

Mode Waveform
Mode 5-2 Count condition setting
External clocks MTCLKA (A-phase) - MTCLKE (B-phase) w
Up count High/Low-Falling b — High/Low-Falling
Down count Mo down count \ {Phase counting mode 5)
PO AR | [ (] o [ I N No down count
A-phase I_'_I_,_I_
"C"If.vdu! : i H

Upcounting _— T

Tieway
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RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW

1.1.2 Specifying the Settings in Smart Configurator (for GPTW)
This section describes how to specify the phase counting mode settings for the GPTW in Smart Configurator.

Table 1.9 Phase Counting Mode Settings (for GPTW) (1/5)

Mode Waveform

MOde 1 Count operation sources setting
Count start sources Count stop sources Counter clear sourcesCount down sources
GTETRGA signal edge selection Disabled ar
GTETRGB signal edge selection Disabled s
GTETRGC signal edge selection Disabled »
GTETRGD signal edge selection Disabled ~

Rising of GTIOC3A input selection  Rising of GTIOC3A input while GTIOC3B input 0 Rising of GTIOCNA input while GTIOCNB input 0

Falling of GTIOCnA input while GTIOCnB input 1
Rising of GTIOCnB input while GTIOCnA input 1
Falling of GTIOCnB input while GTIOCnA Input 0

Falling of GTIOC3A input selection  Falling of GTIOC3A input while GTIOC3EB input 1 ~
Rising of GTIOC3B input selection  Rising of GTIOC3B input while GTIOC3A input 1 s
Falling of GTIOC3B input selection  Falling of GTIOC3B input while GTIOC3A input 0 /

Count operation sources setting

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

GTETRGA signal edge selection Disabled
GTETRGB signal edge selection Disabled
GTETRGC signal edge selection Disabled
GTETRGD signal edge selection Disabled
Rising of GTIOC3A input selection  Rising of GTIOC3A input while GTIOC3B input 1

Rising of GTIOCnA input while GTIOCnB input 1
Falling of GTIOC3A input selection  Falling of GTIOC3A input while GTIOC3B input 0 | Falling of GTIOCnA input while GTIOCnB input 0
.| Rising of GTIOCnB input while GTIOCnA input 0

Rising of GTIOC3E input selection  Rising of GTIOC3B input while GTIOC3A input 0 — " N N N
Falling of GTIOCnB input while GTIOCnA input 1

Falling of GTIOC3B input selection  Falling of GTIOC3B input while GTIOC3A input 1

MOde 2'1 Count operation sources setting
Count start sources Count stop sources Counter clear sources Count down sources
GTETRGA signal edge selection Disabled v
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled »
GTETRGD signal edge selection Disabled w
Rising of GTIOC3A input selection  Disabled a

Falling of GTIOC3A input selection  Falling of GTIOC3A input while GTIOC3B input 1 —| Falling of GTIOCnA input while GTIOCnB input 1

Rising of GTIOC3B input selection  Disabled o
Falling of GTIOC3B input selection  Disabled hd

Count operation sources setting

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

GTETRGA signal edge selection Disabled b
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled L
GTETRGD signal edge selection Disabled ~
Rising of GTIOC3A input selection  Disabled v

Falling of GTIOC3A input selection  Falling of GTIOC3A input while GTIOC3B input 0 —| Falling of GTIOCnA input while GTIOCnB input 0

Rising of GTIOC3B input selection  Disabled =
Falling of GTIOC3B input selection  Disabled ~
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Table 1.10 Phase Counting Mode Settings (for GPTW) (2/5)

GTETRGA signal edge selection
GTETRGB signal edge selection
GTETRGC signal edge selection
GTETRGD signal edge selection
Rising of GTIOC3A input selection
Falling of GTIOC3A input selection
Rising of GTIOC3B input selection
Falling of GTIOC3B input selection

Count operation sources setting

GTETRGA signal edge selection
GTETRGB signal edge selection
GTETRGC signal edge selection
GTETRGD signal edge selection
Rising of GTIOC3A input selection
Falling of GTIOC3A input selection
Rising of GTIOC3B input selection
Falling of GTIOC3B input selection

Mode Waveform

Mode 2-2 Count operation sources setting
Count start sources Count stop sources Counter clear sourcs Count down sources
GTETRGA signal edge selection Disabled ~
GTETRGB signal edge selection Disabled ~
GTETRGC signal edge selection Disabled an
GTETRGD signal edge selection Disabled w
Rising of GTIOC3A input selection  Rising of GTIOC3A input while GTIOC3B input 1 _| Rising of GTIOCnA input while GTIOCnB input 1
Falling of GTIOC3A input selection  Disabled b
Rising of GTIOC3B input selection  Disabled >
Falling of GTIOC3B input selection  Disabled ~
Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up ;oufces
GTETRGA signal edge selection Disabled s
GTETRGB signal edge selection Disabled 4
GTETRGC signal edge selection Disabled b
GTETRGD signal edge selection Disabled o
Rising of GTIOC3A input selection  Rising of GTIOC3A input while GTIOC3B input 0 _| Rising of GTIOCnA input while GTIOCnB input 0
Falling of GTIOC3A input selection  Disabled ~
Rising of GTIOC3B input selection  Disabled et
Falling of GTIOC3B input selection  Disabled v

MOde 2'3 Count operation sources setting

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

Disabled v
Disabled v
Disabled "
Disabled v

Rising of GTIOC3A input while GTIOC3B input 1 _| Rising of GTIOCnA input while GTIOCnB input 1 |

Falling of GTIOC3A input while GTIOC3B input 1 ——{Faling of GTIOCNA input while GTIOCNB input 1 |
Disabled v

Disabled v

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

Disabled o
Disabled >
Disabled e
Disabled g

Rising of GTIOC3A input while GTIOC3B input 0 | Rising of GTIOCnA input while GTIOCnB input 0 |

Falling of GTIOC3A input while GTIOC3BnpUt 0 == Faling of GTIOCnA input while GTIOCnB input 0|

Disabled »
Disabled ~

RO1AN6387EJ0100 Rev.1.00
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RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW
Table 1.11 Phase Counting Mode Settings (for GPTW) (3/5)

Mode Waveform

Mode 3-1 Count operation sources setting
Count start sources Count stop sources Counter clear sourcesCount down sources
GTETRGA signal edge selection Disabled ~
GTETRGB signal edge selection Disabled a:
GTETRGC signal edge selection Disabled ~
GTETRGD signal edge selection Disabled v
Rising of GTIOC3A input selection  Disabled ~
Falling of GTIOC3A input selection  Falling of GTIOC3A input while GTIOC3B input 1 —| Falling of GTIOCnA input while GTIOCnB input 1
Rising of GTIOC3B input selection  Disabled 5
Falling of GTIOC3B input selection  Disabled ~

Count operation sources setting

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

GTETRGA signal edge selection Disabled ~

GTETRGB signal edge selection Disabled ~

GTETRGC signal edge selection Disabled b

GTETRGD signal edge selection Disabled b

Rising of GTIOC3A input selection  Disabled v

Falling of GTIOC3A input selection  Disabled A

Rising of GTIOC3B input selection  Disabled i

Falling of GTIOC3B input selection  Falling of GTIOC3B input while GTIOC3A input 1 dh' Falling of GTIOCnB input while GTIOCnA input 1
MOde 3'2 Count operation sources setting

Count start sources Count stop sources Counter clear sources ount down sources

GTETRGA signal edge selection Disabled ~

GTETRGB signal edge selection Disabled v

GTETRGC signal edge selection Disabled ~

GTETRGD signal edge selection Disabled -

Rising of GTIOC3A input selection  Rising of GTIOC3A input while GTIOC3B input 1 "—| Rising of GTIOCnA input while GTIOCnB Input 1

Falling of GTIOC3A input selection  Disabled ~

Rising of GTIOC3B input selection  Disabled =

Falling of GTIOC3B input selection  Disabled ~

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up soun:es

GTETRGA signal edge selection Disabled e
GTETRGB signal edge selection Disabled L
GTETRGC signal edge selection Disabled ~
GTETRGD signal edge selection Disabled -
Rising of GTIOC3A input selection  Disabled ~
Falling of GTIOC3A input selection  Disabled b
Rising of GTIOC3B input selection  Rising of GTIOC3B input while GTIOC3A input 1 —| Rising of GTIOCnB input while GTIOCnA input 1
Falling of GTIOC3B input selection  Disabled ~
RO1AN6387EJ0100 Rev.1.00 Page 14 of 63
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RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW
Table 1.12 Phase Counting Mode Settings (for GPTW) (4/5)

Mode Waveform
Mode 3-3 Count operation sources setting
Count start sources Count stop sources Counter clear sources Count down sources
GTETRGA signal edge selection Disabled b
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled ~
GTETRGD signal edge selection Disabled ~
Rising of GTIOC3A input selection  Rising of GTIOC3A input while GTIOC3B input 1 v_| Rising of GTIOCnA input while GTIOCnB input 1 |
Falling of GTIOC3A input selection  Falling of GTIOC3A input while GTIOC3B input 1 —-—| Falling of GTIOCNA input while GTIOCnB input 1 |
Rising of GTIOC3B input selection  Disabled e
Falling of GTIOC3B input selection  Disabled v

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources _

GTETRGA signal edge selection Disabled ~

GTETRGB signal edge selection Disabled a:

GTETRGC signal edge selection Disabled o

GTETRGD signal edge selection Disabled ~

Rising of GTIOC3A input selection  Disabled ¥

Falling of GTIOC3A input selection  Disabled ~

Rising of GTIOC3B input selection  Rising of GTIOC3B input while GTIOC3A input 1 ~—Rising of GTIOCNB input while GTIOCNA input 1 |
Falling of GTIOC3B input selection  Falling of GTIOC3B input while GTIOC3A input 1 a—' Falling of GTIOCnB input while GTIOCnA input 1 |

Mode 4 Count operation sources setting

Count start sources Count stop sources Counter clear sourcesCount down sources

GTETRGA signal edge selection Disabled i

GTETRGB signal edge selection Disabled v

GTETRGC signal edge selection Disabled "

GTETRGD signal edge selection Disabled -

Rising of GTIOC3A input selection  Disabled v

Falling of GTIOC3A input selection  Disabled

Rising of GTIOCnB input while GTIOChA input 1
Rising of GTIOC3B input selection  Rising of GTIOC3B input while GTIOC3A input 1 —{Rising P put |

Falling of GTIOC3B input selection  Falling of GTIOC3B input while GTIOC3A input 0 —| Falling of GTIOCnB input while GTIOCnA input 0 |

Count operation sources setting

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

GTETRGA signal edge selection Disabled b
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled ~
GTETRGD signal edge selection Disabled ~
Rising of GTIOC3A input selection  Disabled v
Falling of GTIOC3A input selection  Disabled b
Rising of GTIOC3B input selection  Rising of GTIOC3B input while GTIOC3A input 0 _| Rising of GTIOCnB input while GTIOCnA input 0 |
Falling of GTIOC3B input selection  Falling of GTIOC3B input while GTIOC3A input 1 —' Falling of GTIOCNB input while GTIOCnA input 1 |
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Table 1.13 Phase Counting Mode Settings (for GPTW) (5/5)

Mode Waveform

MOde 5'1 Count operation sources setting
Count start sources Count stop sources Counter clear sources Count down sources
GTETRGA signal edge selection Disabled 3
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled v
GTETRGD signal edge selection Disabled ~
Rising of GTIOC3A input selection  Rising of GTIOC3A input _| Rising of GTIOCNA input
Falling of GTIOC3A input selection  Disabled ~
Rising of GTIOC3B input selection  Disabled 3
Falling of GTIOC3B input selection  Disabled ~

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources_

GTETRGA signal edge selection Disabled -
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled ~
GTETRGD signal edge selection Disabled ~
Rising of GTIOC3A input selection  Disabled ~
Falling of GTIOC3A input selection  Disabled M
Rising of GTIOC3B input selection  Disabled e
Falling of GTIOC3B input selection  Disabled v
MOde 5'2 Count operation sources setting

Count start sources Count stop sources Counter clear sour(esoum down sources
GTETRGA signal edge selection Disabled Lo
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled v
GTETRGD signal edge selection Disabled A
Rising of GTIOC3A input selection  Disabled v
Falling of GTIOC3A input selection  Disabled e
Rising of GTIOC3B input selection  Disabled e
Falling of GTIOC3B input selection  Falling of GTIOC3B input —l Falling of GTIOCnB input

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources _

GTETRGA signal edge selection Disabled *
GTETRGB signal edge selection Disabled i
GTETRGC signal edge selection Disabled L
GTETRGD signal edge selection Disabled e
Rising of GTIOC3A input selection  Disabled v
Falling of GTIOC3A input selection  Disabled v
Rising of GTIOC3B input selection  Disabled v
Falling of GTIOC3B input selection  Disabled >
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2. Conditions Under Which Operation Was Verified

For the sample code in this application note, operation was verified under the conditions in the following

table.

Table 2.1 Environment Used for Verifying Operation

Item

Description

MCU used

R5F566TEADFP (mounted on the Renesas Starter Kit for RX66T)

Operating frequency

Main clock: 8 MHz

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

HOCO: Inactive

LOCO: Inactive

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)
FlashIF clock (FCLK): 40 MHz (PLL x 1/4)

Operating voltage

33V

Integrated development
environment

Renesas Electronics
e? studio Version 2022-04

C compilerNote

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

Compiler option
The default settings of the integrated development environment

apply.
iodefine.h version V1.00
Endian Little endian

Operation mode

Single-chip mode

Processor mode

Supervisor mode

Sample code version V1.00

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

Emulator E2-Lite

Note: If the import-destination project does not have the same version of toolchain (for the C compiler) as
that specified in the import-source project, no toolchain will be selected and an error will occur.
Check whether a toolchain is selected in the project settings window.

For details about how to specify the settings, refer to "FAQ 3000404".

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

project (e? studio)

RO1AN6387EJ0100 Rev.1.00

June.29.22

Re Page 17 of 63
RENESAS




RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW

3. MTU Sample Code

3.1 General
3.1.1 Sample Code List

This application note provides the following types of sample code available with Smart Configurator.

These can be downloaded from the Renesas Electronics website.

Table 3.1 MTU Sample Code List

Name Conditions where the sample code can be Refer
used to

16-bit Phase Counting Mode 16-bit phase counting mode 3.2

r01an6387_rx66t mtu3 16 phase_cnt.zip The MTIOCA1A pin is used for Z-phase.

32-Bit Phase Counting Mode 32-bit phase counting mode 3.3

(MTU1.TMDR3.LWA = 1) The MTIOC1A pin is used for Z-phase.

r01an6387_rx66t_mtu3_32 phase_cnt.zip

32-Bit Phase Counting Mode 32-bit phase counting mode (using cascade- 3.4

(MTU1.TMDR3.LWA = 0) connected timers)

r01an6387_rx66t_mtu3_32_phase_cnt_cas.zip | The MTIOC1A pin is used for Z-phase.

RO1AN6387EJ0100 Rev.1.00

June.29.22 RENESAS

Page 18 of 63



RX Family Usage Examples for Phase Counting Modes Using MTU3/GPTW

3.1.2 Folder Structure
The following shows the main folders for the sample code.

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

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

src

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

Config_MTUn <«— MTU related Config setting
j Config MTUn.c n indicates channel number
] config_MTUnh When multiple channels are used,

" confia MTU : such as in complementary PWM mode,
&) Contfig_MTUn user 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
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3.1.3 File Structure
The following shows the main files for the sample code.

Table 3.2 MTU File Structure

File name Description

[Project-name].c main function

This is the main function.

Smart Configurator generates this function with empty content. Add
necessary processing according to the type of sample code.
Config_MTUn.cNote R_Config MTUn_Create function

This function specifies the initial settings for the MTU.

Smart Configurator generates an initial setting function according to the
settings specified in Smart Configurator.

Smart Configurator generates processing that invokes this function. This
function is invoked by the R_Systemlnit function that is run before the main
function is run.

R Config MTUn_Start function
This function starts the counting for the MTU.
Smart Configurator generates this function.
In the sample code, this function is invoked by the main function.

R Config MTUn_Stop function
This function stops the counting for the MTU.
Smart Configurator generates this function.
This function is not used in the sample code.

Config_MTUn_user.cNo | r Config MTUn_Create Userlnit function
This is a user function that specifies the initial settings for the MTU.
Smart Configurator generates this function with empty content. Add
necessary processing according to the type of sample code.
This function is invoked at the end of the R_Config_ MTUn_Create function
that is generated by Smart Configurator.

r_Config MTUn interrupt-name_interrupt function
This is an interrupt handler function.
Smart Configurator generates this function with empty content. Add
necessary processing according to the type of sample code.

Config_MTUn.hNete This is a header file that defines MTU-related functions.

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

To use MTU-related functions, include the r_smc_entry.h file.

Note: n indicates the channel number.

RO1AN6387EJ0100 Rev.1.00 Page 20 of 63
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3.1.4 Adding a Component
In the sample code, Smart Configurator is used to add the MTU as follows.

Table 3.3 Adding a Component

Item

Description

Component

Refer to the section for the relevant type of sample code. ((1) in the
following figure)

Configuration name

In the sample code, the initial value is used.

Operation

Refer to the section for the relevant type of sample code. ((2) in the
following figure)

Resource Refer to the section for the relevant type of sample code. ((3) in the
following figure)
e MNew Component
Software Component Selection &3
Select component from those available in list
Category All 2
Function All b4
Filter
Components a Short Name Type Version
## Open Source FAT File System. r_tfat_rx Firmware Integr... 4.02
# Phase Counting Mode Timer Code Generator  2.2.0
# Port Output Enable Code Generator  1.9.0
# Ports Code Generator __ 2.2.0
[B} PWM Mode Timer Code Generator  1.10.0 }
[vIShow 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...
e MNew Component
Add new configuration for selected component dj
PWM Mode Timer
Configuration name: :tonfiq MTUO
Operation: PWM mode 1 ~
Resource: MTUD / i
/ (2) Differs for each sample code
(3) Differs for each sample code |
Figure 3.2 Adding a Component
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3.1.5 Pin Configuration
Figure 3.3 shows an example of configuring pins by using Smart Configurator.

Before you configure pins, make sure that the MTU has been configured. For details about how to configure
the MTU, refer to the "Smart Configurator Settings" section appropriate for the relevant type of sample code.

Pin configuration is performed inside the R_Config_ MTUn_Create function that is generated by Smart
Configurator.

Pin corlﬂguration Gmemtje Code Gcnera; Report
Hardware Resource + =& & Pin Function A H| R dea
Type filter text type filter text (* = any string, 7 = any character) All ¥
& All A Enabled Function  Assignment Pin Number Direction Remarks Comments
<% Digital power supply [v] MTIOC3A  # P33/D7/MTIOCIA/MTCLKA/MTIOC # 58 (o]
@ Clock generator [l M™Mmnocsa# r Not assigned * Not assigned None
@ Clock frequency accuracy measurement circuit E MTIOC3B  # PT1/D5/MTIOCIB/MTIOCIB#/GTIC * 56 (]
@ Operating mode control [] MTIOC3B# + Not assigned 7 Not assigned None
& System control [1 MTOC3C r Not assigned * Not assigned None
@ On-chip emulator []__MTOC3c# ¢ Not assigned 7 Not assigned None
*5 Buses | @ wmmocip P7a/D2/MTIOCID/MTIOCID#/GTI # 53 (o] )|
@ Interrupt controller unit [ MTIOC3D# # Not assigned * Not assigned None
¥ @ Multi-function timer pulse unit 3
= MTUO
w MTU1
- MTUZ Click Assignment to display available
( = MTU3 ) pins, then select the pins to be used
= MTU4
“ MIUS | Select the channel used by
i the MTU
w MTU7
= MTU9
v @ General PWM timer
= GPTO
=S Select Pins tab
= GPT2
w GPT3
w GRTA b
Pin Function Pin Number

| Overview Board Clocks System Components! @ Interrupts

Figure 3.3 Pin Configuration
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3.1.6 Interrupt Configuration

Figure 3.4 shows an example of setting an interrupt by using Smart Configurator. For details about software
configurable interrupt A, refer to section 14.4.5.1, Software Configurable Interrupt A in the RX66T Group
User's Manual: Hardware.

Before you configure interrupts, make sure that the MTU has been configured. For details about how to
configure the MTU, refer to the "Smart Configurator Settings" section appropriate for the relevant type of
sample code.

Interrupt configuration is performed inside the R_Config MTUn_Create, R_Config MTUn_Start, and
R_Config_ MTUn_Stop functions that are generated by Smart Configurator.

Interrupt handler functions are created with names in the "r_Config_ MTUn_interrupt-name_interrupt" format
in the Config_ MTUn_user.c file that is generated by Smart Configurator.

]

Interrupt configuration Generate Code Generate Report

Interrupt vectors =i
Type filter text
Vector Number Interrupt Peripheral  Priority Status Fast Inter... "'

184 CMPC4 CMPC4  Level 15

| 185 CMPC5 CMPCS  Level 15
208 INTAZ208 (TGIAD) MTUO Level 15
209 INTA209 (TGIBO) MTUD Level 15
210 INTA210 (TGICO) MTUO Level 15
21 INTA211 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO) MTUD Level 15
213 INTA213 (TGIED) MTUD Level 15
214 INTA214 (TGIFD) MTUO Level 15
215 INTA215 (TGLA1) MTUA Level 15

Software 216 INTAZ16 (TGIB1) MTU Level 15
Configurable — 217 INTA217 (TCIV1) MTUT Level 5 Click Interrupt to display available
218 INTA218 (TCIU1) MTU Level 15 ) .
Interrupt A 57 NTAZ1G e i T interrupt names, then select interrupts to
; be used

220 INTAZ20 (TGIB2) MTUZ Level 15
21 INTA221 (TCIV2) MTUZ Level 15
222 INTA222 (TCIU2) MTU2 Levg
223 INTA223 (TGIA3) MTU3 Level 15 Used )
224 INTA224 (TGIB3) MTU3 Level 15
235 INTA225 (TGIC3) MTU3 Level 15
226 INTA226 (TGID3) MTU3 Level 15

| 227 INTA227 (TCIV3) MTU3 Level 15 v

T’JDI‘E.

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

|Overview Board Clocks System Components Pin

Figure 3.4 Interrupt Configuration
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3.2 16-bit Phase Counting Mode

e Applicable sample code file name: r01an6387_rx66t_mtu3_16_phase_cnt.zip

3.21 Overview
This section describes how to use the 16-bit phase counting mode for the MTU.

This sample code uses phase counting mode 1, in which A-phase and B-phase signals from a 2-phase
encoder are input to the MTCLKA and MTCLKB pins, and the number of pulses is counted.

The sample code also inputs the Z-phase signal into MTIOC1A, and clears MTU1.TCNT upon detecting a
rising edge.

The following describes the MTU settings used in the sample code.

e MTUT1 (channel 1) )
— 16-bit phase counting mode is used.
— External clocks MTCLKA (for A-phase) and MTCLKB

(for B-phase) are used. These settings can be

— For [Up count], select: specifi .
. . . - : . pecified by using Smart
[High-Rising, Low-Falling, Rising-Low, Falling-High] Configurator.
— For [Down count], select: —

For details about how to
specify the settings, refer to
section 3.2.3.

[High-Falling, Low-Rising, Rising-High, Falling-Low]
— MTU1.TGRA is used as an input capture register.
e Input capture with MTU1.TGRA is used as the clearing
source for the timer counter.
— Input capture is performed at a rising edge of the MTIOC1A
pin input. )

The following shows an overview of the hardware configuration for this sample code.

MTU
P33 +—»[ MPC MTCLKA >
MTCLKE Channel 1
16-bit ph
P32 —E MPC > 6c<tJJunFiine(j;Se
mode
P27 —E MPC MTIOC1A »

MTU1: 16-bit phase counting mode
MPC: Sets pins to be used from general purpose 1/O port to peripheral function I/O port

Figure 3.5 Hardware Configuration for the Sample Code
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3.2.2 Operation Details

This section describes the operation of this sample code.

The TCNT counter performs up-counting or down-counting according to the waveforms of input A-phase and
B-phase signals, based on the edge detection settings for the count-up and count-down sources in phase
counting mode 1.

When the sample code detects a rising edge at MTIOCA1A, it uses TGRA to perform input capture, which
triggers clearing the MTU1.TCNT counter.

A phase: MTCLKA (P33) _| |' |' | I' 'I | |' |_|_
T 1

B phase: MTCLKB (P32)

Z phase: MTIOC1A (P27) BN RN RN e
MTU1.TCNT : ' : ' : ' : ' : ' : ' : ' 1 Cléar by rising. ed!ge of :
W moe T

:U p-clou:ntingg

0000h
. Capture by rising edge of
N4 MTIOC1A
MTU1.TGRA 0000h >< 000Eh
Figure 3.6 Operation of the Sample Code
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3.2.3 Smart Configurator Settings

In the sample code, Smart Configurator is used to add the MTU as follows. For details about how to add a
component, refer to section 3.1.4, Adding a Component.

Table 3.4 Adding a Component

Item Description
Component Phase counting mode timer
Configuration name Config_MTU1
Operation 16-bit phase counting mode
Resource MTU1
Components =% = =3 ¥ Configure Use MTCLKA (A-phase) and MTCLKB ) " ®
8% | coimtasndi (B-phase) for external clock High-Rising
o Tilter taat T Low-Falling
Bt o = External clocks MTCLKA (A-phase) - MTCLKB (B-phase) / Rising-Low
|v & Start X X
v __aG::erir Up count High-Rising, Low-Falling, Rising-Low, Falling-High Falling-High
@ r_bsp Down count High-Falling, Low-Rising, Rising-High, Falling-Low | (Phatecoumnmg moae 17
| * & Drivers
~ = Timers ol i
« Config_MTU1 Sna High-Falling
TONT vl LOW—Risin g
Rising-High
Falling-Low

External clock pin setting

’: Enable the noise filter for MTCLKA pin ’: Enable the noise filter for MTCLKB pin

PCLK

Synchronous mode setting

Timer counter clear source =

[ include this channel in the synchronous operation X
MTU1.TGRA input capture

TCNT1 counter setting

Counter clear source TGRA1 compare match/input capture ~

General register setting
TGRA1 Input capture register /

TGRB1 Output compare register ~ | 100 count ~

Input capture register

Input/Output setting

MTIOC1A pin Input at rising edge of MTIOC1A pin input v | [[]use noise filter
el ol s Input capture at rising of MTIOC1A pin
Noise filter setting input

PCLK

A/D converter start trigger setting
[] Enabile start request on TGRA input capture/compare match (MTU1 TRGAN signal)

Interrupt setting

["]Enable TGRA input capture/fcompare match interrupt (TGIA1) Level 15 (highest)
[ Enable TGRB input capture/compare match interrupt (TGIB1) Level 15 (highest)
|_ Enable overflow interrupt (TCIV1) T Level 15 (highest)
[] Enable underflow interrupt (TCIU1) Level 15 (highest)

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

[JADSM1 pin Source not selected

Figure 3.7 MTU1 Settings
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3.2.4 Flowchart

The following shows the processing that was added to the main function after code was generated by Smart

Configurator.

C

main

)

A 4

count start
R_Config_MTU1_Start()

Figure 3.8 main Function
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3.2.5 Precautions

3.2.5.1 External Clock Input Pins Connected in 16-Bit Phase Counting Mode

In 16-bit phase counting mode, MTU1 and MTU2 can operate independently. In 16-bit phase counting mode,
the external clock input pins that can be selected for MTU1 and for MTU2 are different. Inverting input pins of

the external clock can also be selected. The following table shows the combinations of external clock input
pins that can be selected.

Table 3.5 Clock Input Pins Available in 16-Bit Phase Counting Mode

Channel External clock pin
A-phase B-phase

MTU1 MTCLKA MTCLKB
MTCLKA# MTCLKB#
MTCLKA# MTCLKB
MTCLKA MTCLKB#

MTU2 MTCLKA MTCLKB
MTCLKC MTCLKD
MTCLKA# MTCLKB#
MTCLKC# MTCLKD#
MTCLKA# MTCLKB
MTCLKA MTCLKB#
MTCLKC# MTCLKD
MTCLKC MTCLKD#

For details, refer to section 22.3.6, Phase Counting Mode in the RX66T Group User's Manual: Hardware.

3.2.5.2 Times When Counting Starts and the Counter Is Cleared in Phase Counting Modes

For details about the times when counting starts in phase counting modes, refer to (1), TCNT Count Timing,
in section 22.5.1, Input/Output Timing, in the RX66T Group User's Manual: Hardware.

For details about the times when the counter is cleared, refer to (4), Timing for Counter Clearing by Compare
Match/Input Capture in section 22.5.1, Input/Output Timing in the RX66T Group User's Manual: Hardware.

3.2.5.3 Specifications Applying When MTIOC1B Is Not Used

This sample code uses only MTIOC1A. Because MTIOC1B is unused, it can be used for the other function or
as an I/O port.

By using the TGR register as a compare match register, you can output any value of your choice by using
the compare match function.
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3.3 32-Bit Phase Counting Mode (MTU1.TMDR3.LWA =1)

e Applicable sample code file name: r01an6387_rx66t_mtu3_32 phase_cnt.zip

3.3.1 Overview
This section describes how to use the 32-bit phase counting mode for the MTU.

This sample code uses phase counting mode 1, in which A-phase and B-phase signals of a 2-phase encoder
are input to the MTCLKA and MTCLKB pins and the number of pulses is counted.

The sample code also inputs the Z-phase signal into MTIOC1A, and clears TCNTLW upon detecting a rising
edge.

The following describes the MTU settings used in the sample code.

e MTU1 (channel 1) and MTU2 (channel 2) )
— 32-bit phase counting mode with cascade-connected timers
is used.
— External clocks MTCLKA (for A-phase) and MTCLKB
(for B-phase) are used. These settings can be
— For [Up count], select: specified by using Smart
[High-Rising, Low-Falling, Rising-Low, Falling-High] Configurator.
— For [Down count], select: [ For details about how to
[High-Falling, Low-Rising, Rising-High, Falling-Low] specify the settings, refer to
— MTU1.TGRALW is used as an input capture register. section 3.3.3.
¢ Input capture with MTU1.TGRALW is used as the clearing
source for the timer counter.
— Input capture is performed at a rising edge of the MTIOC1A
pin input.

The following shows an overview of the hardware configuration for this sample code.

MTU

MTCLKA

\ 4

P33 +—»[ MPC

Channel 1

MTCLKB 32-bit phase
P32 44 MES "] counting

mode

P27 4 MPC MTIOC1A »

|
Channel 2
32-bit phase
counting
mode

MTU1, MTUZ2: 32-bit phase counting mode
MPC: Sets pins to be used from general purpose 1/O port to peripheral function I/O port

Figure 3.9 Hardware Configuration for the Sample Code
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3.3.2 Operation Details
This section describes the operation of this sample code.
The TCNT counter performs up-counting or down-counting according to the waveforms of input A-phase and

B-phase signals, based on the edge detection settings for the count-up and count-down sources in phase
counting mode 1.

When the sample code detects a rising edge at MTIOC1A, it uses TGRALW to perform input capture, which
triggers clearing the TCNTLW counter.

A phase: MTCLKA (P33) ___| | | | | | | | I

B phase: MTCLKB (P32) ||||||||||

Z phase: MTIOC1A (P27) BRI RN
TCNTLW ; : ; : ; : ; : ; : ; : ; :' Cle.art:)y rising ed:ge of ;
A AR R A LA Ls S

:U p-c'ou:ntingé

0000h N S — >
:  Capture by rising edge of
Ny MTIOC1A
TGRALW 0000h >< 000Eh
Figure 3.10 Operation of the Sample Code
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3.3.3 Smart Configurator Settings

In the sample code, Smart Configurator is used to add the MTU as follows. For details about how to add a
component, refer to section 3.1.4, Adding a Component.

Table 3.6 Adding a Component

Item

Description

Component

Phase counting mode timer

Configuration name

Config_MTU1_MTU2

Operation

32-bit phase counting mode with cascade-connected timers

Resource

MTU1_MTUZ2

Components = &8

:'_.'Z.‘.—' Tilter text
¥ & Startup
¥ & Generic
@ rbsp
¥ & Drivers

v & Timers

| « Config MTU1_MTU2 |

- = 3 v Configure

Use MTCLKA (A-phase) and MTCLKB

@

R (B-phase) for external clock Eé%\t‘_'gﬁ::g
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) / Rising-Low
Up count High-Rising, Low-Falling, Rising-Low, Falling-High Fa"ing_High
Down count

High-Falling, Low-Rising, Rising-High, Falling-Low \ (Phase counting mode 1)

A-phase

B-phase

TCNT vakon

High-Falling
Low-Rising
Rising-High
Falling-Low

External clock pin setting
["] Enable the noise filter for MTCLKA pin

[ Enable the naise filter for MTCLKB pin

PCLK

TCNTLW eounter setting

]

Counter clear source TGRALW input capture

Timer counter clear source =
TGRALW input capture

General register setting
TGRALW Input capture register

TGRBLW Input capture register

Input/Qutput setting
MTIOC1A pin Input at rising edge of MTIOC1A pin input

MTIOC1B pin Input at rising edge of MTIOC1B pin input

Noise filter setting

PCLK

A/D converter start trigger setting

E Enable start request on TGRALW input capture (MTU1 TRGAN signal)
Interrupt setting

[]Enable TGRALW input capture interrupt (TGIA1) Level 15 (highest)
[l Enable TGRBLW input capture interrupt (TGIB1) Level 15 (highest)
[[] Enable overflow interrupt (TCIV1) Lavel 15 (highest)

[] Enable underflow interrupt (TCIUT) Level 15 (highest)

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

[[] ADSMO pin

[T ADSM1 pin Source not selected

w

[luse noise filter

j Use noise filter

Figure 3.11 MTU1_MTU2 Settings
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If you specify the settings as shown in Figure 3.11, the MTIOC1B function, which is unused, is assigned to
the pin. Therefore, clear the check box to cancel the assignment as follows.

Pin Function
type filter text {* = any string, 7 = any character)
Enabled Function Assignment Pin Number Direction
vl  MTIOC1A FP2TIMTIOCT A/MTIOCOC/MTIOCT A# /MTIOC 7 B4 10
[ ] MTIOC1A# 7 Not assigned ! Mot assigned Mone
(]| @MTIOCIB * Not assigned ¥ Not assigned None
L T \MTIQC1B#  * Not assigned # Mot assigned Mone

Uncheck |

Figure 3.12 Pin Function Settings

If you specify the settings in Figure 3.12, a configuration error occurs in the phase counting mode timer as
follows. However, this error is not harmful in this sample code.

= Current Configuration
Selected board/device: R5FS66TEAxFP (ROM size: 512Kbytes, RAM size: 64Kbytes, Pin count: 100)

Generated location (PROJECT_LOC¥): src¥sme_gen || Edit...
Selected components:
Component . Version Configuration
© Board Support Packages. (r_bsp) 7.10 r_bsplused)
& Phase Counting Made Timer 2.30 Config_MTU1_MTUZ{MTU1_MTU2: configuration error)

Bcard Clocks System Components Pins Interrupts

Figure 3.13 Smart Configurator Window
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3.3.4 Flowchart
The following shows the processing that was added to the main function after code was generated by Smart

Configurator.
< main >

v
count start
R_Config_MTU1_MTU2_Start()

Figure 3.14 main Function
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3.3.5 Related Operation
3.3.5.1 To Use the TGRALW or TGRBLW Register as an Output Compare Register

In the Smart Configurator environment for e2 studio Version 2022-04, normally, the TGRALW and TGRBLW
registers can be configured as input capture registers only.

General register setting
TGRALW Input capture register hd

TGRBLW Input capture register v

Input/Qutput setting
MTIOC1A pin Input at rising edge of MTIOC1A pin input "

MTIOC1B pin Input at rising edge of MTIOC1B pin input v

Figure 3.15 Smart Configurator Settings

However, you can also use TGRALW or TGRBLW as an output compare register to output any value of your
choice from MTIOC1A or MTIOC1B by using the compare match function.

The following describes how to specify the settings so that the TGRBLW register is used as an output
compare register and, when a compare match occurs, the output level of the MTIOC1B pin (initially set for
low-level output) is toggled.

After code is generated, add the following code to the R_Config MTU1_MTU2_Create_Userlnit function in
the Config_ MTU1_MTUZ2_user.c file. Make sure that you select the MTIOC1B check box that you cleared in
Figure 3.12.

void R Config MTUl MTUZ Create UserInit (void)
{

/* Start user code for user init. Do not edit comment generated here */

MTULl.TGRBLW = 0x00000032U;
MTUL1.TIOR.BYTE |= 0x30U;

/* End user code. Do not edit comment generated here */

In TGRBLW, set any compare value of your choice. For details about the value to be set for TIOR, refer to
section 22.5.1, Input/Output Timing, and section 22.2.6, Timer I/O Control Register (TIOR) in the RX66T
Group User's Manual: Hardware.
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3.3.5.2 To Use the MTIOC1A or MTIOC1B Register as a General-Purpose 1/O Port
You can also use the MTIOC1A or MTIOC1B register as a general-purpose 1/O port.

The following describes how to use MTIOC1B as PA4 (general-purpose 1/O port).

In Smart Configurator, specify the following settings:

¢ In the Configure pane of the Components tab, specify the MTIOC1B settings as shown in Figure 3.15,
and then specify the pin settings as shown in Figure 3.12.
o Register "PORT" in the component selection window, and then specify the PA4 settings.
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3.3.6 Precautions

3.3.6.1 Precautions in the case of "LWA =1"

If the TMDR3.LWA bit is set to 1b, MTU1 and MTU2 are cascade-connected to operate as a single 32-bit
timer. This timer is controlled by using the MTU1.TCR, MTU1.TCR2, MTU1.TIOR, and MTU1.TMDR1
registers. The settings of the MTU2.TCR, MTU2.TCR2, MTU2.TIOR, and MTU2.TMDR1 registers do not
take effect. These settings cannot be used to access 16-bit MTU1 and MTU2 registers (TCNT, TGRA, and

TGRB registers). The input capture and compare match functions using MTU2 are also disabled. Therefore,
linkage with ELC triggered by MTU2 is unavailable.

A cascade connection of MTU1 and MTU2 enabled by setting the LWA bit to 1b can be used in phase
counting mode only. It cannot be used in normal mode, PWM1 mode, or PWM2 mode.

Before you set the LWA bit to 1b, initialize the TCNT, TGRA, and TGRB registers of MTU1 and MTUZ2.

3.3.6.2 External Clock Input Pins Connected in 32-Bit Phase Counting Mode

The following table shows the combinations of external clock input pins that can be selected in 32-bit phase
counting mode (LWA = 1).

Table 3.7 Clock Input Pins Available in 32-Bit Phase Counting Mode

Channel External clock pin
A-phase B-phase

MTU1_MTU2 MTCLKA MTCLKB
MTCLKC MTCLKD
MTCLKA# MTCLKB#
MTCLKC# MTCLKD#
MTCLKA# MTCLKB
MTCLKA MTCLKB#
MTCLKC# MTCLKD
MTCLKC MTCLKD#

For details, refer to section 22.3.6, Phase Counting Mode in the RX66T Group User's Manual: Hardware.

3.3.6.3 Times When Counting Starts and the Counter Is Cleared in Phase Counting Modes

For details about the times when counting starts in phase counting modes, refer to (1), TCNT Count Timing
in section 22.5.1, Input/Output Timing in the RX66T Group User's Manual: Hardware.

For details about the times when the counter is cleared, refer to (4), Timing for Counter Clearing by Compare
Match/Input Capture in section 22.5.1, Input/Output Timing in the RX66T Group User's Manual: Hardware.

3.3.6.4 Specifications Applying When MTIOC1A/MTIOC1B and MTIOC2A/MTIOC2B Are Not
Used

This sample code uses only MTIOC1A. The pin assigned to MTIOC1B, which is not used, can also be used
for another function or port.

By using the TGRB register as a compare match register, you can output any value of your choice by using
the compare match function.
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3.4 32-Bit Phase Counting Mode (MTU1.TMDR3.LWA = 0)

e Applicable sample code file name: r01an6387_rx66t_mtu3_ 32 phase_cnt_cas.zip

3.4.1 Overview
This section describes how to use the 32-bit phase counting mode for the MTU.

This sample code uses MTU1 as a free-running counter and MTU2 for 16-bit phase counting mode. MTU2
uses phase counting mode 1, in which A-phase and B-phase signals from a 2-phase encoder are input to the
MTCLKA and MTCLKB pins, and the number of pulses is counted. MTU1 is set to start counting when
overflow or underflow occurs in MTU2.TCNT.

The sample code also inputs the Z-phase signal into MTIOC2A, and clears MTU1.TCNT and MTU2.TCNT
upon detecting a rising edge.

The following describes the MTU settings used in the sample code.

e MTUT1 (channel 1) E—

— A normal mode timer is used.

— The timer clock counter operates based on an MTU2 overflow
and underflow.

— MTU1.TGRA is used as an input capture register.
e Input capture with MTU1.TGRA is used as the clearing

source for the timer counter.
— Input capture is performed at a rising edge of the MTIOC1A

pin input. These settings can be
specified by using Smart
e MTUZ (channel 2) Configurator.
— 16-bit phase counting mode is used. —

For details about how to

— External clocks MTCLKA (for A-phase) and specify the settings, refer to

MTCLKB (for B-phase) are used.

section 3.4.3.

— For [Up count], select:

[High-Rising, Low-Falling, Rising-Low, Falling-High]
— For [Down count], select:

[High-Falling, Low-Rising, Rising-High, Falling-Low]
— MTU2.TGRA is used as an input capture register.

¢ Input capture with MTU1.TGRA is used as the clearing

source for the timer counter.

— Input capture is performed at a rising edge of the MTIOC2A

pin input. s
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The following shows an overview of the hardware configuration for this sample code.

MTU

Channel 1
Free-
Running
Count
Operation

MTCLKA

\4

P33 +—»{ MPC

Channel 2

MTCLKB 16-bit phase
»

P32 MBEE "1 counting

mode

MTIOC2A

\4

PA3 - MPC

MTU1: Free-Running Count Operation
MTU2: 16-bit phase counting mode
MPC: Sets pins to be used from general purpose 1/O port to peripheral function 1/0 port

Figure 3.16 Hardware Configuration for the Sample Code
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3.4.2 Operation Details
This section describes the operation of this sample code.

The MTU2.TCNT counter performs up-counting or down-counting according to the waveforms of input A-
phase and B-phase signals, based on the edge detection settings for the count-up and count-down sources
in phase counting mode 1. Operation of MTU1.TCNT switches between up-counting and down-counting,
depending on whether overflow or underflow occurs in MTU2.TCNT.

The input capture control register (TICCR) is set so that MTU1.TGRA and MTU2.TGRA perform input
capture when detecting a rising edge of MTIOC2A, and the MTU1.TCNT and MTU2.TCNT counters are
cleared by input capture performed by MTU2. TGRA.

A phase: MTCLKA (P33) | L | [ 1 [ ] [

B phase: MTCLKB (P32) |—_| [ |__| |__| | |——|

Z phase: MTIOC2A (PA3) I__-I
MTULTONT 00 0 b 0 ey st |
MTU2TCNT o, ¢ P P P P P M‘I:'IOECZA : ;

jU p-c.ouhtingg

0000h — L >
\_, Capture by rising edge of
i 4 MTIOC2A
MTU2.TGRA xxxxh >< yyyyh
. Capture by rising edge of
Ny MTIOC2A
MTU1.TGRA aaaah >< bbbbh
Figure 3.17 Operation of the Sample Code
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3.4.3 Smart Configurator Settings

In the sample code, Smart Configurator is used to add the MTU as follows. For details about how to add a

component, refer to section 3.1.4, Adding a Component.

Table 3.8 Adding a Component

Item Description

Component Normal mode timer

Configuration name Config_MTU1

Operation Two pins

Resource MTU1

Components =&l - + 3 ¥ Configure D

il Synchronous mode setting
.:';‘"_:w Tifbe tix 8| [ include this channel in the synchronous operation Timer counter clear source = MTU1.TGRA in put
v & Startup
il Gl TCNT1 counter setting /
= Genenc
@ r_bsp Counter clear source TGRA1 compare match/input capture (Use TGRA1 as a cycle register) ~
v G Drw.:ers Counter clock selection | |MTU2 overflow!unde;jlo\-u\ ~_Rising edge MTUZ)
~ g Timers
| & Config MTU1 | External clock pin setting Timer count clock = MTU2 overflow/underflow
« Config MTUZ Enable the noize filter for MTCLKA pir Enable the - T
PCLK

General register setting / Input capture register
TGRA1 Input capture register k4 100
TGRB1 Output compare register L4 100 lue: 100)
Input/Output setting
MTIOC1A pin Input at rising edge of MTIOC1A pin input [ use noise filter
MTIOC1E pin Output disabled Input capture at rising edge of MTIOC 1A

Noise filter setting

PCLK

A/D converter start trigger setting

[[]Enable start request on TGRA input capture/compare match (MTU1 TRGAN signal)

Interrupt setting

[]Enable TGRA input capture/compare match interrupt (TGIAT)
[]Enable TGRB input capture/compare match interrupt (TGIB1)
|_| Enable overflow interrupt (TCIV1)

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

[C]ADSM1 pin Source not selected

Figure 3.18 MTU1 Settings
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Table 3.9 Adding a Component

Item Description

Component Phase counting mode timer

Configuration name Config_ MTU2

Operation 16-bit phase counting mode

Resource MTU2

Components & 3

ype filter text

-+ 3 ¥ Configure

[« & Startup
~ = Generic
@ r_bsp
v g Drivers
~ g Timers
@ Config_MTU1
« Conflg_MTU2

Use MTCLKA (A-phase) and MTCLKB

(B-phase) for extemnal clock High-Rising
Count condition setting 7 Low-FaIIing
External clocks MTCLKA (A-phase) - MTCLKB (B-phase) v Rising-Low
Fe— = T Falling-High
Up count High-Rising, Low-Falling, Rising-Low, Falling-High
Down count High-Falling, Low-Rising, Rising-High, Falling-Low \ {Phase counting mode 1)

e

8-phase

TCNT vaiue

High-Falling
Low-Rising
Rising-High
Falling-Low

External clock pin setting
] Enable the noise filter for MTCLKA pin
Enable the noise filter for MTCLKC pin Enable the no
PCLK
Synchronous mode setting
[ include this channel in the synchronous operation
TCNT2 counter setting

Counter clear source

General register setting

se filter fo

(] Enable the noise filter for MTCLKB pin

MTCLKD pin

Timer counter clear source =

MTU2.TGRA input capture

P

TGRA2 compare match/input captu

re .l

Input capture register

TGRA2 Input capture register s
TGRB2 Output compare register ~ | 100 count
Input/Output setting
MTIOC2A pin Input at rising edge of MTIOC2A pin input ~ | [use noise filter
MTIOC28B pin Output disabled —
Input capture at rising edge of MTIOC2A

Noise filter setting pin input

PCLK

A/D converter start trigger setting

[_] Enable start request on TGRA input capture/compare match (MTU2 TRGAN signal)

Interrupt setting

[_] Enable TGRA input capture/compare match interrupt (TGIA2)

[ enable TGRB input capture/compare match interrupt (TGIB2)
] Enable overflow interrupt (TCIV2)

j Enable underflow interrupt (TCIUZ2)

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

Level 15 (highest)

A/D conversion start request frame synchronization signal setting

] ADSMO pin Source not selected

] ADSM1 pin Source not selected

@

Figure 3.19 MTU2 Settings
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If you specify the settings as shown in Figure 3.18, you must specify the MTIOC1A function and pin settings.
Specify them as follows.

Pin Function

type filter tex Uncheck character)
Enabled Aunction  Assignment Pin Number Direction
@ MTIOC1A # Mot assigned # Mot assigned None

| MTIOCT1A# 7 Not assigned f Mot assigned  MNone
| | MTIOCIB # Mot assigned ! Mot assigned MNone
[] MTIOCIB# # Not assigned # Mot assigned None

Figure 3.20 Pin Function Settings

If you specify the settings in Figure 3.20, a configuration error occurs in the normal mode timer as follows.
However, this error is not harmful in this sample code.

= Current Configuration
Selected board/device: RSFS66TEAxFP (ROM size: 512Kbytes, RAM size: 64Kbytes, Pin count: 100)

Generated location (PROJECT_LOCY): | sre¥sme_gen Edit...
Selected components:
Component - Version Configuration
2 Board Support Packages. (r bsp) 710 r bspl{used)
9 Narmal Mode Timer 1.11.0 Config_MTUT{MTUT: configuration errar)
© Phase Counting Mode Timer 23.0 Config_MTU2{MTU2: used)

Overview |Board Clocks System Components Pins| Interrupts

Figure 3.21 Smart Configurator Window
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3.4.4 Flowchart
The following shows the processing that was added to the main function after code was generated by Smart

Configurator.
< main >

v
count start
mtu_start()

Figure 3.22 main Function

The count start function starts the counting for MTU1 and MTUZ2.
This function is a new function created after code is generated by Smart Configurator.

< mtu_start >

\ 4

MTU1, MTU2 count start

\ 4

< return >

Figure 3.23 Count Start Function

The R_Config_ MTU1_Create_Userlnit user initialization function that is run before the main function is used
to add MTIOC2A as a trigger to perform input capture with MTU1.TGRA. This function is invoked from the

inside of the R_Config_ MTU1_Create function.

< R_Config_MTU1_Create_Userlnit >

v
include the MTIOC2A pin in the
MTU1.TGRA input capture conditions

A 4

< return >

Figure 3.24 User Initialization Function
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3.4.5 Precautions
3.4.5.1 Precautions in the case of "LWA = 0"

If the TMDR3.LWA bit is set to Ob, MTU1 and MTU2 operate as independent 16-bit timers. Therefore, the
TCNTLW, TGRALW, and TGRBLW registers cannot be accessed.

3.4.5.2 External Clock Input Pins Connected in 32-Bit Phase Counting Mode

In 32-bit phase counting mode (LWA = 0), MTUZ2 is set in 16-bit phase counting mode. For details about the
external clock input pin combinations that can be selected for MTUZ2, refer to section 3.2.5.1, External Clock
Input Pins Connected in 16-Bit Phase Counting Mode.

3.4.5.3 Times When Counting Starts and the Counter Is Cleared in Phase Counting Modes

For details about the times when counting starts in phase counting modes, refer to (1), TCNT Count Timing
in section 22.5.1, Input/Output Timing, in the RX66T Group User's Manual: Hardware.

For details about the times when the counter is cleared, refer to (4), Timing for Counter Clearing by Compare
Match/Input Capture in section 22.5.1, Input/Output Timing in the RX66T Group User's Manual: Hardware.

3.4.5.4 Simultaneous Input Capture with Cascade-Connected MTU1.TCNT and MTU2.TCNT

In this sample code, input capture with MTU1.TCNT and input capture with MTU2. TCNT are performed
simultaneously at a rising edge of MTIOC2A. The input capture control register (TICCR) is used to add
MTIOC2A as a trigger to perform input capture with MTU1.TCNT.

For details, refer to section 22.3.4, Cascaded Operation and section 22.6.21, Simultaneous Input Capture in
MTU1.TCNT and MTU2.TCNT in Cascade Connection in the RX66T Group User's Manual: Hardware.

3.4.5.5 Specifications Applying When MTIOC1A/MTIOC1B and MTIOC2A/MTIOC2B Are Not
Used

This sample code uses only MTIOC2A. The pins assigned to unused MTIOC1A/MTIOC1B and MTIOC2B
can be used for other functions or ports.

By using the TGR register as a compare match register, you can output any value of your choice by using
the compare match function.
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4. GPTW Sample Code

4.1 General

4.1.1 Sample Code List
This application note provides the following types of sample code available with Smart Configurator.

These can be downloaded from the Renesas Electronics website.

Table 4.1 GPTW Sample Code List

Name Description Refer to
Phase counting mode e Phase counting mode 1 4.2
r01an6387_rx66t_gptw_phase_cnt.zip | ¢ External trigger input is used for Z-phase.
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4.1.2 Folder Structure
The following shows the main folders for the sample code.

[Project name]
| | cproject
| | project
| | [Project name] HardwareDebug.launch
| | [Project name].scfg «—— — Smart Configurator config-file
| | [Project namel.rcpc «————————— CS+ files for import
settings
SrC
j [Project name].c <«——main function
smc_gen
Config_GPTO <«— GPTW related setting
-J Config GPTO.C n indicates channel number
*] config_GPTOA
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 following shows the main files for the sample code.

Table 4.2 GPTW File Structure

File name Description

[Project-name].c main function

This is the main function.

Smart Configurator generates this function with empty content. Add
necessary processing according to the type of sample code.
Config_GPTn.cNote R_Config GPTn_Create function

This function specifies the initial settings for the GPTW.

Smart Configurator generates an initial setting function according to the
settings specified in Smart Configurator.

Smart Configurator generates processing that invokes this function. This
function is invoked by the R_Systemlnit function that is run before the main
function is run.

R_Config GPTn_Start function
This function starts the counting for the GPTW.
Smart Configurator generates this function.
In the sample code, this function is invoked by the main function.

R Config GPTn_ Stop function
This function stops the counting for the GPTW.
Smart Configurator generates this function.
This function is not used in the sample code.

Config_GPTn_user.cNete | r Config GPTn_Create Userlnit function

This is a user function that specifies the initial settings for the GPTW.
Smart Configurator generates this function with empty content. Add
necessary processing according to the type of sample code.

This function is invoked at the end of the R_Config GPTn_Create function
that is generated by Smart Configurator.

r_Config GPTn interrupt-name _interrupt function
This is an interrupt handler function.

Smart Configurator generates this function with empty content. Add
necessary processing according to the type of sample code.

Config_GPTn.hNete This is a header file that defines GPTW-related functions.

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

To use GPTW-related functions, include the r_smc_entry.h file.

Note: n indicates the channel number.
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4.1.4 Adding a Component
In the sample code, Smart Configurator is used to add the GPTW as follows.

Table 4.3 Adding a Component

Item Description

Component General PWM Timer ((1) in the following figure)

Configuration name In the sample code, the initial value is used.

Work mode Refer to the section for the relevant type of sample code. ((2) in the
following figure)

Resource Refer to the section for the relevant type of sample code. ((3) in the
following figure)

e’ New Component

Description

Download the

Configure gen

This software component provides configurations for General PWM Timer.

latest FIT drivers and middleware

eral settings...

e' Mew Component

Software Component Selection +-
Select component from those available in list
Category All .
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 1,100

#12C Master Mode - —

: - (1) Select General PWM Timer r )

[+*] Show only latest version
[v] Hide items that have duplicated functionality

Work mode:

Resource:

Add new configuration for selected component

General PWM Timer
Conflguration name: Ekunlig_GPTU

Saw-wave PWM mode

GPTO

(3) Differs for each sample code

yA
/l (2) Differs for each sample code

Figure 4.2 Adding a Component
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4.1.5 Pin Configuration
Figure 4.3 shows an example of configuring pins by using Smart Configurator.
Before you configure pins, make sure that the GPTW has been configured. For details about how to

configure the GPTW, refer to the "Smart Configurator Settings" section appropriate for the relevant type of
sample code.

Pin configuration is performed inside the R_Config_ GPTn_Create function that is generated by Smart
Configurator.

il &
Generate Code Generate Report

| Pin configuration

Hardware Resource + =% = Pin Function AR R TR

Type filter text type filter text = any string, 7 = any character All W

@ Interrupt controller unit e Enabled Function  Assignment Pin Mumber Directi.. Remarks
@ Multi-function timer pulse unit | & GTOCOA  # PD2/TRCLK/AT/GTIOC2B/GTIOCOA/GTIOC 7 23 10 ]
= MTUO [ GTOCOA# ¢ Mot assigned
= MTU1 [(1 GTOCoB 7 Mot assigned
= MTU2 [[] GTIOCOB# * Not assigned
= MTU3
= MTU4
w MTUS
= MTUG
= MTU7
= MTU9
@ General PWM timer
| «cpo |
= GPT1
w GPT2
= GPT3 | Select the channel used by the GPT
~ GPT4
= GPTS
~ GPT6
~ GPT7
= GPT8 -
v GPT9 v Select Pins tab

< > < >

¥ Mot assigned MNone
" Not assigned None
* Not assigned None

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

<

| Pin Function Pin Number

| Overview Board Clocks System Components nterrupts

Figure 4.3 Pin Configuration
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4.1.6 Interrupt Configuration

Figure 4.4 shows an example of setting an interrupt by using Smart Configurator. For details about software
configurable interrupt A, refer to section 14.4.5.1, Software Configurable Interrupt A in the RX66T Group
User's Manual: Hardware.

Before you configure interrupts, make sure that the GPTW has been configured. For details about how to
configure the GPTW, refer to the "Smart Configurator Settings" section appropriate for the relevant type of
sample code.

Interrupt configuration is performed inside the R_Config GPTn_Create, R_Config_ GPTn_Start, and
R_Config_ GPTn_Stop functions that are generated by Smart Configurator.

Interrupt handler functions are created with names in the "r_Config_ GPTn_interrupt-name_interrupt" format
in the Config_ GPTn_user.c file that is generated by Smart Configurator.

3]

Interrupt configuration Generate Code Generate Report

Interrupt vectors

ter text

Vector Mumber  Interrupt Peripheral Priarity Status Fast Interrupt ~
184 CMPC4 CMPC4 Level 15
185 CMPC5 CMPCS Level 15
(| 208 INTA208 (GTCIAD) GPTWO Level 15
209 |NTAZ209 (GTCIVD) GPTWO Level 15
210 INTA210 (GTCIUD) GPTWD Level 15 Used )
211 INTA211 (TGIDO) MTUQ wvel 15
212 INTAZ212 (TCIVD) MTUD Ls
213 INTA213 (TGIED) MTUD 4 Click Interrupt to display available
214 INTAZ14 (TGIFO) MTUO { interrupt names, then select interrupts
215 INTA215 (TGIA1) MTU1 L to be used
216 INTA216 (TGIB1) MTU1 Level TS
Software 217 INTA217 (TCIV1) MTUT Level 15
Configurable — 218 INTA218 (TCIUT) 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) M2 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 util Select Int is tab
Please check the configuration files of each FIT compon elect Interrupts ta

Overview Board Clocks System Components Pins{interrupt:

Figure 4.4 Interrupt Configuration

In the initial settings in the Interrupts tab of Smart Configurator, only GTCIEQ, GTCIFO, and GDTEOQ are
selected as interrupts for GPTW. To use the interrupts that were selected in the Components tab, they must
also be selected in the Interrupts tab. The following figure shows an example when there is a missing
selection and an error message that is output.
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| Interrupt vectors

Fast Interrupt

Up lype lilter text
Dowm Vector Mumber Interrupt Peripheral Priority Status
185 CMPCS CMPCS Level 15
208 INTA208 (GTCIAD) GPTWO Level 15
209 INTAZ09 (GTCIVO) GPTWOD Level 15
210 INTAZ10 (TGICO) MTUOD Level 15
211 INTA211 (TGIDO) MTUD Level 15
212 INTAZ12 (TCIVO) MTUo Interrupt “GTCIUQ” selection

;Ovewiew Board Clocks |System |Components Pins Interrupts

8 I HI-v3HFIVI ©
1 error, 0 warnings, 0 others

Description

from Fig. 4.4 is missing

Error message

Type

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

Intermupt

Figure 4.5 Interrupt Configuration (with a Missing Selection)
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4.2 Phase counting mode

e Applicable sample code file name: r01an6387_rx66t_gptw_phase_cnt.zip

4.2.1 Overview
This section describes how to use the phase counting mode for GPTW.

This sample code uses phase counting mode 1, in which A-phase and B-phase signals from a 2-phase
encoder are input to the GTIOC3A and GTIOC3B pins, and the number of pulses is counted.

The Z-phase signal is input via POEG to the external trigger input pin (GTETRGA). When a rising edge is
detected, GPTW3.GTCNT is cleared.

The following describes the GPTW and POEG settings used in the sample code.

e GPTWS3 (channel 3) —
— Sawtooth-wave PWM mode is used.
— The frequency of the timer count clock is 80 MHz (PCLKC / 2).
— The timer operates at intervals of 0x20000 clock cycles.
e The timer value changes in the up-counting direction.
e The initial value of the counter is 0.
— The GTIOC3A pin is used for an input pin.
— The GTIOC3B pin is used for an input pin.
— The counter is cleared when a rising edge of the GTETRGA

pin input is detected. These settings can be

— Triggers of a count-up operation are as follows: specified by using Smart
Rising of GTIOC3A input while GTIOC3B input 0 - Configurator.
Falling of GTIOC3A input while GTIOC3B input 1 For details about how to
Rising of GTIOC3B input while GTIOC3A input 1 specify the settings, refer to
Falling of GTIOC3B input while GTIOC3A input 0 section 4.2.3.

— Triggers of a count-down operation are as follows:
Rising of GTIOC3A input while GTIOC3B input 1
Falling of GTIOC3A input while GTIOC3B input 0
Rising of GTIOC3B input while GTIOC3A input 0
Falling of GTIOC3B input while GTIOC3A input 1

e POEG
— The GTETRGA pin settings are enabled.
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The following shows an overview of the hardware configuration for this sample code.

GPTW
PD1 —— VPG GTIOC3A >
PDO — [ MPC_}-CTIOC3B » Channel3
Phase
POEG counting
. I mode 1
GTETRGA xterna
PB4 ——»{ MPC > trigger output >

GPTWa3: Phase counting mode 1
POEG: Outputs GTETRGA pin as external trigger to GPTW
MPC: Sets pins to be used from general purpose I/O port to peripheral function 1/0O port

Figure 4.6 Hardware Configuration for the Sample Code
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RX Family

This section describes the operation of this sample code. The GTCNT counter performs up-counting or
down-counting according to the waveforms of input A-phase and B-phase signals, based on the edge
The sample code clears the counter when detecting a rising edge at the GTETRGA external trigger input pin.

detection settings for the count-up and count-down sources in phase counting mode 1.

4.2.2 Operation Details

A phase:GTIOC3A (PD1)

B phase: GTIOC3B (PDO0)

Z phase: GTETRGA (PB4)

GPTW3.GTCNT
A

Figure 4.7 Operation of the Sample Code
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4.2.3 Smart Configurator Settings

In the sample code, Smart Configurator is used to add the GPTW as follows. For details about how to add
the GPTW component, refer to section 4.1.4, Adding a Component.

Table 4.4 Adding a Component (GPTW3)

Item Description

Component General PWM timer
Configuration name Config_GPT3

Work mode Sawtooth-wave PWM mode 1
Resource GPT3

Components i &5 © 2 Configure @
VY Timer count clock = 80MHz
TR Basic setting PCLKC/2
ype filter text
Count setting ( )
~ & Startup
& Clock source PCLKC/2 > |80.000 7 |
- eneric
w rbsp Timer operation period 0x20000 Count | (Actual value: 131072)
i Druvlers Period register value (GTPR3) 131071 . . .
v & Timers ‘ Timer operation period = 0x20000 count
o Cariiy GBT3 Bulfer oparation Bufter opération i nat perforted
« Config POEG Count direction Up-counting —
Countar ritial valis 0 Count direction = up-counting
[Jinput capture is operated at count stop \
Compare match register and pin setting Counter |n|t|a| Value = 0
GTCCRA |GTCCRA input capture sources GTCCRB GTCCRB input capture sources
GTCCRA operation Compare match w 100
Buffer operation Buffer aperation is not performed x
GTIOC3A pin function Input pin Set GTIOC3A pln as input pln
[I Noise filter PCLKC

Determined by compare matches

Disabled

Start output 0; stop output 0

Oul retained

Ou retained

Output value set when duty cycle is set after release
GTCCRC, GTCCRD, GTCCRE, GTCCRF setting
GTCCRC operation Compare match > 100
GTCCRD operation Compare match | 1100
GTCCRE operation Compare match e 100
GTCCRF operation Compare match . 100

Count operation sources setting

Count start sources Count stop sources ICD‘JHLEI clear suLllcE! Count up sources Count down sources

[ software source count clear

GTETRGA signal edge selection  Rising edge — Set rising edge of GTETRGA pin input as counter clear source
GTETRGB signal edge selection Disabled

GTETRGC signal edge selection Disabled &
GTETRGD signal edge selection Disabled ™
Rising of GTIOC3A input selection  Disabled >
Falling of GTIOC3A input selection  Disabled ~
Rising of GTIOC3B input selection  Disabled =
Falling of GTIOC3B input selection  Disabled al
[JELCA event input [JELEB event input

I: ELCC event input j ELCD event input

[ ELCE event input ] ELCF event input

E ELCG event input j ELCH event input

Qutput stop setting
Output stop group select Group A v
[ enable simultaneous high output stop detection

(| Enable simultaneaus low output stop detection

Overview Board Clocks System Components|Pins Interrupts

Figure 4.8 GPT3 Settings (1/4)
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Count operation sources setting

Count start sources Count stop sources Counter clear sources f-ount up sources| Count down sources

GTETRGA signal edge selection
GTETRGE signal edge selection
GTETRGC signal edge selection
GTETRGD signal edge selection
Rising of GTIOC3A input selection
Falling of GTIOC3A input selaction
Rising of GTIOC3B input selection
Falling of GTIOC3B input selection
[JELCA event input

D ELCC event input

[JELCE event input
D ELCG event input

Disabled
Disabled
Disabled
Disabled

W

o

W

w

Rising of GTIOC3A input while GTIOC3B input 0 ~<
Falling of GTIOC3A input while GTIOC3B input 1 =
Rising of GTIOC3B input while GTIOC3A input 1 =
Falling of GTIOC3B input while GTIOC3A input 0 —

Rising of GTIOC3A input while GTIOC3B input 0
Falling of GTIOC3A input while GTIOC3B input 1
Rising of GTIOC3B input while GTIOC3A input 1
Falling of GTIOC3B input while GTIOC3A input 0

[JeLcB event input
[ ELCD event input
[[] ELCF event input
E ELCH event input

Figure 4.9 GPT3 Settings (2/4)

Count operation sources setting

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

GTETRGA signal edge selection
GTETRGE signal edge selection
GTETRGC signal edge selection
GTETRGD signal edge selection

Rising of GTIOC3A input selection
Falling of GTIOC3A input selection | Falling of GTIOC3A input while GTIOC3B input 0 =
Rising of GTIOC3B input selection
Falling of GTIOC3B input selection

[T ELCA event input
[[]ELCC event input
[T ELCE event input
D ELCG event input

Disabled
Disabled
Disabled
Disabled

e

w

w

o

Rising of GTIOC3A input while GTIOC3B input 1 ~J

Rising of GTIOC3B input while GTIOC3A input 0 |

Falling of GTIOC3B input while GTIOC3A input 1

Rising of GTIOC3A input while GTIOC3B input 1
Falling of GTIOC3A input while GTIOC3B input 0
Rising of GTIOC3B input while GTIOC3A input 0
Falling of GTIOC3B input while GTIOC3A input 1

] ELCB event input
[JELCD event input
(] ELCF event input
E ELCH event input

Figure 4.10 GPT3 Settings (3/4)

Compare match register and pin setting

GTCCRA GTCCRA input capture sources | GTCCRB JGTCCRB input capture sources

GTCCRB operation
Buffer operation
GTIOC3B pin function
,:| Moise filter

Compare match

Buffer operation is not performed

w 100

-

Input pin |

Set GTIOC3B pin as input pin

PCLKC

Determined by compare matches
Disabled

Start output 0; stop output 0
Qutput is retained

Output is retained

Output value set when duty cycle is set after release

Figure 4.11 GPT3 Settings (4/4)
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In order to use the external trigger input pin, add the POEG component as follows.

Table 4.5 Adding a Component (POEG)

Item Description
Component Port Output Enable
Configuration name Config POEG
Resource POEG
Components 2 il © 3 * Configure @
type filter text ¥ =
¥ & Startup -
v & Generic T
& r_bsp
v @& Drivers GPT t pin output disable setting
v & Timers H : o
e ares | Enap@ .G'ITETRGA“p!r? se_ttlng I‘

« Config_POEG

Overview Board Clocks System |Components| Pins| Interrupts

Figure 4.12 POEG Settings
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4.2.4 Flowchart
The following shows the processing that was added to the main function after code was generated by Smart

Configurator.
< main >

\ 4

GPTWS3 count start

A 4

Figure 4.13 main Function
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4.2.5 Precautions
4.2.5.1 Starting the Counting in Phase Counting Mode

In this sample code, the counting is started by an event counting operation (up-counting or down-counting
operation triggered by a hardware source). Therefore, the CST bit of the GTCR general PWM timer control
register is set to 1b in the main function.

The "Software source count start" check box in Smart Configurator is not used because code that controls
the GTSTR general PWM timer software start register is generated in the R_Config_ GPTn_Start function.

For details, refer to (4), Event Count Operation (In Up-Counting by Hardware Source) and (5), Event Count
Operation (In Down-Counting by Hardware Source) in section 24.3.1.1, Counter Operation in the RX66T
Group User's Manual: Hardware.

4.2.5.2 When the Counter Is Cleared by a Hardware Source

In this sample code, the external trigger input as a counter-clearing hardware source is used for event count
operation. Therefore, the GTCNT counter is cleared in synchronization with PCLKC after GPTW outputs a
clearing source.

The counter clearing timing differs depending on the hardware source and clock used.

For details, refer to the following in the RX66T Group User's Manual: Hardware:

* (B6), Counter Clearing Operation, in section 24.3.1.1, Counter Operation

* Figure 24.74, Example of the Timing of Operations for Counter Clearing in Response to a Rising Edge of
the Input on the GTETRGA Pin (During Counting Triggered by Hardware Source), in section 24.3.7.3,
Hardware Clear Operation

4.2.5.3 Order of Priority in Events

If a count-up or count-down operation triggered by the hardware source set by the GTUPSR or GTDNSR
register and a counter clearing operation triggered by the hardware source set by the GTCSR register collide
with each other, the counter clearing operation takes priority.

For details, refer to (1), GTCNT Counter in section 24.10.5, Order of Priority in Events in the RX66T Group
User's Manual: Hardware.
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5. How to Import a Project

The sample code is provided in the form 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 Import into e? studio
If you use the sample code with e? studio, use the following procedure to import the project into e? studio.

Note that the screenshots in the following procedure might be slightly different from the screens actually
displayed, depending on the version of e? studio you are using.

PR workspace - G/C++ - ¥ studio

gd.t Source Refactor Mavigate Search Project

lew AltShift+N > P Import o y

Ppen File...

Select \
3 (i A g Create new projects from an archive file or directory. E - 5
Qose Ctrl+W
==t En i Select an import wizard:
Fe - type filter text
doea Start e? studio, and then, from =
Sjreds. . ~ (= General ~
d.. | the [File] menu, select !
sbes | [Import]. P[5 Euisting Projects into Workspace )
= V7 4 File System . . B N
Move.. 1t HEW Project Select [Existing Projects into Workspace].
Rfneme... F2 [} Preferences
Réfresh 5 [ Projects from Folder or Archive
T — , P [ Rename & Import Existing C/C++ Project intc Workspace
- @ Renesss C5+ Project for CATBKOR{CATEKD
Pant.. Ctrl+P @ Renesas C5+ Project for CC-RX anfl CC-RL
. & C/Ces
e Weiie Py = Code Generator
=S rc & Git
= Install
= £ Ok he
g Expert..
Properties AltsEnter st
Exit JV

@ <Back ! Next > ' Finish Cancel

Import Projects —
Select a directory to search for existing Eclipse projects.

4
Select the [Select \.W'Wmﬁ | [ 8wz 1| Select the directory that contains the target
root directory:] radio O Select archive file T project.
button. Brojects: Example: an-r01an3956jj0100-rxv2-dsp
101an3956_nw2 (C¥download¥an-rl1an39560190-rw2-dsp#r0iar| | Select All The .pFOJ.eCt name differs dependlng on the
application note.
Deselect All
< > Refresh
Options
[[] Search for nested projects
[ Hide projects that already exist in the workspace
Woerking sets
|| Add project to working sets New...
To use working sets, Select..
select the [Add project to
working sets] check box.
Cancl

Figure 5.1 How to Import a Project into e? studio
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5.2 Import into CS+

If you use the sample code with CS+, use the following procedure to import the project into CS+.

Note that the screenshots in the following procedure might be slightly different from the screens actually

displayed, depending on the version of CS+ you are using.

| @ S+ for CC - [Start]

File Edit View Project Build Debug Tool Window Help

(B2 88 %m0 o s s = - & &

MF Y
csheea apaa s
Project|Tree X |, ser
: qal@

Learn About CS+

\tle recommend reading the tutorial to find out what can be done in CS+.

Start CS+, and then, in the Start tab,
/ select [Open Existing MCU Simulator

@ Open Project

Online/e? studio/CubeSuite/High-

H r01an3956_na2
‘ settings

Open Existing MCU Simulator Online/e? studio/CubeSuite/High-p

HardwareDebug
The project created with the MCU Simulator Online, the ¢ studio, or the old ID
Support version: src
MCU Simulator Online
jor Online can be read. G34
]
Drog here to open the prect 1) Buld options and simuiator options also ¢ etween the projec B Music
file(" mtp). erstudio
OneDrive

Open Sample Project

Many sample projects that can be built immediately are provided. After selecting
specify the desfination folder to copy the selected sample project

RHB50 RL78 RX
BBl e
Select the target project. "
Example: r01an3956_rxv2
The project name differs depending on the
application note.

Project Convert Setti~gs

ARGV  Project Convert Settings

[

several projects w )

Wh 4 @ Descriptw Project settings
en yoU press bttt

place 26 the selec| —|f4 101an395

[Notice]
If you open @ High
each project.

= 4 « an-lan3d.. »
performance Embedded
Workshop/PM+ Project]. e

l an-r1an3956}j0100-nov2-dsp

r01an3956_nw2 v O Search r01an3956_nov2 p=]
= M @
2 Name - Date modif
settings
HardwareDebug
u r01an3956_rv2.repec 7/
Select a file with an extension
of ".rcpc", and then click the
[Open] button.
v €

Y| \ )

File pame: | r01an3936_noe2.rcpc

P Project File for € studio (".repe, >

New microcontroller

£ J R5F 564MLCx=C{176pin)
W R5F564MLCxFPINOpin)
W RSFSE4MLCXLC(17MN
48 R5F564MLCXLI(100pin)
W R5F564MLCxLK(145pin)
W R5F564MLDXBG(176pin)
W R5F564MLDxFB(144pin)
M RSF554MLDxFC(176pin) v
- s 4

Open Fhcel

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

Update.

~ | |Product Name RSF564MLCFC
On-chip ROM size[KBytes] 4096
On-chip RAM size[Bytes] 524288
Addtional Information Package=PLQP01 76KB-A

From the [Kind of project] drop-down Kind of project

list, select [Empty Application(CC-RX)],
and then specify the project name and
the location in which to create the
project.

Project name:

E4 Create on a different place from the source project

Empty Application(CC-RX) v

r01an3956_nxv2

Place: Ci\Users\UserT\Documents\CS+ Projectsir0lan (W] v | | Browse..
[A Copy all files in the folder of the source project to the destination place
[] Backup the project composition files after gonvedsion
\ 4
I 0K l Cancel Help

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 (RO1UHO0749)
(The latest version is available at the Renesas Electronics website.)

Technical Updates/Technical News
(The latest version is available at the Renesas Electronics website.)

User’s Manual: Development Environment
RX Family CC-RX Compiler User's Manual (R20UT3248)
(The latest version is available at the Renesas Electronics website.)

User’'s Manual: Development Environment
RX66T Group Renesas Starter Kit User's Manual (R20UT4150)
(The latest version is available at the Renesas Electronics 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 /0
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 Vi
(Max.) and Vin (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 Vi (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 LSl 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.

11.

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.
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Electronics products.

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