REN ESAS Application Note

RX Family
PWM Output Methods Using MTU3/GPTW

Introduction
This application note describes the method of PWM output using the MTU3d and GPTW.

RX66T Group microcontrollers (MCUs) are equipped with the Multi-Function Timer Pulse Unit 3 (MTU3d)
and the General-Purpose PWM Timer (GPTW), which can generate pulse-width modulation (PWM)
waveforms.

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

Target Device
RX Family devices equipped with the MTU3 and GPTW

Confirmed Devices
RX66T Group

The Multi-Function Timer Pulse Unit 3 is referred to as “MTU” throughout this document.
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RX Family PWM Output Methods Using MTU3/GPTW

1. MTU and GPTW Specifications
The following table lists the main functions related to PWM output from the MTU and GPTW.
Table 1.1 PWM Output Functions

Item MTU GPTW
Basic No. of channels 9 channels 10 channels
Functions Counter accuracy 16-bit Note 1 32-bit
Max. operating Same as CPU frequency Same as CPU frequency
frequency
Synchronous v v
operation
Common PWM output v v
Functions Complementary v v
PWM output
PWM output v v
protection function
(POE)
Laterally v v
asymmetric
triangle-wave PWM
Duty cycle 0% or v v
100% output
GPTW Sawtooth-wave — v
Proprietary complementary
Functions PWM
Left/right dead time | — v
control

Note 1:  32-bit is available with cascaded connection, but only 16-bit is available during PWM output.
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RX Family PWM Output Methods Using MTU3/GPTW

The MTU supports different functions for each channel. The functions of each channel are listed below.

Table 1.2 Functions (by channel)

Item MTU GPTW
MTUO | MTU1 | MTU2 | MTU3 | MTU4 | MTU5 | MTU6 | MTU7 | MTU9 | Note!
Count clocks 14 11 12 11 11 10 11 11 14 13
Synchronous v v/ v v/ v - v v v v
operation
No. of I/O pins 4
Buffer operation v
2
4

N
N

PWM mode 1Note 2
PWM mode 2Note 2
Complementary -
PWM
Mode 1/2/3Note 2
Reset- - - - 2 4 - 2 4 - -
synchronized
PWM modeNote 2
Sawtooth-wave - - - - - - - - - 2
PWM modeNete 2
Sawtooth-wave - - - - - - - - - 2
one-shot pulse
modeNote 2
Triangle-wave - - - - - - - - - 2
PWM mode
1/2/3Note 2
Automatic dead - - - - - - - - - v/
time setting
function

Note 1: Indicates the function for 1 channel. The GPTW has 10 channels for the same function.

Note 2:  Number indicates number of PWM output pins. The positive-phase and negative-phase each

count as one pin.

l\)\\-l>

I\)\-b

I\)\-b

l\)\\-l>

#N\L
N

(P
N =
1
1
1
1
1

1
1
N
N
1
N
N
1
1

The following sections provide PWM function details of MTU and GPTW and the differences in
specifications.
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PWM Output Methods Using MTU3/GPTW

1.1 Operating Mode and Output Waveform

This section describes the relationship between the modes and output waveforms of the MTU and GPTW.
The PWM output modes and output waveforms for MTU and GPTW are listed in the table below.

Table 1.3 PWM Output

Output Waveform

Timer

Description

Countvalue

PWM output 1

MTU

e PWM mode 1

— Up to 14 phases of PWM waveforms
can be output

— One period register and one duty
register are used per PWM output

— Synchronous operation can be
enabled by synchronizing two or
more phases

GPTW

e Sawtooth-wave PWM mode

— Up to 20 phases of PWM waveforms
can be output

— One period register and the same
number of duty registers as PWM
outputs are used per two PWM
outputs

— Synchronous operation can be
enabled by synchronizing three or
more phases

Countvalue

|
-T7-

I

|

|

I
|
PWM output1
I

PWM output2

MTU

e PWM mode 2

— Up to 12 phases of PWM waveforms
can be output

— One period register and the same
number of duty registers as PWM
outputs are used per multiple PWM
outputs

— Synchronous operation can be
enabled by synchronizing three or
more phases

GPTW

e Sawtooth-wave PWM mode

— Up to 20 phases of PWM waveforms
can be output

— One period register and the same
number of duty registers as PWM
outputs are used per two PWM
outputs

— Synchronous operation can be
enabled by synchronizing three or
more phases

RO1AN5995EJ0110 Rev.1.10
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RX Family PWM Output Methods Using MTU3/GPTW

The following describes the modes and output waveforms of the MTU and GPTW complementary PWM
output (triangle-waves).

Table 1.4 Complementary PWM Modes (triangle-waves)

Output Waveform Timer | Description
MTU e Complementary PWM modes 1/2/3
Countvalue — Maximum of 2 channels in 3-phase

complementary

— Duty cycle can be changed by
changing one compare value per 1
phase

— Automatic dead time setting function

Positive-phase
U-phase
Negative-phase |
Positive-phase 1 | | [
[} [N} [ [}
V-phase 1 H H 1
Negative-phase | | | \
| |
Positive-phase | |
W-phase 1 !
Negative-phase J |_

GPTW | e Triangle-wave PWM mode 1/2/3
— Maximum of 10 channels in single-
phase complementary
— Duty cycle can be changed by
changing one compare value each in
positive-phase and negative-phase
— Dead time is the difference between
each positive-phase and negative-
phase compare value
Positive-phase — Synchronous operation can be used
to synchronize 2 or more channels
Negatve-phase—I L] L (Example: 3 channels for 3-phase
complementary + 1 channel for single
phase, 2 channels for 5-phase
complementary)
e Triangle-wave PWM mode 1/2/3 +
Automatic dead time setting function
— Maximum of 10 channels in single-
Gountvalue phase complementary
— Positive-phase duty cycle can be
changed by changing positive-phase
compare value
— Negative-phase duty cycle can be
changed by setting the left and right
T Time dead times
I I — Synchronous operation can be used
i_ to synchronize 2 or more channels
(Example: 3 channels for 3-phase
complementary + 1 channel for single
phase, 2 channels for 5-phase
complementary)

Countvalue

Dead time
setting value

| |
Positive-phase ' |
1ave
[
1
Negativephase u
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The following describes the modes and output waveforms of the MTU and GPTW complementary PWM
output (sawtooth waves).

PWM Output Methods Using MTU3/GPTW

Table 1.5 Complementary PWM Mode (sawtooth waves)

Output Waveform

Timer

Description

Countvalue

PWM output 1

PWM output2

PWM output3

PWM output4

PWM outputb
PWM output6

MTU

¢ Reset-synchronized PWM mode
— Maximum of 2 channels in 3-phase
complementary

GPTW

e Sawtooth-wave PWM mode +

Synchronous operation

— Maximum of 10 channels in single-
phase complementary

— The same compare value is set to the
compare values set in each positive-
phase and negative-phase

— GTIOCNA pin output setting: Initial
output is low, high output at GTCCRA
register compare match, and low
output at the end of the cycle
GTIOCNB pin output setting: Initial
output is high, low output at GTCCRB
register compare match, and high
output at the end of the cycle

Countvalue

Positivephase I

Negative-phase ‘I

GPTW

e Sawtooth-wave one-shot pulse mode

— Maximum of 10 channels in single-
phase complementary

— Set both compare values for both
positive-phase and negative-phase
using double buffers

— Dead time is the difference between
each positive-phase and negative-
phase compare value

— Synchronous operation can be used to
synchronize 2 or more channels
(Example: 3 channels for 3-phase
complementary + 1 channel for single
phase, 2 channels for 5-phase
complementary)

Countvalue

Dead time
setting value

Positivephase

Negativephase

GPTW

e Sawtooth-wave one-shot pulse mode +

Automatic dead time setting function

— Maximum of 10 channels in single-
phase complementary

— Negative-phase duty cycle can be
changed by setting the left and right
dead times

— Synchronous operation can be used to
synchronize 2 or more channels
(Example: 3 channels for 3-phase
complementary + 1 channel for single
phase, 2 channels for 5-phase
complementary)
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RX Family PWM Output Methods Using MTU3/GPTW

1.2 Buffer Functions

The MTU and GPTW are equipped with buffer functions. Buffer structure and transfer timing differ according
to mode.

The GPTW supports a function that disables buffer transfer at a buffer register write. For details, refer to
RX66T Group User’s Manual: Hardware, section 24.8.2 Disabling of Buffer Operation.

Buffer structure and transfer timing for the MTU in PWM modes 1/2 and the reset-synchronized PWM mode
are as follows. Transfer timing indicates the timing from buffer register to register.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.3 Buffer Operation.

Table 1.6 MTU PWM Modes 1/2

Channel Register Buffer Register Transfer Timing
MTUO, TGRA TGRC In PWM modes 1 or 2
MTU9 TGRB TGRD o Compare match
TGRE TGRF e Counter clear
MTU3, MTU4, TGRA TGRC In PWM mode 1
MTU6, MTU7 TGRB TGRD e Compare match
e Counter clear

Buffer structure and transfer timing for the MTU in reset-synchronized PWM mode are as follows. Transfer
timing indicates the timing from buffer register to register.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.15 Buffer Operation and Compare
Match in Reset-Synchronized PWM Mode.

Table 1.7 MTU Reset-synchronized PWM Mode

Channel Register Buffer Register Transfer Timing

MTUS3, TGRA TGRC e The end of the cycle (MTU3.TGRA,

MTUG6 TGRB TGRD MTUG.TGRA compare match)
RO1AN5995EJ0110 Rev.1.10 Page 15 of 318
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PWM Output Methods Using MTU3/GPTW

Buffer structure and transfer timing for the MTU in complementary PWM mode (single buffer) are as follows.
Transfer timing for MTU3.TGRA, MTU6.TGRA, TCDRA and TCDRB registers is the timing of data transfer
from buffer register to register. For all other registers, it is the timing of data transfer from temporary register

to register.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.8 Complementary PWM Mode, (b)

Register Operation.

Table 1.8 MTU Complementary PWM Mode 1/2/3

Channel Register Temporary Buffer Transfer Timing
Register Register
MTU3 TGRA - TGRC Complementary PWM mode 1
TGRB TEMP1A TGRD o
MTU4 TGRA TEMP2A TGRC Complementary PWM mode 2
TGRB TEMP3A TGRD .
MTU6 TGRA - TGRC Complementary PWM mode 3
TGRB TEMP4A TGRD e Crestand trough
MTU7 TGRA TEMP5A TGRC
TGRB TEMP6A TGRD
MTU TCDRA - TCBRA
TCDRB - TCBRB
RO1AN5995EJ0110 Rev.1.10 Page 16 of 318
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PWM Output Methods Using MTU3/GPTW

Buffer structure and transfer timing for the MTU in complementary PWM mode (double buffer) are as follows.
Transfer timing for the MTU3.TGRA, MTU6.TGRA, TCDRA and TCDRB registers is the timing of data
transfer from buffer register to register. For all other registers, confirm the timing in the table below.

When setting buffer register A (MTU3.TGRD, MTU4.TGRC, MTU4.TGRD, MTU6.TGRD, MTU7.TGRC, and
MTU7.TGRD), also set buffer register B (MTU3.TGRE, MTU4.TGRE, MTU4.TGRF, MTU6.TGRE,

MTU7.TGRE, and MTU7.TGRF) at the same time.

Buffer register A is the compare value at down-counting; buffer register B is the compare value at up-

counting.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.8 Complementary PWM Mode, (s)
Double Buffer Function in Complementary PWM Mode.

Table 1.9 MTU Complementary PWM Mode 3 (using double buffer)

Channel | Register | Temporary | Buffer Double Transfer Timing
Register Register | Buffer
Register
MTU3 TGRB TEMP1A TGRD - When writing to MTU4.TGRD or
TEMP1B - TGRE MTU7.TGRD, the values of TGRC,
MTU4 TGRA | TEMP2A | TGRC |- TGRD, TGRE, and TGRF are
TEwpae |- |TeRe | Uersferedio e coresponrg
TGRB TEMP3A TGRD - '
TEMP3B | - TGRF Transfer timing from TEMP1A, TEMP2A,
MTU6 TGRB TEMP4A | TGRD - TEMP3A, TEMP4A, TEMP5A, and
TEMP4B - TGRE TEMPGA to the corresponding register is
MTU7 TGRA TEMP5A TGRC - at the crest.
TEMP5B - TGRE
TGRB TEMP6A TGRD - Transfer timing from TEMP1B, TEMP2B,
TEMP6B _ TGRF TEMP3B, TEMP4B, TEMP5B, and
TEMPG6B to the corresponding register is
at the trough.
MTU3 TGRA - TGRC - Crest and trough
MTUG6 TGRA - TGRC -
MTU TCDRA - TCBRA -
TCDRB - TCBRB -
RO1AN5995EJ0110 Rev.1.10 Page 17 of 318
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PWM Output Methods Using MTU3/GPTW

Buffer structure and transfer timing for the GPTW in the sawtooth-wave PWM mode and triangle-wave PWM

mode 1/2 are as follows.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.2 Buffer Operation.

Table 1.10 GPTW Sawtooth-wave PWM Mode and Triangle-wave PWM Mode 1/2

Buffer
Register

Register

Double Buffer
Register

Transfer Timing

GTPR GTPBR

GTPDBR

Sawtooth-wave PWM mode
e Overflow/underflow
e Counter clear
— hardware
— software
Triangle-wave PWM mode 1/2
e Trough

GTCCRA GTCCRC

GTCCRD

GTCCRB GTCCRE

GTCCRF

Sawtooth-wave PWM mode
e Overflow/underflow
e Counter clear

— hardware

— software
e Forcible buffer transfer
Triangle-wave PWM mode 1
e Trough
e Forcible buffer transfer
Triangle-wave PWM mode 2
e Crest and trough
e Forcible buffer transfer

GTDVUNote GTDBU

GTDVDNote GTDBD

Triangle-wave PWM mode 1/2
e Counter clear

— Clear GTCNT counter
e Trough

Note: Cannot be used in the Sawtooth-wave PWM mode.
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PWM Output Methods Using MTU3/GPTW

Buffer structure and transfer timing for the GPTW in sawtooth-wave one-shot pulse mode are as follows.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.3 PWM Output Operating Mode,
(2) Sawtooth-Wave One-Shot Pulse Mode.

Table 1.11 GPTW Sawtooth-Wave One-Shot Pulse Mode
Register | Buffer Temporary | Double Transfer Timing
Register | Register Buffer
Register
GTPR GTPBR - GTPDBR | ¢ Overflow/underflow
e Counter clear
— hardware
— software
GTCCRA | GTCCRC | - - At the end of the cycle (overflow/underflow): transfer
from GTCCRC to GTCCRA, from GTCCRE to
- Temporary | GTCCRD | GTCCRB, from GTCCRD to temporary register A,
register A and from GTCCREF to temporary register B
GTCCRB | GTCCRE | - -
At the GTCCRA compare match, transfer from
N Temporary | GTCCRF temporary register A to GTCCRA,; at the GTCCRB
register B compare match, transfer from temporary register B to
GTCCRB
GTDVU GTDBU - - e Counter clear
— Clear GTCNT counter
GTDVD | GTDBD | - i e Overflow/underflow

Buffer structure and transfer timing for the GPTW in triangle-wave PWM mode 3 are as follows.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.3 PWM Output Operating Mode,
(5) Triangle-Wave PWM Mode 3 (64-Bit Transfer at Trough).

Table1.12 GPTW Triangle-Wave PWM Mode 3

Register | Buffer Temporary | Double Transfer Timing
Register | Register Buffer
Register
GTPR GTPBR - GTPDBR | ¢ Trough
GTCCRA | GTCCRC | - - Trough: Transfer from GTCCRC to GTCCRA, from
GTCCRE to GTCCRB, from GTCCRD to temporary
- Temporary | GTCCRD | register A, and from GTCCRF to temporary register B
register A
GTCCRB | GTCCRE | - - Crest: Transfer from temporary register A to
GTCCRA, and from temporary register B to
- Temporary | GTCCRF GTCCRB.
register B
GTDVU GTDBU - - e Counter clear
GTDVD GTDBD . . — Clear GTCNT counter
e Trough
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Double buffer structure and transfer timing for the MTU and GPTW are shown in the figure below.

The example shows cases in which the next compare value is set in the up-counting period dedicated buffer
(up dedicated buffer) or the down-counting period dedicated buffer (down dedicated buffer) when a crest
interrupt is generated. Although the structures differ, in both cases, laterally asymmetric complementary
PWM is realized in one interrupt processing per one carrier cycle.

Compare register E B

Temporary register B

m
>

Temporary register A

Up dedicated buffer
(buffer register B)

M
w

Down dedicated buffer
(buffer register A)

m
>

m
o

£
|
|
!
|
|
|

t

X
!

Compare value

<

- =
S E—

PWM output |

L

(1) MTU Complementary PWM Mode 3

Compare register E X C X D X C X D
A A

Up dedicated buffer  E K ¢ |

! |

X

I I

X |

| |

I I

I

I

I

Down dedicated
temporary register

m

Down dedicated buffer D

Compare value

1T

(2) GPTW Triangle-Wave PWM Mode 3

I
I
I
|
I
f
|

PWM output _

Figure 1.1 Double Buffer Structure

RO1AN5995EJ0110 Rev.1.10 Page 20 of 318
Jan.6.23 RENESAS



RX Family PWM Output Methods Using MTU3/GPTW

1.3 Laterally Asymmetric Complementary PWM Output

The MTU and GPTW are capable of laterally asymmetric complementary PWM output. To realize laterally
asymmetric complementary PWM output, set the compare register at the timing indicated in the figure
below.

Set compare value A of next Set compare value B of next
cycle’s up-counting period at cycle’s down-counting period at
crest interrupt trough interrupt

Compare value

:

[}

[}

[
PWM output L

I
I
I
i I
I I
| I
! —l—
(1) MTU Complementary PWM Mode 3 (single buffer)

Set compare value A of next Set compare value B of next
cycle’s up-counting period at cycle’s down-counting period at
crest interrupt trough interrupt

1 ool oo

(2) GPTW Triangle-Wave PWM Mode 2 (single buffer)

--|--

I
I
I
Compare value "
I
l
I

PWM output |

Set compare value A of next cycle’s up-counting
period and compare value B of next cycle’s
down-counting period at crest interrupt

l—-ll <—>:4—>|—L: I4—>|—

(3) MTU Complementary PWM Mode 3 (double buffer)
GPTW Triangle-Wave PWM Mode 2 (double buffer)
GPTW Triangle-Wave PWM Mode 3
GPTW Sawtooth-Wave One-Shot Pulse Mode"*®

|
|
|
-

PWM output _J

I
I
I
Compare value "
|
|
I

Note: In sawtooth-wave one-shot pulse mode, set compare value at the end of the cycle
(overflow/underflow).

Figure 1.2 Laterally Asymmetric Complementary PWM Output
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1.4 Automatic Dead Time Setting Function

The automatic dead time settings for the MTU and GPTW are as shown below. For the MTU, the same value
is set for up-counting and down-counting, but two different values can be set for the GPTW.

For details regarding the MTU, refer to RX66T Group User’s Manual: Hardware, section 22.3.8
Complementary PWM Mode, (e) Dead Time Setting.

For details regarding the GPTW, refer to RX66T Group User’'s Manual: Hardware, section 24.3.4 Automatic
Dead Time Setting Function.

Table1.13 Automatic Dead Time Setting Function

Item MTU GPTW
Usable modes e Complementary PWM mode e Sawtooth-wave one-shot pulse
1/2/3 mode

e Triangle-wave PWM mode 1/2/3

Setting register One register shared for counting up | One up-counting dedicated register

and down One down-counting dedicated

register

Change setting during Prohibited Enabled

operation

Output protection function - v

MTU3.TCNT

MTU4.TCNT

Compare value —— e N\ e —

The dead time value setin the

timer dead time data register

becomes MTU3.TCNT counter | T
start value

Positivephase H I j
Negativephase | |

Figure 1.3 MTU Automatic Dead Time Setting (MTU3, MTU4)
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Automatic setting of negative—
phase up—count compare value

after 1 count clock attrough

Automatic setting of negative-phase
down—count compare value after 1

countclock at crest

Positivephase
compare value _| — e —  —

Positive-phase
compare value

|
|
| |
| |
| |
| [
| |
[} [—

Positivephase ! ’
1
Negative-phase | |

(1) Triangle-Wave PWM Mode 1

Automatic setting of negative—
phase compare value after 1

count clock following positive—
phase compare value update

Automatic setting of negative—
phase compare value after 1

count clock following positive—
phase compare value update

Y N — — c—

Positive-phase |

—

_l 1
Negativephase !

(2) Sawtooth-Wave One-Shot Pulse Mode

Figure 1.4 GPTW Automatic Dead Time Setting
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1.5 Duty Cycle 0%/100% Output Function
The following describes setting methods for MTU and GPTW to duty cycles 0% and 100%.

Table1.14 Setting Methods for Duty Cycles 0% and 100%

Setting Method

MTU

GPTW

Compare register setting
MTU: TGR register
GPTW: GTCCR register

e PWM mode 1/2
100%: compare value = period
register value
0%: compare value > period
register value
e Complementary PWM mode
1/2/3
100%: compare value = 0000h
0%: compare value = period
register value
The above settings may not be
sufficient in some cases. If
necessary, use in combination with
TIOR.

Depending on the mode, the
GTCCR register can be used with
GTIOR to realize duty cycle
0%/100% output.

For details, refer to RX66T Group
User's Manual: Hardware, section
24.10.2 Settings of the GTCCRm
Register during Compare Match
Operation (m = Ato F).

Bit setting of pin output duty
setting

GPTW: settings of
GTUDDTYC.OADTY[1:0]
and OBDTY[1:0]

For details, refer to RX66T Group
User’'s Manual: Hardware, section
24.3.6 Duty Cycle 0%/100% Output
Function.

I/O control register setting
MTU: TIOR register
GPTW: GTIOR register

For details, refer to RX66T Group
User’'s Manual: Hardware, section
22.2.6 Timer 1/0O Control Register
(TIOR).

For details, refer to RX66T Group
User’'s Manual: Hardware, section
24.2.14 General PWM Timer 1/O
Control Register (GTIOR).
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1.6 Relationship between Period and Period Register
The following describes the relationship between the period and period register in the MTU and GPTW.

Table1.15 Period and Period Register Relationship

Relational Expression MTU GPTW
Period = period register value +1 | ¢ PWM mode 1/2 ¢ Sawtooth-wave PWM mode
e Reset-synchronized PWM e Sawtooth-wave one-shot pulse
mode
Period = period register value x2 | ¢ Complementary PWM mode | ¢ Triangle-wave PWM mode
1/2/3 1/2/3
RO1AN5995EJ0110 Rev.1.10 Page 25 of 318

Jan.6.23 RENESAS




RX Family

PWM Output Methods Using MTU3/GPTW

2. Operation Confirmation Conditions

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

conditions.

Table 2.1 Operation Confirmation Environments

Item

Description

MCU

R5F566 TEADFP (included in Renesas Starter Kit for RX66T)

Operating frequency

Main clock: 8MHz

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

HOCO: Stopped

LOCO: Stopped

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

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

Operating voltage

3.3V

Integrated development
environment (IDE)

Renesas Electronics
e? studio Version 2021-07

C compilerNote

Renesas Electronics
C/C++ Compiler Package for RX Family V3.03.00

Compiler option
The integrated development environment default settings are used.

iodefine.h version

V1.00

Endian

Little endian

Operation mode

Single-chip mode

Processor mode

Supervisor mode

Sample code version V1.00

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

Emulator E2-Lite

Note: Import the same version of the toolchain (C compiler) as specified in the original project. If the same
toolchain is not located in the import destination, the toolchain cannot be selected, and an error will
occur. Check the toolchain selection status on the project settings screen.

Refer to FAQ 3000404 for setting methods.

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

project (e? studio)
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3. MCU Sample Codes

3.1 Common

3.1.1 Sample Code List

This application note provides the following sample codes created with the Smart Configurator. If the duty
cycle is not indicated, waveform output is repeated in duty cycles 20%—40%—60%—80%—20%—- - -.

Sample code can be downloaded from the Renesas Electronics website.

Table 3.1 MTU Sample Code List (1/2)

Name Description Ref.
PWM Mode 1 Compare Match Use PWM mode 1 3.2
r01an5995_rx66t_mtu3_pwm1_cmp.zip Buffer transfer when TGRA compare match occurs, and

PWM waveform output
PWM Mode 1 Count Clear Use PWM mode 1 3.3
r01an5995_rx66t_mtu3_pwm1_cntclear.zip Buffer transfer when counter clear occurs, and PWM

waveform output
PWM Mode 1 Without Buffer Register Use PWM mode 1 34
r01an5995_rx66t_mtu3_pwm1.zip PWM waveform output without using buffer
PWM Mode 2 Compare Match Use PWM mode 2 3.5
r01an5995_rx66t_mtu3_pwm2_cmp.zip Buffer transfer when TGRA compare match occurs, and

2-phase PWM waveform output
PWM Mode 2 Count Clear Use PWM mode 2 3.6
r01an5995_rx66t_mtu3_pwm2_cntclear.zip Buffer transfer when counter clear occurs, and 2-phase

PWM waveform output
PWM Mode 2 Without Buffer Register Use PWM mode 2 3.7
r01an5995_rx66t_mtu3_pwm2.zip 2-phase PWM waveform output without using buffer
Reset-Synchronized PWM Mode Use reset-synchronized PWM mode 3.8
r01an5995_rx66t_mtu3_reset_sync_pwm.zip 3-phase complementary PWM waveform output without

dead time

Each phase outputs 25%, 50%, and 75% fixed duty

cycle
Complementary PWM Mode with Double Buffer Use complementary PWM mode 3 (transfer at crest and 3.9
r01an5995_rx66t_mtu3_complementary_pwm_dblbuf.zip trough)

Use double buffer to generate laterally asymmetric duty

cycle and output 3-phase complementary PWM

waveforms with dead time

Output duty cycles: 20%—40%—60%—80%—60%—...
Complementary PWM Mode Without Double Buffer | Use complementary PWM mode 3 (transfer at crest and 3.10
r01an5995_rx66t_mtu3_complementary_pwm.zip trough)

Generate symmetric duty cycle without using double

buffer, and output 3-phase complementary PWM

waveforms with dead time

Output duty cycles: 20%—40%—60%—80%—60%—...
PWM Mode 1 Duty Cycles 0% to 100% (modify Use PWM mode 1 3.11

compare register at compare match)
r01an5995_rx66t_mtu3_pwm1_50to100.zip

PWM waveform output including duty cycles 0% and
100%

Compare register modify at compare match

Output duty cycles: 50%—80%—100%—80%—50%—
0%—...
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Table 3.2 MTU Sample Code List (2/2)

Name Description Ref.
PWM Mode 1 Duty Cycles 0% to 100% (compare Use PWM mode 1 3.12
register modify at counter clear) PWM waveform output including duty cycles 0% and
r01an5995_rx66t_mtu3_pwm1_50to100_rwcc.zip 100%

Compare register modify at counter clear
Output duty cycles: 50%—80%—100%—80%—50%—

0%—...
PWM Mode 1 Duty Cycles 0% and 100% Use PWM mode 1 3.13
r01an5995_rx66t_mtu3_pwm1_0to100.zip PWM waveform output, alternating between duty cycles

0% and 100%
Output duty cycles: 0%—100%—0%—100%—...

Complementary PWM Mode Duty 0% to 100% Use complementary PWM mode 2 (transfer at trough) 3.14
r01an5995_rx66t_mtu3_complementary_pwm_50to100.zip | PWM waveform output including duty cycles 0% and

100%

Output duty cycles: 50%—80%—100%—80%—50%—

0%—...
Complementary PWM Mode Duty Cycles 0% and Use complementary PWM mode 2 (transfer at trough) 3.15
100% PWM waveform output, alternating between duty cycles

r01an5995_rx66t_mtu3_complementary_pwm_0to100.zip | 0% and 100%
Output duty cycles: 0%—100%—0%—100% —...

Start Corresponding sample codes

Desred ot PWM Single phase? Yes . Duy yces Yes , PWMmode 1 duty cycles 0% to 100%
waveform? included? PWM mode 1 duty cycles 0% and 100%
No Used channel Yes PWM mode 1 compare match
supports —
buffer operation? PWM mode 1 counter clear

L———— PWM Mode 1 without buffer register

Used chamel Yes
Ssupcpoannsne — » PWM mode 2 compare match
Luffer operation? PWM mode 2 counter clear

L———— PWM mode 2 without buffer register

Complementary s hase wit Yes

»  Reset-synchronized PWM

operation?

_ oDy eydes Yes Complementary PWM mode duty cycles 0% to 100%
No included? V Complementary PWM mode duty cycles 0% and 100%

No Yes Complementary PWM mode without double buffer
> register

L——— Complementary PWM mode with double buffer register

Figure 3.1 Sample Codes According to Purpose

RO1AN5995EJ0110 Rev.1.10 Page 28 of 318
Jan.6.23 RENESAS



RX Family

PWM Output Methods Using MTU3/GPTW

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

[Project name]
L] cproject
D project

| | [Project name] HardwareDebug.launch

| | [Project namel.scfg «——————— Smart Configurator config-file

| ] [Project name].rcpc < CS+ files for import
settings

src
J [Project namel.c «——main function
smc_gen
Config_MTUn <« MTU related Config setting
U Config MTUn.c n indicates channel number

¥] config_MTUnh When multiple channels are used,

™ confia MTU : such as in complementary_PWM n’_lode,
U N Ltsere the generated file name will look like:
general Config_MTU3_MTU4

r_bsp

r_config

r_pincfg

Files generated by Smart Configurator

Figure 3.2 MTU Folder Structure
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3.1.3 File Structure

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

Table 3.3 MTU File Structure

File Name

Description

[Project name].c

main function

This is the main function.

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

Config_MTUn.c*

R _Config MTUn_Create function

This is the MTU’s initialization function.

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

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

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

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

Config_MTUn_user.c*

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

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

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

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

Config_MTUn.h*

This is the header file that defines MTU related functions.

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

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

*

. n indicates channel number
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3.1.4 Adding Components
The sample codes use the Smart Configurator to add the MTU as described below.

Table 3.4 Adding Components

Item Description
Component Reference the section for each sample code ((1) in figure below)
Configuration Name Sample codes use the default setting name
Operation Reference the section for each sample code ((2) in figure below)
Resource Reference the section for each sample code ((3) in figure below)
e’ New Component (] X
Software Component Selection .
Select component from those available in list
Category All v
Function All v
Filter
Components Short Name Type Version A
# 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 19.0
¥ Ports Lo
[ #PWM Mode Timer Code Generator  1.10.0 }/
[V Show only latest version
[V Hide items that have duplicated functionality :
(1) Differs depending on each sample code
Description
This component provides PWM mode 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% <
Download the latest FIT drivers and middleware
Configure general settings
v Cancel
« New Component
Add new fig
PWM Mode Timer
Configuration name: ||Config_MTUO ]
Operation: PWM mode 1 »
Resource: MTUO (2) Differs depending on each sample code
(3) Differs depending on each sample code
2 ey Conce
Figure 3.3 Adding Components
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3.1.5 Pin Settings
Figure 3.4 shows an example of pin settings using the Smart Configurator.

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

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

Pin configuration G e &
enerate Code Generate Report
Hardware Resource + = % &  Pin Function PNEE e
Type filter text type filter text (* = any string any character All M
SAl A Enabled Function  Assignment Pin Number  Direction Remarks Comments
& Digital power supply ) MTIOC3A 7 P33/D7/MTIOC3A/MTCLKA/MTIOC # 58 10
@ Clock generator [l MTIOC3A# 7 Not assigned ’ Not assigned None |
@ Clock frequency accuracy measurement circuit ™ MTIOC3B  # P71/D5/MTIOC3B/MTIOC3B#/GTIC # 56 10 \
@ Operating mode control O MTIOC3B# * Not assigned # Not assigned None ‘
& System control [C] MTIOC3C  Not assigned # Not assigned None
@ On-chip emulator [[] MTIOC3C# ’ Not assigned # Not assigned None
“{5 Buses l V] MTIOC3D # P74/D2/MTIOC3D/MTIOC3D#/GTIt # 53 10 ]
@ Interrupt controller unit O MTIOC3D# * Not as\jgned ’ Not assigned None
v & Multi-function timer pulse unit 3
= MTUO
= MTU1
= MTU2
= mos ) Click Assignment to display available pins, then
- MTU4 select the pins to be used
~ MTU6 MTU
w MTU7
= MTU9
v (@ General PWM timer
= GPTO
~ GPT1
= GPT2
w GPT3
Eot Select Pins tab
Pin Function Pin Number
Overview Board |Clocks System Componentf Pins Interrupts

Figure 3.4 Pin Settings
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3.1.6 Interrupt Settings

Figure 3.5 shows an example of interrupt settings using the Smart Configurator. For details on Software
Configurable Interrupt A, refer to Renesas RX66T Group User’'s Manual Hardware, section 14.4.5.1 Software
Configurable Interrupt A.

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

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

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

3]

Generate Code Generate Report

Interrupt configuration

Interrupt vectors 2

Type filter text

Vector Number Interrupt Peripheral Priority Status Fast Inter... A
184 CMPC4 CMPC4 Level 15
185 CMPC5 CMPCS Level 15

208 INTA208 (TGIAO) MTUO Level 15
209 INTA209 (TGIBO) MTUO Level 15
210 INTA210 (TGICO) MTUO Level 15
21 INTA211 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO) MTUO Level 15
213 INTA213 (TGIED) MTUO Level 15
214 INTA214 (TGIFQ) MTUQ evel 1
215 INTA215 (TGIAT)
216 INTA216 (TGIB1) Click Interrupt to display available
Software 217 INTA217 (TCIV1) interrupt names, then select interrupts to
Configurable 1 218 INTA218 (TCIU1) be used.
Interrupt A 219 INTA219 (TGIA2)
220 INTA220 (TGIB2) 2 Level 15
221 INTA221 (TCIV2) U2 Level 15
222 INTA222 (TCIU2) MTU2 Level 15
223 INTA223 (TGIA3) MTU3 Level 15 Used )
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 i Select Interrupts tab

Please check the configuration files of each F|

Interrupts

Overview Board Clocks System Components Ping

Figure 3.5 Interrupt Settings
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3.2 PWM Mode 1 Compare Match

e Target sample code file name: r01an5995 rx66t mtu3_pwm1_cmp.zip

3.2.1 Overview

The MTU PWM mode can be used to output PWM waveforms of duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 1 and repeats waveform output of duty
cycles 20% — 40% — 60% — 80% — 20% —---. The duty cycle is changed using buffer register TGRC to
transfer the TGRC value to duty register TGRA when a TGRA compare match occurs.

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

e Use PWM mode 1 )
e Use channel 0
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
* Use TGRB as period register Set in Smart Configurator.
— Timer counter clear source = TGRB compare match ]
— Low output at TGRB compare match For Setting Methods,
e Use TGRA as duty register refer to section 3.2.3.
— High output at TGRA compare match
o Use buffer register
— Use TGRC as buffer register of TGRA
— Buffer transfer when TGRA compare match occurs
o Duty changes at each cycle
— Change duty cycle at TGBR compare match interrupt
— Refer to Figure 3.7 for details on the timing for duty cycle changes

PWM mode 1 output for this sample code is shown below.

MTIOCOA
R [ MPC__}H» P3t [ ] L] L] L
> «—> —> —>
Channel 0 20% 40% 60% 80%
PWM mode 1

MTU: Generates PWM mode 1 waveform
MPC: Sets pins to be used from general purpose 1/0 port to peripheral function 1/0 port

Figure 3.6 PWM Mode 1 Output
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3.2.2 Operation Details

The sample code operations are shown in Figure 3.7. The settings of the duty cycle are changed with each
period by modifying the value of buffer register TGRC at the TGRB compare match interrupt (TGIBO) of
period register TGRB. The TGRC value is transferred to duty register TGRA when a TGRA compare match

occurs.

When switching from duty cycle 80% to 20%, two TGRA compare matches occur in the same cycle, but the
waveform does not change because the second compare match occurs during high output ((1) in figure

below).

MTUO.TCNT value

A
TGIBO TGIBO TGIBO TGIBO
MTUO.TGRB0O — 9C3Fh y Y

7CFFh

5DBFh

3E7Fh

1F3Fh

0000h >
: Buffer register modified
: : & . 3 . g .

MTUO.TGRC 5DBFh X 3ETFh X 1F3Fh X' 7CFFh  X5DBFh
; x Transfer & & & x
MTUO.TGRA 7CFFh X 5DBFh X 3E7Fh X 1F3Fh X 7CFFh
I
|
MTIOCOA pin (P31) //////N lniﬁa,vélueoutput(m '|_| | | | |_| 1)
Duty : + 4_: 4_o> 0 o
| wruoTonT 20% 40% 60% 80%

| count start
v (TSTRA setting)
Pin function setting
(TIOR setting)

TGRA compare match
occurs, but output level

does not change since the
output is already high.

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

Figure 3.7 Sample Code Operations
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3.2.3 Smart Configurator Settings

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

Table 3.5 Adding Components

v Timers

« Config_MTUO

Enable TGRB compare match interrupt

Counter clock selection

External clock pin setting

General register setting
TGRCO
TGRDO

TGRFO

Output setting
MTIOCOA pin

When TGRB compare match

PWM output setting
PWM period

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

TGREF initial value

A/D converter start trigger setting

Item Description
Component PWM Mode Timer
Configuration name Config_MTUO
Operation PWM Mode 1
Resource MTUO
Components + 3 ¥ Configure
-5 Synchronous mode setting
Include this channel in the synchronous opegiisas
v @ Startup Timer counter clear source = TGRB compare match
v & Generic TCNTO counter setting
% rbsp Counter clear source TGRBO compare match (Use TGRBO as a cycle register) -
v Drivers

PCLK/4 v Rising edge b

Timer count clock = 40MHz

(PCLKC/4)

Eab Use TGRC as buffer register of TGRA
Transfer buffer at TGRA compare match

Buffer register of TGRA v Buffer transfer when compare match A occurs ~

Output compare register v Buffer transfer when compare match B occurs

Output compare register

Initial outpﬁt vélue = low
High output at TGRA compare match

Output initial 0, 1 at compare match v
0 output from MTIOCOA pin v
Output disabled

M1 Low output at TGRB compare match

t from

Carrier period = 1ms

TGRA initial value setting
TGRC initial value setting

| Enable start request on TGRA compare match (MTUO TRGAN signal)

| Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

| Enable TGRA compare match interrupt (TGIAO) Level

f] Enable TGRB compare match interrupt (TGIBO)

nable T

| Enable TGRF compare match interrupt (TGIF0)

Enable overflow interrupt
A/D conversion start request
[C] ADSMO pin

ADSM1 pin S

Overview Board Clocks System Components Pins Interrupts

RE compare match interrupt (TGIEQ)

15 (highest

Priority  Level 15 (highest) v
Level 15 (highest
hre match interrupt (TGIDO) Level 15 (highest

Level 15 (highest
Level 15 (highest

(TCIVO)

Level 15 (highest

frame synchronization signal setting

Source not selected

ource not selected

Figure 3.8 MTUO Setting
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3.2.4 Flowcharts
The following shows the main function processing and the processing when a TGIBO interrupt occurs, both of

which were added after code generation by the Smart Configurator.

=

A
Count start
R_Config MTUOQ_Start()

Figure 3.9 main Function

( r_Config_MTUO_tgib0_interrupt >

MTUO.TGRC = 80% No
duty cycle?
Yes
\ 4
Increase MTUO.TGRC
0,
Set MTUO.TGRC to 20% duty cycle duty cycle by 20%

d
l

A 4

( return )

Figure 3.10 TGIBO Interrupt Handler Function
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3.2.5 Usage Notes
3.2.5.1 Contention between Buffer Register Modify Operation and Compare Match

When the buffer transfer timing is set at compare match, the data in the buffer register before the
modification is transferred to the duty register if a compare match occurs in the buffer register write cycle.

For details, refer to RX66T Group User’'s Manual: Hardware, section 22.6.7 Contention between Buffer
Register Write Operation and Compare Match.

3.2.5.2 Buffer Register Modify Delay

In this sample code, the transfer from buffer register TGRC to TGRA is executed when a TGRA compare
match occurs. Modification of the TGRC value must be completed before the next compare match occurs.

If the buffer register modification is delayed, the TGRA value may not be updated by the time the TGRA
compare match occurs in the next cycle. In such a case, consider transferring the buffer when counter clear
occurs.

Refer to 3.3 PWM Mode 1 Count Clear for a sample code of PWM mode 1 that performs buffer transfer when
counter clear occurs.

3.2.5.3 Setting a Value Greater than the Duty Register

In this sample code, the transfer from buffer register TGRC to TGRA is performed when a TGRA compare
match occurs.

If a value greater than the value currently set in TGRA is set in TGRA after a TGRA compare match occurs,
two TGRA compare matches may occur in one cycle.

For details, refer to (1) in Figure 3.7.
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3.3 PWM Mode 1 Count Clear

e Target sample code file name: r01an5995 rx66t _mtu3 pwm1_cntclear.zip

3.3.1 Overview

The MTU PWM mode can be used to output PWM waveforms of duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 1 and repeats waveform output of duty
cycles 20% — 40% — 60% — 80% — 20% —---. The duty cycle is changed using buffer register TGRC to
transfer the TGRC value to duty register TGRA when counter clear occurs.

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

e Use PWM mode 1 B
e Use channel 0
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
¢ Use TGRB as period register Set in Smart Configurator.
— Timer counter clear source = TGRB compare match -
— Low output at TGRB compare match
o Use TGRA as duty register refer to section 3.3.3.
— High output at TGRA compare match
o Use buffer register
— Use TGRC as buffer register of TGRA
— Buffer transfer when counter clear occurs
e Duty changes at each cycle
— Change duty cycle at TGBR compare match interrupt
— Refer to Figure 3.12 for details on timing for duty cycle changes

For setting methods,

—_

PWM mode 1 output for this sample code is shown below.

MTU

R T o SRS e e I |

> «—> > >
Channel 0 20% 40% 60% 80%
PWM mode 1

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

Figure 3.11 PWM Mode 1 Output
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3.3.2 Operation Details

The sample code operations are shown in Figure 3.12. The settings of the duty cycle are changed with each
period by modifying the value of buffer register TGRC at the TGRB compare match interrupt (TGIBO) of
period register TGRB. The TGRC value is transferred to duty register TGRA when a counter clear occurs.

MTUO.TCNT value

A TGIBO TGIBO TGIBO TGIBO
MTUO.TGRB — 9C3Fh y ¢ ¢ ¢

7CFFh

5DBFh

3E7Fh

1F3Fh

0000h f >
: Buffer register modified ‘ ‘ ‘

MTUO.TGRC 5DBFh X sE7fn X 1F3Fh X' 7CFFh _ X5DBFh
: xTransfer & x &
MTUO.TGRA 7CFFh X spBFh X 3E7Fh X 1F3Fh X 7CFFh

|

i I A -

MTIOCOA pin (P31) //////i\‘ Initial value output™® '| | | |
Duty : ; ©> «—> — > —>
0, 0, 0, 0,
| MTUO.TCNT 20% 40% 60% 80%
count start
(TSTRA setting)
Pin function
setting
(TIOR setting)

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

Figure 3.12 Sample Code Operations
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3.3.3 Smart Configurator Settings

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

Table 3.6 Adding Components

Item

Description

Component

PWM Mode Timer

Configuration name

Config_ MTUO

Operation

PWM Mode

1

Resource

MTUO

Components O 4

-5

v @ Startup
v & Generic
% rbsp
v @ Drivers
v Timers

« Config_MTUO

Enable TGRB compare match interrupt

Configure

Synchronous mode setting

Include this channel in the synchronous opery

TCNTO counter setting
Counter clear source

Counter clock selection

External clock pin setting

General register setting
TGRCO
TGRDO

TGRFO

Output setting
MTIOCOA pin

When TGRB compare match

PWM output setting
PWM period

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

TGRF initial value

Timer counter clear source = TGRB compare match

TGRBO compare match (Use TGRBO as a cycle register) ~

PCLK/4 v Rising edge v
Timer count clock = 40MHz (PCLKC/4)

Use TGRC as buffer register of TGRA
Transfer buffer at counter clear

Buffer register of TGRA v

Buffer transfer when counter is cleared v

Output compare register e Buffer transfer when compare match B occurs

Output compare Initial output value = low

High output at TGRA compare match

Output initial 0, 1 at compare match
0 output from MTIOCOA pin v

Output disabled

= v Low output at TGRB compare match
0 output from MTIOCOC pin

31999

39999 Carrier period = 1ms

23999

100 TGRA initial value setting

TGRC initial value setting

100

100

A/D converter start trigger setting

Enable start request on TGRA compare match (MTUO TRGAN signal)

Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

Enable TGRA compare match interrupt (TGIAD)

Enable TGRB compare match interrupt (TGIBO)

Enable TGRF compare match interrupt (TGIF0)

Enable overflow interrupt

pare match interrupt (TGIDO)

are match interrupt (TGIEO)

Level 15 (highest

Priority  Level 15 (highest) -
Level

15 (highest

Level 15 (highest

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

A/D conversion start request frame synchronization signal setting

ADSMO pin Source not

ADSM1 pin

Overview Board Clocks System Components Pins Interrupts

selected

Source not selected

Figure 3.13 MTUO Settings
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3.3.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
< main >

\ 4
Count start
R_Config_MTUO_Start()

Figure 3.14 main Function

The TGIBO interrupt handler function changes the value according to the current value of the TGRC register.

( r_Config_MTUO_tgib0_interrupt )

MTUO.TGRC = 80% No
duty cycle?
Yes
\ 4
Increase MTUO.TGRC
0,
Set MTUO.TGRC to 20% duty cycle duty cycle by 20%

-

A 4

( return >

Figure 3.15 TGIBO Interrupt Handler Function
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3.3.5 Usage Notes
3.3.5.1 Contention between Buffer Register Modify Operation and Counter Clear

If the buffer transfer timing is set at counter clear, the data in the buffer register before the modification is
transferred to the duty register if a counter clear occurs in the buffer register write cycle.

For details, refer to RX66T Group User’'s Manual: Hardware, section 22.6.8 Contention between Buffer
Register Write and TCNT Clear Operations.

3.3.5.2 Buffer Register Modify Delay

In this sample code, the transfer from buffer register TGRC to TGRA is executed when a TGRA counter clear
occurs. Modification of the TGRC value must be completed before the next counter clear occurs.

If the buffer register TGRC modification is delayed, the desired duty cycle cannot be output.
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3.4 PWM Mode 1 Without Buffer Register

e Target sample code file name: r01an5995 rx66t mtu3_pwm1.zip

3.4.1 Overview

The MTU PWM mode can be used to output PWM waveforms of duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 1 and repeats waveform output of duty
cycles 20% — 40% — 60% — 80% — 20% —---. The duty cycle is changed by updating the value of duty
register TGRA without using the buffer register.

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

e Use PWM mode 1 N

e Use channel 1

o Initial output value = low

e Carrier period = 1ms

e Timer count clock = 40MHz (PCLKC/4)

o Use TGRB as period register ~— For setting methods,
— Timer counter clear source = TGRB compare match refer to section 3.4.3.
— Low output at TGRB compare match

o Use TGRA as duty register
— High output at TGRA compare match

e Duty changes at each cycle
— Change duty cycle at TGRA compare match interrupt
— Refer to Figure 3.17 for details on timing for duty cycle changes

Set in Smart Configurator.

PWM mode 1 output for this sample code is shown below.

MTIOC1A
Ky > P27 [ ] L L] L
- «—> — > — >
Channel 1 20% 40% 60% 80%
PWM mode 1

MTU: Generates PWM mode 1 waveform
MPC: Sets pins to be used from general purpose 1/0O port to peripheral function I/O port

Figure 3.16 PWM Mode 1 Output
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3.4.2 Operation Details

The sample code operations are shown in Figure 3.17. The settings of the duty cycle are changed with each
period by modifying the TGRA value at the compare match interrupt (TGIA1) of duty register TGRA.

When switching from duty cycle 80% to 20%, two TGRA compare matches occur in the same cycle, but the
waveform does not change because the second compare match occurs during high output ((1) in figure
below). The duty cycle setting is changed with each period, so the timing for modifying the TGRA value
needs to be adjusted ((2) in figure below).

MTU1.TCNT value

A TGIA1 TGIA1 TGIA1 TGIA1 TGIA1 TGIA1
MTU1.TGRB — 9C3Fh l l l | l
7CFFh
5DBFh ‘ ‘
3E7Fh | |
1F3Fh | |
0000h — £ - - , >
| Duty register modified
| 8 8 8 8 2) 8
MTU1.TGRA 7CFFh X 5DBFh X 3E7Fh X 1F3Fh X 7CFFh X 5DBFh
T
I
MTIOC1A pin(P27) /////]\ inital vaiue outpu™ | | ™ | ‘|
! ! PR «—> «—> «—> PR
Duty | v 20% 40% 60% 80% 20%
| MTU1.TCNT
* (TSC-?;?: :ﬁ:ng) TGRA compare match occurs, but

output does not change since the

Pin function setting output is already high.

(TIOR setting)

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

Figure 3.17 Sample Code Operations
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3.4.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.

Table 3.7 Adding Components

Item Description
Component PWM Mode Timer
Configuration name Config_ MTU1
Operation PWM Mode 1
Resource MTU1

Components ©3 v Configure

Synchronous mode setting

[ Include this channel in the synchronous operaf]

v @& Startup
v @& Generic TCNT1 counter setting
% rbsp Counter clear source TGRB1 compare match (Use TGRB1 as a
bd Drivers

Counter clock selection PCLK/4
v Timers

« Config_ MTU1 External clock pin setting

PCLK

Output setting
MTIOC1A pin Output initial 0, 1 at compare match

When TGRB compare match 0 output from MTIOC1A pin

PWM output setting

PWM period 1
TGRA initial value 31999
TGRB initial value 39999

A/D converter start trigger setting
Enable start request on TGRA compare match (MTU1 TRGAN
Interrupt setting

| Enable TGRA compare match interrupt (TGIA1) Priority  Level 15

Enable TGRB compare match interrupt (TGIB1) Level 15

rrupt (TCIV1) Level

Enable TGRA compare match interrupt

quest frame synchronization signal setting
ADSMO pin Source not selected

ADSM1 pin Source not selected

Overview Board Clocks System Components Pins Interrupts

Timer counter clear source = TGRB compare match

cycle register) v

v Rising edge v
Timer count clock = 40MHz (PCLKC/4

Initial output value = low

High output at TGRA compare match

Carrier period = 1ms

TGRA initial value setting

(highest) -

highest)

15 (highest)

)

Low output at TGRB compare match

Figure 3.18 MTU1 Setting
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3.4.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
< main >

\ 4
Count start
R_Config_MTU1_Start()

Figure 3.19 main Function

The user initialization function R_Config MTU1_Create_Userlnit, which is executed before the main function,
initializes variables. This function is called from within the R_Config_ MTU1_Create function.

This function initializes the following variable used in this sample code.

e s_duty prv: variable for retaining the value of the previous TGRA register

< R_Config_MTU1_Create_Userlnit )

v

Initialize variables

v

< return >

Figure 3.20 User Initialization Function
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The TGIA1 interrupt handler function changes the value of the TGRA register according to the current value
of the TGRA register and the value set in the previous TGRA register.

( r_Config_MTU1_tgia1_interrupt >

VTU1.TGRA = previous
MTU1.TGRA?

MTU1.TGRA = 80% No

duty cycle?

Yes

\ 4

Set MTU1.TGRA to 20% duty cycle Increase MTL;:/-ZI—S)EA duty cycle

»
Ll

y

Save MTU1.TGRA value

y

< return >

Figure 3.21 TGIA1 Interrupt Handler Function
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3.4.5 Usage Notes
3.4.5.1 Contention between TGR Register Write and Compare Match

If a compare match occurs in the TGR register write cycle, a write to the TGR register write is performed and
a compare match signal is also generated.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.6 Contention between TGR Write
Operation and Compare Match.

3.4.5.2 Setting a Value Greater than the Duty Register

In this sample code, duty register TGRA is modified when the MTU1.TGRA compare match interrupt (TGIA1)
is generated.

If a value greater than the value currently set in TGRA is set in TGRA after a TGRA compare match occurs,
two TGRA compare matches may occur in one cycle.

For details, refer to (1) in Figure 3.17.
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3.5 PWM Mode 2 Compare Match

e Target sample code file name: r01an5995 rx66t mtu3_pwm2_cmp.zip

3.5.1 Overview

The MTU PWM mode can be used to output PWM waveforms of duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 2 and repeats waveform output of duty
cycles 20% — 40% — 60% — 80% — 20% —---. The duty cycle is changed using buffer registers TGRC
and TGRD to transfer the values of TGRC and TGRD to duty registers TGRA and TGRB when a compare
match occurs between duty registers TGRA and TGRB. Since the TGRA to TGRD registers of MTU channel
0 are used for the duty register and buffer register, the period register uses the TGRA register of channel 1.

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

e Use PWM mode 2 TN
e Use channels 0 and 1
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
e Use MTU1.TGRA as period register
— Timer counter clear source = MTU1.TGRA compare match
— Low output at MTU1.TGRA compare match Set in Smart Configurator.
o Use MTUO.TGRA as duty register .
— High output at MTUO.TGRA compare match For Setting Methods,
e Use MTUO.TGRB as duty register refer to section 3.5.3.
— High output at MTUO.TGRB compare match
o Use buffer register
— Use MTUO.TGRC as buffer register of MTUO.TGRA
— Use MTUO.TGRD as buffer register of MTUO.TGRB
— Buffer transfer when compare match occurs _
e Duty changes at each cycle
— Change duty cycle at MTU1.TGRA compare match interrupt
— Refer to Figure 3.23 for details on the timing for duty cycle changes
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PWM mode 2 output for this sample code is shown below.

MTIOCOA
> P31 [ ] I L L
MTU P «—> “—> — >
20% 40% 60% 80%
Channel 0 MTIOCOB
PWM mode 2 [ »L_MPC__}H> P30 L] L | [ ]
«— «—> — <>
40% 60% 80% 20%
MTU1.TCNT
MTU
Channel 1
PWM mode 2

MTU: Generates PWM mode 2 waveform
MPC: Sets the pins to be used from general purpose 1/O port to peripheral function I/0 port

Figure 3.22 PWM Mode 2 Output
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3.5.2 Operation Details

The sample code operations are shown in Figure 3.23. The settings of the duty cycle are changed with each
period by modifying the values of buffer registers MTUO.TGRC and MTUO.TGRD at the compare match
interrupt (TGIA1) of period register MTU1.TGRA. The MTUO.TGRC and MTUO.TGRD values are transferred
to duty registers MTUO.TGRA and MTUO.TGRB when a compare match occurs.

When switching from duty cycle 80% to 20%, two TGRA compare matches occur in the same cycle, but the
waveform does not change because the second compare match occurs during high output ((1) in figure
below).

TCNT value
A TGIA1 TGIA1 TGIA1 TGIA1
MTU1.TGRA — 9C3Fh y ¢ *
7CFFh
5DBFh |
3E7Fh I
1F3Fh |
0000h f >
| Buffer register modifiled
! g 3 L s . B
MTUO.TGRC 5DBFh X 8E7fh X 1F3Fh X' 7CFFh X 5DBFh
: x Transfer & x & &
MTUO.TGRA 7CFFh X 5DBFh X 3E7Fh X 1F3Fh X 7CFFh
|
I
MTIOCOA pin (P31 N— o 1
pin ( ) //////k Initial ve;lue output™* | | | | @)
! I R «—> «—> —>
DUty : : 20% 40% 60% 80% L MTUO.TGRA compare match
: | occurs, but output does not
| : Buffer register modifiled change Isinz;de tr;g ﬂutput is
| | already high.
I
I : . 5 . 3 . . 3
MTUO.TGRD 3E7Fh X 1F3Fh X 7CFFh X 5DBFh X 3E7Fh
i i ¥ Transfer & & x
MTUO.TGRB 5DBFh X 3E7Fh X 1F3Fh X 7CFFh X 5DBFh
T |
! |
MTIOCOB pin (P30) ////// ,l\ " nitial value outpu™® | | | (1) |
! ! «—> «—> —> -
|
Duty D MTUoONT. 40% 60% 80% 20%
: MTU1.TCNT MTUO.TGRA compare match
| count start occurs, but output does not
(TCSYSTR setting) change since the output is
Pin function setting already high.
(TIOR setting)

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

Figure 3.23 Sample Code Operations
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3.56.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.

Table 3.8 Adding Components

Item Description
Component PWM Mode Timer
Configuration name Config_ MTUO | Config_ MTU1
Operation PWM Mode 2
Resource MTUO | MTU1
Components + 3 ¥ Configure
e Synchronous mode se Timer counter clear source = counter clear of channel 1
~[Tnclude this channel in the synchronous opegdtion
i . S(ag::e“( TCNTO counter setting
@ rbsp Counter clear source Counter clear on another synchronous channel g
il ?”:“’:ﬂ Counter clock selection PCLK/4 v Risingedge v
« Config_MTUO External clock pin setting

@ Config MTU1

Use MTUO.TGRD as buffer register of MTUO.TGRB
Transfer buffer at compare match

PCLK
General red
TGRCO Buffer register of TGRA v
TGRDO Buffer register of TGRB v
TGRFO Output compare register

Use MTUO.TGRC as buffer register of

Timer count clock = 40MHz (PCLKC/4)

MTUO.TGRA

Transfer buffer at compare match

Buffer transfer when compare match A occurs v

Buffer transfer when compare match B occurs v

Initial output value = low

High output at MTUO.TGRA compare match

Output setting
MTIOCOA pin
MTIOCOB pin

Output disabled

Low output at counter clear

Output initial 0, 1 at compare match, 0 at counter clear v

Output initial 0, 1 at compare match, 0 at counter clear v

Initial output value = low

High output at MTUO.TGRB compare match

Output disabled
PWM output setting
s

TGRA initial value 31999

TGRB initial value 23999

TGRC initial value 23999

TGRD initial value 15999

TGRE initial value 100

TGREF initial value 100

A/D converter start trigger setting

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

Interrupt setting

(] enable TGRA compare match interrupt (TGIAO) Level 1

Low output at counter clear

MTUO.TGRA initial value setting
MTUO.TGRB initial value setting

MTUO.TGRC initial value setting
MTUO.TGRD initial value setting

wel 15 (highest)

] Enable TGRB compare match interrupt (TGIBO) Level 15 (highest)
Level 15 (highest

Level 15 (highest)

] Enable TGRE compare match interrupt (TGIEO) Level 15 (highest)
] Enable TGRF compare match interrupt (TGIF0) Level 15 (highest
] Enable overflow interrupt (TCIVOD) Level 15 (highest)

A/D conversion start request frame synchronization signal setting
] ADSMO pin Source not selected
] ADSM1 pin

Source not selected

Overview Board Clocks System Components Pins Interrupts

Figure 3.24 MTUO Settings
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Components - + 3 ¥ Configure

“ s

Synchronous mode setting Timer counter clear source = MTU1.TGRA compare match

clude this channel in the synchronous opefation (P

v & Startup
G TCNT1 counter setting
ves enernc
% rbsp Counter clear source TGRA1 compare match (Use TGRA1 as a cycle register) v
v &D
rvers Counter dock selection PCLK/4 v Risingedge v
v @ Timers
« Config_MTUO External clock pin setting
« Config_MTU1 .
PCLK

Output setting

MTIOC1A pin Output disabled e
MTIOC1B pin Output disabled v
PWM output setting

PWM period 1 ms v Actual value: 1

TGRA initial value 39999

TGRS initial value 100 Carrier period = 1ms

A/D converter start trigger setting

[_] Enable start request on TGRA compare match (MTU1 TRGAN signal)

Interrupt setting

t] Enable TGRA compare match interrupt (TGIA1)  Priority  Level 15 (highest)
[ Enable TGRB compare match interrupt (TGIB1) Level 15 (highest)

Enable MTU1.TGRA .
|| Enable overflow interrupt (TCIV1) Level 15 (highest)

compare match interrupt

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

] ADSM1 pin Source not selected

Overview Board Clocks System Components Pins Interrupts

Figure 3.25 MTU1 Settings
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3.5.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

In the main function, count start function mtu0_mtu1_start is read and counting is started.

-

\ 4
Count start
mtu0_mtu1_start()

Figure 3.26 main Function

In the count start function, the MTUO and MTU1 counting is started after the TGIA1 interrupt is enabled

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

< mtu0_mtu1_start >

\ 4
Enable TGIA1 interrupt

v
MTUO and MTU1 count start

4
< return )

Figure 3.27 Count Start Function
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The TGIA1 interrupt handler function changes the value according to the current values of the MTUO.TGRC
and MTUO.TGRD registers.

< r_Config_MTU1_tgia1_interrupt >

No

MTUO.TGRC = 80% duty cycle?

A
Increase MTUO.TGRC duty
cycle by 20%

Set MTUO.TGRC to 20% duty cycle

A

No
MTUO.TGRD = 80% duty cycle?

\
Increase MTUO.TGRD
duty cycle by 20%

Set MTUO.TGRD to 20% duty cycle

<
€

A 4

< return >

Figure 3.28 TGIA1 Interrupt Handler Function

RO1AN5995EJ0110 Rev.1.10 Page 56 of 318
Jan.6.23 RENESAS



RX Family PWM Output Methods Using MTU3/GPTW

3.5.5 Usage Notes
3.5.5.1 Counting Starts for Multiple Channels

In this sample code, the SCHO and SCH1 bits of timer counter synchronous start register TCSYSTR are set
at the same time in the mtu0_mtu1_start function to start MTUO and MTU1 counting at the same time.
When using the R_Config_ MTUQ_Start and R_Config MTU1_Start functions generated by the Smart
Configurator, the counting starts timing may not be the same because each of the functions are read. It is
possible to start the MTUO and MTU1 counting at the same time by setting the CST0 and CST1 bits of the
TSTRA timer start register at the same time.

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

3.5.5.2 Contention between Buffer Register Modify Operation and Compare Match

When the buffer transfer timing is set at compare match, the data in the buffer register before the
modification is transferred to the duty register if a compare match occurs in the buffer register write cycle.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.7 Contention between Buffer
Register Write Operation and Compare Match.

3.5.5.3 Buffer Register Modify Delay

In this sample code, the transfer from buffer register TGRC (TGRD) to TGRA (TGRB) is executed when a
TGRA (TGRB) compare match occurs. Modification of the TGRC (TGRD) value must be completed before
the next compare match occurs.

If the buffer register modification is delayed, the TGRA (TGRB) value may not be updated by the time the
TGRA (TGRB) compare match occurs in the next cycle. In such a case, consider transferring the buffer when
the counter clear occurs.

Refer to section 3.6 PWM Mode 2 Count Clear for a sample code of PWM Mode 2 that performs buffer
transfer when counter clear occurs.

3.5.5.4 Setting a Value Greater than the Duty Register

In this sample code, the transfer from buffer register TGRC to TGRA is performed when a TGRA compare
match occurs.

If a value greater than the value currently set in TGRA is set in TGRA after a TGRA compare match occurs,
two TGRA compare matches may occur in one cycle.

For details, refer to (1) in Figure 3.23.
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3.6 PWM Mode 2 Count Clear

e Target sample code file name: r01an5995 rx66t _mtu3 pwm2_cniclear.zip

3.6.1 Overview

The MTU PWM mode can be used to output PWM waveforms with duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 2 and repeats waveform output with duty
cycles 20% — 40% — 60% — 80% — 20% —---. The duty cycle is changed by using buffer registers TGRC
and TGRD to transfer the values of TGRC and TGRD to duty registers TGRA and TGRB when a counter
clear occurs. Since the TGRA to TGRD registers of MTU channel 0 are used for the duty register and buffer
register, the period register uses the TGRA register of channel 1.

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

« Use PWM mode 2 )
e Use channels 0 and 1
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
e Use MTU1.TGRA as period register
— Timer counter clear source = MTU1.TGRA compare match
— Low output at MTU1.TGRA compare match Set in Smart Configurator.
e Use MTUO.TGRA as duty register - For Setting Methods,
— High output at MTUO.TGRA compare match
e Use MTUO.TGRB as duty register
— High output at MTUO.TGRB compare match
o Use buffer register
— Use MTUO.TGRC as buffer register of MTUO.TGRA
— Use MTUO.TGRD as buffer register of MTUO.TGRB
— Buffer transfer when counter clear occurs
e Duty changes at each cycle
— Change duty cycle at MTU1.TGRA compare match interrupt
— Refer to Figure 3.30 for details on timing for duty cycle changes

refer to section 3.6.3.
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PWM mode 2 output for this sample code is shown below.

MTU

Channel 0
PWM mode 2

MTIOCOA

MTIOCOB

MTU1.

TCNT

MTU

Channel 1
PWM mode 2

MPC

—» P31

——» P30

MTU: Generates PWM mode 2 waveform

[ ] | L] -
<> <«—> —>
20% 40% 60% 80%
| L] | [ ]
«—> —> >
40% 60% 80% 20%

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

Figure 3.29 PWM Mode 2 Output
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3.6.2 Operation Details

The sample code operations are shown in Figure 3.30. The settings of the duty cycle are changed with each
period by modifying the value of buffer registers MTUO.TGRC and MTUO.TGRD at the compare match
interrupt (TGIA1) of period register MTU1.TGRA. The MTUO.TGRC and MTUO.TGRD values are transferred
to duty registers MTUO.TGRA and MTUO.TGRB when a counter clear occurs.

TCNT value
A TGIA1 TGIA1 TGIA1 TGIA1
MTU1.TGRA — 9C3Fh y Y v v
7CFFh
5DBFh |
3E7Fh
1F3Fh
0000h L—¢ >
| Buffer register modified
! 8 8 8
MTUO.TGRC 5DBFh X sE7fn X 1FaFh X' 7CFFh X '5DBFh
: xTransfer & & &
MTUO.TGRA 7CFFh X 5DBFh X 3E7Fh X 1F3Fh X 7CFFh
|
|
MTIOCOA pin (P31) //////i\‘ Initial va:lue output™* 'i_| | | | |_|
! I <> D «—>
Duty | ! 20% 40% 60% 80%
| |
: : Buffer register modified
! ! g 5 8 8 8
MTUO.TGRD _ 3E7Fh X 1Fsfn X' 7CFFh X 5DBFh X 3E7Fh
: : xTransfer & & &
MTUO.TGRB 5DBFh X 3E7Fh X 1F3Fh X 7CFFh XSDBFh
| |
I i I -
MTIOCOB pin (P30) //////\ i valve outpu™ _ | | | | | | [ ]
| ¢ <«—> —> > <>
Duty | MTUO.TONT, 40% 60% 80% 20%
| MTU1.TCNT

! count start
Y (TCSYSTR setting)
Pin function setting
(TIOR setting)

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

Figure 3.30 Sample Code Operations
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3.6.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.
Table 3.9 Adding Components

Item Description

Component PWM Mode Timer

Configuration name Config_ MTUO | Config_ MTU1
Operation PWM Mode 2

Resource MTUO | MTU1

Components 3 ¥ Configure
- Timer counter clear source = counter clear of channel 1
Synchronous mode setting
v rinciude this channel in the synchronous operation
v @ Startup
v & Generic TCNTO counter setting
% rbsp Counter clear source Counter clear on another synchronous channel v
v @D
rivers Counter cdlock selection PCLK/4 Rising edge o
v Timers
« Config_ MTUO Ext | clock it i {
9 R et P Timer count clock = 40MHz (PCLKC/4)
« Config_MTU1

Use MTUO.TGRD as buffer register of MTUO.TGRB

Transfer buffer at counter clear Peis

General register setting

Use MTUO.TGRC as buffer register of MTUO.TGRA
Transfer buffer at counter clear

Buffer transfer when counter is cleared

Buffer transfer when counter is cleared

Initial output value = low

TGRCO Buffer register of TGRA v

TGRDO Bulfer register of TGRB

TGRFO

Output setting

MTIOCOA pin Output’initial 0, 1 at compare match, 0 at counter clear
MTIOCOB pin Output injtial 0, 1 at compare match, 0 at counter clear

High output at MTUO.TGRA compare match, Low output at counter clear

PWM output setting

TGRA initial value 31999

TGRB initial value 23999 —
TGRC initial value 23999 1
TGRD initial value 15999 '
TGRE initial value 100

TGRF initial value 100

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

Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

Enable TGRA compare match interrupt (TGIAQ) Level 15
Enable TGRB compare match interrupt (TGIBO) Level 15
Leve
Level 15
Enable TGRE compare match interrupt (TGIEO) Level 15
Enable TGRF compare match interrupt (TGIF0) Level 15
Enable overflow interrupt (TCIVO) Level 15

A/D conversion start request frame synchronization signal setting
ADSMO pin

Source not selected

ADSM1 pin Source not selected

Overview Board Clocks System Components Pins Interrupts

Initial output value = low
High output at MTUO.TGRB compare match, Low output at counter clear

MTUO.TGRA initial value setting
MTUO.TGRB initial value setting
MTUO.TGRC initial value setting
MTUO.TGRD initial value setting

highest
ghest

highest
ghes

5 (highest

highest

highest

highest

highest
)

Figure 3.31 MTUO Setting
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% =

type filter text

¥ & Startup
v & Generic
¥ r_bsp

v & Drivers

v & Timers
« Config_MTUO
« Config_MTU1

Enable MTU1.TGRA
interru

Components -l # 3 ¥ Configure

Synchronous mode setting

[ Include this channel in the synchronous operation _ (Please set synchronous operation of other channel

TCNT1 counter setting Timer counter clear source = MTU1.TGRA compare match
Counter clear source TGRA1 compare match (Use TGRA1 as a cycle register)

Counter clock selection PCLK/4 ~  Rising edge »

External clock pin setting

Enable the noise filter for MTCLKA pir Enable the noise filter for MTCLKB p

PCLK
Output setting
MTIOC1A pin Output disabled e
MTIOC1B pin Output disabled =
PWM output setting
PWM period 1 ms ¥ | (Actual value: 1

TGRA initial value 39999 i i
Carrier period = 1ms
TGRE initial value 100
A/D converter start trigger setting
["]Enable start request on TGRA compare match (MTU1 TRGAN signal)
Interrupt setting

[V] Enable TGRA compare match interrupt (TGIA1)  Priority  Level 15 (highest) ~

[[1Eoable TERA compare match interrupt (TGIB1) Level 15 (highest)

interrupt (TCIV1) Level 15 (highest)
request frame synchronization signal setting
[TJapsmo pin Source not selected

[]ADSM1 pin Source not selected

Overview Board Clocks System Components Pins Interrupts

Figure 3.32 MTU1 Setting
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3.6.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

In the main function, count start function mtu0_mtu1_start is read, and counting is started.

-

\ 4
Count start
mtu0_mtu1_start()

Figure 3.33 main Function

In the count start function, the MTUO and MTU1 counting is started after the TGIA1 interrupt is enabled.

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

( mtu0_mtu1_start >

\ 4
Enable TGIA1 interrupt

h 4
MTUO and MTU1 count start

\ 4
< return >

Figure 3.34 Count Start Function
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The TGIA1 interrupt handler function changes the value according to the current values of the MTUO.TGRA

and MTUO.TGRB registers.

< r_Config_MTU1_tgia1_interrupt >

MTUO.TGRC = 80% No

duty cycle?
\
Increase MTUO.TGRC
0,
Set MTUO.TGRC to 20% duty cycle duty cycle by 20%
)4
No

MTUO.TGRD = 80%
duty cycle?

A

Increase MTUO.TGRD

0,
Set MTUO.TGRD to 20% duty cycle duty cycle by 20%

A

A

< return >

Figure 3.35 TGIA1 Interrupt Handler Function
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3.6.5 Usage Notes
3.6.5.1 Counting Starts for Multiple Channels

In this sample code, the SCHO and SCH1 bits of timer counter synchronous start register TCSYSTR are set
at the same time in the mtu0_mtu1_start function to start the MTUO and MTU1 counting at the same time.

When using the R_Config_ MTUO_Start and R_Config_MTU1_Start function generated by the Smart
Configurator, the counting start timing may not be the same because each of the functions are read. It is
possible to start the MTUO and MTU1 counting at the same time by setting the CST0 and CST1 bits of the
TSTRA timer start register at the same time.

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

3.6.5.2 Contention between Buffer Register Modify Operation and Counter Clear

If the buffer transfer timing is set at counter clear, the data in the buffer register before the modification is
transferred to the duty register if a counter clear occurs in the buffer register write cycle.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.8 Contention between Buffer
Register Write and TCNT Clear Operations.

3.6.5.3 Buffer Register Modify Delay

In this sample code, the transfer from buffer register TGRC (TGRD) to TGRA (TGRB) is executed when a
counter clear occurs. Modification of the TGRC (TGRD) value must be completed before the next counter
clear occurs.

If buffer register TGRC (TGRD) modification is delayed, the expected duty cycle cannot be output.
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3.7 PWM Mode 2 Without Buffer Register

e Target sample code file name: r01an5995 rx66t mtu3_pwm?2.zip

3.7.1 Overview

The MTU PWM mode can be used to output PWM waveforms with duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 2 and repeats waveform output with duty
cycles 20% — 40% — 60% — 80% — 20% —---. The duty cycle is changed by updating the values of duty
registers TGRA and TGRB without using the buffer register. Since the TGRA and TGRB registers of MTU
channel 1 are used for the duty register and buffer register, the period register uses the TGRA register of
channel 0.

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

o Use PWM mode 2 )
e Use channels 0 and 1
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
e Use MTUO.TGRA as period register
— Timer counter clear source = MTUO.TGRA compare match — For setting methods,
— Low output at MTUO.TGRA compare match refer to section 3.7.3.
e Use MTU1.TGRA as duty register
— High output at MTU1.TGRA compare match
e Use MTU1.TGRB as duty register
— High output at MTU1.TGRB compare match
e Duty changes at each cycle
— Change MTU1.TGRA duty cycle at MTU1.TGRA compare match interrupt
— Change MTU1.TGRB duty cycle at MTU1.TGRB compare match interrupt
— Refer to Figure 3.37 for details on timing for duty cycle changes

Set in Smart Configurator.

—_

PWM mode 2 output for this sample code is shown below.

MTU
Channel 0
PWM mode 2
MTUO.TCNT
MTIOC1A
[ MPC__}5> P27 [ ] L] || L
MTU «-—> < y < >
MTIOCAB 20% 40% 60% 80%
Channel 1
Sl > PAd L L] | [ ]
«—> «—> —> <>
40% 60% 80% 20%

MTU: Generates PWM mode 2 waveform
MPC: Sets the pins to be used from general purpose 1/0 port to peripheral function 1/0 port

Figure 3.36 PWM Mode 2 Output
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3.7.2 Operation Details

The sample code operations are shown in Figure 3.37. The settings of the duty cycle are changed with each
period by modifying the value of duty register MTU1.TGRA at the MTU1.TGRA compare match interrupt
(TGIA1) and duty register MTU1.TGRB at the MTU1.TGRB compare match interrupt (TGIB1)

When switching from duty cycle 80% to 20%, two compare matches occur in the same cycle, but the
waveform does not change because the second compare match occurs during high output ((1) in figure
below). The duty cycle setting is changed with each period, so the timing for modifying the MTU1.TGRA and
MTU1.TGRB values needs to be adjusted ((2) in figure below).

TCNT value
A TGIA1 TGIAL TGIAL TGIA1 ron TGIA1
TGIB1 TGIB1 TGIB1 TGIB1 TGIB1
MTUO.TGRA — 9C3Fh | | | |
7CFFh l l
5DBFh | | | |
3E7Fh I I I I
1F3Fh | | | |
0000h L— >
I Duty register modified
| 8 g g 8 2 g
MTU1.TGRA 7CFFh X 5DBFh X 3E7Fh X 1F3Fh X 7CFFh X 5DBFh
I
. < | >
MTIOC1A pin (P27) //////“ Initial value output™*) i_| | | | |_l (1) | |_|
Dut ! : > 0, 0, 0, iy
Yy | | 20% 40% 60% 80% 20%
| | MTU1.TGRA compare match occurs,
| but output does not change since the
| | X ) outputis already high.
I | Duty register modified
| [ 8 8 8 2 8 8
MTU1.TGRB 5DBFh 3E7Fh 1F3Fh 7CFFh 5DBFh 3E7Fh
e X X X X
I 1 »
MTIOCAB pin (PA4) //I//[) il vatueoupu™ | | | | | M |
| I «—> —> —> > «—>
Duty | MTUDTONT, 40% 60% 80% 20% 40%
| MTU1.TCNT
count start MTU1.TGRB compare match occurs,
+ (TCSYSTR setting) but output does not change since the
Pin function setting outputis already high.

(TIOR setting)

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

Figure 3.37 Sample Code Operation
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3.7.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.

Table 3.10 Adding Components

Item Description

Component PWM Mode Timer

Configuration name Config_ MTUO | Config_MTU1
Operation PWM Mode 2

Resource MTUO | MTU1

« Config_ MTUO
« Config_ MTU1

External clock pin setting

General register setting

operation of other channel

Timer counter clear source = MTUO.TGRA compare match

Rising edge v

Components - + 3 ¥ Configure
s Synchronous mode setting

Aypea iRy tank v Include this channel in the synchronous operation  (Please set synchronous
v & Startup )

% M Goharic TCNTO counter setting

% rbsp Counter clear source TGRAO compare match (Use TGRAO as a cycle register)
v & Dri
i Counter clock selection PCLK/4 v
v & Timers

TGRCO Output compare register
TGRDO Output compare register
TGRFO Output compare register

Output setting
MTIOCOA pin
MTIOCOB pin
MTIOCOC pin

MTIOCOD pin

PWM output setting
PWM period

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

TGREF initial value

Output disabled
Output disabled
Output disabled
Output disabled

39999
100
100
100
100
100

A/D converter start trigger setting

™ Buffer transfer when compare match A occurs
v Buffer transfer when compare match B occurs

s Buffer transfer when compare match E occurs

ms e Actual value: 1

Carrier period = 1ms

[] enable start request on TGRA compare match (MTUO TRGAN signal)

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

Interrupt setting

[] Enable TGRA compare match interrupt (TGIAD)

["] Enable TGRB compare match interrupt (TGIBO)

["]Enable TGRC compare match interrupt (TGICO)

[[Jenable TGRD compare match interrupt (TGIDO)

["] Enable TGRE compare match interrupt (TGIEQ)

["] Enable TGRF compare match interrupt (TGIFO)

[[] enable overflow interrupt (TCIVO)

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

Level 15 (highest)

A/D conversion start request frame synchronization signal setting

Source not selected

[]ADSMO pin

Source not selected

[JADSM1 pin

Overview Board Clocks System Components Pins Interrupts

Figure 3.38 MTUO Settings
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Components ~ -~ + 3 ¥
s
e filter te
v @ Startup
v & Generic
% rbsp

v @ Drivers
v & Timers
« Config_ MTUO
« Config_MTU1

Configure
Synchronous mode setting Timer counter clear source = channel O counter clear
Include this channel in the synchronous operation
TCNT1 counter setting
Counter clear source Counter clear on another synchronous channel v
Counter clock selection PCLK/4 v Rising edge v

Timer count clock = 40MHz (PCLKC/4)

External clock pin setting

Initial output value = low
High output at MTU1.TGRA compare match, Low output at counter clear

Output setting

MTIOC1A pin Output initial 0, 1 at compare match, 0 at counter clear ™

MTIOC1B pin Output initial 0, 1 at compare match, 0 at counter clear v

PWM output setting Initial output value = low

High output at MTU1.TGRB compare match, Low output at counter clear

TGRA initial value 31999
TGRB initial value 23999

A/D converter start trigger setting

MTU1.TGRA initial value setting

[J Enable start est on TGRA compare match (M g ;
e per MTU1.TGRB initial value setting

Interrupt setting

{v] Enable TGRA compare match interrupt (TGIA1)  Priority

Level 15 (highest)

] Enable TGRB compare match interrupt (TGIB1)  Priority  Level 15 (highest) v

[CJenable overflow interrupt (TCIV1) Level 15 (highest)

request frame synchronization signal setting

Enable MTU1.TGRA and MTU1.TGRB

compare match interrupts
_JADSM1 pin

Source not selected

Source not selected

Overview Board Clocks System Components Pins Interrupts

Figure 3.39 MTU1 Settings
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3.7.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

In the main function, count start function mtu0_mtu1_start is read, and counting is started.

-

\ 4
Count start
mtu0_mtu1_start()

Figure 3.40 main function

In the count start function, the MTUO and MTU1 counting is started after the TGIA1 and the TGIB1 interrupts
are enabled.

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

< mtuO_mtu1_start )

A

Enable TGIA1 interrupt

v
Enable TGIB1 interrupt

h 4

MTUO and MTU1 count start

y
( return >

Figure 3.41 Count Start Function
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The user initialization function R_Config_MTU1_Create_Userlnit, which is executed before the main function,
initializes variables. This function is called from within the R_Config_MTU1_Create function.

This function initializes the following variables used in this sample code.

e s_duty prv_a: variable for retaining the value of the previous MTU1.TGRA register
e s_duty prv_b: variable for retaining the value of the previous MTU1.TGRB register

< R_Config_MTU1_Create_Userlnit >

v

Initialize variables

\ 4
< return >

Figure 3.42 User Initialization Function

The TGIA1 interrupt handler function changes the value of the MTU1.TGRA register according to the current
value of the MTU1.TGRA register and the value set in the previous MTU1.TGRA register.

< r_Config_MTU1_tgia1_interrupt >

VITU1.TGRA = previou
MTU1.TGRA?

MTU1.TGRA = 80% No
duty cycle?

Yes

\ 4
Increase MTU1.TGRA
duty cycle by 20%

Set MTU1.TGRA to 20% duty cycle

<&

y

»
P

Save MTU1.TGRA value

y

( return >

Figure 3.43 TGIA1 Interrupt Handler Function
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The TGIB1 interrupt handler function changes the value of the MTU1.TGRB register according to the current
MTU1.TGRB register and the value of the previous MTU1.TGRB register.

( r_Config_MTU1_tgib1_interrupt >

VMITU1.TGRB = previou
MTU1.TGRB?

ITU1.TGRB = 80% du No

cycle?

Yes

\ 4
Increase MTU1.TGRB
duty cycle by 20%

Set MTU1.TGRB to 20% duty cycle

»
»

)l

y

Save MTU1.TGRB value

y

< return >

Figure 3.44 TGIB1 Interrupt Handler Function
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3.7.5 Usage Notes
3.7.5.1 Counting Starts for Multiple Channels

In this sample code, the SCHO and SCH1 bits of timer counter synchronous start register TCSYSTR are set
at the same time in the mtu0_mtu1_start function to start the MTUO and MTU1 counting at the same time.

When using the R_Config_MTUO_Start and R_Config_ MTU1_Start functions generated by the Smart
Configurator, the counting start timing may not be the same because each of the functions are read. It is
possible to start the MTUO and MTU1 counting at the same time by setting the CST0 and CST1 bits of the
TSTRA timer start register at the same time.

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

3.7.5.2 Contention between TGR Register Write and Compare Match

If a compare match occurs in the TGR register write cycle, a write to the TGR register write is performed and
a compare match signal is also generated.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.6 Contention between TGR Write
Operation and Compare Match.

3.7.5.3 Setting a Value Greater than the Duty Register

In this sample, duty register TGRA is modified when the MTU1.TGRA compare match interrupt (TGIA1) is
generated; duty register TGRB is modified when the MTU1.TGRB compare match interrupt (TGIB1) is
generated.

If a value greater than the value currently set in TGRA (TGRB) is set in TGRA (TGRB) after a TGRA (TGRB)
compare match occurs, two TGRA (TGRB) compare matches may occur in one cycle.

For details, refer to (1) in Figure 3.37.
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3.8 Reset-Synchronized PWM Mode

o Target sample code file name: r01an5995 rx66t_mtu3 reset_sync_pwm.zip

3.8.1 Overview

In the MTU’s reset-synchronized PWM mode, 6 phases of positive and negative PWM waveforms (12
phases in total) that share a common wave transition point can be output by combining MTU3 and MTU4
with MTU6 and MTU?7.

This sample code uses the reset-synchronized PWM mode with MTU3 and MTU4, and repeatedly outputs
PWM waveforms (positive and negative phases) for 3 phases each, for a total of 6 phases, with a constant
duty cycle.

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

e Use channels 3 and 4 R
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4))
o Use MTU3.TGRA as period register
— Timer counter clear source = MTU3.TGRA compare match
e Use MTU3.TGRB as duty register
— MTIOCS3B pin (positive) initial output is low;
high output at MTU3.TGRB compare match
— MTIOCS3D pin (negative) initial output is high; Set in Smart Configurator.
low output at MTU3.TGRB compare match )
e Use MTU4.TGRA as duty register ~ For setting methods,
— MTIOCA4A pin (positive) initial output is low; refer to section 3.8.3.
high output at MTU4.TGRA compare match
— MTIOCA4C pin (negative) initial output is high;
low output at MTU4.TGRA compare match
o Use MTU4.TGRB as duty register
— MTIOC4B pin (positive) initial output is low;
high output at MTU4.TGRB compare match
— MTIOCA4D pin (negative) initial output is high;
low output at MTU4.TGRB compare match
e Brushless DC motor control is invalid -
o Use reset-synchronized PWM mode
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Reset-synchronized PWM mode output for this sample code is shown below.

RX Family
MTU MTIOC3B
Chanrel 3 m
REEE MTIOC3D
synchronized MPC
PWM mode
| MTU3.TCNT
MTIOC4A
O e
MTU
MTIOC4C
Chanmeta [ »L_MPC_ |
Reset-
synchronized
PWM mode MTIOC4B
B
MTIOC4D
R o

> P71 [ ] [ ] [ ]

> P74 |_| |_| |_|

5> P2 l [ I R
> P75 T
> s | L | L | L |
=S [ ] [ ] []

75%

MTU: Generates reset-synchronized PWM waveform
MPC: Sets the pins to be used from general purpose /O port to peripheral function 1/0 port

75%

75%

75%

Figure 3.45 Reset Synchronous PWM Mode Output
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3.8.2 Operation Details

The sample code operations are shown in Figure 3.46. MTU3.TCNT and MTU4.TCNT operate as up-
counters using the reset-synchronized PWM mode. The counters are cleared when a compare match occurs
between MTU3.TCNT and MTU3.TGRA, and then begin increments from 0000h. Output from the PWM
output pin toggles every time a compare match of MTU3.TGRB, MTU4.TGRA, and MTU4.TGRB and a
counter clear occurs.

MTU3.TCNT and
MTU4.TCNT values
A
MTU3.TGRA — 9C3Fh /l
MTU3.TGRB — 7CFDh /
MTU4.TGRA — 5DBEh /
MTU4.TGRB — 3E7Fh / |
0000h >

tnoe)

Positive-phase N — >
MTIOC3B pin (o7 1) L1\ il e ooy |

m m

. |
o A e I N L]
<> <>

™~ | <>
I | 25% 25% 25% 25%

| >
>

|

Positive-phase gl vaue I—I—I—I—I—I—I_
MTIOCAA pin (P72) //////:\ cutpy |

Negative-phase nialvaie I—\—I—I—I—I—I_
MTIOCAC pin (P75) /1! /:/: AN

>
>

I «—> «—> «—> «—>
: | 50% 50% 50% 50%
Positive-phase N Tarvaue 7]
MTIOC4B pin (P73) /!/1 /: utpul™ | L L] L |
Negative-phase Intal valde
MTIOCA4D pin (P76) //////:L output ™) ;|
| D IEE— «—> «—>
) | 75% 75% 75% 75%
Reset-synchronized PWM mode
(TMDR1 setting)
MTU3.TCNT
count start
(TSTRA setting)

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

Figure 3.46 Sample Code Operations
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3.8.3 Smart Configurator Settings
The sample code uses the Smart Configurator to add the MTU as described below.

As there is no reset-synchronized PWM mode component, the code is generated using the normal mode
timer component.

For details on how to add components, refer to section 3.1.4 Adding Components.

Table 3.11 Adding Components

Item Description

Component Normal Mode Timer Note

Configuration name Config MTU3 Config_ MTU4
Input capture/output compare | 2 pins 4 pins

pins

Resource MTU3 MTU4

Note: After the code is generated using the normal mode timer component, set the reset-synchronized
PWM mode in MTU3 User Initialization Function R_Config_ MTU3_Create_UserlInit. For details on
register settings, refer to Figure 3.50.

Components <3 v Configure @
e Synchronous mode setting
_] Include this channel in the synchronous operation Timer counter clear source = MTU3.TGRA compare match

v @ Startup
v & Generic TCNT3 counter setting
% rbsp Counter clear source TGRA3 compare match/input capture (Use TGRA3 as a cycle register) -
LR Dby Counter clock selection PCLK/4 v Rising edge v
v Timers
« Config MTU3 External clock pin setting Timer count clock = 40MHz (PCLKC/4)
« Config_ MTU4 ' MTCLK 3 MTCLK
PCLK

General register setting Carrier period = 1ms
TGRA3

Output compare register sal value: 1

1 ms ~ (Act
TGRB3 Output compare register v 750 3 v Act
TGRC3 Output compare register v 100

MTU3.TGRB initial value setting
TGRD3 Output compare register v 100

Input/Output setting Initial output value = low

MTIOC3A pin Output disabled High output at MTU3.TGRB compare match Note 1

MTIOC3B pin Output initial 0, 1 at compare match v
MTIOC3C pin Output disabled Initial output value = high

Low output at MTU3.TGRB compare match "ot 1
MTIOC3D pin Output initial 1, 0 at compare match

Noise filter setting

PCLK
A/D converter start trigger setting
[[] Enable start request on TGRA input capture/compare match (MTU3 TRGAN signal)
Interrupt setting
[[] Enable TGRA input capture/compare match interrupt (TGIA3) Level 15 (highest)
[[] enable TGRB input capture/compare match interrupt (TGIB3)

Enable TGRC input capture/compare match interrupt (TGIC3)

Enable TGRD input capture/compare match interrupt (TGID3) Level 15 (higt
[ Enable overflow interrupt (TCIV3) Level 15 (highest)
A/D conversion start request frame synchronization signal setting

[CJ ADSMO pin

t selected

[CJADSM1 pin

Overview Board Clocks System Components Pins Interrupts

Figure 3.47 MTU3 Settings

RO1AN5995EJ0110 Rev.1.10 Page 77 of 318
Jan.6.23 RENESAS




RX Family PWM Output Methods Using MTU3/GPTW

Components <3 ¥ Configure
= Synchronous mode setting

Include this channel in the synchronous operation
v Startup
G TCNT4 counter setting
v enernc
% rbsp Counter clear source Disabled counter clear

v @ Drivers

Counter clock selection PCLK/4 ¥ Rising edge v
v @ Timers
« Config MTU3 External clock pin setting Timer count clock = 40MHz (PCLKC/4) Note 2
« Config MTU4 » M . AICLK

PCLK MTU4.TGRA initial value setting
MTU4.TGRB initial value setting

General register setting

TGRA4 Output compare register
TGRB4 Output compare register
TGRC4 Output compare register
TGRD4 Output compare register

Initial value output = low
High output at MTU4. TGRA compare match Note 1
MTIOC4A pin Output initial 0, 1 at compare match

MTIOC4B pin Output initial 0, 1 at compare match Initial value output = low
i Note 1
MTIOCAC pin Output initial 1, 0 at compare match High output at MTU4. TGRB compare match

MTIOC4D pin Output initial 1, 0 at compare match

Input/Output setting

Initial value output = high
Low output at MTU4. TGRA compare matchete 1

Noise filter setting

PCLK

Initial value output = high
A/D converter start trigger setting Low output at MTU4. TGRB compare match Mo 1

Enable start request on TGRA input capture/compare match (MTU4 TRGAN signal)

Enable start request on matching of the counter and cycle register value (TRG4ABN signal)

Interrupt setting
Enable TGRA input capture/compare match interrupt (TGIA4) Level 15 (highest

Enable TGRB input capture/compare match interrupt (TGIB4) Level 15 (¢

Enable TGRC input capture/compare match interrupt (TGIC4) Level 15 (i
[[] Enable TGRD input capture/compare match interrupt (TGID4) Level 15 (+
Enable overflow interrupt (TCIV4) Level 1

A/D conversion start request frame synchronization signal setting

[C] ADSMO pin

ADSM1 pin Sout

Overview Board Clocks System Components Pins Interrupts

Figure 3.48 MTU4 Settings

Note 1: The code generated using the normal mode timer component outputs the TIOR register setting.
The PWM output level for the reset-synchronized PWM mode is set in the TOCR1A register, not
the TIOR register. As a result, initialize the TIOR register that is not necessary and set the
TOCRA1A register in user initialization functions R_Config_ MTU3_Create_Userlnit and
R_Config_ MTU4_Create_Userlnit, respectively. Refer to Figure 3.50 for details on the
R_Config_ MTU3_Create_Userlnit function, and Figure 3.51 for details on the
R_Config_ MTU4_Create_Userlnit function.

Note 2:  This setting causes the generated code to output the MTU4 pre-scaler selection bit (TCR.TPSC)
setting. The reset-synchronized PWM mode counter clock is enabled in the MTU3 settings but not
necessary for the MTU4 settings. As a result, initialize the TCR register that is not necessary in the
user initialization function R_Config_ MTU4_Create_Userlnit. Refer to Figure 3.51 for details on the
R_Config_ MTU4_Create_Userlnit function.
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3.8.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function. In reset-synchronized PWM mode, the start of MTU3.TCNT counting
also starts the MTU4.TCNT counting.

=

\ 4
Count start
R_Config_MTU3_Start()

»
>

Figure 3.49 main Function

The user initialization function R_Config_ MTU3_Create_Userlnit, which is called by the

R_Config_ MTU3_Create function executed before the main function, sets the brushless DC motor control,
PWM output level, and timer mode, and initializes the TIOR register that is not necessary in the reset-
synchronized PWM mode.
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RX Family

< R_Config_ MTU3_Create_Userlnit >

v

Enable timer register read/write access

v

Set brushless DC motor control to disable
(normal output)

v

Clear MTU3.TCNT value

v

Enable toggle output synchronized with
PWM period

v

PWM output level (positive-phase): Set initial
output to low and active level to high

v

PWM output level (negative-phase): Set initial
output to high and active level to low

v

Set to reset-synchronized PWM mode

v

registers

Initialize MTU3.TIORH and MTU3.TIORL

v

Disable timer register read/write access

v

< return

)

Figure 3.50 MTU3 User Initialization Function
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The user initialization function R_Config_MTU4_Create_Userlnit, which is called in the
R_Config_MTU4_Create function executed before the main function, initializes the TIOR register that is not
necessary in reset-synchronized PWM mode.

( R_Config_MTU4_Create_Userlnit >

v

Enable timer register read/write access

v

Initialize MTU4.TCR register

Initialize MTU4.TIORH and MTU4.TIORL
registers

v

Disable timer register read/write access

v

( return >

Figure 3.51 MTU4 User Initialization Function
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3.8.5 Usage Notes
3.8.5.1 Count Start When Using 4 Channels

In this mode, six phases of positive and negative PWM waveforms (12 phases in total) that share a common
wave transition point can be output by combining MTU3 and MTU4 with MTU6 and MTU7.

When the MTU3 and MTUG6 counting starts using the R_Config MTU3_Start and R_Config MTUG6_Start
functions generated by the Smart Configurator, the counting start timing may not be the same because each
of the functions are read. It is possible to start the MTU3 and MTUG counting at the same time by setting the
SCH3 and SCH6 bits of the timer counter synchronous start register TCSYSTR at the same time.

Refer to RX66T Group User’s Manual: Hardware, section 22.2.19 Timer Counter Synchronous Start Register
(TCSYSTR).

3.8.5.2 Components Used by Smart Configurator
The Smart Configurator does not have reset-synchronized PWM mode components.

In this sample code, the timer mode setting must be changed to reset-synchronized PWM mode in MTU3
user initialization function R_Config_ MTU3_Create_Userlnit for the code generated using the normal mode
timer component. For details on the R_Config_ MTU3_Create_Userlnit function, refer to Figure 3.50.

Also, when using the complementary PWM mode component, the period register value is automatically fixed
according to the timer operation period setting, and codes to implement up-counting and down-counting are
generated because the counter clear source cannot be specified. As a result, the complementary PWM
mode component cannot be used to create a code that generates reset-synchronized PWM waveforms.
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3.9 Complementary PWM Mode with Double Buffer

e Target sample code file name: r01an5995 rx66t_mtu3_complementary_pwm_dblbuf.zip

3.9.1 Overview
Using the MTU’s complementary PWM mode enables output of 3-phase complementary PWM waveforms
with dead time.

This sample code describes a sample code that repeats the following output waveforms with dead time in
complementary PWM mode 3 (transfer at crest and trough). Each duty cycle generates laterally asymmetric
PWM waveforms using the double buffer.

e U-phase duty switching: 20% — 40% — 60% — 80% — 60% — 40% — -
e V-phase duty switching: 40% — 60% — 80% — 60% — 40% — 20% — -
e W-phase duty switching: 60% — 80% — 60% — 40% — 20% — 40%— -

The duty cycle is changed by transferring from buffer registers A and B to temporary registers A and B, and
from temporary register A to the compare register, when a TCNT counter overflow occurs; and from
temporary register B to the compare register when an underflow occurs.
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The following list provides the MTU settings used in the sample code.

e Use complementary PWM mode 3 (transfer at crest and trough) )
e Use channels 3 and 4
e Carrier period = 1ms
o Dead time= 30us
e Timer count clock = 40MHz (PCLKC/4)
Set MTU3.TGRA to MTU3.TCNT upper limit value
(1/2 carrier period + dead time)
— MTIOCS3A pin toggle output setting
e Set buffer transfer timing
— Transfers data at the crest and trough of the count
o |Initial output value is high, active level is low
e Use MTU3.TGRB as U-phase duty register
— Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
— Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
o Use MTU4.TGRA as V-phase duty register
— Positive-phase:
Low output at up-counting compare match —
High output at down-counting compare match
— Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
o Use MTU4.TGRB as W-phase duty register
— Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
— Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
o Use double buffer register
— Use MTU3.TGRD and MTU3.TGRE as
buffer registers of MTU3.TGRB
— Use MTU4.TGRC and MTU4.TGRE as
buffer registers of MTU4. TGRA
— Use MTU4.TGRD and MTU4.TGRF as
buffer registers of MTU4.TGRB
— Refer to Figure 3.54 for details on initial value of buffer register
for laterally asymmetric PWM output waveform
e Duty changes at each cycle
— Change duty cycle at MTU3.TGRA compare match interrupt
— Refer to Figure 3.54 for details on the timing for duty cycle changes

—_

Set in Smart Configurator.
For setting methods,

refer to section 3.9.3.
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Complementary PWM mode output for this sample code is shown below.

Output waveform is active-low.

MTIOC3A
MTU MTIOC3B
————»[ _WPC_]
U-phase:
Channel 3 positive
Complementary
MTIOC3D
Mmoo WP ]
Uphase: | _MPC |
negative
| MTU3.TCNT
MTIOC4A
-phase:
positive
MTU MTIOC4C VI
Channel 4 negative
Complementary | MTIOC4B
PWM mode )
-phase:
positive
MTIOC4D VTS
negative

MTU: Generates complementary PWM mode waveform
MPC: Sets the pins to be used from general purpose 1/O port to peripheral function 1/0 port

> P33 | | | | | | | I
H—>» P71 || |
> <«—>
20% 40% 60% 80%
> P74 [ ] ] || |
<> —>
26% 46% 66% 86%
S e == an
<« > >
40% 60% 80% 60%
—>»pPs [ [ L L L[
«—> >
46% 66% 86% 66%
> P73 7] | | B
> > >
60% 80% 60% 40%
> P76 || L LT ] [
> «—>
66% 86% 66% 46%

Figure 3.52 Complementary PWM Mode Output
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3.9.2 Operation Details

The sample code operations are shown in Figure 3.54. The settings of the duty cycle are changed with each
period by modifying the values of buffer register A (MTU3.TGRD, MTU4.TGRC and MTU4.TGRD) and buffer
register B (MTU3.TGRE, MTU4.TGRE and MTU4.TGRF) at the compare match interrupt (TGIA3) of the
MTUS.TRGA register, which is set to the upper limit value of MTU3.TCNT ((1) in Figure 3.54).

Writing MTU4.TGRD at the end of the buffer register modification enables data transfer from buffer registers
A and B to temporary registers A and B. When MTU4.TGRD is written in the Ta interval, the data written to
the buffer register is immediately transferred to the temporary register, but in this sample code, MTU4. TGRD
is written in the Tb1 interval, so it is transferred to the temporary register after the Tb1 interval ends ((2) in
Figure 3.54).

Since this sample code uses complementary PWM mode 3 for crest and trough transfers, the compare
register updates the data by transferring from temporary register A at the end of the Tb1 interval, ((3) in
Figure 3.54), and from temporary register B at the end of the Tb2 interval ((4) in Figure 3.54).

Initial output is OFF for both positive-phase output and negative-phase output according to the settings of
TOCRZ2A bits OLS1P, OLS1N, OLS2P, OLS2N, OLS3P, and OLS3N. After setting the complementary PWM
mode in MTU3.TMDR1, output continues until MTU4.TCNT is greater than the value of the TDDRA register
((5) in Figure 3.54).

After the above operations, the following steps 1 to 3 are repeated.

1. A compare match between the compare register and the counter register occurs in the Ta interval, the
negative-phase output turns OFF, and then the positive-phase output turns ON. ((6) in Figure 3.54).

2. The compare register and temporary register A are enabled in the Tb1 interval. A compare match
occurs in the U-phase, the positive-phase output turns OFF, and then the negative-phase output turns
ON. As a compare match does not occur in the V-phase or W-phase, the waveform does not change.
((7) in Figure 3.54).

3. The compare register and temporary register B are enabled in period Tb2. As a compare match does
not occur between the counter register and the compare register in the U-phase and V-phase, the
waveform does not change. A compare match occurs in the W-phase, the negative-phase output turns
OFF and the positive-phase output turns ON. ((8) in Figure 3.54).

o Laterally Asymmetric PWM Waveform Output
The duty cycle in each period generates a different duty cycle for the up-counting period and down-
counting periods.

Up- Down-
counting counting
period period

TCNT

\4

0,

2?% ( 20%
30%
PWM output |-/ | ] | 40% /|_| 50%  30%)
<> «—> —> —
20% 40% 60% 80%

Figure 3.53 Laterally Asymmetric PWM Output Waveform
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Complementary PWM mode 3 (transfer at crest and trough)
Output waveform is active-low.

U-phase output waveform symbol definitions
o : Compare malch

— : Compare regster value

Temporary register value for which comparison with the counter value is valid during Tb1 and Tb2 intervals

A
1 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3
MTU3.TGRA—55F0h | @) | | |
TCDRA—4E20h
3E80h
®
2EEOh
1F40h
FAOh
TDDRAA%%%R (5)]
Ta Tot Ta  Th2 Ta  Tbt Tall  Th2 Ta bt Tal!l  Th2 Ta  Tbl Ta! b2 Ta  Tbi Ta  Tb2
MTIOC3A (P33) ‘
} Buffer register modified
) | OB 8 i 5 E 3 E 5 E 5
B:ﬂ“_?a??g%“ 4E20h X 3E80h X 2EEOh X 1F40n X 2EEOh X 3E80h
' i o B\ 8\ 2\ LAY 2\
Buffer register B 2EEOh X ) 1F40h X\ FAOh X [ X\ FAOh Xy | 1F40n
MTU3.TGRE ;
'
Ve V \V V \
Tmpﬁém;gster‘\ lAEZOh W 3E80h W 2EEOh N 1F40h W\ 2EEOh W\ 3E8ON
_ ; \Jo \] \] \] \]
Teﬂp(}rfézsgslem 2EEOh X)} 1F1§)h X)}{ Fioh X)}{ 0|; )@} FAgh X)} 1F40h .
' 3) Transfer (4)
CWTPSQSTZ?BW " Zeon X¥ aeaon X" tF4on  X¥ “seson X' Fron  X¥ zeron X oh X9 araon Y Faoh ¥ aeeoh X
- T
pemgs e oo for | N 1 -
It valus outpute! 20% 40% 60% s 80% 60%
N [l
U’\;ﬁfl‘gsgégjgg‘%e W(s»ow (6)OFF | | ON @
!
le——» >
mwmwu;‘m(.\ 26% 46% 66% 86% 66%
H Buffer register modified
! |
E 3 E 3 E 3 E 3
BL’\',flfTel;;E?iésch “3E80n X 2EEOh X 1F40h X 2EEOh X 3E80n X 4E20n
Buffer r;g'ster B { 3 ‘“;\\ ;\\ ;\\ y\\ ;\\
u i 1F40h FAOh oh FAOh 1F40h 2EEOh
MTU4.TGRE : N Y Y Y Y
Tmp‘fggz;ezfstefA 3E80h X/\ 2EEOh X/\ 1F40h X/\ 2EEOh X/\ 3E80h X/\ 4E20h
_ i \Je \/ \J \J \]
Tmp%réa;;gs*em 1F40n p4A FAOh pA oh Y FAOh p4f 1F40h Y 2e€0n
' ‘(] @) \renster (4) ‘(} \ 1} \ 1} \ 1} \
c 1
ompare register ‘ 1F40h X ses0n Faoh  X¥ okeon X oh YRR ¢ Faoh X 2eeoh X Faoh X 3E80h )C
- ohase: bositi |
\KA;%TSS& A)?;I;IZ)S //////‘( OFF || (6)ON (7 |oFF (s‘;]
Ikt vauo outpu " 40% 60% 80% 60% 40%
V’\'A‘fltl'aosce‘:‘ge(%?isv)e 1, OFF |&ON | ®OFF () |on @)
;
> >
Intal valueou«pu«’"‘{’ ' 46% 66% 86% 66% 46%
| ! Buffer registermodified
) b o & i E 3 . .
B:ﬁafgg%‘* 2EEOh 1F40h X 2EEOh X 3E80h X 4E20h X 3E80h
) r o B\ [ A\ \ 2\ 3
1 I
Buffer register B FAOh X\ oh X\ FAOh ) 1F40n X\ 2EEOh Xy | 1Feon
MTU4 TGRF —
T
Ve \/ \/ Wi \
Tmp%rgzgggiﬂw\ : ‘ZEEOh X 1F40h x/\ 2EEOh XI\ 3E80h XI\ 4E20h X/\ 3E80h
_ ! \Je \/ \] \J \]
TempoTré&FggstefB rAOh X)}{ (?h X)}{ F;A()h )@} 1F:0h )@} 2EEOh X)}{ 1F40h .
i @) \(Transfer (4)
C?\'A"TDSTTE%E@' ‘ FAOn X¥ EEn X onh X¥1Faon X___Faon X#2eE0n X Faon  X¥  aeson X 2eeon XY 4E20n )C
i
V;grgéiapf;ygf //////L—./OF*F ©0N o ®on
m,va,uewpu;m{, on 60% 80% 60% 40% 20%
it N L L ] [ ]
! 66% 86% 66% 46% 26%
Initial value output™® |
v o
Complementary PWM mode
(TMDR1 setting)
v
MTU3.TCNT,
MTU4.TCNT
cout start
(TSTRA setting)

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

Figure 3.54 Sample Code Operations
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3.9.3 Smart Configurator Settings

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

Table 3.12 Adding Components

Item

Description

Component

Complementary PWM Mode Timer

Configuration name

Config_MTU3_MTU4

Operation

Complementary PWM Mode 3 (transfer at crest and trough)

Resource

MTU3_MTU4

MTIOC3A pin toggle output setting

iB v

%

Startup
Generic
®rbsp
Drivers
Timers
« Config_ MTU3_MTU4

Configure

~ Basic setting
Synchronous mode setting
Include this channel in the synchronous operation
TCNT3 counter setting
Disabled counter clear

Counter clear source

Counter clock selection PCLK/4 v Rising edge v

External clock pin setting

Timer count clock = 40MHz (PCLKC/4)

PCLK
Carrier period = 1ms
PWM )

Timer operation period 1 ms v

Dead time |30 us et

Dead time = 30,
12000

\

[V] Enable dead time

MTU3.TGRB register value

MTU4.TGRA register value

MTUA4.TGRB register value

MTU3.TGRB initial value setting
MTU4.TGRA initial value setting

MTU4.TGRB initial value setting

~ Advance setting
Brushless DC motor control setting

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

Set buffer transfer timing

Output setting

[] Enable MTIOC3A toggle output
,_Euffw transfer timing of PWM output level setting  Transfers data at the crest and trough of the count
/] Enable U phase: Initial output level of MTIOC3B pin (positive-phase)
Active level:L (Initial output:H,output at compare match on up-count:Loutput at compare match on down-count:H)
] Enable U phase: Initial output level of MTIOC3D pin (negative-phase)
Active level:L (Initial output:H,output at compare match on up-count:H,output at compare match on down-count:L)
[“] Enable V phase: Initial output level of MTIOC4A pin (positive-phase)
Active levelL (Initial output:H.output at compare match on up-count:Loutput at compare match on down-countH)
/] Enable V phase: Initial output level of MTIOCAC pin (negative-phase)
Active levelL (Initial output:H,output at compare match on up-countH,output at compare match on down-count:L)
[“] enable W phase: Initial output level of MTIOC4B pin (positive-phase)
Active levelL (Initial output:H,output at compare match on up-count:L output at compare match on down-countH)
V] Enable W phase: Initial output level of MTIOCAD pin (negative-phase)

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

Active level: Low, Initial output value: High

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

¢

Transfers data at the crest and trough of the count

Figure 3.55 MTU3 and MTU4 Settings (1/2)
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Interrupt setting

Interrupt skipping mode

|V Enable MTU3/TGRA compare match interrupt (TGIA3)

Interrupt skipping count

TU3/TGRB compare match interrupt (TGIB3)
TGRA compare match

. TU4/TGRA compare match interrupt (TGIA4)
interrupt 4 Pece paas IS rpS (TOHA%)

TU4/TGRB compare match interrupt (TGIB4)

[C] Enable MTU4 underflow interrupt (TCIV4)

Buffer register and synchronous clearing operation setting

Interrupt skipping function 1 (compare match interrupt skipping) »

Priority  Level 15 (highest) v~

Disable interrupt skip v

[C] Waveform output immediately before synchronous clearing is retained

{¥] Enable double buffer function

Use double buffer register

A/D conversion start trigger setting

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

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

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

A/D conversion start request frame synchronization signal setting

|_J ADSMO pin Source not selected

[JADSM1 pin Source not selected

Overview Board Clocks System Components Pins Interrupts

Figure 3.56 MTU3 and MTU4 Settings (2/2)
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3.9.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

MTUS.TCNT and MTU4.TCNT counting is started in the main function.

-

v
Count start
R_Config_ MTU3_MTU4_Start()

A 4

Figure 3.57 main Function

The user initialization function R_Config MTU3_MTU4_Create_Userlnit, which is executed before the main
function, sets the initial value of the buffer register and initializes the variables. This function is called from
within the R_Config MTU3_MTU4_Create function.

This function initializes the following variables used in this sample code.

e s_u_ucduty_prv: variable for retaining the value of the previous MTU3.TGRD register
e s v _ucduty prv: variable for retaining the value of the previous MTU4.TGRC register
e s w_ucduty prv: variable for retaining the value of the previous MTU4.TGRD register

G_Config_MTU3_MTU4_Create_U se rInit>

\ 4
Set U-phase buffer register A MTU3.TGRD
to 0% duty cycle

\ 4
Set V-phase buffer register A MTU4.TGRC
to 10% duty cycle

\ 4
Set W-phase buffer register A MTU4.TGRD
to 20% duty cycle

A 4

Initialize variables

y
( return >

Figure 3.58 User Initialization Function

The TGIA3 interrupt handler function changes the values of buffer register A and buffer register B
(MTU3.TGRE, MTU4.TGRE and MTU4.TGRF) according to the current values of buffer register A
(MTU3.TGRD, MTU4.TGRC and MTU4.TGRD) and the values set in the previous buffer register A.
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(r_Config_MTU 3_MTU4_tgia3_interru pt)

MTU3.TGRD set
to 0% duty cycle?

MTU3.TGRD set
to 30% duty cycle?

No

MTU3.TGRD =
previous MTU3.TGRD ?

Y

v
Increase MTU3.TGRE
duty cycle by 10%

Decrease MTU3.TGRE
duty cycle by 10%

Increase MTU3.TGRE
duty cycle by 10%

| |

Decrease MTU3.TGRE
duty cycle by 10%

|

|

}

Increase MTU3.TGRD
duty cycle by 10%

Decrease MTU3.TGRD
duty cycle by 10%

Increase MTU3.TGRD
duty cycle by 10%

| |

Decrease MTU3.TGRD
duty cycle by 10%

|

Save MTU3.TGRD value

TU4.TGRC set
to 0% duty cycle?

MTU4.TGRC set
to 30% duty cycle?

MTU4.TGRC =
previous MTU4. TGRC2

Y

v
Increase MTU4.TGRC
duty cycle by 10%

Decrease MTU4.TGRC
duty cycle by 10%

Increase MTU4.TGRC
duty cycle by 10%

| |

Decrease MTU4.TGRC
duty cycle by 10%

|

l

I

Increase MTU4.TGRE
duty cycle by 10%

Decrease MTU4.TGRE
duty cycle by 10%

Increase MTU4. TGRE
duty cycle by 10%

| |

Decrease MTU4.TGRE
duty cycle by 10%

|

Save MTU4.TGRC value

MTU4.TGRD set
to 0% duty cycle?

Y

MTU4.TGRD set
to 30% duty cycle?

MTU4.TGRD =
previous MTU4.TGRD?2

Increase MTU4. TGRF
duty cycle by 10%

| |

Decrease MTU4.TGRF
duty cycle by 10%

Increase MTU4.TGRF
duty cycle by 10%

Decrease MTU4.TGRF
duty cycle by 10%

|

|

Increase MTU4. TGRD
duty cycle by 10%

| |

Decrease MTU4.TGRD
duty cycle by 10%

Increase MTU4. TGRD
duty cycle by 10%

Decrease MTU4.TGRD
duty cycle by 10%

|

]

Save MTU4.TGRD value

retun

)

Figure 3.59 TGIA3 Interrupt Handler Function
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3.9.5 Usage Notes
3.9.5.1 Pin Settings

The MTIOC3C and MTIOCGEC pins cannot be used as the timer input/output pin in the complementary PWM
mode. Set them to I/O ports.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.8 Complementary PWM Mode,
Table 22.74 Output Pins for Complementary PWM Mode.

3.9.5.2 Buffer Register Value Updating

When modifying the data in the buffer register, be sure to modify to MTU4.TGRD (MTU7.TGRD) last. Data is
transferred from the buffer register to all five temporary registers simultaneously after the write to
MTU4.TGRD (MTU7.TGRD).

Even when not updating all five registers or when not updating the data in MTU4.TGRD (MTU7.TGRD), be
sure to write to MTU4.TGRD (MTU7.TGRD) after writing data to the registers to be updated. In this case, the
data to be written to MTU4.TGRD (MTU7.TGRD) should be the same as the data prior to the write operation.

3.9.5.3 Buffer Operation Settings

In complementary PWM mode, use the buffer operation to modify the PWM period setting registers
(MTU3.TGRA and MTU6.TGRA), timer period data registers (TCDRA and TCDRB), and duty setting
registers (MTU3.TGRB, MTU4.TGRA, MTU4.TGRB, MTU6.TGRB, MTU7.TGRA, and MTU7.TGRB).

The MTIOC4C (MTIOC7C) and MTIOC4D (MTIOC7D) pins cannot output waveforms when buffer operation
bits MTU4. TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4.TMDR1.BFB (MTU7.TMDR1.BFB) are set to 1. Set
MTU4.TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4.TMDR1.BFB (MTU7.TMDR1.BFB) bits to 0.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.14 Buffer Operation Setting in
Complementary PWM Mode.

3.9.5.4 Output Level Settings

When MTU3 and MTU4 (or MTU6 and MTU?7) are in the complementary PWM mode, PWM waveform output
level is determined by the TOCR1A.OLSP, TOCR1A.OLSN, TOCR1B.OLSP, and TOCR1B.OLSN bits, and
the TOCR2A.0OLSnP, TOCR2A.0OLSnN, TOCR2B.OLSnP, and TOCR2B.OLSNnN (n = 0 to 3) bits. Set the
TIOR register to 00h.

If the TDERA.TDER (TDERB.TDER) bit is set to 0 (dead time is not generated) in the complementary PWM
mode, the negative-phase output is the inverted level of the positive-phase output according to the settings
of the TOCR1A.OLSP (TOCR1B.OLSP) and TOCR2A.0OLSnP (TOCR2B.OLSNP) (n = 0 to 3) bits, and does
not depend on the settings of the TOCR1A.OLSN (TOCR1B.OLSN) and TOCR2A.OLSnN
(TOCR2B.OLSNN) (n = 0 to 3) bits.

When dead time is not generated, if only the output of the negative-phase side is enabled and the output of
the positive-phase side is prohibited in the TOER register, the negative-phase side does not be output.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.22 Timer Output Control Registers
1 (TOCR1A, TOCR1B) and section 22.2.23 Timer Output Control Registers 2 (TOCR2A, TOCR2B).
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3.9.5.5 TGR Register Initial Values

The values of buffer register A and buffer register B in the code generated by the Smart Configurator are set
to the same value as the compare register. Set the initial values of buffer registers A and B by adding them
to the code in user initialization function R_Config_ MTU3_MTU4_Create_Userlnit.

3.9.5.6 Laterally Asymmetric PWM Output Methods

When the value of buffer register A is set to the value of buffer register B, the PWM output is symmetrical. To
output laterally asymmetric PWM waveforms, set buffer register B to a value different from that of buffer
register A.

For details, refer to RX66T Group User’'s Manual: Hardware, section 22.3.8 Complementary PWM Mode, in
(2) Outline of Complementary PWM Mode Operation, paragraph (s) Double Buffer Function in
Complementary PWM Mode.
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3.10 Complementary PWM Mode Without Double Buffer

o Target sample code file name: r01an5995 rx66t_mtu3_complementary_pwm.zip

3.10.1 Overview
Using the MTU’s complementary PWM mode enables output of 3-phase complementary PWM waveforms with dead time.

This sample code describes a sample code that repeats the following output waveforms with dead time in
complementary PWM mode 3 (transfer at crest and trough). Each duty cycle generates symmetric PWM
waveforms using the buffer (not a double buffer).

e U-phase duty switching: 20% — 40% — 60% — 80% — 60% — 40% — -
e V-phase duty switching: 40% — 60% — 80% — 60% — 40% — 20% — -
e W-phase duty switching: 60% — 80% — 60% — 40% — 20% — 40%— ---

The duty cycle is changed by transferring from the buffer register to the temporary register, and from the
temporary register to the compare register, when a TCNT counter overflow occurs; and from the temporary
register to the compare register when an underflow occurs.
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The following list provides the MTU settings used in the sample code.

e Use complementary PWM mode 3 (transfer at crest and trough) )
e Use channels 3 and 4
e Carrier period = 1ms
e Dead time = 30us
e Timer count clock = 40MHz (PCLKC/4)
o Set MTU3.TGRA to MTU3.TCNT upper limit value
(1/2 carrier period + dead time)
— MTIOCS3A pin toggle output setting
e Set buffer transfer timing
— Transfers at the crest and trough of the count
o |Initial output value is high, active level is low
e Use MTU3.TGRB as U-phase duty register
— Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
— Negative-phase:

High output at up-counting compare match Set in Smart Configurator.
Low output at down-counting compare match
e Use MTU4.TGRA as V-phase duty register ____ For setting methods,
— Positive-phase: refer to section 3.10.3.

Low output at up-counting compare match
High output at down-counting compare match
— Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
o Use MTU4.TGRB as W-phase duty register
— Positive-phase:
Low output at up-counting compare match
High output at down-counting compare match
— Negative-phase:
High output at up-counting compare match
Low output at down-counting compare match
o Use buffer register
— Use MTU3.TGRD as buffer register of MTU3.TGRB
— Use MTU4.TGRC as buffer register of MTU4. TGRA
— Use MTU4.TGRD as buffer register of MTU4.TGRB
— Refer to Figure 3.62 details on initial value of buffer register
e Duty changes at each cycle
— Change duty cycle at MTU3.TGRA compare match interrupt
— Refer to Figure 3.62 for details on the timing for duty cycle changes

—_
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Complementary PWM mode output for this sample code is shown below.

Output waveform is active-low.

MTIOC3A
MTU MTIOC3B R
Channel 3 positive
Complementary
PWM mode | MTIOC3D
[ WPC ]
U-phase:
negative
| MTU3.TCNT
MTIOC4A P
W_
positive
MTIOC4C
MTU V-phase:
Chanrel 4 negative
Complementary | MTIOC4B
PN mode | MPC |
W-phase:
positive
MTIOC4D
W-phase:
negative

L I R D I
SxS N L[
> > —>
20% 40% 60% 80%
> P74 [ i T I
<> «—>
26% 46% 66% 86%
> P72 L ] I
«—> > «—>
40% 60% 80% 60%
= o (N S N L] LT
«—> > >
46% 66% 86% 66%
> P73 | L |
«—> > «—> «—>
60% 80% 60% 40%
> P76 _| L | LI 1 [
66% 86% 66% 46%

MTU: Generates complementary PWM mode waveform
MPC: Sets the pins to be used from general purpose /O port to peripheral function I/O port

Figure 3

.60 Complementary PWM Mode Output

RO1AN5995EJ0110 Rev.1.10

Jan.6.23

Re Page 96 of 318
RENESAS




RX Family PWM Output Methods Using MTU3/GPTW

3.10.2 Operation Details

The sample code operations are shown in Figure 3.62. The settings of the duty cycle are changed with each
period by modifying the values of the buffer register (MTU3.TGRD, MTU4.TGRC and MTU4.TGRD) at the
compare match interrupt (TGIA3) of the MTU3.TGRA register, which is set to the upper limit value of
MTUS3.TCNT ((1) in Figure 3.62).

Writing MTU4.TGRD at the end of the buffer register modification enables data transfer from the buffer
register to the temporary register. When MTU4.TGRD is written in the Ta interval, the data written to the
buffer register is immediately transferred to the temporary register, but in this sample code, MTU4.TGRD is
written in the Tb1 interval, so the data is transferred to the temporary register after the Tb1 interval ends ((2)
in Figure 3.62).

Since this sample code uses complementary PWM mode 3 for crest and trough transfers, the compare
register updates the data by transferring from the temporary register at the end of the Tb1 interval ((3) in
Figure 3.62) and at the end of the Tb2 interval ((4) in Figure 3.62).

Initial output is OFF for both positive-phase output and negative-phase output according to the settings of
TOCR2A bits OLS1P, OLS1N, OLS2P, OLS2N, OLS3P, and OLS3N. After setting the complementary PWM
mode in MTU3.TMDR1, output continues until MTU4.TCNT is greater than the value of the TDDRA register
((5) in Figure 3.62).

After the above operations, the following steps 1 to 3 are repeated.

1. A compare match between the compare register and the counter register occurs in the Ta interval, the
negative-phase output turns OFF, and then the positive-phase output turns ON. ((6) in Figure 3.62).

2. The compare register and temporary register are enabled in the Tb1 interval, but because a compare
match with the counter register does not occur, the waveform does not change. ((7) in Figure 3.62).

3. The compare register and temporary register are enabled in the Tb2 interval, but because a compare
match with the counter register does not occur, the waveform does not change. ((8) in Figure 3.62).

e Symmetrical PWM Output Waveform
The duty cycle in each period generates the 1/2 duty cycle for the up-counting period and down-counting
periods.

A
Up- Down-
counting counting
period period
TCNT
10%10% 20%  20% I 1 >
PWM output l\_/l \ / |30A: 30/ol—| 40% | 40% ,—|_
<> «—> —> >
20% 40% 60% 80%
Figure 3.61 Symmetrical PWM Output Waveform
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— : Temporary register value for which comparison with the counter value is valid during Tb1 and Tb2 intervals.

U-phase output wavefor symbol definitions.
— : Compare register value

o : Compare match

TGIA3

PWM Output Methods Using MTU3/GPTW
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Figure 3.62 Sample Code Operations

Note: The sample code waveform starts outputting the initial values when the PMR register is set.
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3.10.3 Smart Configurator Settings
The sample code uses the Smart Configurator to add the MTU as described below. For details on how to
add components, refer to section 3.1.4 Adding Components.

Table3.13 Adding Components

Item Description

Component Complementary PWM Mode Timer

Configuration name Config_MTU3_MTU4

Operation Complementary PWM Mode 3 (transfer at crest and trough)
Resource MTU3_MTU4

| Components - + 3 ¥ Configure

~ Basic setting

Synchronous mode setting

v & Start i =
aGup [Jinclude this channel in the synchronous operation Timer count clock = 40MHz (PCLKC/4)
v eneric
% r_bsp TCNT3 counter setting
v & Drivers Counter clear source Disabled counter clear v
v & Timers
Counter dock selection | PCLK/A Rising adlge v

« Config_MTU3_MTU4
External clock pin setting

nable the noise filter for MTCLKA Enable the noise filter for MTCLKI

PCLK
Carrier period = 1ms
PWM output setting
Timer operation period 1 ms v
| Enable dead time Dead time |30

Dead time = 30us

MTU3.TGRB register value 16000
MTU4.TGRA register value 12000
MTU4.TGRB register value 8000

MTUS3.TGRB initial value setting
MTU4.TGRA initial value setting

~ Advance settin:
. MTU4.TGRB initial value setting

Brushless DC motor control setting
[CEnable U, v and W phase output control by software or external input signal

Set buffer transfer timing

NTOIEEA i {SEfe) Etifpnit SEiiime Transfers data at the crest and trough of the count

Output setting
V| Enable MTIOC3A toggle output

Buffer transfer timing of PWM output level setting  Transfers data at the crest and trough of the count v

(" /] Enable U phase: Initial output level of MTIOC3B pin (positive-phase)

<

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

[ Enable U phase: Initial output level of MTIOC3D pin (negative-phase)

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

| Enable V phase: Initial output level o pin (positive-phase)
[V]Enable V phase: Initial level of MTIOCAA pin ( h

Active level:L (Initial outputH,output at compare match on up-count:Loutput at compare match on down-count:H)

[] Enable V phase: Initial output level of MTIOC4C pin (negative-phase)

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

Enable W phase: Initial output level of MTIOC4B pin (positive-phase)

Active level:L (Initial output:H,output at compare match on up-count:Loutput at compare match on down-countH)

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

Active level:L (Initial outputH,output at compare match on up-count:H,output at compare match on down-count:L)

Active level: Low, Initial output value: High

Positive-phase: Low output at up-count compare match, high output at down-count compare match
Negative-phase: High output at up-count compare match, low output at down-count compare match

Figure 3.63 MTU3 and MTU4 Settings (1/2)
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Interrupt setting
Interrupt skipping mode Interrupt skipping function 1 (compare match interrupt skipping)

] Enable MTU3/TGRA compare match interrupt (TGIA3)  Priority  Level 15 (highest)

Disable interrupt skip v

Buffer register and synchronous clearing operation setting

] Waveform output immediately before synchronous clearing is retained

] Enable double buffer function

A/D conversion start trigger setting
] Enable A/D conversion start request on matching of the crest of count (trigger signal of MTU3 TRGA3N)
Enable A/D conversion start request on matching of the trough of count (trigger signal of MTU4 TRGA4N)
Enable A/D conversion start request on matching of the counter and cycle register value (trigger signal of MTU4 TRGAABN)

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

ADSM1 pin Source not selected

|Overview Board Clocks System Components Pins Interrupts

Figure 3.64 MTU3 and MTU4 Settings (2/2)
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3.10.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

MTUS.TCNT and MTU4.TCNT counting is started in the main function.

-

v
Count start
R_Config_ MTU3_MTU4_Start()

A 4

Figure 3.65 main Function

The user initialization function R_Config MTU3_MTU4_Create_Userlnit, which is executed before the main
function, initializes the variables. This function is called from within the R_Config_ MTU3_MTU4_Create
function.

This function initializes the following variables used in this sample code.

e s_u_ucduty_prv: variable for retaining the value of the previous MTU3.TGRD register
e s v _ucduty prv: variable for retaining the value of the previous MTU4.TGRC register
e s w_ucduty prv: variable for retaining the value of the previous MTU4.TGRD register

@_Config_MTU 3_MTU4_Create_Userl nit>

A 4

Initialize variables

A
< return >

Figure 3.66 User Initialization Function

The TGIA3 interrupt handler function changes the values of the buffer registers according to the current
value of the buffer registers (MTU3.TGRD, MTU4.TGRC and MTU4.TGRD) and the values set in the
previous buffer registers.
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( r_Config_MTU3_MTU4_tgia3_interru pt)

MTU3.TGRD =
10% duty cycle?

MTU3.TGRD =
40% duty cycle?

MTU3.TGRD=
previous MTU3.TGRD?2

h 4 \ 4 A

Increase MTU3.TGRD Decrease MTU3.TGRD Increase MTU3.TGRD Decrease MTU3.TGRD
duty cycle by 10% duty cycle by 10% duty cycle by 10% duty cycle by 10%
< A A

h 4

Save MTU3.TGRD value

MTU4.TGRC =
10% duty cycle?

MTU4.TGRC =
40% duty cycle?

MTU4.TGRC =
previous MTU4.TGRC?2

h 4 A y

Increase MTU4.TGRC Decrease MTU4.TGRC Increase MTU4.TGRC Decrease MTU4.TGRC
duty cycle by 10% duty cycle by 10% duty cycle by 10% duty cycle by 10%
< v v

A 4

Save MTU4.TGRC value

MTU4.TGRD =
10% duty cycle?

MTU4.TGRD =
40% duty cycle?

MTU4.TGRD =
previous MTU4.TGRD?2

Y

\ 4 v
Increase MTU4.TGRD Decrease MTU4.TGRD Increase MTU4.TGRD Decrease MTU4.TGRD
duty cycle by 10% duty cycle by 10% duty cycle by 10% duty cycle by 10%
\ 4 v

A

A

Save MTU4.TGRD value

< return >

Figure 3.67 TGIA3 Interrupt Handler Function
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3.10.5 Usage Notes
3.10.5.1 Pin Settings

The MTIOC3C and MTIOCGEC pins cannot be used as the timer input/output pin in the complementary PWM
mode. Set them to I/O ports.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.8 Complementary PWM Mode,
Table 22.74 Output Pins for Complementary PWM Mode.

3.10.5.2 Buffer Register Value Updating

When modifying the data in the buffer register, be sure to modify to MTU4.TGRD (MTU7.TGRD) last. Data is
transferred from the buffer register to all five temporary registers simultaneously after the write to
MTU4.TGRD (MTU7.TGRD).

Even when not updating all five registers or when not updating the data in MTU4.TGRD (MTU7.TGRD), be
sure to write to MTU4.TGRD (MTU7.TGRD) after writing data to the registers to be updated. In this case, the
data to be written to MTU4.TGRD (MTU7.TGRD) should be the same as the data prior to the write operation.

3.10.5.3 Buffer Operation Settings

In complementary PWM mode, use the buffer operation to modify the PWM period setting registers
(MTU3.TGRA and MTU6.TGRA), timer period data registers (TCDRA and TCDRB), and duty setting
registers (MTU3.TGRB, MTU4.TGRA, MTU4.TGRB, MTU6.TGRB, MTU7.TGRA, and MTU7.TGRB).

The MTIOC4C (MTIOC7C) and MTIOC4D (MTIOC7D) pins cannot output waveforms when buffer operation
bits MTU4. TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4.TMDR1.BFB (MTU7.TMDR1.BFB) are set to 1. Set
MTU4.TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4.TMDR1.BFB (MTU7.TMDR1.BFB) bits to 0.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.14 Buffer Operation Setting in
Complementary PWM Mode.

3.10.5.4 Output Level Settings

When MTU3 and MTU4 (or MTU6 and MTU?7) are in the complementary PWM mode, PWM waveform output
level is determined by the TOCR1A.OLSP, TOCR1A.OLSN, TOCR1B.OLSP, and TOCR1B.OLSN bits, and
the TOCR2A.0OLSnP, TOCR2A.0OLSnN, TOCR2B.OLSnP, and TOCR2B.OLSNnN (n = 0 to 3) bits. Set the
TIOR register to 00h.

If the TDERA.TDER (TDERB.TDER) bit is set to 0 (dead time is not generated) in the complementary PWM
mode, the negative-phase output is the inverted level of the positive-phase output according to the settings
of the TOCR1A.OLSP (TOCR1B.OLSP) and TOCR2A.OLSnP (TOCR2B.OLSNP) (n = 0 to 3) bits, and does
not depend on the settings of the TOCR1A.OLSN (TOCR1B.OLSN) and TOCR2A.OLSnN
(TOCR2B.OLSNN) (n = 0 to 3) bits.

When dead time is not generated, if only the output of the negative-phase side is enabled and the output of
the positive-phase side is prohibited in the TOER register, the negative-phase side does not be output.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.22 Timer Output Control Registers
1 (TOCR1A, TOCR1B) and section 22.2.23 Timer Output Control Registers 2 (TOCR2A, TOCR2B).
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3.11 PWM Mode 1 Duty Cycles 0% to 100% (modify compare register at compare
match)

e Target sample code file name: 01an5995 rx66t mtu3_pwm1_50t0100.zip

3.11.1 Overview
The MTU PWM mode can be used to output PWM waveforms with duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 1 and repeats the following waveform
output, including duty cycles 0% and 100%.

e Duty switching: 50% — 80% — 100% — 80% — 50% — 0% — - - -
The basic operation is to make changes to the duty cycle by transferring the TGRC value to the TGRA when
a duty register TGRA compare match occurs using buffer register TGRC. When switching from 0% to 50%,

the process to directly modify the TGRA register is performed when a period register TGRB compare match
occurs.

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

e Use PWM mode 1 )
e Use channel 0
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
¢ Use TGRB as period register Set in Smart Configurator.
— Timer counter clear source = TGRB compare match — .
— Low output at TGRB compare match For Setting Methods,
e Use TGRA as duty register refer to section 3.11.3.
— High output at TGRA compare match
o Use buffer register
— Use TGRC as buffer register of TGRA
— Buffer transfer when TGRA compare match occurs

o Duty changes at each cycle —
— Change duty cycle at TGRA compare match interrupt
— Refer to Figure 3.69 for details on the timing for duty cycle changes

PWM mode 1 output for this sample code is shown below.

P31
MTU MTIOCOA P 3_} J |—| u | | |

Chanrel 0 «—> «—> —> «—> -«—>
PWM mode 1 50% 80% 100% 80% 50% 0%

MTU: Generates PWM mode 1 waveform
MPC: Sets the pins to be used from general purpose I/O port to peripheral function 1/0 port

Figure 3.68 PWM Mode 1 Output
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3.11.2 Operation Details

The sample code operations are shown in Figure 3.69. The basic operation is to make changes to the
settings of the duty cycle by modifying the buffer register TGRC value at the compare match interrupt
(TGIAO) of duty register TGRA and transferring the value of TGRC to duty register TGRA when a TGRA
compare match occurs.

¢ 100% Duty Cycle Output
When outputting 100% duty cycle, set the TGRA to the same value as the TGRB.
When the TGRA value is the same as the TGRB value, both compare matches occur at the same time.
Because output does not change when two compare matches occur at the same time, high is retained
and 100% duty cycle is output ((1) in Figure 3.69).

e 0% Duty Cycle Output
When outputting 0% duty cycle, set the TGRA to a value greater than the TGRB.
When the TGRA value is greater than the TGRB, low is retained and 0% duty cycle is output because the
TGRA compare match does not occur ((2) in Figure 3.69).
To continue low for one cycle period and output 0% duty cycle, the TGRC value is not modified by the
TGIAO interrupt in which a value greater than the TGRB is transferred to the TGRA. The timing for
modifying the TGRC value when TGIAO occurs needs to be adjusted ((3) in Figure 3.69).

e Switching from 0% duty cycle
When 0% duty cycle is output, a TGRA compare match does not occur because the TGRA is greater than
the TGRB. As a result, TGIAO does not occur and there is no timing for modifying the buffer register
TGRC value or transferring the value of the TGRC to the TGRA. When switching from duty cycle 0% to
50%, the TGRC and TGRA registers are directly modified when TGIBO occurs ((4) in Figure 3.69).

e TGRA compare match occurring twice in one cycle
When switching from duty cycle 100% to 80%, two compare matches will occur, including the TGRA
compare match that occurred at the same time as the TGRB compare match, so the timing for modifying
the TGRC value must be adjusted ((5) in Figure 3.69).
To switch from duty cycle 80% to 50%, set the TGRA to a value greater than the current value.
This will cause two compare matches to occur in one cycle, so the timing for modifying the TGRC value
must be adjusted ((6) in Figure 3.69).

The waveform does not change because the second TGRA compare match occurs during high output
((7) in Figure 3.69).
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| O : MTUO.TGRA modified |

TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
oo3Fh| |||t 1=t ——————
MTUO.TGRB— 9C3Fh ' —— ) r ?_ ) |
. Q- i | |
I I | I
I | I
4E1Fh |- — — | : AN O
v, \ 4 4)
1F3Fh b —4- O ——— F— S 1
0000 | >
|Buffer register modified
I & . 2 6 ¥ 6) ¥ (3) 3 8
MTUOTGRC  1rarh X ocaFh X 1FaFh X 4E1Fh X 9D3Fh X1F3FnX 9C3Fh
i ¥Transfer ¥ & ¥ ¥ ¥ ¥
MTUO.TGRA  4ETFh X 1F3Fh X 9C3Fh X  1F3Fh X 4E1Fh X 9D3Fh X4E1FhY 1F3Fh
: Duty register modified
) <“rmrand 4)
MTIOCOA pin (P31) /////\ oo | ] M @ B | | L
I v «—> —> —> «—> «—> «—>>
Duty | ymrwotent 50% 80% 100% 80% 50% 0% 50%
count star_t T (2)
*(TSTRA setting) TGRA compare match occurs,
in fi i i butoutput level d t
P TTT‘SS Igg tt?r?gt;t; " os;z:b?;/?rl g;isar:z} $ga;ge cza (r:g : S| i‘n :; The ooeustprzﬁ is
compare matches occur at already high.
the same time.
Note: The sample code waveform starts outputting the initial values when the PMR register is set.
Figure 3.69 Sample Code Operations
R0O1AN5995EJ0110 Rev.1.10 Page 106 of 318

Jan.6.23 RENESAS




RX Family

PWM Output Methods Using MTU3/GPTW

3.11.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.
Table3.14 Adding Components

Item Description
Component PWM Mode Timer
Configuration name Config_MTUO
Operation PWM Mode 1
Resource MTUO

Components = =3 v Configure

Synchronous mode setting

type filter text

v & Startup
o s TCNTO counter setting
& Generic
% rbsp Counter clear source

v & Drivers .
. Counter clock selection
¥ Timers

« Config_ MTUO External clock pin setting

General register setting
TGRCO
TGRDO
TGRFO

Output setting
MTIOCOA pin

When TGRB compare match |0 outp

PWM output setting
PWM period

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

TGRF initial value

[TJinclude this channel in the synchranous opé

Timer counter clear source = TGRB compare match

TGRBO compare match (Use TGRBO as a cycle register)

PCLK/4 ~  Rising edge v

Timer count clock = 40MHz (PCLKC/4)

Use TGRC as buffer register of TGRA
Transfer buffer at TGRA compare match

Buffer register of TGRA ~ Buffer transfer when compare match A occurs ~

. g5

Initial output value: low

High output at TGRA compare match

Qutput initial 0, 1 at compare match >
it from MTIOCOA pin i

Output disableg,

0 output from

19999
39999 Carrier period = 1ms

7999

100
o TGRA initial value setting
1

TGRC initial value setting

100

A/D converter start trigger setting
[] Enable start request on TGRA compare match (MTUO TRGAN signal)
[]Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

/] Enable TGRA compare match interrupt (TGIAQ)  Priority

[V] Enable TGRB compare match interrupt (TGIBO)

Enable TGRA compare match interrupt

Level 15 (highest) ~
Priority |Level 15 (highest) ~
Level 15 (highest)

Level 15 (highest)

Enable TGRB compare match interrupt

[]Enable TGRF compare match interrupt (TGIF0)

j Enable overflow interrupt (TCIVO)

Level 15 (highest)
Level 15 (highest)

Level 15 (highest)

A/D conversion start request frame synchronization signal setting

] ADSMO pin
[Japsm1 pin

|Overview Board Clocks System Components | Pins Interrupts

Source not selected

Source not selected

Figure 3.70 MTUO Settings
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3.11.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

C -

A
Count start
R_Config_MTUOQ_Start()

»
»

Figure 3.71 main Function

The user initialization function R_Config_MTUO_Create_Userlnit, which is executed before the main function,
initializes variables. This function is called from within the R_Config_MTUOQ_Create function.

This function initializes the following variables used in this sample code.

e s _duty list_counter: counter variable for reading from the duty cycle list

e s _wait_cnt: wait variable for managing the number of TGIBO occurrences during 0% duty cycle
output
e s _duty prv: variable for retaining the value of the previous TGRA register

< R_Config_MTUO_Create_Userlnit >

A 4

Initialize variables

A 4

< return >

Figure 3.72 User Initialization Function
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The TGIAO interrupt handler function changes the value of the TGRC register according to the current value
of the TGRA register and the value set in the previous TGRA register.

< r_Config_ MTUO_tgia0_interrupt >

MTUO.TGRA #
0% duty cycle?

Previous MTUO.TGRA #
100% duty cycle?

TUO.TGRA =
previous MTUO.TGRA
OR
MTUO.TGRA =
00% duty cycle?

Yes

Update MTUO.TGRC duty cycle

<
%

A

Save MTUO.TGRA value

y

< return >

Figure 3.73 TGIAO Interrupt Handler Function

The TGIBO interrupt handler function sets the duty cycle directly to the TGRA and TGRC when switching
from 0% duty cycle. If the TGRA is modified when the first TGIBO occurs after 0% duty cycle is transferred to
the TGRA, 0% is not output, so the duty cycle needs to be set when the second TGIBO occurs, and the wait
count needs to be managed.
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< r_Config_MTUO_tgib0_interrupt >
MTUO.TGRA =
0% duty cycle?

Yes

Wait count not passed?

Y

Decrease wait count

Update MTUO.TGRA duty cycle

v

Update MTUO.TGRC duty cycle

v

Initialize wait count

»la
L B

A 4

< return >

Figure 3.74 TGIBO Interrupt Handler Function
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3.11.5 Related Operations
3.11.5.1 Duty Cycles 0% to 100% (without buffer)

The following shows an example of PWM waveform output with duty cycles 0% to 100%, as shown in Figure
3.69, without using a buffer.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAD TGIAO TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh 0 :
v v v v | v v v
MTUO.TGRB— 9C3Fh Q ”””””” N | |
4E1Fh [ 4 § O e 4
| v . 7 w/ i
1F3Fh O d O preeet = . o S
0000h >
MTUO.TGRA 4E1FhX 1F3Fh X 9C3Fh X 1F3Fh X 4E1Fh X 9D3Fh XeE1Fh) 1F3Fh
x R 3 x R 3 x =
Duty register modified
MTIOCOA pin (P31) | | |_| | |
<« «—> —> <« <« D
Duty 50% 80% 100% 80% 50% 0% 50%
TGRA compare match occurs
but output level does not
O;;‘;:L':g?ggisa'g _?ga"_\r’\é;e change since the output is
compare matches occur at akeady high.
the same time.
Figure 3.75 PWM Output with Duty Cycles 0% to 100% (without buffer)
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3.11.6 Usage Notes

3.11.6.1 Buffer Register Modify Delay

In this sample code, the transfer from buffer register TGRC to TGRA is executed when a TGRA compare
match occurs. Modification of the TGRC value must be completed before the next TGRA compare match
occurs.

If the buffer register TGRC modification is delayed, the expected duty cycle cannot be output.

3.11.6.2 Setting a Value Greater than the Duty Register

In this sample code, buffer register TGRC is modified when the MTUO.TGRA compare match interrupt
(TGIAOQ) is generated, and the value is transferred from the TGRC to the TGRA when a TGRA compare
match occurs. If a value greater than the value currently set in the TGRA is set in the TGRA after a TGRA
compare match occurs, two TGRA compare matches may occur in one cycle.

For details, refer to (6) in Figure 3.69.

3.11.6.3 Switching from 0% Duty Cycle

In this sample code, buffer register TGRC is modified when the MTUO.TGRA compare match interrupt
(TGIAOQ) is generated, and the value is transferred from the TGRC to the TGRA when a TGRA compare
match occurs. If a value greater than the TGRB is set in the TGRA and 0% duty cycle is output, the TGRA
compare match does not occur because the counter is cleared before the TGRA value is reached.

When switching from 0% duty cycle, the value needs to be directly set in the TGRA register.

For details, refer to (4) in Figure 3.69.
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3.12 PWM Mode 1 Duty Cycles 0% to 100% (compare register modify at counter
clear)

e Target sample code file name: r01an5995 rx66t mtu3 pwm1_50to100_rwcc.zip

3.12.1 Overview

The MTU PWM mode can be used to output PWM waveforms with duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 1 and repeats the following waveform
output, including duty cycles 0% and 100%.

o Duty switching: 50% — 80% — 100% — 80% — 50% — 0% — - --

The basic operation is to make changes to the duty cycle by transferring the TGRC value to the TGRA when
a duty register TGRA compare match occurs using buffer register TGRC. When switching from 0% to 50%,
the TGRA register is directly modified when a compare match occurs in period register TGRB. The TGRC is
changed when a period register TGRB compare match occurs.

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

e Use PWM mode 1
e Use channel 0
o |Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
o Use TGRB as period register
— Timer counter clear source = TGRB compare match — For Setting Methods,
— Low output at TGRB compare match
o Use TGRA as duty register
— High output at TGRA compare match
o Use buffer register
— Use TGRC as buffer register of TGRA
— Buffer transfer when TGRA compare match occurs
o Duty changes at each cycle
— Change duty cycle at TGRB compare match interrupt
— Refer to Figure 3.77 for details on the timing for duty cycle changes

—_

Set in Smart Configurator.

refer to section 3.12.3.

PWM mode 1 output for this sample code is shown below.

P31

MTU MTIOCOA e 3_» J |_| |—| | | |

Channel 0 <“«—> “—> —— — <“«—>
PWM mode 1 50% 80% 100% 80% 50% 0%

MTU: Generates PWM mode 1 waveform
MPC: Sets the pins to be used from general purpose I/O port to peripheral function 1/0 port

Figure 3.76 PWM Mode 1 Output
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3.12.2 Operation Details

The sample code operations are shown in Figure 3.77. The basic operation is to make changes to the
settings of the duty cycle with each period by modifying buffer register TGRC value at the compare match
interrupt (TGIBO) of period register TGRB and transferring the value of TGRC to duty register TGRA when a
TGRA compare match occurs

¢ 100% Duty Cycle Output
When outputting 100% duty cycle, set the TGRA to the same value as the TGRB.
When the TGRA value is the same as the TGRB value, both compare matches occur at the same time.
Because output does not change when two compare matches occur at the same time, high is retained
and 100% duty cycle is output ((1) in Figure 3.77).

e 0% Duty Cycle Output
When outputting 0% duty cycle, set the TGRA to a value greater than the TGRB.
When the TGRA value is higher than the TGRB, low is retained and 0% duty cycle is output because the
TGRA compare match does not occur ((2) in Figure 3.77).

e Switching from 100% duty cycle
When 100% duty cycle is output, TGRA and TGRB compare matches occur at the same time. As a result,
there is no timing for modifying the TGRC to a new value. When switching from duty cycle 100% to 0%,
the values of the TGRA register is directly modified when TGIBO occurs ((3) in Figure 3.77).

e Switching from 0% duty cycle
When 0% duty cycle is output, a TGRA compare match does not occur because the TGRA is greater than
the TGRB. As a result, there is no timing for transferring the value of the TGRC to the TGRA. When
switching from duty cycle 0% to 50%, the values of the TGRC and TGRA registers are directly modified
when TGIBO occurs ((4) in Figure 3.77).

e TGRA compare match occurring twice in one cycle
When switching from duty cycle 100% to 80%, two compare matches will occur, including the TGRA
compare match that occurred at the same time as the TGRB compare match ((5) in Figure 3.77).
To switch from duty cycle 80% to 50%, set the TGRA to a value greater than the current value.
This will cause two TGRA compare matches to occur in one cycle ((6) in Figure 3.77).
The waveform does not change because the second TGRA compare match occurs during high output
((7) in Figure 3.77).
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| QO : MTUO.TGRA modified |
TGIAO TGIAO TGIAO TGIAO TGIAO0 TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO l TGIBO TGIBO l l TGIBO l TGIBO TGIBO l TGIBO
R T | l
9D3Fh o————————
_, o |
MTUO.TGRB— 9C3Fh Q- | |
| | |
| : |
4E1Fh | — — : | O F———-—- /
& (3) |
1F3Fh -1 e
0000h ¢
I Buffer register modified (5) (6)
! i B § B § 5 i 5 § B 8
MTUO.TGRC 1F3Fh X 9C3Fh X 1F3Fh X 4E1Fh X 9D3Fh X 4E1Fh X 1F3Fh )C
| Transfer¥ ¥ ¥ ¥ & x
MTUO.TGRA 4E1Fh X 1F3Fh X 9C3Fh X 1F3Fh X 4E1Fh X 9D3Fh X4E1Fh 1F3Fh
|
| Duty register modified Duty register modified
MTIOCOA pin (P31)/j//\ " "mee el | ] 1) (@) R | )
| v <«—> — <«—> <«—>
Duty | mtwotenr  50% 80% 100% 80% 50% 0% 50%

count start
*(TSTRA setting)

Output level does not change
because TGRA and TGRB
compare matches occur at the
same time.

Pin function setting
(TIOR setting)

TGRA compare match occurs, but
output level does notchange
since the output is already high.

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

Figure 3.77 Sample Code Operations
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3.12.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.

Table3.15 Adding Components

Item Description
Component PWM Mode Timer
Configuration name Config_MTUO
Operation PWM Mode 1
Resource MTUO
Components + 3 ¥ Configure
- ,Sj.mmonous G Timer counter clear source = TGRB compare match
Include this channel in the synchronous oper.
v Startup
v & Generic TCNTO counter setting
% rbsp Counter clear source TGRBO compare match (Use TGRBO as a cycle register) v

v @ Drivers

2 Counter clock selection PCLK/4
v @& Timers
« Config MTUO External clock pin setting
General register setting
TGRCO Buffer register of TGRA
TGRDO Output compare register
TGRFO Output compare register

Output setting
MTIOCOA pin
When TGRB compare match 0 output from MTIOCOA pin

Output disabled

0 output from MTIOCOC pin
PWM output setting
PWM period 1 ms
TGRA initial value 19999
TGRB initial value 39999
TGRC initial value 7999
TGRD initial value 100
TGRE initial value 100
TGRF initial value 100

A/D converter start trigger setting

v Rising edge v

Timer count clock = 40MHz (PCLKC/4)

Use TGRC as buffer register of TGRA

Transfer buffer at TGRA compare match

v Buffer transfer when compare match A occurs v

v Buffer transfer when compare match B occurs

Initial output value = low
High output at TGRA compare match

Output initial 0, 1 at compare match v

Low output at TGRB compare match

Carrier period = 1ms

TGRA initial value setting

TGRC initial value setting

("] Enable start request on TGRA compare match (MTUO TRGAN signal)

(] Enable start request on TGRE compare match (TRGON signal)

Interrupt setting
("] enable TGRA compare match interrupt (TGIAQ)
5] Enable TGRB compare match interrupt (TGIBO)  Priority

B interrupt (TGIDO)

Enable TGRB compare match interrupt

interrupt (TGIEQ)

| Enable TGRF compare match interrupt (TGIFO)

(] enable overflow interrupt (TCIVO)

Level 15 (highest
Level 15 (highest) -

Level 15 (highest

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

Overview Board Clocks System Components Pins Interrupts

Figure 3.78 MTUO Settings
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3.12.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

A
Count start
R_Config_MTUO_Start()

>
>

Figure 3.79 main Function

The user initialization function R_Config_ MTUQ_Create_Userlnit, which is executed before the main function,
initializes variables. This function is called from within the R_Config_ MTUQ_Create function.

This function initializes the following variables used in this sample code.

e s _duty_list_counter: counter variable for reading from the duty cycle list
e s duty prv: variable for retaining the value of the previous TGRA register

( R_Config_MTUO_Create_Userlnit >

A 4

Initialize variables

A 4

< return >

Figure 3.80 User Initialization Function
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The TGIBO interrupt handler function directly sets the value of the TGRA register when the duty cycle is
switched from 100% or 0%. The value of the TGRC register is changed each time.

( r_Config_MTUO_tgib0_interrupt

)

MTUO.TGRA =

revious MTUO.TGRA?

Yes
100% duty cycle? +
No Update MTUO.TGRA duty cycle
MTUO.TGRA =
0% duty cycle Yes
AND
MTUO.TGRA = v

Update MTUO.TGRA duty cycle

\ 4

Update MTUO.TGRC
duty cycle

A 4

Save MTUO.TGRA value

\ 4

( return

)

Figure 3.81 TGIBO Interrupt Handler Function
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3.12.5 Related Operations
3.12.5.1 Duty Cycles 0% to 100% (without buffer)

The following shows an example of PWM waveform output with duty cycles 0% to 100%, as shown in Figure
3.69, without using a buffer.

| O : MTUO.TGRA modified |

TGIAO TGIAO TGIAO TGIAO TGIAO |

TGIAO
MTUO.TCNT value l TGIBO l TGIBo TGIBO TGIBO l TGIBO TGIBO l TGIBO

|

A

9D3Fh l l l

MTUO.TGRB— 9C3Fh C?
I
|
|
I

1

4ETFh |- —— £ —— 1

1F3Fh Sl——-

0000h

Duty register modified

|
I 2 s s " s s
|
|

4E1Fh X 1F3Fh X 9C3Fh X 1F3Fh X 4E1Fh X 9D3Fh X 4E1Fh >C

“ (1

MTIOCOA pin (P31)//////) RaT el @ | | | L

MTUO.TGRA

| * <« —> — —> «—> <>
Duty I mTuoTent  50% 80% 0% 80% 50% 0% 50%
count start T
*(TSTRA setting)
Output goes low because Outputlevel does not change
Pin function setting TGRA modificationis not because TGRA and TGRB
(TIOR setting) completed and only TGRB compare matches occur at
compare match occurs. the same time.

Figure 3.82 PWM Output with Duty Cycles 0% to 100% (without buffer)

The following are the differences of outputting PWM waveforms with duty cycles 0% to 100% when using
and not using a buffer.

¢ 100% Duty Cycle Output
When outputting 100% duty cycle, set the TGRA to the same value as the TGRB.
The TGRA value is changed when TGIBO occurs, in the timing shown in (1) in Figure 3.82, and output is
changed to low because only the TGRB compare match occurs. As a result, even though 100% is desired
the output, 0% is output ((2) in Figure 3.82). Also, because output does not change when the TGRA and
TGRB compare matches occur at the same time, low is retained ((3) in Figure 3.82).

Figure 3.83 shows how to modify the TGRA at the timing indicated by (4) to avoid the conditions of (2) in
Figure 3.82.
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| O : MTUO.TGRA modified |

TGIAO TGIAO TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value l TG'BOl TGIBO TGIBO l TGIBO l TGIBO TGIBO l TGIBO
A ! ! y |
9D3Fh 0
MTUO.TGRB— 9C3Fh ==
|
| |
4E1Fh |- — — £ —— 1, : |
(3)
1F3Fh &
0000h
I Duty register modified
| F o 1 s ' ' '
MTUO.TGRA | 4E1Fh 1F3Fh 903th 1F3Fh X 4E1Fh X 9D3Fh X 4E1Fh )C
S
|
MTIOCOA pin (P31} e ee? | | @ @ | |
| * <«—> > —F—— —> <«—> <>
Duty | wrwotonr  50% 80% 100% 80% 50% 0% 50%
count start T
*(TSTRA setting) Outﬁut Ievtejl does not TGRA compare match occurs,
' ! . change because but output level d tch
oo g TORAGNA TGRE  since the output & ready high.

compare matches
occur at the same time.

Figure 3.83 PWM Output with Duty Cycles 0% to 100% (without buffer)

e 100% Duty Cycle Output
When outputting 100% duty cycle, set the TGRA to the same value as the TGRB.
The TGRA value is modified when TGIAO occurs ((1) in Figure 3.83).
When the TGRA value is the same as the TGRB value, both compare matches occur at the same time.
Because output does not change when two compare matches occur at the same time, high is retained
and 100% duty cycle is output ((2) in Figure 3.83).
The TGRA is changed to 80% when TGIBO occurs ((3) Figure 3.83).

e Switching from 100% duty cycle
The pin outputs low when the 100% duty cycle TGRB compare match occurs ((4) Figure 3.83). At this
time, the TGRA remains at 80% again.

o TGRA compare match occurring twice in one cycle
When switching from duty cycle 100% to 80%, two compare matches will occur, including the TGRA
compare match that occurred at the same time as the TGRB compare match ((3) in Figure 3.83).
The waveform does not change because the second TGRA compare match occurs during high output.
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3.12.6 Usage Notes
3.12.6.1 Contention between Buffer Register Modification and Compare Match

If the buffer transfer timing is set at compare match, the data in the buffer register before the modification is
transferred to the duty register if a compare match occurs.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.7 Contention between Buffer
Register Write Operation and Compare Match.

3.12.6.2 Buffer Register Modify Delay

In this sample code, the transfer from buffer register TGRC to TGRA is executed when a TGRA compare
match occurs. Modification of the TGRC value must be completed before the next compare match occurs.

If the buffer register modification is delayed, the TGRA value may not be updated by the time the TGRA
compare match occurs in the next cycle. In that case, consider transferring the buffer when counter clear
occurs.

3.12.6.3 Setting a Value Greater than the Duty Register

In this sample code, buffer register TGRC is modified when the MTUO.TGRB compare match interrupt
(TGIBO) is generated, and the value is transferred from the TGRC to the TGRA when a TGRA compare
match occurs. If a value greater than the value currently set in the TGRA is set in the TGRA after a TGRA
compare match occurs, two TGRA compare matches may occur in one cycle.

For details, refer to (7) in Figure 3.69.

3.12.6.4 Switching from 0% Duty Cycle

In this sample code, buffer register TGRC is modified when the MTUO.TGRB compare match interrupt
(TGIBO) is generated, and the value is transferred from the TGRC to the TGRA when a TGRA compare
match occurs. If a value greater than the TGRB is set in the TGRA, when 0% duty cycle is output, the TGRA
compare match does not occur because the counter is cleared before the TGRA value is reached.

When switching from 0% duty cycle, the value needs to be directly set in the TGRA register.

For details, refer to (4) in Figure 3.69.
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3.13 PWM Mode 1 Duty Cycles 0% and 100%

o Target sample code file name: r01an5995 rx66t_mtu3_pwm1_0to100.zip

3.13.1 Overview

The MTU PWM mode can be used to output PWM waveforms with duty cycles 0% to 100% according to the
TGR register setting.

This sample code describes a sample code that uses PWM mode 1 and repeats waveform output alternating
between duty cycles 0% and 100%.

Waveform output cannot be alternated between duty cycles 0% and 100% with each cycle using duty
register TGRA, therefore, by switching output for high and low when a period register TGRB compare match
occurs, waveforms with duty cycles 0% and 100% are output. Users should be aware of potential conflicts
with other processes, interrupt delays, etc., and evaluate the product thoroughly before use if the sample
code procedure has been adapted to the user system because the TIOR register setting is modified during
timer operations.

Note that alternating between duty cycles 0% and 100% can be realized easily by setting the output to toggle
when a TGRB compare match occurs. In this sample code, the TIOR register setting is modified to allow for
combinations with duty cycles other than 0% or 100%.

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

e Use PWM mode 1 )
e Use channel 0
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 40MHz (PCLKC/4)
e Use TGRB as period register Set in Smart Configurator.
— Timer counter clear source = TGRB compare match — For Setting Methods,
— High output at TGRB compare match
e Use TGRA as duty register
— High output at TGRA compare match
o Use buffer register
— Use TGRC as buffer register of TGRA
— Buffer transfer when TGRA compare match occurs
o Duty changes at each cycle
— Set TGRB compare match output at TGRB compare match interrupt
— Refer to Figure 3.85 for details on the timing for duty cycle changes.

refer to section 3.13.3.

—_

PWM mode 1 output for this sample code is shown below.

MTIOCOA P31 |—| |—| |—|
MTU MPC 3—»

D E— «—> «— >
Chanrel 0 o " . 1005 . oy
PWM mode 1 0% 100% 0% 00% 0% b

MTU: Generates PWM mode 1 waveform
MPC: Sets the pins to be used from general purpose |1/O port to peripheral function I/O port

Figure 3.84 PWM Mode 1 Output

RO1AN5995EJ0110 Rev.1.10 Page 122 of 318
Jan.6.23 RENESAS




RX Family PWM Output Methods Using MTU3/GPTW

3.13.2 Operation Details

The sample code operations are shown in Figure 3.85. To ensure the output waveforms are not changed by
a compare match of duty register TGRA, the TGRA and TGRC are set to a value greater than that of period
register TGRB.

Duty cycle is alternated between 0% and 100% by modifying the value of the TIOR register as indicated
below at a TGRB compare match interrupt (TGIBO).

e MTUO.TIORH.IOB = 5h: Low output at TGRB compare match
e MTUO.TIORH.IOB = 6h; High output at TGRB compare match

MTUOTCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
DFhfF—————F—————J————— | ————— —— | —— — - —
MTUO.TGRB— 9C3Fh ) 4 f p M 4 M
0000h ¢ >
|
|
MTUO.TGRC 9D3Fh
|
MTUO.TGRA 9D3Fh
|
MTUO.TIORH.IOB 6h X 5h x 6h X 5h X 6h X 5h X 6h X
; ) - - - - -
I MTUO.TIORH modified
|
MTIOCOA pin (P31)//////|‘\ ,'Zﬁ?;'u{ﬁ'o‘i? |—|—|—|—|—|—|_
[RZ «— > «— «— >
Duty | wrwotonr 0% 100% 0% 100% 0% 100% 0%

I count start
*(TSTRA setting)

Pin function setting
(TIOR setting)

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

Figure 3.85 Sample Code Operations
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3.13.3 Smart Configurator Settings

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

Table3.16 Adding Components

Item Description
Component PWM Mode Timer
Configuration name Config_MTUO
Operation PWM Mode 1
Resource MTUO
Components |- -~ + 3 ¥ Configure
e Synchronous mode setting Timer counter clear source = TGRB compare match
Eype filter taxt [ include this channel in the synchronous opera®
v & Startup 2
v & Generic TCNTO counter setting
% rbsp Counter clear source TGRBO compare match (Use TGRBO as a cycle register)

v & Drivers .
< Counter clock selection
v & Timers

« Config_MTUO External clock pin setting

able the noise filt

e filter f

General register setting
TGRCO
TGRDO
TGRFO

Output setting
MTIOCOA pin

When TGRB compare match

PWM output setting
PWM period

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

TGRF initial value

MTCLKA pir

MTCLKC

PCLK/4 ~  Rising edge v

Timer count clock = 40MHz (PCLKC/4)

Use TGRC as buffer register of TGRA
Transfer buffer at TGRA compare match

Buffer register of TGRA v Buffer transfer when compare match A occurs
Qutput compare register ™
Output compare register » Initial output value: low

High output at TGRA compare match
Output initial 0, 1 at compare match v
1 output from MTIOCOA pin v

Output disabled

0 output from MTIOCOC pin High output at TGRB compare match

1 ms

40255 Carrier period = 1ms

39999

40255

100

100 TGRA initial value setting
TGRC initial value setting

100

A/D converter start trigger setting

[ Enable start request on TGRA compare match (MTUO TRGAN signal)

[ Enable start request on TGRE compare match (TRGON signal)

Interrupt setting

["] enable TGRA compare match interrupt (TGIAQ)

[¥] Enable TGRB compare match interrupt (TGIBO)

Enable TGRB compare match interrupt

[] Enable TGRF compare match interrupt (TGIF0)

[ enable overflow interrupt (TCIVO)

Level 15 (highest)
Priority  Level 15 (highest)
nterrupt (TGICO' Level 15 (highest)

ch interrupt (TGIDO) Level 15 (highest)

ch interrupt (TGIED) Level 15 (highest)
Level 15 (highest)

Level 15 (highest)

A/D conversion start request frame synchronization signal setting

[_] ADSMO pin

[]ADSM1 pin

|Overview Board Clocks System Components Pins Interrupts

Source not selected

Source not selected

Figure 3.86 MTUO Settings
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3.13.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

A
Count start
R_Config_MTUO_Start()

>
»

Figure 3.87 main Function

The TGIBO interrupt handler function changes the value of the TIOR register and changes the output setting
when a TGRB compare match occurs.

< r_Config_MTUO_tgibO_interrupt >

MTUO.TIORH register setting No
low output at TGRB compare match?

Y

Set MTUO.TIORH register to high output Set MTUO.TIORH register to low output
at TGRB compare match at TGRB compare match

A

A

< return >

Figure 3.88 TGIBO Interrupt Handler Function
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3.13.5 Related Operations
3.13.5.1 Duty Cycles 0% and 100% (without buffer)
The following shows an example of PWM waveform output with duty cycles 0% and 100%, as shown in

Figure 3.85, without using a buffer. Since the buffer register and duty register are not used to switch the duty
cycle, the procedure is the same as using a buffer.

MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
DFhfF—————F————————— =~ ———— | — — — —— - -
MTUO.TGRB— 9C3Fh ) ) 4 ) ) b
0000h >
MTUO.TGRA 9D3Fh
MTUO.TIORH.IOB 6h X 5h X 6h X 5h X 6h X 5h X 6h X:
n x b 3 E » - E »
MTUO.TIORH modified
MTIOCOA pin (P31)
> > >
Duty 0% 100% 0% 100% 0% 100% 0%

Figure 3.89 PWM Output with Duty Cycles 0% and 100% (without buffer)

RO1AN5995EJ0110 Rev.1.10 Page 126 of 318
Jan.6.23 RENESAS




RX Family PWM Output Methods Using MTU3/GPTW
3.13.5.2 Change Duty Cycle to 100% After Holding 0% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 100% after outputting 0%
for several cycles.

The MITOCOA pin outputs an initial value low and 0% duty cycle after operations start when TIORH.IOA is
set to 2h and TIORH.IOB is set to 5h. Then, when TIORH.IOB is set to 6h ((1) in figure below), the pin
outputs high at a TGRB compare match; at the next TGIBO occurs, when TGRA = TGRC = TGRB and
TIORH.IOB is set to 5h ((2) in figure below), the duty cycle goes to 100%.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh
v \ v! v \ v 4
MTUO.TGRB— 9C3Fh O
0000h »
|
| Buffer register modified
1 . 2
MTUO.TGRC | 9D3Fh X 9C3Fh
; ¥ Transfer ¥ ¥ x
MTUO.TGRA } 9D3Fh X 9C3Fh
! L3
} Duty register modified
MTUO.TIORH.IOB | 5h X &0 X 5h
! (1) L O
| Initial v(alu()e MTUO.TIORH modified
) | output™®
MTIOCOA pin (P31)/_//N}—’ |
‘ ! > > —> —>
Duty R 7 0% 0% 0% 100% 100% 100% 100%
I MTUO.TCNT T T T
} count start
(TSTRA setting)
) + . Output level does not change
Pin function setting because TGRA and TGRB
(TIOR setting) compare matches occur at

the same time.

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

Figure 3.90 Change Duty Cycle to 100% After Holding 0% (with buffer)
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The following shows an example of operations when the duty cycle is switched to 100% after outputting 0%
for several cycles, as shown Figure 3.90, when not using a buffer. The procedure is the same as using a
buffer.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh ;
MTUO.TGRB— 9C3Fh ' ) O A ) )
0000h »
l
MTUO.TGRA | 9D3Fh X 9C3Fh
|
} Duty register modified
|
MTUO.TIORH.IOB ! 5h X e X 5h
| L3 -
[ MTUO.TIORH modified
| Initial v(alu)e
i I output™®
MTIOCOA pin (P31) /_//‘\vﬁ‘—> |
| ‘ —— > —————> ——————> ———>
Duty 1 ¥ 0% 0% 0% 100% 100% 100% 100%
| MTUO.TCNT T T T T
| count start
|

(TSTRA setting) |
Output level does not change
because TGRA and TGRB
compare matches occur at
the same time.

Pin function setting
(TIOR setting)

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

Figure 3.91 Change Duty Cycle to 100% After Holding 0% (without buffer)
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3.13.5.3 Change Duty Cycle to 0% After Holding 100% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 0% after outputting at
100% for several cycles.

The MITOCOA pin is initially set to low when TIORH.IOA is set to 2h and TIORH.IOB is set to 5h. With the
initial TGRA value of 0000h, when TCNT counts up from 0000h to 0001h, a compare match occurs and high
is output, resulting in 100% duty output ((1) in figure below). At count clear, the same value as the TGRB is
sent from the TGRC to the TRGA ((2) in figure below). When the TGRC is set to a value greater than the
TGRB at any timing, low is output after 2 cycles and 0% duty cycle is output ((3) in figure below).

‘ O : MTUO.TGRA modified

TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh O
| } }
MTUO.TGRB— 9C3Fh b8 S ) ) A
0000h >
} Buffer register modified
|
|
MTUO.TGRC | 9C3Fh X 9D3Fh
; L (2) Transfer ¥ ¥
MTUO.TGRA | 0000h X  9C3Fh X 9D3Fh
|
l
MTUO.TIORH.IOB | 5h
Initial value}
output™'®
MTIOCOA pin (P31) /// S: ' Q) ®
| — > ———— > ——————> ——>
Duty } v 100% 100% 100% 100% 0% 0% 0%
' MTUO.TCNT T T T
} count stantt |
V‘ (TSTRA setting) Output level does not change
Pin function settin because TGRA and TGRB compare
(TIOR setting) 9 matches occur at the same time.

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

Figure 3.92 Change Duty Cycle to 0% After Holding 100% (with buffer)
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The following is an example of operations when the duty cycle is switched to 0% after outputting 100% for
several cycles, as shown in Figure 3.92, without using a buffer. The procedure is the same as using a buffer,
but after a value greater than the TGRB is set to the TGRA, 0% duty cycle is output in the next cycle.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh ®;
v 4 v v 4
MTUO.TGRB— 9C3Fh '
0000h >
I
I
T
MTUO.TGRA  0000h X 9C3Fh X 9D3Fh
I
: Duty register modified Duty register modified
MTUO.TIORH.IOB | 5h
Initial value!
output™®e !
MTIOCOA pin (P31) /// ﬁ
| > — —> —>
Duty I 100% 100% 100% 100% 0% 0% 0%
v
: MTUO.TCNT T T T
1 count start |
| (TSTRA setting) Output level does not change
: ! X because TGRA and TGRB
Pin function setting compare matches occur at the
(TIOR setting) same time.

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

Figure 3.93 Change Duty Cycle to 0% After Holding 100% (without buffer)
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3.13.5.4 Change Duty Cycle to 100% After Holding 0% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 0% after outputting 0% for
several cycles.

The MITOCOA pin is initially set to low when TIORH.IOA is set to 5h and TIORH.IOB is set to 5h. With the
initial TGRA value of 0000h, when TCNT counts up from 0000h to 0001h, a compare match occurs and low
is output, resulting in 0% duty output ((1) in figure below). Then, when TIORH.IOB is set to 6h ((2) in figure
below), the pin outputs high at a TGRB compare match; at the next TGIBO occurrence, when TGRA = TGRC
= TGRB and TIORH.IOB is set to 5h ((3) in figure below), the duty cycle goes to 100%.

Also, active-high PWM can be output when TIORH.IOA is set to 2h at the timing indicated by (2).

‘ O : MTUO.TGRA modified

TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh o ‘
v L vl 4 A v v
MTUO.TGRB— 9C3Fh ®
0000h >
} Buffer register modified
1 8
MTUO.TGRC ! 9D3Fh X 9C3Fh
; xTransfer L Transfer x ¥ x
MTUO.TGRA ; 0000h X 9D3Fh X 9C3Fh
! R 3
} Duty register modified
MTUO.TIORH.IOB 1 5h X 6h X 5h
Initial value ! h 3 (3)

output™® ! MTUO.TIORH modified

MTIOCOA pin (P31) /// ng ™ |

| — > > —> —>
Duty } v 0% 0% 0% 100% 100% 100% 100%
|
|

! f 1 !

! count start |

V (TSTRA setting)
. . . Output level does not change
Pin function setting because TGRA and TGRB
(TIOR setting) compare matches occur at
the same time.

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

Figure 3.94 Change Duty Cycle to 100% After Holding 0% (with buffer)
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The following shows an example of operations when the duty cycle is switched to 100% after outputting 0%
for several cycles, as shown in Figure 3.94, when not using a buffer. The procedure is the same as using a

buffer.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh |
MTUO.TGRB— 9C3Fh ) O A ) )
0000h »
1
MTUO.TGRA | 0000h X 9D3Fh X 9C3Fh
[ R 3
1 Duty register modified Duty register modified
MTUO.TIORH.IOB ! 5h X e X 5h
Initial value } t t
output™® | MTUO.TIORH modified
MTIOCOA pin (P31 f—>)
OCOA pin (P31) //‘ |
| v — — —> —>
Duty ! 0% 0% 0% 100% 100% 100% 100%
| MTUO.TCNT T T T T
| count start
| (TSTRA setting) |

Output level does not change
because TGRA and TGRB
compare matches occur at

the same time.

Pin function setting
(TIOR setting)

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

Figure 3.95 Change Duty Cycle to 100% After Holding 0% (without buffer)
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3.13.5.5 Change Duty Cycle to 0% After Holding 100% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 0% after outputting at
100% for several cycles.

The MITOCOA pin outputs an initial value high and outputs 100% duty cycle after operations start when
TIORH.IOA is set to 6h and TIORH.IOB is set to 5h. When the TGRC is set to a value greater than the
TGRB at any timing, low is output after 2 cycles and 0% duty cycle is output ((1) in figure below).

Also, active-high PWM can be output when TIORH.IOA is set to 2h at any timing after operations start.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAO
MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO

A
9D3Fh O

MTUO.TGRB— 9C3Fh

0000h »
Buffer register modified
. 2
MTUO.TGRC 9C3Fh X 9D3Fh
¥ Transfer ¥ x
MTUO.TGRA 9C3Fh X 9D3Fh

MTUO.TIORH.IOB 5h

MTIOCOA pin (P31) /// fentavate ovput™ €

| > —> —> ——>>
Duty Iy 100% 100% 100% 100% 0% 0% 0%
} MTUO.TCNT T T T
| count start [
| (TSTRA setting)
v Output level does not change

because TGRA and TGRB compare

Pin function settin
9 matches occur at the same time.

(TIOR setting)

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

Figure 3.96 Change Duty Cycle to 0% After Holding 100% (with buffer)
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The following shows an example of operations when the duty cycle is switched to 0% after outputting 100%
for several cycles, as shown in Figure 3.96, when not using a buffer. The procedure is the same as using a
buffer, but after a value greater than the TGRB is set to the TGRA, 0% duty cycle is output in the next cycle.

O : MTUO.TGRA modified

TGIAO TGIAO TGIAO

MTUO.TCNT value TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO TGIBO
A
9D3Fh O
| y
MTUO.TGRB— 9C3Fh ) 4 f ) Y
0000h >
MTUO.TGRA 9C3Fh X 9D3Fh

MTUO.TIORH.IOB 5h

|

|

i

|

|

| Duty register modified
|

f

|

|

MTIOCOA pin (P31) /// /_ Initial value output™®
—— >
|

| — — —r —>
Duty L 100% 100% 100% 100% 0% 0% 0%

|

o [ I !
| MTUO.TCNT

|

|

count start |
(TSTRA setting)
v

Output level does not change because
Pin function setting TGRA and TGRB compare matches
(TIOR setting) occur at the same time.

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

Figure 3.97 Change Duty Cycle to 0% After Holding 100% (without buffer)
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3.13.6 Usage Notes

In this sample code, the process to modify the TIOR register is performed when the MTUO.TGRB compare
match interrupt (TGIBO) is generated. If the same process has been adapted to the user system, users
should be aware of potential conflicts with other processes, interrupt delays, etc., and evaluate the product
thoroughly before use.

3.13.6.1 TIOR Register Modify Delay

If the TIOR register modification could not be completed before the next TGRB compare match occurs, the
desired duty cannot be output

3.13.6.2 Contention between TIOR Register Modify Operation and Compare Match

If a MTUO.TGRB compare match interrupt (TGIBO) is generated and the TIOR register is modified during the
TIOR register modify operation, the desired duty cannot be output.

3.13.6.3 Usage Notes for Modifying TIOR Registers of MTU3, MTU4, MTU6, MTU7

When modifying the TIOR registers of MTU3, MTU4, MTU6 or MTU7 in PWM mode 1, set RWE in
registers TRWERA and TRWERB to 1.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.20 Timer Read/Write Enable
Registers (TRWERA, TRWERB).

3.13.6.4 Contention between Buffer Register Modify Operation and Compare Match

When the buffer transfer timing is set at compare match, the data in the buffer register before the
modification is transferred to the duty register if a compare match occurs in the buffer register write cycle.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.7 Contention between Buffer
Register Write Operation and Compare Match.

3.13.6.5 Switching from 0% duty cycle

When the TGRA is set to a value greater than the TGRB and 0% duty cycle is output, a TGRA compare
match does not occur because the counter is cleared before the TGRA value is reached.

If buffer register TGRC is set to transfer a value to TGRA when a TGRA compare match occurs and the duty
register is changed to switch from 0% duty, the value must be directly set in the TGRA register.

For details, refer to Figure 3.90.

3.13.6.6 Output for 1 Cycle When Duty Register is Set to 0

When the duty register is set to 0, waveforms are output for one cycle after a period register compare match
occurs, and then a duty register compare match will occur.

When repeatedly switching between duty cycles 0% and 100% with each cycle, consider switching by
changing the TIOR register, as done in the sample code.

RO1AN5995EJ0110 Rev.1.10 Page 135 of 318
Jan.6.23 RENESAS



RX Family PWM Output Methods Using MTU3/GPTW

3.13.6.7 Waveform does not Change When Duty Register is Set to Same Value as Period
Register

When the duty register is set to same value as the period register, a compare match occurs for both registers
at the same time and waveform does not change.

When repeatedly switching between duty cycles 0% and 100% with each cycle, consider switching by
changing the TIOR register, as done in the sample code.
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3.14 Complementary PWM Mode Duty 0% to 100%

o Target sample code file name: r01an5995 rx66t_mtu3_complementary_pwm_50to100.zip

3.14.1 Overview

The MTU complementary PWM mode can be used to output 3-phase complementary PWM waveforms with
dead time.

This sample code describes a sample code that repeats the following output waveforms with dead time in
complementary PWM mode 2 (transfer at trough), including duty cycles 0% and 100%.

e Duty switching: 50% — 80% — 100% — 80% — 50% — 0% — - - -

The basic operation is to make changes to the duty cycle by transferring from the buffer register to the
temporary register when a TCNT counter overflow occurs and from the temporary register to the compare
register when an underflow occurs. The buffer register is modified when a period register MTU3. TGRA
compare match occurs.
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The following list provides the MTU settings used in the sample code.

e Use complementary PWM mode 2 (transfer at trough)

e Use channels 3 and 4
e Carrier period = 1ms
o Dead time=50us
e Timer count clock = 40MHz (PCLKC/4)
o Set MTU3.TGRA to MTU3.TCNT upper limit value
(1/2 carrier period + dead time)
— MTIOCS3A pin toggle output setting
e Set buffer transfer timing
— Transfer at trough of the count
o |Initial output value is low, active level is high
e Use MTU3.TGRB as U-phase duty register
— Positive-phase:
High output at up-counting compare match
Low output at down-counting compare match
— Negative-phase:
— Low output at up-counting compare match
High output at down-counting compare match
o Use MTU4.TGRA as V-phase duty register
— Positive-phase:
High output at up-counting compare match
Low output at down-counting compare match
— Negative-phase:
— Low output at up-counting compare match
High output at down-counting compare match
o Use MTU4.TGRB as W-phase duty register
— Positive-phase:
— High output at up-counting compare match
— Low output at down-counting compare match
— Negative-phase:
— Low output at up-counting compare match
— High output at down-counting compare match
o Use buffer register
— Use MTU3.TGRD as buffer register of MTU3.TGRB
— Use MTU4.TGRC as buffer register of MTU4. TGRA
— Use MTU4.TGRD as buffer register of MTU4.TGRB
— Refer to Figure 3.100 for buffer register initial values
e Change duty cycle for each period

— Change duty cycle at MTU3.TGRA compare match interrupt
— Refer to Figure 3.100 for details on timing for duty cycle changes

—_

Set in Smart Configurator.
For Setting Methods,
refer to section 3.14.3.
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Complementary PWM mode output for this sample code is shown below.

Output waveform is active-high.

MTIOCIA PR L [ L [ L L L]
MTU MTIOC3B P71 J |_| |_| | | |
U'ph ase: (—0> 4—()) <—O> <—0> <—°> J
Channel 3 positive 50% 80% 100% 80% 50% 0%
Complementary
Pinimode  [MTIOOS0 g g PRSI 7] [ ]
nepgative. 60% 95% 100% 95% 60% 0%
| MTU3.TCNT
E'E;z J |_| |_| |_| | | |
V-phase: “«—> — ————> ———> «—>
y 50% 80% 100% 80% 50% 0%
positive
MTIOC4C P75 ﬂ
wru (OO, e L L
v V-phase: - P — > «———> 0%
Channel4 | negative 60% 95% U 100% U 95% | |760/o | b
Complementary | MTIOC4B P73
PWM mode E"’ - « > le et > | >
- 50% 80% 100% 80% 50% 0%
positive
MTIOC4D P76 |_| |_|
Ul w20 — ]
negative 60% 95% 100% 95% 60% 0%

MTU: Generates complementary PWM mode waveform
MPC: Sets the pins to be used from general purpose 1/O port to peripheral function 1/0 port

Figure 3.98 Complementary PWM Mode Output
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3.14.2 Operation Details

The sample code operations are shown in Figure 3.100. The settings of the duty cycle are changed with
each period by modifying the values of the buffer registers (MTU3.TGRD, MTU4.TGRC, and MTU4.TGRD)
at the compare match interrupt (TGIA3) of the MTU3.TGRA register, which is set to the upper limit value of
MTUS3.TCNT ((1) in Figure 3.100).

Writing MTU4.TGRD at the end of the buffer register modification enables data transfer from the buffer
register to the temporary register. When MTU4.TGRD is written in the Ta interval, the data written to the
buffer register is immediately transferred to the temporary register, but in this sample code, MTU4.TGRD is
written in the Tb1 interval, so the data is transferred to the temporary register after the Tb1 interval, ends ((2)
in Figure 3.100).

Since this sample code uses complementary PWM mode 2 for trough transfers, the compare register
updates the data by transferring from the temporary register at the end of the Tb2 interval ((3) in Figure
3.100).

Initial output is OFF for both positive-phase output and negative-phase output according to the settings of
TOCRZ2A bits OLS1P, OLS1N, OLS2P, OLS2N, OLS3P, and OLS3N. After setting the complementary PWM
mode in MTU3.TMDR1, output continues until MTU4.TCNT is greater than the value of the TDDRA register
((4) in Figure 3.100).

The duty cycle in each period generates the 1/2 duty cycle for the up-counting period and down-counting
periods. The duty cycles generated in the up-counting and down-counting periods are shown in Figure 3.99.

¢ 100% Duty Cycle Output
When outputting 100% duty cycle, set 0000h at the buffer register modify timing one cycle before in order
to make the compare register value 0000h.
The compare and temporary registers are enabled in the Tb2 interval and the positive-phase turns ON
when a compare match occurs between the temporary and counter registers ((5) in Figure 3.100).
Because the negative-phase does not turn OFF when both compare matches occur, low output is
retained from the previous cycle ((6) in Figure 3.100).

e 0% Duty Cycle Output

When outputting 0% duty cycle, set the buffer register to the same value as MTU3.TGRA at the buffer

modify timing one cycle before in order to make the compare register the same value as MTU3.TGRA.

The following compare matches (a, b, ¢ and d) occur, but the waveform does not change. The positive-

phase wave retains low output and the negative-phase wave retains high output ((7) in Figure 3.100).

— For compare match c, a compare match occurs between the compare register and the counter
register, and the positive-phase turns OFF, but the waveform does not change since the phase goes
from OFF to OFF.

— For compare matches a and d, compare matches that turn the negative-phase output ON/OFF occur
at the same time. However, when compare matches that turn output ON/OFF for the same phase
occur at the same time, both compare matches are ignored and the waveform does not change.

— For compare match b, since compare match ¢, which turns output OFF, occurs in the same section, b
is ignored, and the waveform does not change.

Up- Down-
counting counting
period period

TCNT
23%.2%% A0k J0% 0%k, S0%,  A0KI0%
PWM output | | | u |_|
—> <« >
50% 80% 100% 80%
Figure 3.99 Symmetric PWM Output Waveform
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MTUA4.TGRB compare matches
occur at the same time.

Figure 3.100 Sample Code Operations
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v

v
MTU3.TCNT,
MTU4.TCNT

count start

(TSTRA setting)

(TMDR1 seting)

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

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

add components, refer to section 3.1.4 Adding Components.

Table3.17 Adding Components

Item Description
Component Complementary PWM Mode Timer
Configuration name Config_MTU3_MTU4
Operation Complementary PWM Mode 2 (transfer at trough)
Resource MTU3_MTU4
Components - + 3 ¥ Configure @
A

T S Synchronous mode setting
¥ & Starty
P [Jinclude this channel in the synchronous operation
v & Generic

% rbsp TCNT3 counter setting
v & Drivers Counter clear source Disabled counter clear i
v & Timers

Counter clock selection PCLK/4 o4 Rising edge v

« Config MTU3 MTU4 |

External clock pin setting

filter for MTCLKA

PCLK
PWM output setting
Timer operation period 1
[l Enable dead time Dead time |50 us
Dead time = 50
MTU3.TGRB register value 10000
MTU4.TGRA register value 10000 MTU3.TGRB initial value setting
MTU4.TGRA initiai value setting
MILATNS reglstec yokie 10000 MTU4.TGRB initial value setting

= Advance setting
Brushless DC motor control setting

[1Enable U, V and W phase output control by software or external input signal

Enable MTIOC3A pin toggle output Level

/] Enable MTIOC3A toggle output

Buffer transfer timing of PWM output level setting  Transfers data at the trough of the count v

[] Enable U phase: Initial output level of MTIOC3B pin (positive-phase)

<

Active level:H (Initial output:Loutput at compare match on up-count:H,output at compare match on down-count:L)
[ Enable U phase: Initial output level of MTIOC3D pin (negative-phase)

Active level:H (Initial output:Loutput at compare match on up-count:Loutput at compare match on down-countH)
[ Enable V phase: Initial output level of MTIOC4A pin (positive-phase)

Active level:H (Initial output:Loutput at compare match on up-count:H,output at compare match on down-countl)
[~ Enable v phase: Initial output level of MTIOCAC pin (negative-phase)

Active level:H (Initial output:Loutput at compare match on up-count:Loutput at compare match on down-countH)
[ Enable W phase: Initial output level of MTIOCA4B pin (positive-phase)

Active level:H (Initial output:Loutput at compare match on up-count:H,output at compare match on down-count:l)
[ Enable W phase: Initial output level of MTIOCAD pin (negative-phase)

Active level:H (Initial output:Loutput at compare match on up-count:Loutput at compare match on down-countH)

—

Active level: High, Initial value output: Low

Positive-phase: High output at up-count compare match, Low output at down-count compare match
Negative-phase: Low output at up-count compare match, High output at down-count compare match

Output setting Set buffer transfer timing

Transfers data at the trough of the count

Figure 3.101 MTU3 and MTU4 Settings (1/2)
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Interrupt setting
Interrupt skipping mode Interrupt skipping function 1 (compare match interrupt skipping) 38
Enable MTU3/TGRA compare match interrupt (TGIA3)  Priority  Level 15 (highest) ¥

Interrupt skipping count Disable interrupt skip ol

Enable MTU3.TGRA compare match interrupt

[[J Enable MTU4 underflow interrupt (TCIV4)

Buffer register and synchronous clearing operation setting

[[J Waveform output immediately before synchronous clearing is retained

A/D conversion start trigger setting
[ Enable A/D conversion start request on matching of the crest of count (trigger signal of MTU3 TRGA3N)
[[J Enable A/D conversion start request on matching of the trough of count (trigger signal of MTU4 TRGA4N)

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

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

[JADSM1 pin Source not selected

Overview Board Clocks System Components Pins Interrupts

Figure 3.102 MTU3 and MTU4 Settings (2/2)
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3.14.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

MTUS.TCNT and MTU4.TCNT counting is started in the main function.

=

A
Count start
R_Config MTU3_MTU4_Start()

Figure 3.103 main Function

User initialization function R_Config MTUQ_Create_Userlnit, which is executed before the main function,
initializes the variables. This function is called from within the R_Config_ MTUQ_Create function.

This function initializes the following variable used in this sample code.

e s duty_list_counter: counter variable for reading from the duty cycle list

G_Config_MTU3_MTU4_Create_U se rInit>

A 4

Initialize variables

A 4

Set buffer registers
MTU3.TGRD, MTU4.TGRC, and
MTU4.TGRD to initial values

v
( return >

Figure 3.104 User Initialization Function
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The TGIA3 interrupt handler function changes the values of the next buffer registers (MTU3.TGRD,
MTU4.TGRC and MTU4.TGRD) sequentially according to the values read from the duty cycle list.

(r_Config_MTU3_MTU4_tgia3_interru pt>

A 4

Update MTU3.TGRD, MTU4.TGRC, and
MTU4.TGRD duties

v
< return >

Figure 3.105 TGIA3 Interrupt Handler Function
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3.14.5 Usage Notes
3.14.5.1 Pin Settings

The MTIOC3C and MTIOCG6C pins cannot be used as the timer input/output pins in the complementary PWM
mode. Set them to I/O ports.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.8 Complementary PWM Mode,
Table 22.74 Output Pins for Complementary PWM Mode.

3.14.5.2 Buffer Register Value Updating

When modifying the data in the buffer register, be sure to modify to MTU4.TGRD (MTU7.TGRD) last. Data is
transferred from the buffer register to all five temporary registers simultaneously after the write to
MTU4.TGRD (MTU7.TGRD).

Even when not updating all five registers or when not updating the data in MTU4.TGRD (MTU7.TGRD), be
sure to write to MTU4.TGRD (MTU7.TGRD) after writing data to the registers to be updated. In this case, the
data to be written to MTU4.TGR (MTU7.TGRD) should be the same as the data prior to the write operation.

3.14.5.3 Buffer Operation Settings

In complementary PWM mode, use the buffer operation to modify the PWM period setting registers
(MTU3.TGRA and MTU6.TGRA), timer period data registers (TCDRA and TCDRB), and duty setting
registers (MTU3.TGRB, MTU4.TGRA, MTU4.TGRB, MTU6.TGRB, MTU7.TGRA, and MTU7.TGRB).

The MTIOC4C (MTIOC7C) and MTIOC4D (MTIOC7D) pins cannot output waveforms, when the buffer
operation bits MTU4. TMDR1.BFA (MTU7.TMDR1.BFA), MTU4. TMDR1.BFB (MTU7.TMDR1.BFB) are set to
1. Set MTU4.TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4.TMDR1.BFB (MTU7.TMDR1.BFB) bits to 0.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.14 Buffer Operation Setting in
Complementary PWM Mode.

3.14.5.4 Output Level Settings

When MTU3 and MTU4 (or MTU6 and MTU?7) are in the complementary PWM mode, PWM waveform output
level is determined by the TOCR1A.OLSP, TOCR1A.OLSN, TOCR1B.OLSP, and TOCR1B.OLSN bits, and
the TOCR2A.0OLSnP, TOCR2A.0OLSnN, TOCR2B.OLSnP, and TOCR2B.OLSNnN (n = 0 to 3) bits. Set the
TIOR register to 00h.

If the TDERA.TDER (TDERB.TDER) bit is set to 0 (dead time is not generated) in the complementary PWM
mode, the negative-phase output is the inverted level of the positive-phase output according to the settings
of the TOCR1A.OLSP (TOCR1B.OLSP) and TOCR2A.0OLSnP (TOCR2B.OLSNP) (n = 0 to 3) bits, and does
not depend on the settings of the TOCR1A.OLSN (TOCR1B.OLSN) and TOCR2A.OLSnN
(TOCR2B.OLSNN) (n = 0 to 3) bits.

When dead time is not generated, if only the output of the negative-phase side is enabled and the output of
the positive-phase side is prohibited in the TOER register, the negative-phase side does not be output.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.22 Timer Output Control Registers
1 (TOCR1A, TOCR1B) and section 22.2.23 Timer Output Control Registers 2 (TOCR2A, TOCR2B).
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3.15 Complementary PWM Mode Duty Cycles 0% and 100%

o Target sample code file name: r01an5995 rx66t_mtu3_complementary_pwm_0to100.zip

3.15.1 Overview

The MTU complementary PWM mode can be used to output 3-phase complementary PWM waveforms with
dead time.

This sample code describes a sample code that uses complementary PWM mode 2 (transfer at trough) and
repeats waveform output alternating between duty cycles 0% and 100%.

The basic operation is to make changes to the duty cycle by transferring from the buffer register to the
temporary register when a TCNT counter overflow occurs, and from the temporary register to the compare
register when an underflow occurs. The buffer register is modified when a period register MTU3. TGRA
compare match occurs.
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The following list provides the MTU settings used in the sample code.
o Use complementary PWM mode 2 (transfer at trough) —
e Use channels 3 and 4
e Carrier period = 1ms
e Dead time = 50us
e Timer count clock = 40MHz (PCLKC/4)
o Set MTU3.TGRA to MTU3.TCNT upper limit value
(1/2 carrier period + dead time)
— MTIOCS3A pin toggle output setting
e Set buffer transfer timing
— Transfers data at the trough of the count
o |Initial output value is low, active level is high
e Use MTU3.TGRB as U-phase duty register
— Positive-phase:
High output at up-counting compare match
Low output at down-counting compare match
— Negative-phase:
Low output at up-counting compare match

High output at down-counting compare match Set in Smart Configurator.
Use MTU4.TGRA as V-phase duty register —
* I ) P uty reg! For setting methods,
— Positive-phase:
High output at up-counting compare match refer to section 3.15.3.

Low output at down-counting compare match
— Negative-phase:
Low output at up-counting compare match
High output at down-counting compare match
o Use MTU4.TGRB as W-phase duty register
— Positive-phase:
High output at up-counting compare match
Low output at down-counting compare match
— Negative-phase:
Low output at up-counting compare match
High output at down-counting compare match
o Use buffer register
— Use MTU3.TGRD as buffer register of MTU3.TGRB
— Use MTU4.TGRC as buffer register of MTU4. TGRA
— Use MTU4.TGRD as buffer register of MTU4.TGRB
— Refer to Figure 3.107 for buffer register initial values
e Change duty cycle for each period
— Change duty cycle at MTU3.TGRA compare match interrupt
— Refer to Figure 3.107 for details on timing for duty cycle changes
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Complementary PWM mode output for this sample code is shown below.

Output waveform is active-high.

MTIOC3A
MTU MTIOC3B
U-phase: _
Channel 3 positive
Complementary
MTIOC3D
PWM mode ) _
U-phase:
negative
| MTU3.TCNT
MTIOC4A
Ry S
hase:
positive
MTIOC4C
MTU e > WP
phase:
Channel 4 negative
Complementary | MTIOC4B
PWM mode _phase:
positive
MTIOC4D
W-phase:l _
negative

P33

=ur I e B S I S S

B s IS o N S
—> —> —>

0% 100% 0% 100% 0% 100%

i G I L N (Ot S |
—=>
> > >

0% 100% 0% 100% 0% 100%

P72
= «—> «—> «—>

0% 100% 0% 100% 0% 100%

Les 1 L LT
> > >

0% 100% 0% 100% 0% 100%

Eﬂs I E— D E—

>

0% 100% 0% 100% 0% 100%

—>
100%

—>
100%

—>

0% 0% 0% 100%

MTU: Generates complementary PWM mode waveform
MPC: Sets pins to be used from general purpose 1/O port to peripheral function 1/0O port

Figure 3.106 Complementary PWM Mode Output
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3.15.2 Operation Details

The sample code operations are shown in Figure 3.107. The duty cycle is switched between 0% and 100%
with each period by modifying the values of the buffer registers (MTU3.TGRD, MTU4.TGRC, and
MTU4.TGRD) at the compare match interrupt (TGIA3) of register MTU3.TGRA, which is set in the upper limit
value of MTU3.TCNT ((1) in Figure 3.107).

Initial output is OFF for both positive-phase output and negative-phase output, according to the settings of
TOCRZ2A bits OLS1P, OLS1N, OLS2P, OLS2N, OLS3P, and OLS3N. After setting complementary PWM
mode with MTU3.TMDR1, output is continued until MTU4.TCNT is greater than the value of the TDDRA
register ((2) in Figure 3.107).

e 0% Duty Cycle Output

When outputting 0% duty cycle, set the buffer register to the same value as MTU3.TGRA in order to

make the compare register the same value as MTU3.TGRA.

The negative-phase ON period is shorter than the positive-phase OFF period by the dead time.

The following compare matches (a, b, ¢ and d) occur, but the waveforms do not change. The positive-

phase wave retains low output and the negative-phase wave retains high output ((3) in Figure 3.107).

— For compare match ¢, a compare match occurs between the compare register and the counter
register, and the positive-phase turns OFF, but the waveform does not change since the phase goes
from OFF to OFF.

— When compare matches that turn the negative-phase output ON/OFF occur at the same time, both
compare matches are ignored and the waveform does not change.

— For compare match b, since compare match c, which turns output OFF, occurs in the same section, b
is ignored, and the waveform does not change.

¢ 100% Duty Cycle Output
When outputting 100% duty cycle, set 0000h at the buffer register modify timing one cycle before to make
the compare register value 0000h.
The compare and temporary registers are enabled in the Tb2 interval. When a compare match occurs
between the temporary and counter registers, the positive-phase goes high and the negative-phase goes
low ((4) in Figure 3.107).
The negative-phase OFF period is longer than the positive-phase ON period by the dead time.
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Complementary PWM mode 2 (transfer at trough)
Output waveform is active-high.

Output waveform symbol definitions.
Compare match
Temporary register value

— : Compare register value

TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3
A | | | | |
®)
MTU3.TGRA—55F0h R
TCDRA—4E20h
TDDRA—07D0N (5
0000h = >
|/ Ta T Ta T2 Ta Tot Ta T2 Ta Tol Ta Toz Ta Tol Ta T2 Ta To1 Ta T2 Ta Tol Ta T2 Ta To1 Ta T2
MTIOC3A (P33) | | [ | [ | | | [ | | [
i
| Buffer register modified
| [UNF 3 5 L 5 i 5 5
Buffer register 55F0h X 0000h X 55F0h X 0000h X 55F0h X 0000h X 55F0h X oooon
MTU3.TGRD » T T T T T T
I
Tﬂi}oéiﬂ'\é;?islef 55F0h X 0000h X 55F0h X 0000h X 55F0h X 0000h X 55F0h X oooon
! \ \ v \ v \ \
Compare register 55F0h 0000h 55F0h 0000h 55F0h 0000h 55F0h
MTU3.TGRB ; X X X X X X X
U-phase: positive ! OFF OFF OFF
MTIOC3B (P71) TR oN on OFF on
mtarvaeoupa™ o) 0% @ /(A) 100% 0% 100% 0% 100% 0%
|
U-phase: negative ! OFF
MTIOC3D (P74) /////‘ OFF ON OFF ON OFF oN ON
>
Intial value output™®) | 0% 100% 0% 100% 0% 100% 0%
} } Buffer register modified
I OF % & & & & &
Buffer register 55F0h X 0000h X 55F0h X 0000h X 55F0h X 0000h X 55FO0h X oooon
MTU4TGRC — » T T 1
L
Temporary register 55F0h X 0000h X 55F0h X 0000h ) 55F0h X 0000h X 55F0h X oooon
TEMP2A » T T T T i
Ll
Compare register 55F0h X 0000h X 55F0h X 0000h X 55F0h X 0000h X 55F0h X
MTU4.TGRA —
|
V-phase: positive | OFF OFF OFF
MTIOCAA (P72) /WH oN on OFF oN
mtavasooupue || o 0% @ 100% 0% 100% 0% 100% %
I
V-phase: negative
MTIOCA4C (P75) /////} OFF oN OFF oN OFF o OFF -
%
i vaooupi™ | 0% 100% 0% 100% 0% 100% 0%
} } Buffer registermodified
I [OF 5 &£ & & &£ &
Buffer register 55F0h X 0000h X 55F0h X 0000h X 55F0h X 0000h X 55F0h Y oooon
MTU4.TGRD >
P \ \ Y \
Temporary register 55F0h X 0000h X 55F0h X 0000h X 55F0h X 0000h X 55F0h X oooon
TEMP3A ;
i \ v \ \ \
Compare register 55F0h 0000h 55F0h 0000n 55F0h 0000h 55F0h
MTU4.TGRB — X X X X X X X
W-phase: positive | OFF OFF
MTIOC4B (P73) i ‘ﬂ*” N oN OFF on OFF
it valusouput™ | | 0% @ @ 100% 0% 100% 0% 100% 0%
) I
W-phase: negative
MTIOCAD (P76) /////g ON OFF ON OFF OoN OFF oN
|
ntial valusouput™® | 0% 100% 0% 100% 0% 100% 0%
Pl
\
Complementary PWMmode
(TMDR1 setiing)
v
MTU3.TCNT,
MTU4.TCNT
coont start
(TSTRA setting)

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

Figure 3.107 Sample Code Operations
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3.15.3 Smart Configurator Settings

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

add components, refer to section 3.1.4 Adding Components.

Table 3.18 Adding Components

Item

Description

Component

Complementary PWM Mode Timer

Configuration name

Config_MTU3_MTU4

MTIOCS3A pin toggle output setting

External clock pin setting

Timer operation period

M Enable dead time Dead time |50

Dead time = 50us

MTU3.TGRB register value
MTU4.TGRA register value ~] MTU3.TGRB initial value setting
— = | MTU4.TGRA initial value setting
UA4TGRE register value MTU4.TGRB initial value setting
~ Advance setting

Brushless DC motor control setting

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

Output setting Set buffer transfer timing
Transfers data at the trough of the count
Enable MTIOC3A toggle output
Buffer transfer timing of PWM output level setting | Transfers data at the trough of the count v

U phase: Initial output level of MTIOC3B pin (positive-phase)

Active level:H (Initial output:L,output at compare match on up-count:H,output at compare match on down-countl) v

U phase: Initial output level of MTIOC3D pin (negative-phase)

Active level:H (Initial outputiL, output at compare match on up-count:L, output at compare match on down-count:H) v

V phase: Initial output level of MTIOC4A pin (positive-phase)

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

V phase: Initial output level of MTIOCAC pin (negative-phase)

Active level:H (Initial output:L,output at compare match on up-count:L,output at compare match on down-count:H) v

W phase: Initial output level of MTIOC4B pin (positive-phase)

Active level:H (Initial outputiL, output at compare match on up-count:H,output at compare match on down-countil) v

W phase: Initial output level of MTIOC4D pin (negative-phase)

Active level:H (Initial output:L,output at compare match on up-count:L,output at compare match on down-count:H) v

Active level: High, Initial output value: Low

Positive-phase: High output at compare match on up-count, Low output at compare match on down-count
Negative-phase: Low output at compare match on up-count, High output at compare match on down-count

Operation Complementary PWM Mode 2 (transfer at trough)
Resource MTU3_MTU4
Components 4 [0 [+ 3~ Configure O)
w | - i v
ype e ied Synchronous mode setting
v (& Startup [OInclude this channel in the synchronous operation
v (& Generic
@ rbsp TCNT3 counter setting
v @& Drivers Counter clear source Disabled counter clear v
v (= Timers
@ Config_MTU3_MTU4 Counter clock selection PCLK/4 v Rising edge v

Figure 3.108 MTU3 and MTU4 Settings (1/2)
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Enable MT!

<

U3.TGRA compare match interrupt

Interrupt setting

Interrupt skipping mode Interrupt skipping function 1 (compare match interrupt skipping)

e interrupt

v

£<] Enable MTU3/TGRA compare match interrupt (TGIA3)  Priority | Level 15 (highest)

Inter\gpt skipping count Disable interrupt skip

[J Enable MTU4/TGRB compare match interrupt (TGIB4) Level 15 (highest!

[J Enable MTU4 underflow interrupt (TCIV4)

Buffer register and synchronous clearing operation setting

[J Waveform output immediately before synchronous clearing is retained

Do not link with

A/D conversion start trigger setting

[ Enable A/D conversion start request on matching of the crest of count (trigger signal of MTU3 TRGA3N)
[JEnable A/D conversion start request on matching of the trough of count (trigger signal of MTU4 TRGA4N)
[J Enable A/D conversion start request on matching of the counter and cycle register value (trigger signal of MTU4 TRG4ABN)

nable A/D conversion start request on matching of the counter and cycle set register A value

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

[JADSM1 pin Source not selected

Overview | Board | Clocks | System | Components | Pins| Interrupts

Figure 3.109 MTU3 and MTU4 Settings (2/2)
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3.15.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

MTUS.TCNT and MTU4.TCNT counting is started in the main function.

=

v
Count Start
R_Config_ MTU3_MTU4_Start()

Figure 3.110 main Function

The TGIAS3 interrupt handler function changes the values of the next buffer registers to be set according to
the duty cycle set in the buffer registers (MTU3.TGRD, MTU4.TGRC, MTU4.TGRD).

<r_Config_MTU 3_MTU4_tgia3_interru pt>

Are buffer registers
previously setto 0% duty cycle?
(s_duty_update_flag = 0)

No

\

Set MTU3.TGRD, MTU4.TGRC, and MTU4.TGRD Set MTU3.TGRD, MTU4.TGRC, and MTU4.TGRD
to 100% duty cycle to 0% duty cycle
A 4 y
Set duty update flag Clear duty update flag

<
-

A 4

( return >

Figure 3.111 TGIAS3 Interrupt Handler Function
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3.15.5 Related Operations

3.15.5.1 Change Duty Cycle to 100% After Holding 0% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 100% after duty has been

output at 0% for several cycles.

The compare and temporary registers are enabled in the Tb2 interval. When a compare match occurs
between the temporary and counter registers, negative-phase output goes low and then positive-phase

output goes high ((1) in figure below).

The negative-phase OFF period is longer than positive-phase ON period by the dead time.

Complementary PWM mode 2 (transfer at trough)
Output waveform is active-high.

TGIA3 TGIA3

A | !

cadb

TGIA3 TGIA3

MTU3.TGRA—55F0h
TCDRA—4E20h

TDDRA—07D0h
0000h

TGIA3 TGIA3 TGIA3

>

| Ta Tb1 Ta Th2 Ta Tb1 Ta Tbh2
|

Tbt Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Th2

MTIOC3A (P33) | [ | | | [ [ | F
i
| Buffer register modified
] ! &
Bﬂ;rfﬁg?g;‘g 55F0h X 0000h
) \ Transter \ y \ \ \ \
TemPTOEf:Af'YD;eAQisfef 55F0h X 0000h
Compare register 55FO0h X 0000h
MTU3.TGRB ‘
U-phase: positive ! OFF ON
MTIOC3B (P71) MR IX
[—— } 0% 0% 0% /m 100% 100% 100% 100%
|
U-phase: negative !
MTIOC3D (P74)  H1A\OFF oN | OFF
o
Intial value output™®) | 0% 0% 0% 100% 100% 100% 100%
|
+ )

Complementary PWM mode
(TMDR1 setting)
|
v
MTU3.TCNT,
MTU4.TCNT

count start
(TSTRASsetting)

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

Figure 3.112 Change Duty Cycle to 100% After Holding 0%
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3.15.5.2 Change Duty Cycle to 0% After Holding 100% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 0% after duty has been
output at 100% for several cycles.

The compare and temporary registers are enabled in the Tb2 interval. When a compare match occurs
between the compare and counter registers, positive-phase output goes low and then negative-phase output
goes high ((1) in figure below).

The negative-phase ON period is shorter than the positive-phase OFF period by the dead time.

Complementary PWM mode 2 (transfer at trough)
Output waveform is active-high.

TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3

A | ! | ! !

MTU3.TGRA—55F0h R

TCDRA—4E20h

TDDRA—07D0h
0000h

>
>

A 5 S et o e e A e o e AR e o
} Ta Tb1 Ta Tb2 Ta Tbl Ta Tb2 Ta Tbl Ta Tb2 Ta Tbl Ta Tb2 Ta Tbl Ta Tbh2 Ta Tbl Ta Th2 Ta Tbl Ta Th2

MTIOC3A (P33) \ [ | [ | J | [ \ [
I
| Buffer register modified
I
Bh}l{frfﬁf;g;‘g 55F0h X 0000h
) \ Transter \ y \ \ \ v
Temporary register 55F0h X 0000h
Compare register 55F0h X 0000h
MTU3.TGRB ‘
U-phase: positive ! OFF ON
wmocss pr1) MM\ IX
J———1 } 0% 0% 0% /m 100% 100% 100% 100%
|
U-phase: negative !
MTIoC3D (P74)  HIA\OFF on | oFF
gl
Intil value output ™) | 0% 0% 0% 100% 100% 100% 100%
I
v

Complementary PWM mode
(TMOR1 seting)

v
MTUSTCNT,
MTU4.TCNT

count start
(TSTRA setiing)

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

Figure 3.113 Change Duty Cycle to 0% After Holding 100%
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3.15.5.3 Change Duty Cycle to 100% After Holding 0% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 100% after duty has been
output at 0% for several cycles.

The compare and temporary registers are enabled in the Tb2 interval. When a compare match occurs
between the temporary and counter registers, negative-phase output goes high and then positive-phase
output goes low ((1) in figure below).

The negative-phase OFF period is longer than the positive-phase ON period by the dead time.

Complementary PWM mode2 (transfer at trough) Output waveform symbol definitions

o : Compare match
Output waveform is active-low. Temporary register value

— : Compare register value

TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3
A | | | I !
MTU3.TGRA—55F0h R
TCDRA—4E20h
TDDRA—07D0Oh "
0000h 4 . FAA — A8, ALt %

} Ta Tb1 Ta Tb2 Ta Tbl Ta Tb2 Ta Tbl Ta Tb2 Ta Tbt Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Th2

MTIOC3A (P33) g l 1 [ l [ [ l [ [ [ r

|
| Buffer register modified

B’\;Ii_frfﬁg r%i;‘g 55F0h X 0000h
’ \ Transier \ \ v \ \ \
Temporary register 55F0h X 0000h
TEMP1A 5 I Y \ \ \ v
Compare register 55F0h X 0000h
MTU3.TGRB :
U-phase: positive ////‘ t OFF ‘ ON
MTIOC3B (P71) ! \
J——4 } - 0% 0% 0% 0) 100% 100% 100% 100%
|
U-phase: negative ]
wmmocap (pra) M b f orF
> w 1
intal value output™ | 0% 0% 0% 100% 100% 100% 100%
|
Cump\enem.a*y PV\}M mode
(TMDR1 sell\‘ng)
v
MTU3.TCNT,
MTU4.TCNT
count start
(TSTRA setting)

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

Figure 3.114 Change Duty Cycle to 100% After Holding 0%

To make the initial value high, set “initial output level” of each pin to “active level: L”. In complementary PWM
mode, when the initial output is high, the active level goes to low.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.23 Timer Output Control Registers
2 (TOCR2A, TOCR2B).

Output setting

[ Enable MTIOC3A toggle output

Buffer transfer timing of PWM output level setting  Transfers data at the trough of the count

[l Enable U phase: Initial output level of MTIOC3B pin (positive-phase)

Active level:H (Initial output:Loutput at compare match on up-count:H,output at compare match on down-count:l) v
[ Enable U phase: Initial output level of MTIOC3D pin (negative-phase)

Active level:H (Initial output:Loutput at compare match on up-count:Loutput at compare match on down-countH) ¥

Active level: Low, Initial output value: High

Positive-phase: Low output at compare match on up-count, High output at compare match on down-count
Negative-phase: High output at compare match on up-count, Low output at compare match on down-count

Figure 3.115 Smart Configurator Setting for Holding Value High
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3.15.5.4 Change Duty Cycle to 0% After Holding 100% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 0% after duty has been
output at 100% for several cycles.

The compare and temporary registers are enabled in the Tb2 interval. When a compare match occurs
between the compare and counter registers, positive-phase output goes high and then negative-phase
output goes low ((1) in figure below).

The negative-phase ON period is shorter than the positive-phase OFF period by the dead time.

Complementary PWM mode2 (transfer at trough)
Output waveform is active-low.

TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3 TGIA3
A | | | | |
MTU3.TGRA—55F0h p
TCDRA—4E20h
TDDRA—07D0h \
0000h L + LA RS PA / AL
I\ Ta Tt Ta Tz Ta Tot Ta T2 Ta Tt Ta T2 Ta T Ta T2 Ta Tb1 Ta T2 Ta Tot Ta T2 Ta Tb Ta T2
MTIOC3A (P33) | [ | [ | [ | [ | [1
I
| Buffer register modified
) ] &
B’\;I{frfﬁgf?%:g 0000h X 55F0h
: \Transer \ v v v v \
Temporary register 0000h X 55F0h
Compare register 0000h X 55F0h
MTU3.TGRB ;
U-phase: positive /) OFF ON [ OFF
MTIOC3B (P71)  —!
®70 e \ 0% 0% 0% 0%
[R—— 100% 100% 100% o
I
U-phase: negative T /
wmocsp (pra) M o | oN
e 0% 0% 0% 0%
nnnnn | 100% 100% 100%

Complementary PWM mode
(TMDR1 setting)
]
v
MTU3.TCNT,
MTU4.TCNT

count start
(TSTRA setting)

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

Figure 3.116 Change Duty Cycle to 0% After Holding 100%

To make the initial value high, set the “initial output level” of each pin to “active level: L". For details, refer to
Figure 3.115.
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3.15.6 Usage Notes
3.15.6.1 Pin Settings

The MTIOC3C and MTIOCG6C pins cannot be used as the timer input/output pins in the complementary PWM
mode. Set them to I/O ports.

For details, refer to RX66T Group User's Manual: Hardware, section 22.3.8 Complementary PWM Mode,
Table 22.74 Output Pins for Complementary PWM Mode.

3.15.6.2 Buffer Register Value Updating

When modifying the data in the buffer register, be sure to modify to MTU4.TGRD (MTU7.TGRD) last. Data is
transferred from the buffer register to all five temporary registers simultaneously after the write to
MTU4.TGRD (MTU7.TGRD).

Even when not updating all five registers or when not updating the data in MTU4.TGRD (MTU7.TGRD), be
sure to write to MTU4.TGR (MTU7.TGRD) after writing data to the registers to be updated. In this case, the
data to be written to MTU4.TGRD (MTU7.TGRD) should be the same as the data prior to the write operation.

3.15.6.3 Buffer Operation Settings

In complementary PWM mode, use the buffer operation to modify the PWM period setting registers
(MTU3.TGRA and MTU6.TGRA) and timer period data registers (TCDRA and TCDRB), and duty setting
registers (MTU3.TGRB, MTU4.TGRA, MTU4.TGRB, MTU6.TGRB, MTU7.TGRA, and MTU7.TGRB).

The MTIOC4C (MTIOC7C) and MTIOC4D (MTIOC7D) pins cannot output waveforms, when the buffer
operation bits MTU4. TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4. TMDR1.BFB (MTU7.TMDR1.BFB) are
setto 1. Set MTU4.TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4. TMDR1.BFB (MTU7.TMDR1.BFB) bits to
0.

For details, refer to RX66T Group User's Manual: Hardware, section 22.6.14 Buffer Operation Setting in
Complementary PWM Mode.

3.15.6.4 Output Level Settings

When MTU3 and MTU4 (or MTUG and MTU7) are in the complementary PWM mode, PWM waveform output
level is determined by the TOCR1A.OLSP, TOCR1A.OLSN, TOCR1B.OLSP, and TOCR1B.OLSN bits, and
the TOCR2A.0OLSnP, TOCR2A.0OLSnN, TOCR2B.OLSnP, and TOCR2B.OLSNnN (n = 0 to 3) bits. Set the
TIOR register to 00h.

If the TDERA.TDER (TDERB.TDER) bit is set to 0 (dead time is not generated) in the complementary PWM
mode, the negative-phase output is the inverted level of the positive-phase output according to the settings
of the TOCR1A.OLSP (TOCR1B.OLSP) and TOCR2A.0OLSnP (TOCR2B.OLSnP) (n = 0 to 3) bits, and does
not depend on the settings of the TOCR1A.OLSN (TOCR1B.OLSN) and TOCR2A.OLSnN
(TOCR2B.OLSNN) (n = 0 to 3) bits.

When dead time is not generated, if only the output of the negative-phase side is enabled and the output of
the positive-phase side is prohibited in the TOER register, the negative-phase side does not be output.

For details, refer to RX66T Group User's Manual: Hardware, section 22.2.22 Timer Output Control Registers
1 (TOCR1A, TOCR1B) and section 22.2.23 Timer Output Control Registers 2 (TOCR2A, TOCR2B).
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4. GPTW Sample Code

4.1 Common Codes

41.1 Sample Code List
This application note provides the following sample codes created with the Smart Configurator. If the duty
cycle is not indicated, waveform output is repeated in duty cycles 80%—60%—40%—20%—- - -.

Sample code can be downloaded from the Renesas Electronics website.

Table 41 GPTW Sample Code List (1/2)

Name Description Ref.
Sawtooth-Wave PWM Mode Use sawtooth-wave PWM mode 4.2
r01an5995_rx66t_gptw_sawtooth_pwm.zip Buffer transfer when TCNT overflow occurs, and 2-

phase PWM waveform output
Sawtooth-Wave One-Shot Pulse Use sawtooth-wave one-shot pulse mode 4.3

Buffer transfer when TCNT overflow and compare
match occur, and 1-phase PWM waveform output

r01an5995_rx66t_gptw_sawtooth_1shotpls_dt.zip Use automatic dead time setting function 4.3
r01an5995_rx66t_gptw_sawtooth_1shotpls.zip No use of automatic dead time setting function 4351
Sawtooth-Wave PWM Mode 3-Phase Use sawtooth-wave PWM mode 4.4
Complementary 3-phase complementary PWM waveform output
r01an5995_rx66t_gptw_sawtooth_pwm_3phase.zip without dead time
Each phase outputs 25%, 50%, and 75% fixed duty
cycle
Sawtooth-Wave One-Shot Pulse 3-Phase Use sawtooth-wave one-shot pulse mode 4.5
Complementary Buffer transfer when TCNT overflow and compare

r01an5995_rx66t_gptw_sawtooth_1shotpls_3phase_dt.zip | match occur, and 3-phase complementary PWM
waveform output
Output duty cycles: 20%—40%—60%—80%—60%

— e

Triangle-Wave PWM Mode 1 Use triangle-wave PWM mode 1 (32-bit transfer at 4.6
trough)

Output symmetric 3-phase complementary PWM
waveform with buffer

Output duty cycles: 20%—40%—60%—80%—60%

—S> e e
r01an5995_rx66t_gptw_triangle_pwm1_dt.zip Use automatic dead time setting function 4.6
r01an5995_rx66t_gptw_triangle_pwm1.zip No use of automatic dead time setting function 46.5.3
Triangle-Wave PWM Mode 2 Use triangle-wave PWM mode 2 (32-bit transfer at 4.7

crest and trough)
Output laterally asymmetric 3-phase complementary
PWM waveform with buffer

Output duty cycles: 20%—40%—60%—80%—60%

—S> e
r01an5995_rx66t_gptw_triangle_pwm?2_dt.zip Use automatic dead time setting function 4.7
r01an5995_rx66t_gptw_triangle_pwm2.zip No use of automatic dead time setting function 4753
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Table 4.2 GPTW Sample Code List (2/2)

Name Description Ref.
Triangle-Wave PWM Mode 3 Use triangle-wave PWM mode 3 (64-bit transfer at 4.8

trough)

Output laterally asymmetric 3-phase complementary

PWM waveform with double buffer

Output duty cycles: 20%—40%—60%—80%—60%

—eee

r01an5995_rx66t_gptw_triangle_pwm3_dt.zip Use automatic dead time setting function 4.8
r01an5995_rx66t_gptw_triangle_pwm3.zip No use of automatic dead time setting function 4.8.5.3

Sawtooth-Wave PWM Mode Duty Cycles 0% to Use sawtooth-wave PWM mode 4.9
100% PWM waveform output including duty cycles 0% and
r01an5995_rx66t_gptw_sawtooth_pwm_50to100.zip 100%

Output duty cycles: 50%—80%—100%—80%—50%—

0%—...
Sawtooth-Wave One-Shot Pulse Duty Cycles 0% Use sawtooth-wave one-shot pulse mode 4.10
to 100% PWM waveform output including duty cycles 0% and
r01an5995_rx66t_gptw_sawtooth_1shotpls_50to100.zip | 100%

Output duty cycles: 50%—80%—100%—80%—50%—

0%_>. ..
Sawtooth-Wave PWM Mode Duty Cycles 0% and Use sawtooth-wave PWM mode 4.11
100% PWM waveform output, alternating between duty cycles
r01an5995_rx66t_gptw_sawtooth_pwm_0to100.zip 0% and 100%

Output duty cycles: 0%—100%—0%—100% —- - -
Triangle-Wave PWM Mode 1 Duty Cycles 0% to Use triangle-wave PWM mode 1 (32-bit transfer at 412
100% trough)
r01an5995_rx66t_gptw_triangle_pwm_50to100_dt.zip PWM waveform output including duty cycles 0% and

100%

Output duty cycles: 50%—80%—100%—80%—50%—

0%*). .o
Triangle-Wave PWM Mode Duty Cycles 0% and Use triangle-wave PWM mode 1 (32-bit transfer at 4.13

100%
r01an5995_rx66t_gptw_triangle_pwm_0to100_dt.zip

trough)

PWM waveform output, alternating between duty cycles
0% and 100%

Output duty cycles: 0%—100%—0%—100% —- - -

Start

PWM waveform
Desired output

ulti-channet

Corresponding sample codes

waveform? §
operation?

Complementary PWM waveform

Sawtooth Sawtooth

Triangle? operation?

U

Vulti-channel
or synchronized

Triangle PWM Multi-channa 1 channel only Duty cycles Yes
synchronized 0% and 100%
operation? included?

1 channel only Duty cycles Yes
0% and 100% ——————
included?

3 channels synchronized

Sawtooth-wave PWM mode

1 channel only Duty cycles Yes
0% and 100% —»
included?

No

Sawtooth-wave one-shot pulse

3 channels synchronized

Triangle-wave PWM mode 1
»  Triangle-wave PWM mode 2
Triangle-wave PWM mode 3

3 channels synchronized

Sawtooth-wave PWM mode duty cycles 0% to 100%
Sawtooth-wave PWM mode duty cycles 0% and 100%

» Sawtooth-wave PWM mode 3-phase complementary

Sawtooth-wave one-shot pulse duty cycles 0% to 100%

» Sawtooth-wave one-shot pulse 3-phase complementary

Triangle-wave PWM mode 1 duty cycles 0% to 100%
Triangle-wave PWM mode 1 duty cycles 0% and 100%

Figure 4.1 Sample

Codes According to Purpose
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4.1.2 Folder Structure
The main folder structure of a sample code is as follows.

[Project name]
|j Lcproject
|j Jproject
|j [Project name] HardwareDebug.launch
L] [Project name].scfg «—— Smart Configurator config-file

| | [Project namelrcpc «—————— CS+ files for import
settings
sre
smc_gen
Config_GPTO <« GPTW related setting
"J Config_GPTOC n indicates channel number
] config_GPTO.N
?J Config_GPTO_userc

general
r_bsp
r_config
r_pincfg
Files generated by Smart Configurator
Figure 4.2 GPTW Folder Structure
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4.1.3 File Structure

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

Table 4.3 GPTW File Structure

File Name

Description

[Project name].c

main function

This is the main function.

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

Config_ GPTn.c*

R Config GPTn_ Create function

This is the GPTW's initialization function.

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

The call for this function is generated by the Smart Configurator. This function

is called in the R_Systemlnit function executed before the main function.

R Config GPTn_Start function

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

R _Config GPTn_Stop function

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

Config_ GPTn_user.c*

r Config GPTn_Create Userlnit function

This is the GPTW’s user initialization function.

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

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

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

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

Config_ GPTn.h*

This is the header file that defines GPTW related functions.

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

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

*

. n indicates channel number
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4.1.4 Adding Components

The sample codes use the Smart Configurator to add the GPTW as described below.

Table 4.4 Adding Components

Item Description

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

Configuration name Sample codes use the default setting name

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

e New Component m] X

Software Component Selection 4

Select component from those available in list

Category All v
Function All v
Filter

Components Short Name Type Version A

S Event Link C Il Cade Generatar 170
[*Genetal PWM Timer Code Generator  1.5.2

# Group Scan Mode S12AD Code Generator 1.10.0

#12C Master Mode

(1) Select General PWM timer

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

This software component provides configurations for General PWM Timer.

Download the latest FIT drivers and middleware

Configure general settings

-

e’ New Component m} X

Add new configuration for selected component e

General PWM Timer
Configuration name: | Config GPTO

Work mode: Saw-wave PWM mode ™

Resource: GPTO v

(2) Differs for each sample code

(3) Differs for each sample code

Figure 4.3 Adding Components
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4.1.5 Pin Settings
Figure 4.4 Pin Settings shows an example of pin settings using the Smart Configurator.

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

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

0| &

Pin Conﬁgur.hon Generate Code Generate Report

Hardware Resource + = % &  Pin Function WVNEH R S
ng. ? = any character All v

@ Interrupt controller unit A| |Enabled Function  Assignment Pin Number  Directi.. Remarks

v @ Multi-function timer pulse unit ( GTIOCOA  # PD2/TRCLK/A7/GTIOC2B/GTIOCOA/GTIOC # 23 10 |
~ MTUO GTIOCOA# 7 Not assigne ’ Not assigned None
v MTU1 GTIOCOB  ” Not assigned ’ Not assigned None

v MTU2 GTIOCOB# # Not assigned ’ Not assigned None
~ MTU3

v MTU4
v MTUS
- MTU6
w MTU7
~ MTU9

v @ General PWM timer
® GPT0 N )
~ GPT1
v GPT2 Select the channel used by the
~ GPT3 GPT
v GPT4
~ GPTS
~ GPT6
v GPT7
~ GPT8
~ GPT9 v

< > <

O OOR)

Click Assignment to display available

pins, then select pins to be used

Select Pins tab

Pin Function Pin Number
Overview Board Clocks System Component

nterrupts

Figure 4.4 Pin Settings
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4.1.6 Interrupt Settings

Figure 4.5 Interrupt Settings shows an example of interrupt settings using the Smart Configurator. For details
on Software Configurable Interrupt A, refer to Renesas RX66T Group User’s Manual Hardware, section
14.4.5.1 Software Configurable Interrupt A.

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

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

0|

Interrupt configuration Generate Code Generate Report
Interrupt vectors
Vector Number  Interrupt Peripheral Priority Status Fast Interrupt ~

184 CMPC4 CMPC4 Level 15
185 CMPCS CMPCS Level 15

7| 208 INTA208 (GTCIAD) GPTWO Level 15
209 INTA209 (GTCIVO) GPTWO Level 15

(I 210 INTA210 (GTCWUO) GPTWO Level 15 Used ]
21 INTA211 (TGIDO MTUO Level 15
212 INTA212 (TCIVO) MTUO Level 15
213 INTA213 (TGIEO]
21 BIA21Y “TG'FO‘ Click Interrupt to display available
AL Aty o) interrupt names, then select interrupts to

Software 216 INTA216 (TG131) [E
Configurable — 217 INTA217 (TCIV1)
lntegrruptA 218 INTA218 (TCIU1) . Ve

219 INTA219 (TGIA2) MTU2 Level 15
220 INTA220 (TGIB2) MTU2 Level 15
221 INTA221 (TCIV2) MTU2 Level 15
222 INTA222 (TCIU2) MTU2 Level 15
223 INTA223 (TGIA3) MTU3 Level 15
224 INTA224 (TGIB3) MTU3 Level 15
225 INTA225 (TGIC3) MTU3 Level 15
226 INTA226 (TGID3) MTU3 Level 15
221 INTA227 (TCIV3) MTU3 Level 15 v

Note:

The interrupt priority settings made here may not | Select Interrupts tab

Please check the configuration files of each FIJ<on

Interrupts

Overview Board Clocks System Components Pins|

Figure 4.5 Interrupt Settings

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

Interrupt vectors

Up Type filter text
Down Vector Number Interrupt Peripheral Priority Status Fast Interrupt
185 CMPC5 CMPC5 Level 15
208 INTA208 (GTCIAQ) GPTWO Level 15
209 INTA209 (GTCIVO) GPTWO Level 15
210 INTA210 (TGICO) MTUO Level 15
211 INTA211 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO)
Overview Board Clocks System Components Pins Interrupts Interrupt “GTCIUOQ" selection from Fig. 4.5 is missing

B IV21J-y3sF19h 8
Description Type
¥ @ Interrupt (1 item)
© E04010004: GTCIUO used by Config_GPTO is not allocated to any interrupt vector. Interrupt

Figure 4.6 Interrupt Settings (interrupt selection missing)
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4.2 Sawtooth-Wave PWM Mode

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth pwm.zip

4.2.1 Overview

The GPTW sawtooth-wave PWM mode can be used to output PWM waveforms of duty cycles 0% to 100%
according to the GTCCR register setting.

This sample code describes a sample code that uses the sawtooth-wave PWM mode and repeats waveform
output of duty cycles 80% — 60% — 40% — 20% — 80% — - --. The duty cycle is changed using buffer
registers GTCCRC and GTCCRE to transfer the value of GTCCRC and GTCCRE to compare registers
GTCCRA and GTCCRB when an overflow occurs.

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

¢ Use sawtooth-wave PWM mode

e Use channel 0

e Carrier period = 1ms

e Timer counter clock = 160MHz (PCLKC/1)

e Use GTPR as period register
— Count direction = up-counting
— Initial value of counter=0

e Use GTCCRA as duty output compare match
— Set GTIOCOA pin as PWM output pin
— Low output when counting starts Set in Smart Configurator.
— High output at GTCCRA compare match = For Setting Methods,
— Low output at cycle end

e Use GTCCRB as duty output compare match
— Set GTIOCOB pin as PWM output pin
— Low output at counting starts
— High output at GTCCRB compare match
— Low output at cycle end

o Use buffer register
— GTCCRC as the buffer register of GTCCRA
— GTCCRE as the buffer register of GTCCRB

¢ Software source count start enabled

o Duty changes at each cycle —
— Duty changes at the GTCNT counter overflow interrupt
— Refer to Figure 4.8 for details on duty change timing

refer to section 4.2.3.
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Sawtooth-wave PWM mode output for this sample code is shown below.

w1 e |||||J:|_| [
80% 60% 40% 20% 80% 60%

Channel 0
Sawtooth-wave

PWM mode GTIOCOB T PD1 | | | | | | | |
—>»{ MPC jH>» — > —  —> —

>
60% 40% 20% 80% 60% 40%

GPTW: Generates sawtooth-wave PWM mode waveform
MPC: Sets the pins to be used from general purpose 1/O port to peripheral function 1/0 port

Figure 4.7 Sawtooth-wave PWM Mode Output
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4.2.2 Operation Details

The sample code operations are shown in Figure 4.8. The settings of the duty cycle are changed with each
period by modifying the values of buffer registers GTCCRC and GTCCRE at a GTCNT overflow interrupt
(GTCIVO0). The values of GTCCRC and GTCCRE are transferred to compare registers GTCCRA and
GTCCRB when a CTCNT overflow occurs.

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
A v A 4 v A
GPTWO0.GTPR— 0002 70FFh
0001 F3FFh
0001 76FFh
0000 F9FFh
0000 7CFFh
0000 0000h >
: Buffer register modified
! g 8 . 3 p 5 g 5 . B & : 1
GPTWO0.GTCCRC 0000 F9FFh Xooo1 76FFh Xooo1 F3FFh X 0000 7CFFh ¥ 0000 F9FFh X 0001 76FFh X 0001 F3FFh
i ¥Transfer & ¥ ¥ & & ¥
GPTWO.GTCCRA 0000 7CFFh X 0000 F9FFh X 0001 76FFh X 0001 F3FFh X 0000 7CFFh X 0000 F9FFh X 0001 76FFh X:
|
< |
GTIOCOA pin (PD2) //////h Ji R |_
Inttial value output™® —— 3 «—> <«—> & —> <« <«
Duty | | 80% 60% 40% 20% 80% 60% 40%
Lo
P! g B . 1 . 5 i B : 1 g B § B
GPTWO0.GTCCRE 0001 76FFh Xooo1 F3FFh X 0000 7CFFhX 0000 F9FFh X 0001 76FFh X 0001 F3FFh X 0000 7CFFh X
T
' \ \ \ \ \ \ \
GPTWO0.GTCCRB 0000 F9FFh X 0001 76FFh X 0001 F3FFh X 0000 YCFFhX 0000 FOFFh X 0001 76FFh Xooo1 F3FFh X:
[ T
|
. | ———>
GTIOCOB pin (PD1) //////.\ T l | l |
T T
| «—> —> > «—> «—> <«—> >
Duty | 60% 40% 20% 80% 60% 40% 20%
| GPTWO.GTCNT

| count start
*(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.8 Sample Code Operations
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4.2.3 Smart Configurator Setting

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

Table 4.5 Adding Components

Item Description
Component General PWM Timer
Configuration name Config_GPTO
Work mode Sawtooth-wave PWM mode
Resource GPTO
Components e _' Eontigin Timer count clock = 160MHz ¢
T o0 ~ Basic setting (PCLKC/1)
pe o el Count Sﬁ'lling
v Startup
" Ganarle Clock source PCLKC v 160.000 (MHz)

% rbsp Timer operation period 1 ms
¥ . D”‘:’;‘ers Period register value (GTPRO) 159999 Carrier period = 1ms

« Config_GPTO | Buffer operation Buffer operation is not performed v

‘ Count direction Up-counting -
Counter initial value 0

O Input capture is operated at count stop

Compare match register and pin setting et e =6
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources
GTCCRA operation Compare match v 31999
Buffer operation Single buffer operation
e PP Use GTCCRA as compare match
in function outpu in P
FALTES L Set GTCCRA initial value
A f PCLKC
GTIOCOA pin output duty Determined by compare matches GTCCRA operates as single buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 0; stop output 0 ) .
Set GTIOCOA pin as PWM output pin
Output at compare match Output 1
Output at cycle end Output 0
Output value set when duty cycle is set after release Low output at counting starts

High output at GTCCRA compare match
Low output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA q
Use GTCCRC as buffer register of GTCCRA
GTCCRD operation Compare match
GTCCRE operation Buffer register for GTCCRB

GTCCRF operation Compare match Use GTCCRE as buffer register of GTCCRB

Count operation sources setting

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

i/] Software source count start

GTETRGA signal edge selection Disabled i

Disabled ¥
Enable software source count start Disabled v

Disabled i
Disabled
Disabled
Disabled
Disabled

] ELCA event input ] ELCB event input

] ELCC event input [JELCD event input

] ELCE event input ] ELCF event input

] ELCG event input [“JELCH event input

Output stop setting

Output stop group select Group A b

[[J Enable simultaneous high output stop detection

[]Enable simultaneous low output stop detection

Figure 4.9 GPTO Settings (1/2)
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= Advance setting
A/D conversion start request setting
GTADTRA GTADTRB
Enable compare match (up-counting) A/D conversion start request (GTADTRA)
[[] Enable compare match (down-counting) A/D conversion start request (GTADTRA)

Buffer operation is not performed

No transfer
A/D converter start request signal monitor setting
[ Enable $12ADO monitor GTADTRA compare match during up-counting
[[] Enable $12AD1 monitor GTADTRA compare match during up-counting
Interrupt setting
[[J Enable GTCCRA input capture/compare match interrupt (GTCIAO) Level 15 (highest)
[C] Enable GTCCRB input capture/compare match interrupt (GTCIB0) Level 15 (highest)
CF o te t (G Level 15 (highest)

[_]Enable GTCCRD compare match interrupt (GTCIDO) Level 15 (highest)

e GTCCRE e match intenrupt £ Level 15 (highest)
[[] Enable GTCCRF compare match interrupt (GTCIFO) Level 15 (highest)

Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)  Priority  Level 15 (highest) v

[Jenable GTCNT underflow interrupt (GTCIU0) Level 15 (highest)

skipping setting
ion Skipping is not performed

Enable GTCNT overflow interrupt

Skip count of 1

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source Skipping is not performed
Skip count of 1

Extended interrupt skipping counter 2 count source  Skipping is not performed
Skip count of 1
Skip count of 1
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

~ HRPWM setting
High Resolution PWM setting

[ Enable output high resolution PWM waveform

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

Apply delay of 0/32 times PCLKC period

Overview Board Clocks System Components Pins Interrupts

Figure 410 GPTO Settings (2/2)
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match v 63999

N
Buffer operation Single buffer operation
—— T Use GTCCRB as compare match
ti e
el SSEPD Set GTCCRSB initial value
PCLKC
GTIOCOB pin output duty Determined by compare matches GTCCRB operates as single buffer
GTIOCOB pin negate control Disabled
Output at start/stop Start output 0; stop output 0 . )
Set GTIOCOB pin as PWM output pin
Output at compare match Output 1
Output at cycle end Output 0
Output value set when duty cycle is set after release Low output at counting starts

High output at GTCCRB compare match
Low output at cycle end

Figure 4.11 GPTO Settings (Compare Match Register and Pin Setting of GTCCRB)
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4.2.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

A
Count start
R_Config_GPTO0_Start()

>
>

Figure 4.12 main Function

The user initialization function R_Config GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers. This function is called from within the R_Config GPTO_Create

function.
( R_Config_ GPTO_Create_Userlnit >
\ 4
Set buffer register GTCCRC of GTCCRA to
60% duty cycle
\ 4
Set buffer register GTCCRE of GTCCRB to
40% duty cycle
\ 4
< return >
Figure 4.13 User Initialization Function
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The GTCIVO interrupt handler function changes the values of buffer registers GTCCRC and GTCCRE

according to the current duty cycle.

< r_Config_GPTO_gtciv0_interrupt >

GPTWO0.GTCCRC = No

20% duty cycle?
\
Decrease GPTW0.GTCCRC
0,
Set GPTWO0.GTCCRC to 80% duty cycle duty cycle by 20%
b4
No

GPTWO0.GTCCRE =
20% duty cycle?

A

Decrease GPTWO0.GTCCRE

0,
Set GPTWO.GTCCRE to 80% duty cycle duty cycle by 20%

&
«

A 4

C return >

Figure 4.14 GTCIVO Interrupt Handler Function
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4.2.5 Usage Notes
4.2.5.1 Settings of GTCCRm Register during Compare Match Operation (m = A to F)

Set compare registers GTCCRA and GTCCRB to a value higher than 0000 0001h but less than the setting
value of the GTPR register. If set to 0000 0000h or the same value as the GTPR register, a compare match
occurs within the cycle only when the compare match register value is 0000 0000h or the compare register is
set to the same value as the GTPR register. If the compare register is set to a value that exceeds the setting
value of to the GTPR register, no compare match occurs.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (5) In Sawtooth-wave PWM Mode.
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4.3 Sawtooth-Wave One-Shot Pulse

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth_1shotpls_dt.zip

4.3.1 Overview

In the GPTW sawtooth-wave one-shot pulse mode, the GTCNT counter operates in sawtooth-wave (half-
wave) by setting the period in the GTPR register, and PWM waveforms can be output from the GTIOCnA
and GTIOCnB pins (n = 0 to 9) by the compare match between the GTCCRA and GTCCRB registers.

This sample code describes a sample code that uses the automatic dead time setting function in the
sawtooth-wave one-shot pulse mode and repeats the following waveform output.

e GTIOCOA pin high-width switching: 80% — 60% — 40% — 20% — 80% — 60% — -
e GTIOCOB pin low-width switching: 90% — 70% — 50% — 30% — 90% — 70% — -

A value of temporary register A is transferred to compare register GTCCRA when a GTCCRA compare
match occurs. The duty cycle is changed by transferring the value from buffer register GTCCRD to
temporary register A and from buffer register GTCCRC to compare register GTCCRA when a GTCNT
counter overflow occurs.

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

¢ Use sawtooth-wave one-shot pulse mode —
e Use channel 0
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
— Counter initial value = 0
¢ Use GTCCRA as duty output compare match
— Set GTIOCOA pin as PWM output pin
— Low output at counting starts
— Toggle output at GTCCRA compare match —— For Setting Methods,
— Retain output at cycle end
e Use GTCCRB as duty output compare match
— Set GTIOCOB pin as PWM output pin
— High output at counting starts
— Toggle output at GTCCRB compare match
— Retain output at cycle end
o Use double buffer register
— Use GTCCRC and GTCCRD as buffer registers of GTCCRA
e Use automatic dead time generation
e Software source count start enabled ]
o Duty changes at each cycle
— Duty changes at the GTCNT counter overflow interrupt
— Refer to Figure 4.16 for details on duty change timing

Set in Smart Configurator.

refer to section 4.3.3.
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Sawtooth-wave one-shot pulse mode output for this sample code is shown below.

GPTW
Channrel 0 GTIOC0A MPC E—PEzJ I_I | |<—>| D ,7 |_|
giﬁtiﬁﬁ,':mgz 80% 60% 40% 20% 80% 60%
mode
GTIOC0B | EIPD1-| [ B | | [ ] M M
> —> «—> <> —> —>
90% 70% 50% 30% 90% 70%

GPTW: Generates sawtooth-wave one-shot pulse mode waveform
MPC: Sets pins to be used from general purpose 1/0 port to peripheral function 1/0 port

Figure 415 Sawtooth-wave One-Shot Pulse Mode Output
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4.3.2 Operation Details

The sample code operations are shown in Figure 4.16. The settings of the duty cycle are changed with each
period by modifying the values of buffer registers GTCCRC and GTCCRD at a GTCNT overflow interrupt
(GTCIVO0) ((4) in Figure 4.16).

In this sample code, the initial values of the buffer registers for the code generated using the Smart
Configurator are set to the same values as the compare register. As a result, the buffer register values are
set in the user initialization function R_Config_ GPTO_Create_Userlnit before the counting is started.

The values set in the registers are transferred from buffer register GTCCRD to temporary register A and from
buffer register GTCCRC to compare register GTCCRA, respectively, by forced buffer transfers ((2) in Figure
4.16).

After the counting starts, steps 1 and 2 below are repeated to update the data in the compare register.

1. Transfer from temporary register A to compare register GTCCRA when a GTCCRA compare match
occurs ((3) in Figure 4.16).

2. Transfer from buffer register GTCCRD to temporary register A and from buffer register GRCCRC to
compare register GTCCRA, respectively, when a GTCNT counter overflow occurs ((4) in Figure 4.16).

In addition, the GTCCRB register is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD.
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GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
v v v v
GPTWO0.GTPR > 0002 70FFh
0002 327Fh
0001 F3FFh
0001 B57Fh
0001 76FFh
0000 FOFFh
0000 BB7Fh
0000 7CFFh
0000 3E7Fh
0000 0000h | >
| Buffer register modified
. I 80 8 : 3 & &2 . < i B
Buffer regISta_ 0002 327FhX 0001 F3FFh 1 B57Fh 1 76FFh 2 327Fh 1 F3FFh
GPTWO0.GTCCRD 3| X 0001 B5 x 0001 76 X 0002 3: X 0001 F3| X 0001 B57Fh X 0001 76FFh X
¥(2I) Transfer ¥(4) Transfer ¥ x N
Ternporal’y registerA X \0002 327Fh X 0\001 F3FFh X 01'\]01 B57Fh X 00?1 76FFh X\ 0002 327Fh X ({001 F3FFh X 00{)1 B57Fh X
| \@ e ) 2\ ® \ s 2\ 8\ &

GE—?&?&E—?gtCiC 0000 3E7Fh X . *DOO 7CFFh X D(\UO BB7Fh ‘X 00*0 F9FFh X 000(%3E7Fh X \ 0000 7CFFh X 0400 BB7Fh X OOOq FOFF!
(2)Transfer¥ ! l (4)Transfer¥ l ¥ l x l ¥ l ¥ l & l
gg?vi%reGrﬁgEtReA 0000 3E7Fh X 0002 327Fh W 0001 F3FFh X;X0001 B57Fhm0001 76FFhM 0002 327Fh X;x 0001 F3FFh EX 0001 B57Fh

|
| 0000 7CFFh 0000 BB7Fh 0000 FOFFh 0000 3E7Fh 0000 7CFFh 0000 BB7Fh

o

M

. <
GTIOCOA pin (PD2) /i1 '] | | [ ] [] | l
Initial value output™* <—°> «— <« < > «—> “«—>
| I 80% 60% 40% 20% 80% 60% 40%
| |
Dead time setting register —1
GPTWO0.GTDVU 0000 1F40h

| |
+ |
Compare register X
0000 1F3Fh 0002 51BFh 0002 133Fh 0001 D4BFh 0002 51BFh 0002 13FFh 0001 D4BFh
GPTWO0.GTCCRB ><_\__>< X:X | Xx >®< >®<

T I
: | 0000 5DBFh 0000 9C3F 0000 DABFh 0001 963Fh 0000 1F3Fh 0000 5DBFh 0000 9C3Fh

M

GTIOCOB pin (PD1) /11111 [ ] 1] | [ l
N (lw)/ le———> «—— — > «—> «—> —
Inital value output’ v 90% 70% 50% 30% 90% 70% 50%
I GPTWO0.GTCNT
I count start
W (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.16 Sample Code Operations
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4.3.3 Smart Configurator Settings

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

Table 4.6 Adding Components

Item Description
Component General PWM Timer
Configuration name Config_GPTO
Work mode Sawtooth-wave One-shot Pulse Mode
Resource GPTO
Components ¢+ 3 ¥ Configure ®
s R Timer count clock =
e itk : 9 160MHz(PCLKC/1)
Count setting
v @ Startup
- Generic Clock source PCLKC ~ 160.000 (MHz)
% rbsp Timer operation period 1 0.999994
ki Dn;ens Period register value (GTPRO) 159999
-r‘mte(r:nfig_GPTO Buffer operation Buffer operation is not performed
Count direction Up-counting
Counter initial value 0

] Input capture is operated at count stop

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

GTCCRA operation Compare match
Buffer operation Double buffer operation
GTIOCOA pin function PWM output pin Use GTCCRA as compare match
; : T Set GTCCRA initial value
GTIOCOA pin output duty Determined by compare matches
= GTCCRA operates as double buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 0; stop output 0
Output at compare match Toggle output Set GTIOCOA pin as PWM output pin
Output at cycle end Output is retained
Output value set when duty cycle is set after release Low output at counting starts

Toggle output at GTCCRA compare match

Output retained at cycle end
GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA
GTCCRD operation Double buffer register for GTCCRA
GTCCRE operation Buffer register for GTCCRB Use GTCCRC and GTCCRD as GTCCRA buffer
) registers
GTCCRF operation Double buffer register for GTCCRB
C t i tt
s Use GTCCRE and GTCCRF as GTCCRB buffer

Count start sources Count stop sources Counter clear sources Count up sources Count down sources 1
g B registers

Software source count start
GTETRGA signal edge selection Disabled =

GTETRGB signal edge selection Disabled v

Enable software source count start

Disabled
Disabled
Disabled
[J ELCA event input [J ELCB event input
[CJELCC event input [JELCD event input
[ ELCE event input [ ELCF event input
[] ELCG event input [J ELCH event input
Output stop setting
Output stop group select Group A ™

[]enable dead time error output stop detection
[]Enable simultaneous high output stop detection
[ Enable simultaneous low output stop detection

Figure 4.17 GPTO Settings (1/2)
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~ Advance setting

Automatic dead time setting

j] Automatically set GTCCRBO using GTCCRAO value and dead time
Gow G
Enable automatic <l 5| 125 S g
dead time setting ] [ oy VS
GTDVU value 8000 [[J €nable buffer (GTDBU)
/] Automatically set the same value of GFOVU to GTDVD

Set GTDVU value

YUV .5 Conversion start request setting
GTDVD GTADTRA GTADTRB

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

Buffer operation is not performed

No transfer

A/D converter start request signal monitor setting
["J Enable $12AD0 monitor GTADTRA compare match during up-counting

] Enable $12AD1 monitor GTADTRA compare match during up-counting
Interrupt setting
["] Enable GTCCRA input capture/compare match interrupt (GTCIAO) Level 15 (highest)
[[J Enable GTCCRB input capture/compare match interrupt (GTCIBO) Level 15 (highest)
[[J Enable dead time error interrupt (GDTEO) Level 15 (highest)

[/] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)  Priority  Level 15 (highest) -

[T] enable GTCNT underflow interrupt (GTCIUO) Level 15 (highest)

Interrupt and A/D converter start request skipping setting

GTCIVO/GTCIUO interrupt skipping function Skipping is not performed v

Skip count of 1

Enable GTCNT overflow interrupt

e t sk ) f

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source  Skipping is not performed ™
Skip count of 1

Extended interrupt skipping counter 2 count source  Skipping is not performed ~
Skip count of 1
Skip count of 1
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

~ HRPWM setting

High Resolution PWM setting
("] Enable output high resolution PWM waveform

3 and fa
Apply delay of 0/32 times PCLKC period
Apply delay of 0/32 times PCLKC period
Apply delay of 0/32 times PCLKC period
Apply delay of 0/32 times PCLKC period

Overview Board Clocks System Components Pins Interrupts

Figure 4.18 GPTO Settings (2/2)
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Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

Compare match
Double buffer operation

Use GTCCRB as compare match
PWM output pin v

GTCCRB operation
Buffer operation

GTIOCOB pin function

GTIOCOB pin output duty
GTIOCOB pin negate control
Output at start/stop
Output at compare match

Output at cycle end

PCLKC

Determined by compare matches
Disabled

Start output 1; stop output 1
Toggle output

Output is retained

Output value set when duty cycle is set after release

GTCCRB operates as double buffer

Use GTIOCOB pin as PWM output pin

High output at counting starts
Toggle output at GTCCRB compare match
Output retained at cycle end

Figure 4.19 GPTO Settings (Compare Match Register and Pin Setting of GTCCRB)
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4.3.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

A
Count start
R_Config_GPTO_Start()

Y

Figure 4.20 main Function

The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers. In order to set the second compare match register value in the
1st cycle, a forced buffer transfer is performed after setting the buffer register value, and then the temporary
register and compare register values are set. This function is called from within the R_Config GPTO_Create

function.
< R_Config_GPTO0_Create_Userlnit >

4
Set a value creating 80% duty cycle for GTCCRA buffer register
Set GPTWO0.GTCCRC to 10% of the period
Set GPTWO0.GTCCRD to 90% of the period

\ 4

Forced buffer transfer

4
Set a value creating 60% duty cycle for GTCCRA buffer register
Set GPTWO0.GTCCRC to 20% of the period
Set GPTWO0.GTCCRD to 80% of the period

A

< return >

Figure 4.21 User Initialization Function
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The GTCIVO interrupt handler function changes the values of buffer registers GTCCRC and GTCCRD
according to the current register values.

< r_Config_GPTO0_gtciv0_interrupt )

GPTWO0.GTCCRC and No
GPTWO0.GTCCRD values
generate 20% duty cycle?

Yes

A 4

Set values for 80% duty cycle
Set GPTWO0.GTCCRC to 10% of the period Set GRTWO0.GTCCRC and GIZTWO.GTCCRD to
values decreased by 20% duty cycle

Set GPTWO0.GTCCRD to 90% of the period

l

y

< return >

Figure 4.22 GTCIVO Interrupt Handler Function
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4.3.5 Related Operations
4.3.5.1 When Automatic Dead Time Setting Function is Not Used

o Target sample code file name: r01an5995 rx66t_gptw_sawtooth_1shotpls.zip

Figure 4.23 shows operations when the automatic dead time setting function is not used (GTDTCR.TDE bit
is 0).

In the above sample code, the value of buffer registers GTCCRC, GTCCRD, GTCCRE, and GTCCRF are
modified by the GTCNT counter overflow interrupt (GTCIVO0) because the cycle duty is changed with each
period ((1) in Figure 4.23).

In this sample code, the initial values of the buffer registers for the code generated using the Smart
Configurator are set to the same value as the compare register. As a result, the buffer register values are set
in the user initialization function R_Config_ GPTO_Create_Userlnit before the counting starts. The values set
in the registers are transferred from buffer register GTCCRD (GTCCRF) to temporary register A (B) and from
buffer register GTCCRC (GTCCRE) to compare register GTCCRA (GTCCRB), respectively, by forced buffer
transfers ((2) in Figure 4.23).

After the counting starts, steps 1 and 2 below are repeated to update the data in the compare register.

1. Transfer from temporary register A (B) to compare register GTCCRA (GTCCRB) when a GTCCRA
(GTCCRB) compare match occurs ((3) in Figure 4.23).

2. Transfer from buffer register GTCCRD (GTTCRF) to temporary register A (B) and from buffer register
GRCCRC (GTCCRE) to compare register GTCCRA (GTCCRE), respectively, when a GTCNT counter
overflow occurs ((4) in Figure 4.23).

In addition, the same dead time period is secured as shown in the operations in Figure 4.16.
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GPTWO.GTCNT value GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
. valu
A
A, v A, Y
GPTWO0.GTPR- 0002 70FFh
0002 327Fh
0001 F3FFh
0001 B57Fh
0001 76FFh
0000 FOFFh
0000 BB7Fh
0000 7CFFh
0000 3E7Fh
0000 0000h »
| Buffer register modified
. | 1) &
Buffer register & ‘) ( e 2 3 s\ 2 oV s\ 2
GPTWO0.GTCCRD 0002 327FhX 0001 F3FFh X 0001 B57Fh 0001 76FFh X 0002 327Fh X 0001 F3FFh X 0001 B57Fh X 0001 76FFh X
VZ) Transfer &(4) Transfer L ¥ ¥ ¥ & ¥
Temporary register A X 0002 327Fh X 0001 F3FFh X 0001 B57Fh X 00Q1 76FFh X\ 0002 327Fh X Q001 F3FFh X 0001 B57Fh X
. o g 2\ ® \ s 2\ =8\ &
Buffer Register 1
GPTWO.GTCCRC 0000 3E7Fh *000 7CFFh 0400 BB7Fh 00*0 F9FFh X OOOC*3E7Fh X \ 0000 7CFFh X 0400 BB7Fh X OOOq F9FFh
(2)Transfer¥ | l (4)Transfer¥ l & l x l & l ¥ l x l ¥
GCFO"I;'nVF\)[aOreG[reggtRe,& 0000 3E7Fh X 0002 327Fh 0001 F3FFh X;XOO(N B57Fhm0001 76FFhM 0002 327Fh W 0001 F3FFh m 0001 B57th
: 0000 7CFFh 0000 BB7Fh 0000 FOFFh 0000 3E7Fh 0000 7CFFh 0000 BB7Fh
' <>
GTIOCOA Pin (PD2) //////////h /i l [ ] [] , , ]
Initial value output™® <—o> <« <« L d <« <«
P! 80% 60% 40% 20% 80% 60% 40%
|
Buffer register ! I 80 8 = E 2 &4 h o L 3
GPTWO G'IqCCRF 0002 51BFh X 0002 13FFh X 0001 D4BFh 0001 963Fh X 0002 51BFh X 0002 13FFh X 0001 D4BFh X 0001 963F X
: ¥(2)Transfer &(4) Transfer & x & x
1
Temporary register B X , 0002 51BFh X 002 13FFh X 001 D4BFh X 9001 963Fh X\ 0002 51BFh 0002 13FFh X 0001 D4BFh X

X
Buffer register i T \(3) Trenster ‘(A N2 = \ ~.'\ § \ &3
GPTWO.GTGCRE 00001F3Fh>< \)ooo 5DBFh X o)foo 9C3Fh odoo DABFh ooor\th X \oooo 5DBFh X (\ooo 9C3Fh 00 DABFh
(2) Transfer), | l (4) Transfer) ] \ ] \ ] \ ]

0000 1F3Fh X 0002 51BFh 0002 133Fh 0001 D4BFh 0001 963Fhm 0002 51BFh X% 0002 133Fh

v

‘/i

Compare register
GPTWO0.GTCCRB

0001 D4BFh

o5
M

| : 0000 5DBFh 0000 9C3Fh 0000 DABFh 0000 1F3Fh 0000 5DBFh 0000 9C3Fh
|
GTIOCOB Pin (PD1) //////11/1 1] [ [ | | []
N ] | ———> «—> «— <« «—>r «—> «—
intalvalueouput Ty 90% 70% 50% 30% 90% 70% 50%
| GPTWO.GTCNT
|  count start
' (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.23 When Automatic Dead Time Setting Function is Not Used (Sawtooth-Wave One-Shot
Pulse Mode)
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4.3.6 Usage Notes
4.3.6.1 Settings of GTCCRm Register during Compare Match Operation ((m=Ato F

This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,
the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of buffer registers GTCCRC and GTCCRD should be set to satisfy the following restrictions. If the
restrictions are not satisfied, correct output waveforms with secured dead time may not be obtained.

e In up-counting:
GTCCRC < GTCCRD
GTCCRC > GTDVU
GTCCRD < GTPR - GTDVD
¢ In down-counting:
GTCCRC > GTCCRD
GTCCRC < GTPR - GTDVU
GTCCRD > GTDVD

Further, if the dead time is not automatically set, buffer registers GTCCRC and GTCCRD (or GTCCRE and
GTCCREF) should be set to satisfy the following restrictions. If the restrictions are not satisfied, the compare
match does not occur twice and pulse output cannot be performed.

e In up-counting: 0 < GTCCRC (GTCCRE) < GTCCRD (GTCCRF) < GTPR
¢ In down-counting: GTPR > GTCCRC (GTCCRE) > GTCCRD (GTCCRF) >0

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (3) When Automatic Dead Time Setting has been
Made in Sawtooth-Wave One-Shot Pulse Mode and (4) When Automatic Dead Time Setting has not been
Made in Sawtooth-Wave One-Shot Pulse Mode.
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4.4 Sawtooth-Wave PWM Mode 3-Phase Complementary

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth _pwm_3phase.zip

441 Overview

Channels 0, 1, and 2 can be used in the GPTW sawtooth-wave PWM to output PWM waveforms of duty
cycles 0% to 100% according to the GTCCR register setting.

This sample code describes a sample code that uses the sawtooth-wave PWM mode to repeatedly output
PWM waveforms (positive and negative phases) for 3 phases each, for a total of 6 phases, with a constant
duty cycle.

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

—_

¢ Use sawtooth-wave PWM mode
e Use channels 0, 1 and 2 (channel numbers: n =0, 1, and 2)
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
— Counter initial value = 0
e Use GTCCRA as duty output compare match
— Set GTIOCNA pin as PWM output pin Set in Smart Configurator.
— Low output at counting starts .
— High output at GTCCRA compare match For Setting Methods,
— Low output at cycle end refer to section 4.4.3.
e Use GTCCRB as duty output compare match
— Set GTIOCnB pin as PWM output pin
— High output at counting starts
— Low output at GTCCRB compare match
— High output at end of cycle
o Buffer operation not used
o Software source count start enabled
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Sawtooth-wave PWM mode output for this sample code is shown below.

ﬁ

crrw [ HOCOA —sEe I » PD2 [ ] [ ] [ ]

U-phase:
Channel 0 positive

|

[
Wimoce . |CTIOC0B e > PD1 | L L | |
<>

U-phase: - -— -—
| negative 25% 25% 25%

GTIOC1A
GPTW v C_JH»PDo 4|—| | l |

-phase:
Channel 1 positive
Sawtooth-wave GTIOC1B

g

-

-

GPTW: Generates sawtooth-wave PWM mode waveform
MPC: Sets the pins to be used from general purpose 1/O port to peripheral function 1/O port

PiMmode 22 — » PB7 | | | L
| negative 50% 50% 50% 50%
GTIOC2A
GPTW  iohase”_MPC__}1->PB6 ] | ] L | ]
Chanrnel 2 positive
Samesihwave | GTIOC2B
W-phase: —> PB5
) — > «—

negative 75% 75% 75% 75%

Figure 4.24 Sawtooth-wave PWM Mode Output
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4.4.2 Operation Details

The sample code operations are shown in Figure 4.25. The PWM output pin toggles output every time a
compare match occurs for GTCCRA and GTCCRB registers of each channel and when a GTCNT counter
overflow (counter clear) occurs. The same waveform output as in MTU reset-synchronized PWM mode is
obtained. Refer to section 3.8 for details.

GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT values
A

GPTWO0.GTPR — 0002 70FFh
GPTWO0.GTCCRA, GPTW0.GTCCRB — 0001 D4BFh

GPTW1.GTCCRA, GPTW1.GTCCRB — 0001 387Fh

GPTW2.GTCCRA, GPTW2.GTCCRB — 0000 9C3Fh

0000 0000h

\4

U-phase: positive N — >
G'IEIOCOAD(PDZ) //////1\ Initial v‘alue output™*® | |
|

1

U-phase: ti T

G?rlg%eog?g%;v)e //////[ Initial value output™'® ‘| |
< t »

1C ] A

R N AN
19; |

I ! <>
! | 25% 25% 25% 25%
| € ! >

VG-'IREZ?:(O;:};;? //////EY Initial valu:e output™'® | | | | |

. ; !

Vé?rr:gsg1 SigaBt;v)e //////[ Initial value output‘""'e" | | | |
! ! Te—> «—> «—> «—
| I 50% 50% 50% 50%

[
< —

W-phase: positive " Initial value |

GTIOC2A (PB6) //////‘S output ™

I
W-phase: negative I/ Initial valde
GTIOC2B (PB5) //////‘L output™®

<€
| |
|
|
|
|
|

e
I

D a—— >
75% 75% 75% 75%
GPTWO.GTCNT
GPTW1.GTCNT
GPTW2.GTCNT
\ 4 count start
Pin function setting  (GTSTR setting)
(GTIOR setting)

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

Figure 4.25 Sample Code Operations
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4.4.3 Smart Configurator Settings

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

Table 4.7 Adding Components

Item Description

Component General PWM Timer

Configuration name Config_GPTO | Config_GPT1 | Config_GPT2
Work mode Sawtooth-wave PWM mode

Resource GPTO | GPT1 | GPT2

Figure 4.26 and Figure 4.27 show the Config_GPTO settings. The same settings apply for GPT1 and GPT2.

Components 1%~ Configure Timer count clock = 160MHz
%% . . (PCLKC/1)
- Basic setting
type filter text
Count setting
v @ Startup
G Clock source PCLKC ~  1160.000 (MHz)
» enerc
® rbsp Timer operation period 1 ms v | (Actual value: 0.999994)
v @ Drivers Period register value (GTPRO) 159999
v & Timers

« Config_GPTO Buffer operation Buffer operation is not performed

« Config_GPT1 Count direction Up-counting c td i t
ount airecti up-counting
& Conflg GPT2 Counter initial value 0

O Input capture is operated at count stop

Compare match register and pin setting Counter initial value = 0

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation Compare match v 119999
Buffer operation Buffer operation is not performed v
GTIOCOA pin function PWM output pin Use GTCCRA as compare match

Noise filte PCLKC Set GTCCRA initial value
GTIOCOA pin output duty Determined by compare matches
GTIOCOA pin negate control Disabled Buffer Operation is not used
Output at start/stop Start output 0; stop output 0
Output at compare match Output 1 Set GTIOCOA pin as PWM output pin
Output at cycle end Output 0

Output value set when duty cycle is set after release Low output at counting starts

High output at GTCCRA compare match
Low output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Compare match

GTCCRD operation Compare match b 100
GTCCRE operation Compare match " 100
GTCCRF operation Compare match ~ 100

Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources
[V Software source count start

GTETRGA signal edge selection Disabled o

Enable software source count start

GTETRGD signal edge selection Disabled M

Disabled

[C]ELCC event input
] ELCE event input [ ELCF event input
[C]ELCG event input [CJELCH event input

[C1ELCA event input []ELCB event input
[CJELCD event input
[

Output stop setting
Output stop group select Group A ~
[) Enable simultaneous high output stop detection

[[] Enable simultaneous low output stop detection

Figure 4.26 GPTO Setting
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match
Buffer operation Buffer operation is not performed
GTIOCOB pin function PWM output pin
PCLKC
GTIOCOB pin output duty Determined by compare matches
GTIOCOB pin negate control Disabled
Output at start/stop Start output 1; stop output 1
Output at compare match Output 0
Output at cycle end Output 1
Output value set when duty cycle is set after release

119999

Use GTCCRB as compare match
Set GTCCRSB initial value

Buffer operation is not used

Set GTIOCOB pin as PWM output pin

High output at counting starts
Low output at GTCCRB compare match
High output at cycle end

Figure 4.27 GPTO Setting (Compare Match Register and Pin Setting of GTCCRB)
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4.4.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
In the main function, count start function gpt0_gpt1_gpt2_start is read and counting is started.

=

A
Count start
gpt0_gpt1_gpt2_start()

»
>

Figure 4.28 main Function

The GPTO, GPT1, and GPT2 counting is started in the count start function.

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

< gpt0_gpt1_gpt2_start )

A 4

GPTO, GPT1, and GPT2 count start

v
< return >

Figure 4.29 Count Start Function
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4.4.5 Usage Notes
4.4.5.1 Counting Starts for Multiple Channels

In this sample code, the CSTRTO, CSTRT1, and CSTRT2 bits of timer software start register GTSTR are set
at the same time in the gpt0_gpt1_gpt2_start function to start GPTWO0, GPTW1, and GPTW2 counting at the
same time.

When using the R_Config_ GPTO_Start, R_Config GPT1_Start, and R_Config GPT2_Start functions
generated by the Smart Configurator, the counting starts timing may not be the same because each of the
functions are read.

Refer to RX66T Group User’s Manual: Hardware, section 24.3.8.1 Synchronous Operation by Software.

4.4.5.2 Settings of GTCCRm Register during Compare Match Operation (m = A to F)

Set compare registers GTCCRA and GTCCRB to values higher than 0000 0001h but less than the setting
value of the GTPR register. If the registers are set to 0000 0000h or the same value as the GTPR register, a
compare match occurs within the cycle only when the compare match register value is 0000 0000h or the
compare register is set to the same value as the GTPR register. If the compare register is set to a value that
exceeds the setting value of the GTPR register, no compare match occurs.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F, (5) In Sawtooth-wave PWM Mode.
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4.5 Sawtooth-Wave One-Shot Pulse 3-Phase Complementary

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth 1shotpls_3phase dt.zip

4.5.1 Overview

Channels 0, 1, and 2 can be used in the GPTW sawtooth-wave one-shot pulse mode to output 3-phase
complementary PWM waveforms with dead time.

This sample code describes a sample code that uses the automatic dead time setting function in the
sawtooth-wave one-shot pulse mode and repeats the following waveform output. The double buffer is used
to generate each duty cycle with laterally asymmetric PWM waveforms.

e U-phase duty switching: 20% — 40% — 60% — 80% — 60% — 40% — ---
e V-phase duty switching: 40% — 60% — 80% — 60% — 40% — 20% — -
e W-phase duty switching: 60% — 80% — 60% — 40% — 20% — 40%— ---

Duty cycle is changed by transferring the value of the temporary register A to the compare register GTCCRA
at a compare match of compare register GTCCRA and transferring the value of buffer register GTCCRD to
temporary register A and the value of buffer register GTCCRC to compare register GTCCRA when a GTCNT
counter overflow occurs.

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

—_

Use sawtooth-wave one-shot pulse mode

Use channels 0, 1 and 2 (channel numbers: n =0, 1, and 2)

Carrier period = 1ms

Timer count clock = 160MHz (PCLKC/1)

Use GTPR as period register

— Counter up-counts from initial value 0

Use GTCCRA as duty output compare match

— Use GTIOCnA pin as PWM output pin

— High output at counting starts, high output at counting stops

— Toggle output at GTCCRA compare match

— Retain output at cycle end Set in Smart Configurator.
e Use GTCCRB as duty output compare match >_ For Setting Methods,

— Use GTIOCnB pin a's PWM output pin ' refer to section 4.5.3.

— Low output at counting starts, low output at counting stops

— Toggle output at GTCCRB compare match

— Retain output at cycle end

Use buffer register

— GTCCRA and GTCCRB operate as double buffer

— Use GTCCRC and GTCCRD as buffer registers of GTCCRA

— Use GTCCRE and GTCCREF as buffer registers of GTCCRB

Use automatic dead time generation

Software source count start enabled

Duty changes at each cycle

— Duty changes at the GTCNT counter overflow interrupt

— Refer to Figure 4.32 for details on duty change timing
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Sawtooth-wave one-shot pulse mode output for this sample code is shown below.

Output waveform is active-low.

GPTW: Generates sawtooth-wave one-shot pulse mode PWM waveform
MPC: Sets the pins to be used from general purpose 1/0 port to peripheral function 1/0 port

GPTW | GTIOCOA
U-phase: MPC E'_>PD2 |_| | |
y PES «—> «—>
g Chanmel 0 | positive 20% 40% 60% 80%
GTIOCOB
One-shot Pulse 4}_5 > |_|
mode U-phase: PD1 | J I_l
negative Py e o o
26% 46% 66% 86%
GPTW GTIOC1A
Ll /oo SESS R SO ey ISR oy SN o NS ey
V-phase: 0
Chanrel 1 | positive 40% 60% 80% 9
Sawtooth-wave o ° ( 60%
One-shot Pulse |GTIOC1B
mode V-phase: MPC El »PB7 _,—l___| I_l I_,
negative 46% 66% 86% 66%
GTIOC2A
GPTW
W-phase: > PB6 | ] | | | |
" —
saonantel2 | positive 60% 80% 60% 40%
One-shot Pulse |GTIOC2B
mode W-phase: [ MPC_J3—>»PBS5 r I_I I_, | | | ,-
. «— > 1>
negative 66% 86% 66% 46%

Figure 4.30 Sawtooth-wave One-shot Pulse Mode Output
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4.5.2 Operation Details

The sample code operations are shown in Figure 4.32. The settings of the duty cycle are changed with each
period by modifying the values of buffer registers GTCCRC and GTCCRD at a GTCNT counter overflow
interrupt (GTCIVO) ((1) in Figure 4.32).

In this sample code, the initial values of the buffer registers for the code generated using the Smart
Configurator are set to the same values as the compare register. As a result, the buffer register values are
set in the user initialization function R_Config_ GPTO_Create_Userlnit before the counting starts.

The values set in the registers are transferred from buffer register GTCCRD to temporary register A and from
buffer register GTCCRC to compare register GTCCRA, respectively, by forced buffer transfers ((2) in Figure
4.32).

After the counting starts, steps 1 and 2 below are repeated to update the data in the compare register.

1. Transfer from temporary register A to compare register GTCCRA when a GTCCRA compare match
occurs ((3) in Figure 4.32).

2. Transfer from buffer register GTCCRD to temporary register A and from buffer register GRCCRC to
compare register GTCCRA, respectively, when a GTCNT counter overflow occurs ((4) Figure 4.32).

In addition, the GTCCRB register is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD.

After counting starts, GTCCRA and GTCCRB compare matches occur, the negative-phase output turns OFF
and the positive-phase output turns ON ((5) in Figure 4.32).

o Laterally Asymmetric PWM Waveform Output
The duty cycle in each period generates a different duty cycle for the first and second half of each period.

A
1° half 2™ half
GTCNT
PWM 12% o 25% % 35% 25/|—| 45% | 35% .
| / o () % % %
output s I_ll | |_—|

> > “—> >
20% 40% 60% 80%

Figure 4.31 Laterally Asymmetric PWM Waveform Output
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GPTWO.GTCNT, GPTW1.GTCNT, and

GPTW2.GTCNT values
e GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTPR 0002 70FFh
0002 133Fh
0001 D4BFh
0001 963Fh
0001 57BFh
0000 DABFh
0000 9C3Fh
0000 5DBFh
0000 1F3Fh .
0000 0000h >
| Buffer register modified
I
Buffer regist ‘ R § N R 2 5 E R 2 5
GP':'JWe(; rGe_?ggéD 0001 57BFhX 0001 963Fh X 0001 D4BFh X 0002 133Fh X 0001 D4BFh X 0001 963Fh X 0001 57BFh X 0001 963Fh X
' v, | ey \ \ \ \ \ \
Temporary register A X 0001 57BFh X 0001 963Fh X\oom D4BFh X 0002 133Fh X | 0001 D4BFh X 0001 gsthX 0001 578Fh X
ot g \ B\ 8\ I \ s
Buffer register
GPTWO GTOORC 0000 DABFhX oooo\ecan X 0(‘005DBFh X \00001F3Fh X \OOOOSDBFH X \)ooogcan X od‘m DABFh X oooa‘gcaFn X
I
(2)Transfer¥‘ l(a)m.m@ l ¥ l x \ J l \
Compare register 0000 DABFh Xoom 57BFh 0001 963Fh 0001 D4BFh XX 0002 133Fh 0001 D4BFh 0001 963Fh 0001 57BFhX
GPTWO0.GTCCRA
! 5 000 9C3Fh 000 5DBFh 0000 1F3Fh 000 5DBFh 000 9C3Fh 000 DABFh
I
U-phase: positive TOFF 1| oN
GTIOCOA (PD2) i i } LTJ | | LTJ
Initial value Mpm/tmm} 20% 40% 60% 80% 60% 40% 20%
Dead time setting register
GPTW0.GTDVU 0000 12C0n
I
Compare register 0000 C7FFh Xooo1 BATFF 0001 ABFFh 0001 E77Fh 0002 25FFh 0001 E77Fh X:X 0001 A8FFhXIx0001 6A7Fh X
GPTWO0.GTCCRB T i \
o © 0000 897Fh 0000 4AFFh 0000 0C7Fh 000 4AFFh 0000 897Fh 0000 C7FFh
" |
U-phase: negative T\ | on bre] | | [ | [ |
GTIOCOB (PD1) s o )
Initial value Om‘,m{m‘ew 26% 46% 66% 86% 66% 46% 26%
Buffer register Lo OF 2 N § 2 E 3 E 2 k3 o
GPTWA1.GTCCRD 0001 963FhX 0001 D4BFh X 0002 133Fh X 0001 D4BFh X 0001 963Fh X 0001 57BFh X 0001 963Fh X 0001 D4BFh X
or |
(2)Translgr¥ ! () Transferly x x x &
Temporary register A X 0001 9637 X 0001 D4BFh X\ooozmrh X\ 0001 D4BFh X Qoo1 963Fh X 0001 578Fh X 0001 963Fh X
-
- G |\ ol | LA '\ . . .
uffer register
GPTWA G‘Ig'CCRC oooogcaFnX omqsnwh X qooowFan X L\ooosDBFn X \OOOOQCSFh X OO(‘ODABFh X 0000¥03Fh X OOOPSDBFh X
@Transtery | ] @Tansed ] \ ) V) \ \ \
Compare register '
0000 9C3Fh 0001 963Fh 0001 D4BFh 0002 133Fh 0001 D4BFh 0001 963Fh 0001 57BFh 0001 963Fh X
GPTW1.GTCCRA X XIX
! ! ® 0000 5DBFh 0000 1F3Fh 000 5DBFh 000 9C3Fh 0000 DABFh 000 9C3Fh
V-phase: positive
i joFF) on
GTIOC1A (PDO) L | |_, LJ_)
Initial value omp,‘n/tmm} 40% 60% 80% 60% 40% 20% 40%

Dead time setting register
GPTW1.GTDVU
I :

Compare register 0000 897Fh X 0001 A8FFh 0001 E77Fh 0002 25FFh 0001 E77Fh 0001 A8FFh X:Xoom 6A7Fh 0001 ASFFh
GPTW1.GTCCRB \
00 00

0000 12C0h

M

L 0000 4AFFh 00C7Fh 0000 4AFFh 0 897Fh 0000 C7FFh 000 897Fh
V-phase: negative //////////\\ ion [ oFr
GTIOC1B (PB7) |—, |—, | | | >
Intal value outpu 0 | 46% 66% 86% 66% 46% 26% 46%
! |
Lo oY 8 8 i 5 E 2 E 3 § f 3
GE‘:'J\flf\g g?ggm 0001 DABFhX 0002 133Fh X 0001 D4BFh X 0001 963Fh X 0001 57BFh X 0001 963Fh X 0001 D4BFh X w2133 Y
@ Trans‘ferx ! (@) Transter Y \ x \ \ \ N
Temporary register A X 0001 D4BFh X 0002 133Fh X 0001 D4BFh X 0001 963¢h X 0001 578 X 0001 963Fh X (0001 D4BFh X
B » @) Irans‘!er\ O B \ 8 \ \ B \ L 5 \ E 3 \ p 2
uffer register
GPTW2.GTOORC 0000 SDth X ‘ odpo 1F3Fh X oo*o 5DBFh X »ooo 9C3Fh X odf;o DABFh X oodp 9C3Fh X 0(%)0 5DBFh X *000 ocarn X
%) Transferx i l (A)Transfer¥ l x l \
Compare register 0000 5DBFh X 0001 D4BFh 0002 133Fh 0001 D4BFh 0001 963Fh 001 57BFh 0001 963Fh 0001 D4BFh X
GPTW2.GTCCRA T

| } 0000 1F3Fh 0000 5DBFh 0000 9C3Fh 000 DABFh 0000 9C3Fh 0000 5DBFh

W-phase: positive | ore [ on ,_l [ | I_, |_| I_,
— - — —

GTIOGC2A (PB6)

I
Initial value ouipul/“""’} 60% 80% 60% 40% 20% 40% 60%
L

Dead time setting register
GPTW2.GTDVU ‘
|

Compare register 0000 4AFFh Xuom E77Fh m 0002 25FFh 0001 E77Fh 0001 ABFFh 0001 6A7Fh 0001 A8FFh 0001 E77Fh X
GPTW2.GTCCRB

\
‘ loN (5) 0000 0C7Fh 0000 4AFFh 0000 897Fh 0000 C7FFh 0000 897Fh 0000 4AFFh

|
W-phase: negative ////////// / OFF
GTIOC2B (PB5) ‘ L] | | | I_l
ﬂ—b‘ «—> > e >
Initial value oulpul"”‘e’} 66% 86% 66% 46% 26% 46% 66%

0000 12C0h

|

| GPTWO.GTCNT
| GPTW1.GTCNT
| GPTW2.GTCNT
| count start

} (GTSTR setting)
A\4

Pin function setting
(GTIOR setting)

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

Figure 4.32 Sample Code Operations
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4.5.3 Smart Configurator Settings

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

Table 4.8 Adding Components

Item

Description

Component

General PWM Timer

Configuration name

Config_ GPTO

| Config_GPT1 | Config_GPT2

Work mode

Sawtooth-wave One-shot Pulse Mode

Resource

GPTO

| GPT1 | GPT2

Figure 4.33 to Figure 4.35 show the Config_GPTO settings. The same settings apply for GPT1 and GPT2.

Components © 3 ¥ Configure
* s .
~ Basic setting
filter text
Count setting
v @ Startup
Clock source
v & Generic
® rbsp Timer operation period
v @ Drivers Period register value (GTPRO)
v @ Timers
« Config_GPTO | Buffer operation

« Config_GPT1
« Config_GPT2

Count direction

Counter initial value

[JInput capture is operated at count stop

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

GTCCRA operation
Buffer operation
GTIOCOA pin function

Noise f
GTIOCOA pin output duty
GTIOCOA pin negate control
Output at start/stop
Output at compare match

Output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation
GTCCRD operation
GTCCRE operation
GTCCRF operation

Count operation sources setting

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

] Software source count start

GTETRGA signal edge selection

Enable software source count start

[JELCA event input
[ ELCC event input
[CJ ELCE event input
[JELCG event input

Output stop setting

Output stop group select

Timer count clock = 160MHz
(PCLKC/1)

PCLKC

1 ms v| (Actual value: 0.999994)
159999 . .
Carrier period = 1ms
Buffer operation is not performed
Up-counting
0 Count direction = up-counting

Counter initial value = 0

160.000 (MHz)

55999

Compare match v
Double buffer operation
- Use GTCCRA as compare match
PWM output pin Set initial value
PCLKC

Determined by compare matches

GTCCRA operates as double buffer
Disabled

St tput 1; ste 1) 1
O outpent B sfop et Set GTIOCOA pin as PWM output pin

Toggle output

Output is retained ) )
High output at counting starts

High output at counting stops

Output value set when duty cycle is set after release

Toggle output at GTCCRA compare match
Output retained at cycle end

Buffer register for GTCCRA

Double buffer register for GTCCRA
Use GTCCRC and GTCCRD as

s reguster for GTOCHE buffer registers of GTCCRA

Double buffer register for GTCCRB

Use GTCCRE and GTCCRF as
buffer registers of GTCCRB

Disabled

Disabled

[CJ ELCB event input
[JELCD event input
[J ELCF event input
[CJELCH event input

Group A

[[] Enable dead time error output stop detection

[ Enable simultaneous high output stop detection

[ Enable simultaneous low output stop detection

Figure 4.33 GPTO Settings (1/2)
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= Advance setting
Automatic dead time setting
| Automatically set GTCCRBO using GTCCRAO value and dead time
Grow GTOVO
Enable automatic dead time s ]"' —
setting = =

GTDVU value 4800 [[] Enable buffer (GTDBU)
[ Automatically set the same value of GTDVU to,

A/D conversion start

Set GTDVU value [nable compare match (up-counting) A/D conversion start request (GTADTRA)
Set same value to GTDVD Inable compare match (down-counting) A/D conversion start request (GTADTRA)

Buffer operation is not performed

No transfer
A/D converter start request signal monitor setting
[ enable $12ADO moniitor GTADTRA compare match during up-counting
[[J Enable $12AD1 monitor GTADTRA compare match during up-counting
Interrupt setting
[ enable GTCCRA input capture/compare match interrupt (GTCIAD) Level 15 (highest)
[[] Enable GTCCRB input capture/compare match interrupt (GTCIBO) Level 15 (highest)
[[] Enable dead time error interrupt (GDTEO) Level 15 (highest)

Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)  Priority  Level 15 (highest)

<

Enable GTCNT underflow interrupt (GTCIUO) Level 15 (highest)
Interrupt and A/D converter start request skipping setting

ccion Skipping is not performed v
Enable GTCNT overflow interr
*Config_GPTO only

Skip count of 1

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source  Skipping is not performed v
Skip count of 1

Extended interrupt skipping counter 2 count source  Skipping is not performed v
Skip count of 1
Skip count of 1
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

~ HRPWM setting
High Resolution PWM setting
[T] Enable output high resolution PWM waveform

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

Apply delay of 0/32 times PCLKC period

Overview Board Clocks System Components Pins| Interrupts

Figure 4.34 GPTO Settings (2/2)
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match ~ 100
Buffer operation Double buffer operation
Use GTCCRB as compare match
GTIOCOB pin function PWM output pin
Noise filte PCLKC

: GTCCRB operates as double buffer
GTIOCOB pin output duty Determined by compare matches
GTIOCOB pin negate control Disabled
Output at start/stop Start output 0; stop output 0 Set GTIOC0B e PWM OUtpUt Rl
Output at compare match Toggle output )

Low output at counting starts

Output at cycle end Output is retained

Low output at counting stops
Output value set when duty cycle is set after release Toggle output at GTCCRB compare match
Output retained at cycle end

Figure 4.35 GPTO Settings (Compare Match Register and Pins Setting of GTCCRB)
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4.5.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
In the main function, count start function gpt0_gpt1_gpt2_start is read and counting is started.

=

A
Count start
gpt0_gpt1_gpt2_start()

»
L

Figure 4.36 main Function

In the count start function, the GPTO, GPT1, and GPT2 counting is started after the GTCIVO interrupt is
enabled.
This function is newly created after code generation by the Smart Configurator.

< gpt0_gpt1_gpt2_start >

A 4

Enable GTCIVO Interrupt

A 4

GPTO, GPT1, and GPT2 count start

v
< return >

Figure 4.37 Count Start Function
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The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers and initializes the variables. This function is called from within the
R_Config_ GPTO_Create function.

This sample code uses the following variable.

e s_uptmg_prv: variable for retaining the previous GPTWO0.GTCCRC register value (at GTIOCOA pin
output rising time)

R_Config GPT1_Create_Userlni and R_Config_ GPT2_Create_Userlnit also perform the same processes.

< R_Config_GPTO0_Create_Userlnit >

\ 4
Set GTCCRA buffer register to a value generating 20% duty cycle
Set GPTWO0.GTCCRC to 35% of the period
Set GPTWO0.GTCCRD to 55% of the period

y

Forced buffer transfer

\ 4
Set GTCCRA buffer register to a value generating 40% duty cycle
Set GPTWO0.GTCCRC to 25% of the period
Set GRTWO0.GTCCRD to 65% of the period

A 4

Initialize variables

A

( return >

Figure 4.38 User Initialization Function
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The GTCIVO interrupt handler function changes the values of the buffer registers according to the current
value of buffer registers GPTWO0.GTCCRC, GPTW1.GTCCRC, and GPTW2.GTCCRC and the values set in

the previous buffer registers.

( r_Config_GPTO0_gtciv0_interrupt )

GPTWO0.GTCCRC =
5% of the period?

A

GPTWO0.GTCCRC =
35% of the period?

GPTWO0.GTCCRC
= previous
GPTWO0.GTCCRC?

A

Increase duty cycle by 20%
Add 10% of the period to GPTW0.GTCCRC
Subtract 10% of the period from
GPTWO0.GTCCRD

Decrease duty cycle by 20%
Subtract 10% of the period from
GPTWO0.GTCCRC

Add 10% of the period to GPTW0.GTCCRD

Increase duty cycle by 20%
Subtract 10% of the period from
GPTWO0.GTCCRC

Add 10% of the period to GRTW0.GTCCRD

Decrease duty cycle by 20%
Add 10% of the period to GPTW0.GTCCRC
Subtract 10% of the period from
GPTWO0.GTCCRD

!

v

A

Save GPTWO0.GTCCRC value

GPTW1.GTCCRC =
5% of the period?

A

GPTW1.GTCCRC =
35% of the period?

GPTW1.GTCCRC
< previous
GPTW1.GTCCRC?

A

Increase duty cycle by 20%
Add 10% of the period to GPTW1.GTCCRC
Subtract 10% of the period from
GPTW1.GTCCRD

Decrease duty cycle by 20%
Subtract 10% of the period from
GPTW1.GTCCRC

Add 10% of the period to GPTW1.GTCCRD

Increase duty cycle by 20%
Subtract 10% of the period from
GPTW1.GTCCRC

Add 10% of the period to GRTW1.GTCCRD

Decrease duty cycle by 20%
Add 10% of the period to GPTW1.GTCCRC
Subtract 10% of the period from
GPTW1.GTCCRD

!

!

A

Save GPTW1.GTCCRC value

GPTW2.GTCCRC =
5% of the period?

A

GPTW2.GTCCRC =
35% of the period?

GPTW2.GTCCRC
< previous
GPTW2.GTCCRC?

A

Increase duty cycle by 20%
Add 10% of the period to GPTW2.GTCCRC
Subtract 10% of the period from

Decrease duty cycle by 20%
Subtract 10% of the period from
GPTW2.GTCCRC

Increase duty cycle by 20%
Subtract 10% of the period from
GPTW2.GTCCRC

Decrease duty cycle by 20%
Add 10% of the period to GPTW2.GTCCRC
Subtract 10% of the period from

GPTW2.GTCCRD Add 10% of the period to GPTW2.GTCCRD Add 10% of the period to GRTW2.GTCCRD GPTW2.GTCCRD
v v
Save GPTW2.GTCCRC value
v
( return )
Figure 4.39 GTCIVO Interrupt Handler Function
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4.5.5 Related Operations
4.5.5.1 Separate Automatic Dead Time Settings for Each Interval

This sample code uses the automatic dead time setting function and a dead time is generated with a
common switching point in the first half and second half of the negative-phase by setting the
GTDTCR.TDFER bit to 1.

In the automatic dead time setting function, the dead time can be separately set for the first half and second
half of a waveform. Dead time for the changing point in the first half of a negative-phase is set in the GTDVU
register and that in the second half is set in the GTDVD register.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.
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4.5.6 Usage Notes
4.5.6.1 Counting Starts for Multiple Channels

In this sample code, the CSTRTO, CSTRT1, and CSTRT2 bits of timer software start register GTSTR are set
at the same time in the gpt0_gpt1_gpt2_start function to start the GPTWO0, GPTW1, and GPTW2 counting at
the same time.

When using the R_Config_ GPTO_Start, R_Config GPT1_Start, and R_Config GPT2_Start functions
generated by the Smart Configurator, the counting starts timing may not be the same because each of the
functions are read.

Refer to RX66T Group User’s Manual: Hardware, section 24.3.8.1 Synchronous Operation by Software.

4.5.6.2 Settings of GTCCRm Register during Compare Match Operation (m = A to F)

This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,
the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of buffer registers GTCCRC and GTCCRD should be set to satisfy the following restrictions. If the
restrictions are not satisfied, correct normal output waveform with secured dead time may not be obtained.

e In up-counting:
GTCCRC < GTCCRD
GTCCRC > GTDVU
GTCCRD < GTPR - GTDVD
¢ In down-counting:
GTCCRC > GTCCRD
GTCCRC < GTPR - GTDVU
GTCCRD > GTDVD

Further, if the dead time is not automatically set, buffer registers GTCCRC and GTCCRD (or GTCCRE and
GTCCREF) should be set to satisfy the following restrictions. If the restrictions are not satisfied, two compare
matches do not occur and pulse output cannot be performed.

¢ In up-counting: 0 < GTCCRC (GTCCRE) < GTCCRD (GTCCRF) < GTPR
¢ In down-counting: GTPR > GTCCRC (GTCCRE) > GTCCRD (GTCCRF) >0

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (3) When Automatic Dead Time Setting has been
Made in Sawtooth-Wave One-Shot Pulse Mode and (4) When Automatic Dead Time Setting has not been
Made in Sawtooth-Wave One-Shot Pulse Mode.
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4.6 Triangle-Wave PWM Mode 1

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm1_dt.zip

4.6.1 Overview

GPTW triangle-wave PWM mode 1 can be used to output 3-phase complementary PWM waveforms with
dead time.

This sample code describes a sample code that that uses the automatic dead time setting function in
triangle-wave PWM mode 1 (32-bit transfer at trough) and repeats the following output waveforms. Each duty
cycle generates symmetric PWM waveforms using the buffer (not a double buffer).

e U-phase duty switching: 20% — 40% — 60% — 80% — 60% — 40% — ---
e V-phase duty switching: 40% — 60% — 80% — 60% — 40% — 20% — -
e W-phase duty switching: 60% — 80% — 60% — 40% — 20% — 40%— -

The duty cycle is changed by transferring the value of buffer register GTCCRC to compare register GTCCRA
when a GTCNT counter underflow occurs.

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

e Use triangle-wave PWM mode 1 —
e Use channels 0, 1 and 2 (channel numbers: n =0, 1, and 2)
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Counter up-counts from initial value 0
¢ Use GTCCRA as duty output compare match
— Use GTIOCnA pin as PWM output pin
— Use GTCCRA as compare match
— High output at counting starts, high output at counting stops
— Toggle output at GTCCRA compare match Set in Smart Configurator.
— Retain output at cycle end - .
e Use GTCCRB as duty output compare match For Setting Methods,
— Use GTIOCnB pin as PWM output pin refer to section 4.6.3.
— Use GTCCRB as compare match
— Low output at counting starts, low output at counting stops
— Toggle output at GTCCRB compare match
— Retain output at cycle end
o Use buffer register
— GTCCRA operates as single buffer
— Use GTCCRC as buffer register of GTCCRA
o Use automatic dead time generation
¢ Software source count start enabled
o Duty changes at each cycle —
— Duty changes at the GTCNT counter underflow interrupt
— Refer to Figure 4.42 for details on duty change timing
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Triangle-wave PWM mode 1 output for this sample code is shown below.

Output waveform is active-low.

GTIOCOA
GPTW —>_U-phase: MPC | PD2 |_| | | |_|_
positive o
Channel 0 20% 40% 60% 80%
Triangle-wave | GTIOCOB
PWM mode 1 o > PD1 | | L
) «> «—>
negative 26% 46% 66% 86%
GPTW —)_GTIOC1A [ MPC ] B—} PDO
V-phase: I_I —I
. “«—> —> >
Channel 1 positive 40% 60% 80% 60%
Triangle-wave | GTIOC1B
PWM mode 1 |+~ “»[MPC ] ]
mode 1 > PB7 L] L]
negative 46% 66% 86% 66%
GTIOC2A
CPTW o hase: MPC__|H»PB6 | | e > ] |
o «—> «—
Channel 2 positive 60% 80% 60% 40%
Triangle-wave |GTIOC2B
PWM made 1 [ op MPC _J(H-»PB5 _| | ] R [
. > «—>
negative 66% 86% 66% 46%
GPTW: Generates PWM waveform with triangle-wave PWM mode 1
MPC: Sets the pins to be used from general purpose /O port to peripheral function I/O port
Figure 4.40 Triangle-wave PWM Mode 1 Output
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4.6.2 Operation Details

The sample code operations are shown in Figure 4.42. The settings of the duty cycle are changed with each
period by modifying the value of buffer register GTCCRC at the GTCNT counter underflow interrupt
(GTCIUO) ((1) in Figure 4.42).

This sample code uses triangle-wave PWM mode 1, which transfers at the trough, to update data by
transferring the value of the buffer register to compare register GTCCRA when a GTCNT counter underflow
occurs ((2) in Figure 4.42).

In addition, the GTCCRB register is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD. This sample
code automatically sets the GTCCRB value at counting starts ((3) in Figure 4.42).

After counting starts, a compare match occurs between the compare register and the counter register,
negative-phase output turns OFF, and then positive-phase output turns ON ((4) in Figure 4.42)).

o Symmetric PWM Waveform Output

The duty cycle in each period generates the1/2 duty cycle for the up-counting period and down-counting
period.

Up- Down-
counting counting
period period

GTCNT
10%10% 20% 20% o o >
PWWM output M \ / |30A; 304,—| 40% | 40% ,—|_
> «—> > >
20% 40% 60% 80%
Figure 4.41 Symmetric PWM Output Waveform
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Triangle-wave PWM mode 1 (32-bit transfer at trough)
Output waveform is active-low
GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT values
A

GPTWO0.GTPR—0001 33800

o/ N\

0000 FAOOh

GTCIUO GTCIUO

0000 E740h

0000 BB8Oh
0000 ABCOR

0000 7D00h
0000 6Ad0h

0000 3E80h
0000 28C0h

GTCIUO

0 :GPTWO.GTCCRA compare match
|— : GPTW0.GTCCRA compare register vakue

U-phase output waveforn symbol definitions. ‘

GTCIUO GTCIUO

v

0000 0000h

Buffer register modified

] S<ae>< @ i

80 B B E B
Gg;\flffof gg‘glcic 0000 BB8Oh 0000 7D00h X 0000 3E80h 0000 7D00h X 0000 BB8Oh X
) ; \@ Trarier \ \ \
Compare register 0000 FAOOh 0000 BB8Oh X 0000 7D00h 0000 3E80h X 0000 7D00h )&
GPTWO0.GTCCRA
(4)
U-phase: positive [ OFF / on
GTIOCOA (PD2) 1 Lo |
Inkial valge ouput® 20% 40% 60% 80% 60%
e
Dead time setting register 0000 12C0h
GPTWO.GTDVU .
| (3)
Compare register X 0000 E740h X 0000 ABCOh X 0000 6A40h X 0000 2BCOh X 0000 6A40h )C
GPTWO0.GTCCRB : m
U-phase: negative m
GTIOCOB (PD1) H_ o~ orF L] L L
> >
Intial valus ouput™™) 26% 46% 66% 86% 66%
I '
Bufer regist L 80 3 E 3 3 E 5
unerregister 0000 7D00h 0000 3E80h 0000 7D00h 0000 BB8Oh 0000 FAOOh
GPTW1.GTCCRC — {7 X X X X_
c ster L (@) Transfer \ N \ N
ompare regist
T A ' 0000 BB8Oh 0000 7D00h X 0000 3E80h X 0000 7D00h X 0000 BB8Oh >C
| /14)
V-phase: positive Ny OFF ON '1 [’—‘|
GTIOC1A (PD0) - Li ]
Intl e output™ 40% 60% 80% 60% 0%
]
Dead time setting register 0000 12C0h
GPTW1.GTDVU —
1 3)
Compare register X 0000 ABCOh X 0000 6A40h X 0000 2BCON X 0000 6A40h X 0000 ABCOh X:
GPTW1.GTCCRB (automatic) T A
1 (4)
V-phase: negative 1 | oN OFF
GTIOC1B (PB7) | T g ;J
ot vave oupu™ 46% 66% 86% 66% 46%
N i
| i
'
_ I 80) Y i 3 8 E 3
GPB{_’\’/"VEZ’ g_ggg; c 0000 3E80h 0000 7D00h X 0000 BB8Oh X 0000 FA0Oh X 0000 BB8Oh )C
' b \ @ Traster \ \ \ \
Compare register
i i Y 0000 7D00h X 0000 3E80h X 0000 7D00h X 0000 BB8Oh X 0000 FAOOOh )C
S I @
Wamsepe o Yo | L L |
-«
Intalvdue ™ 60% 80% 60% 40% 20%
Dead time setting register 0000 12C0h
GPTW2.GTDVU —
. ®)
Compare register X 0000 6A40h X 0000 2BCOh X 0000 6A40h X 0000 ABCOh X 0000 E740h X
GPTW2.GTCCRB (automatic) T A )
'
/
W-phase: negative M/ OFF [—]
GTIOC2B (PB5) /”/”} il L] L] |
>
el 66% 86% 66% 46% 26%
Intil value ouput™ |
! GPTWO.GTCNT
I gPTw1.GTONT
| GPTW2.GTCNT
count stat

|
y (CTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.42 Sample Code Operations
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4.6.3 Smart Configurator Settings

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

Table 4.9 Adding Components

Item Description

Component General PWM Timer

Configuration Name Config_ GPTO | Config_GPT1 | Config GPT2
Work mode Triangle-wave PWM Mode1

Resource GPTO | GPT1 | GPT2

Figure 4.43 to Figure 4.45 show the Config_ GPTO settings. The same settings apply for GPT1 and GPT2.

Components ¢ 3 ¥ Configure ()
L
filter text zicauttiog Timer count clock

Count setting

Clock source PCLKC v 160.000 (MHz)

0MHz (PCLKC/1)

v @ Startup
v & Generic

® rbsp Timer operation period 1 ms ¥ (Actual value: 1.000000)
v @ Drivers Period register value (GTPRO) 80000 . .
v & Timers = — Carrier period = 1ms
« Config_GPTO Buffer operation Buffer operation is not performed
« Config_GPT1 Count direction Up-counting
@ Config_GPT2 o il ke 0 Count direction = up-counting

[Jinput capture is operated at count stop

Compare match register and pin setting Counter initial value = 0
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources
GTCCRA operation Compare match v 64000
Buffer operation Single buffer operation
i = b Use GTCCRA as compare match
GTIOCOA pin function PWM output pin Set GTCCRA initial value
Noise filte PCLKC
GTIOCOA pin output duty Determined by compare matches GTCCRA operates as single buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 1; stop output 1 q q
S i P po Set GTIOCOA pin as PWM output pin
Output at compare match Toggle output
Output at cycle end Output is retained

High output at counting starts

Output value set when duty cycle is set after release High output at counting stops

Toggle output at GTCCRA compare match
Output retained at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA ¥
GTCCRD operation Compare match
GTCCRE operation Compare match A
Use GTCCRC as buffer register of GTCCRA
GTCCRF operation Compare match

Count operation sources setting

Count start sources  Count stop sources Counter clear sources Count up sources Count down sources
+| Software source count start

GTETRGA signal edge selection Disabled i

e selection Disabled v
Enable software source count start FEEEEH Disabled v

M selection Disabled X

Disabled

Disabled
E ELCA event input j ELCB event input
[CJELCC event input ] ELCD event input
[[J ELCE event input [C] ELCF event input
[CJ ELCG event input ] ELCH event input
Output stop setting
Qutput stop group select Group A e

[[] Enable dead time error output stop detection
["] Enable simultaneous high output stop detection
j Enable simultaneous low output stop detection

Figure 4.43 GPTO Settings (1/2)
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- Advance setting
Automatic dead time setting
] Automatically set GTCCRBO using GTCCRAO value and dead time

Enable automatic dead
time setting

STDVU value

] Automatically set the same value of GTDY\to GTDVD

Set GTDVU value
Set same value to GTDVD

Buffer operation is

No transfer

A/D converter start request signal monitor setting

[T enable S12ADO monitor

[[J Enable S12AD1 monitor

Interrupt setting

[[] enable GTCCRA input capture/compare match interrupt (GTCIAO)

[ enable GTCCRB input capture/compare match interrupt (GTCIBO)
] Enable GTCCRD compare match interrupt (GTCIDO)

[ Enable GTCCRE compare match interrupt (GTCIEO)

["] Enable GTCCRF compare match interrupt (GTCIFO)

[[J Enable dead time error interrupt (GDTEO)

["] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)

] Enable GTCNT underflow interrupt (GTCIUO)

Interrupt and A/D converter start request skipping setting
GTCIVO/GTCIUO interrupt skipping function
Skip count of 1

Enable GTCNT underflow interrupt
*Config_GPTO only

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source

Skipping is not performed

Skipping is not performed

Enable buffer (GTDBU)

not performed

GTADTRA compare match during up-counting

GTADTRA compare match during up-counting

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

Level 15 (highest)

<

Priority  Level 15 (highest)

Skip count of 1

Extended interrupt skipping counter 2 count source
Skip count of
Skip count of
No extended
No extended
No extended
No extended
No extended
No extended
No extended
No extended
No extended
No extended

Extended buffer transfer skipping setting
No extended
No extended

No extended

Skipping s not performed

1
1

interrupt skipping

interrupt skipping

interrupt skipping

interrupt skipping

interrupt skipping
interrupt skipping

interrupt skipping

interrupt skipping

interrupt skipping

interrupt skipping

interrupt skipping
interrupt skipping

interrupt skipping

No extended interrupt skipping

No extended
No extended
No extended
~ HRPWM setting
High Resolution PWM setting

[ Enable output high resolution PWM waveform

interrupt skipping
interrupt skipping

interrupt skipping

Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Overview Board Clocks System Components Pins Interrupts

Figure 4.44 GPTO Settings (2/2)
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match
Buffer operation Buffer operation is not performed Use GTCCRB as compare match

GTIOCOB pin function PWM output pin v
PCLKC
GTIOCOB pin output duty Determined by compare matches
GTIOCOB pin negate control Disabled . s
g Set GTIOCOB pin as PWM output pin
Output at start/stop Start output 0; stop output 0
Output at tch Te tput -
P SRR RIS DygeouR Low output at counting starts
Output at cycle end Output is retained Low output at counting stops
Output value set when duty cydle is set after release Toggle output at GTCCRB compare match

Output retained at cycle end

Figure 4.45 GPTO Settings (Compare Match Register and Pins Setting of GTCCRB )
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4.6.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
In the main function, count start function gpt0_gpt1_gpt2_start is read and counting is started.

=

\ 4
Count start
gpt0_gpt1_gpt2_start()

>
P

Figure 4.46 main Function

In the count start function, the GPTO, GPT1, and GPT2 counting is started after the GTCIUOQ interrupt is
enabled.

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

( gpt0_gpt1_gpt2_start >

A 4

Enable GTCIUQ interrupt

A 4

GPTO, GPT1, and GPT2 count start

A 4

< return >

Figure 4.47 Count Start Function
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The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers and initializes the variables. This function is called from within the

R_Config_ GPTO_Create function.
This sample code uses the following variable.
e g_ucduty prv0: variable for retaining the previous GPTWO0.GTCCRC register value

R_Config GPT1_Create_Userlni and R_Config_ GPT2_Create_Userlnit also perform the same processes.

< R_Config_GPTO_Create_Userlnit >

A 4

Set GPTWO0.GTCCRC to 20% of the period

y

Initialize variables

A 4

C return >

Figure 4.48 User Initialization Function
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The GTCIUO interrupt handler function changes the values of the buffer registers according to the current
value of buffer registers GPTWO0.GTCCRC, GPTW1.GTCCRC, and GPTW2.GTCCRC and the values set in
the previous buffer registers.

( r_Config_GPTO_gtciu0_interrupt >

GPTWO0.GTCCRC =
10% of period?

GPTWO0.GTCCRC =
40% of period?

GPTWO0.GTCCRC =
previous GPTWO0.GTCCRC?,

A 4 Y
Decrease GPTW0.GTCCRC Increase GPTW0.GTCCRC Decrease GPTW0.GTCCRC Increase GPTWO0.GTCCRC
by 10% of period by 10% of period by 10% of period by 10% of period

v v

v
Save GPTW0.GTCCRC
value

GPTW1.GTCCRC =
10% of period?

GPTW1.GTCCRC =
40% of period?

GPTW1.GTCCRC =
previous GPTW1.GTCCRC?

A y

Decrease GPTW1.GTCCRC Increase GPTW1.GTCCRC Decrease GPTW1.GTCCRC Increase GPTW1.GTCCRC
by 10% of period by 10% of period by 10% of period by 10% of period

. i 7

Save GPTW1.GTCCRC
value

GPTW2.GTCCRC =
10% of period?

GPTW2.GTCCRC =
40% of period?

GPTW2.GTCCRC =
evious GPTW1.GTCCRC!

A A

Decrease GPTW2.GTCCRC Increase GPTW2.GTCCRC Decrease GPTW2.GTCCRC Increase GPTW2.GTCCRC
by 10% of period by 10% of period by 10% of period by 10% of period

; 7 ¥

v
Save GPTW2.GTCCRC
value

v

C return >

Figure 4.49 GTCIUO Interrupt Handler Function
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4.6.5 Related Operations
4.6.5.1 Separate Automatic Dead Time Settings for Each Interval

This sample code uses the automatic dead time setting function and a dead time is generated with a
common switching point in the first half and second half of the negative-phase by setting the
GTDTCR.TDFER bit to 1.

In the automatic dead time setting function, the dead time can be separately set for the first half and second
half of a waveform. Dead time for the changing point in the first half of a negative-phase is set in the GTDVU
register and that in the second half is set in the GTDVD register.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.

4.6.5.2 Buffer Operations with Automatic Dead Time Setting Function

This sample code uses the automatic dead time setting function to generate a negative-phase waveform that
secures the fixed dead time period set by the Smart Configurator.

The automatic dead time setting function uses the GTDBU as buffer register GTDVU and the GTDBD as
buffer register GTDVD to update the dead time period during the count by performing buffer transfer at the
end of the count cycle (when a GTCNT counter underflow occurs (trough)).

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.

Smart Configurator settings are as shown below.

~ Advance setting

Enable buffer register GTDBU

Automatic dead time setting
| Automatically set GTCCRBO using GTCCRAO value and dead time
[ GIow _ GTOVD [

| 1

e Sy
GTDVU value 4800 v/| Enable buffer (GTDBU)

| Automatically set the same value of GTDVU to GTDVD

Figure 4.50 Smart Configurator Automatic Dead Time Setting

Figure 4.51 shows an example of operations of the automatic dead time setting function using the buffer
register of dead time value.

The value of the GTDBU is modified by the GTCNT counter underflow interrupt (GTCIUOQ) ((1) in Figure
4.51). The value of the GTDBU is transferred to dead time setting register GTDVU) when a GTCNT counter
underflow occurs (at trough) ((2) in Figure 4.51), and the waveform that secures the dead time period after
update is output ((3) in Figure 4.51).

In the 3rd cycle, the GTDBU value that was modified at the end of the 1st cycle is transferred to the GTDVU
((4) in Figure 4.51).
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Triangle-wave PWM mode 1 (32-bit transfer at trough)
Output waveform is active-low
GPTWO.GTCNT,

GPTW1.GTCNT, and
GPTW2.GTCNT values

U-phase output waveform symbol definitions.
© : GPTWO.GTCCRA compare match
— : GPTWO.GTCCRA compare register value

A
GTCIUO GTCIUO GTCIUO GTCIUO
GPTWO0.GTPR—0001 3880h A
0000 FAOOh H i
0000 E740h [ s ‘ /\
0000 BB8OR i i "
0000 9C40h " ] 1 :
0000 7D00h i i ‘ :
0000 4B00h ‘
0000 3E80h f ; —
0000 0C80h [ )
0000 0000h i ; ; 1]
) I E 5 ‘ i E B : I ‘ B
Buffer register 0000 BB8Oh X 0000 7D00h X 0000 3E80h X 0000:7D00h X
GPTWO.GTCCRC : — \ - ‘ \ - T - =
' W ! i : il H b
Compare register 0000 FAOOh X 0000 BB8Oh X 0000 7D00h X 0000 3E80h X
GPTWO.GTCCRA o | - ; — — T = — T T
U-phase: positive | OFF i‘ oN i i ‘ i ! ] ' —;—| ‘ T
GTIOCOA (PD2) 1t |——' I——' | i : . ol - r_
> > e—— P - i : '
‘nmalvélugwmm, 120% 1 Buffer register modified 40% | 60% | ! 80% i
[ noy o B0 : ; i ; ; :
Dead ti me ¥3\|/ geGbTug;L register 0000 1F40h 0000 3200h !
' | E H ! “ &12}Transler3 3 3 ! ‘(4)Tran:sfer | &l i i i 2%
Dead time setting register 0000 12C0h X 0000 1F40h X 0000 3200h '
GPTWO.GTDVU — S ‘ - — ‘ . 7 —
' I i ! i ! ' ! P
Compare register X 0000 E740h X 0000 9C40h X 0000 4B00h 0000/0C80h X
GPTWO0.GTCCRB (automatic) ] | FN 3% 5% i 5% o 8% || 8% ] 8% |
o ) | N ‘ N L » <y ‘ o
-phase: negative o i i ' i i " H "
GTIOCOB (PD1) //////I\ P °r ‘ SN ‘ ‘ 1 i
[l N N ] y
Initial val:m{mlpul‘"m’ 26% ‘ 50% 76% 96%
|

GPTWO.GTCNT
| GPTW1.GTCNT
| GPTW2GTCNT
| countstart

Y (GTSTR setting)

Pin function setting

(GTIOR setting)

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

Figure 4.51 Buffer Operations with Automatic Dead Time Setting Function

4.6.5.3 When Automatic Dead Time Setting Function is Not Used

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm1.zip

Figure 4.52 shows an example of operations when the automatic dead time setting function is not used

(GTDTCR.TDE bit is 0).

In the above sample code, a waveform that secures the dead time period is generated by setting a value to
the compare match register GTCCRB for negative-phase waveforms and buffer register GTCCRE.

Similar to the positive-phase, in the negative-phase the compare value is updated with every cycle by
modifying buffer register GTCCRE ((1) in Figure 4.52) and transferring from the buffer register to compare
register GTCCRB ((2) in Figure 4.52) when a GTCNT counter underflow occurs (trough).

In addition, the same dead time period is secured as shown in the operations in Figure 4.16.

RO1AN5995EJ0110 Rev.1.10
Jan.6.23 RENESAS

Page 218 of 318




RX Family

PWM Output Methods Using MTU3/GPTW

Triangle-wave PWM mode 1 (32-bit transfer at trough)
Output waveform is active-low

GPTWO.GTPR—0001 3880h

Buffer register
GPTW0.GTCCRC

Compare register
GPTWO0.GTCCRA

U-phase: positive
GTIOCOA (PD2)

Buffer register
GPTWO0.GTCCRE

Compare register
GPTWO0.GTCCRB
U-phase: negative

GTIOCOB (PD1)

Buffer register
GPTW1.GTCCRC

Compare register
GPTW1.GTCCRA

V-phase: positive
GTIOC1A (PDO0)

Buffer register
GPTW1.GTCCRE

Compare register
GPTW1.GTCCRB

V-phase: negative
GTIOC1B (PB7)

Buffer register
GPTW2.GTCCRC

Compare register
GPTW2.GTCCRA

‘W-phase: positive
GTIOC2A (PB6)

Buffer register
GPTW2.GTCCRE

Compare register
GPTW2.GTCCRB

W-phase: negative
GTIOC2B (PB5)

GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT values
A

AN

GTCIUO GTCIUO

GTCIUO

GTCIUO

0 : GPTWO.GTCCRA compare match

U-phase output waveform symbol definitions.
|— : GPTWO.GTCCRA compare register vakie

GTCIUO

0000 FAOOh
0000 E740h ‘
0000 BB8Oh
0000 ABCOh
0000 7D00h
0000 6A40h ] J
0000 3E80h
0000 28C0h
0000 0000h >
Buffer register modified
2 5 E 3 5 5
0000 BB8Oh 0000 7D00h 0000 3E80h 0000 7D00h 0000 BB&Oh X
: 25 )5 >§ >§ v
!
0000 FAOOh X 0000 BBEOh X 0000 7D00N X 0000 3E80h X 0000 7D00h X
o on
> >
A 20% 40% 60% 80% 60%
| '
N £ 5 E 5 E 5 E 5
0000 ABCOh X 0000 6A40h X 0000 2BCOh X 0000 6A40h X 0000 ABCOh Y
I i \ @ Transfer \ \ \ \
0000 E740h X 0000 ABCOh X 0000 6A40h X 0000 2BCOh X 0000 6A40h X
T
|
1 ‘\ ON OFF
S
Intlvaloe oupu™ 26% 6% 66% 86% 66%
!
! 1
[ Y Y 2 2 E 3
!
0000 7D00h X 0000 3E80h X 0000 7D00h X 0000 BB&O X 0000 FAOOh X
: M Y Y v Y
0000 BB8Oh X 0000 7D0Ch X 0000 3E80h X 0000 7D00h X 0000 BB8Oh Y
T
I
1 { oFF on \
>
Inii vaue outpu™*! 40% 60% 80% 60% 40%
ol value
i
| |
!
L 80 E 5 L 3 5 5
0000 6A40h 0000 2BCOn X 0000 6A40h X 0000 ABCOh X 0000 E740h X
s [\ @) Transfer \ I\ \
0000 ABCOh 0000 6A40h X 0000 2BCOh X 0000 6A40h X 0000 ABCOh
|
i\ o o |
Intial Ve oupu™ 46% 66% 86% 66% 6%
| H
— X X X X .
0000 3E80h 0000 7D00h 0000 BB&Oh 0000 FAOOh 0000 BBEOh
! y \ v \ y
0000 7D00h X 0000 3E80h X 0000 7D00h X 0000 BBEOh X 0000 FA00Oh )C
T
I
i o ] on [
7 o 9 " 9 0%
Int lueoupu™ 60% 80% 60% 40% 20%
N i
o 0 E B E 3 5 3
0000 2BCOh 0000 6A40h X 0000 ABCOh X 0000 E740h X 0000 ABCOh X
' Y @) Transfer \ v Y
0000 6A40h 0000 2BCOh X 0000 6A40n X 0000 ABCOh X 0000 E740h
‘ A
TN\ ON [ OFF
\4—7 >
it Jaco 66% 86% 66% 46% 26%
ke e
v
| GPTWO0.GTCNT
| GPTW1.GTCNT
GPTW2.GTCNT

|
y (GTSTR seting)

Pin function setting
(GTIOR seting)

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

Figure 4.52 When Automatic Dead Time Setting Function is Not Used (Triangle-wave PWM Mode 1)
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4.6.6 Usage Notes
4.6.6.1 Count Start for Multiple Channels

In this sample code, the CSTRTO, CSTRT1, and CSTRT2 bits of timer software start register GTSTR are set
at the same time in the gpt0_gpt1_gpt2_start function to start GPTWO0, GPTW1, and GPTW2 counting at the
same time.

When using the R_Config_ GPTO_Start, R_Config GPT1_Start, and R_Config GPT2_Start functions
generated by the Smart Configurator, the counting starts timing may not be the same because each of the
functions are read.

Refer to RX66T Group User’s Manual: Hardware, section 24.3.8.1 Synchronous Operation by Software.

4.6.6.2 Settings of GTCCRm Register during Compare Match Operation (m = A to F)

This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,
the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of compare register GTCCRA should be set to satisfy the following restrictions.

GTCCRA > GTDVU
GTCCRA > GTDVD
GTCCRA < GTPR

If the GTCCRA is set to 0000 0000h or a value greater than the setting value of the GTPR during the
counting operation, the output protection function is activated.

However, if the conditions below are not satisfied, the function does not operate normally.

When the GTCCRA register value at the start of count operation is greater than 0000 0001h and less
than the setting value of the GTPR register

For details on the output protection function, refer to RX66T Group User's Manual: Hardware, section 24.8.4
Output Protection Function for GTIOCnm Pin Output (n = 0 to 9; m=A, B).

When not using the automatic dead time setting function, set a value greater than 0000 0001h and less than
the setting value of the GTPR register in the GTCCRA (GTCCRB) register. When 0000 0000h or the same
value as the GTPR register is set in the GTCCRA register, a compare match occurs in a cycle only when
[GTCCRA (GTCCRB) = 0000 0000h] or [GTCCRA (GTCCRB) = GTPR] is met. Furthermore, if a value
exceeding the setting value of the GTPR register is set in the GTCCRA, a compare match does not occur.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (1) When Automatic Dead Time Setting has been
Made in Triangle-Wave PWM Mode and (2) When Automatic Dead Time Setting has not been Made in
Triangle-Wave PWM Mode.
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4.7 Triangle-Wave PWM Mode 2

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm2_dt.zip

4,71 Overview

The GPTW triangle-wave PWM mode 2 can be used to output 3-phase complementary PWM waveforms
with dead time.

This sample code describes a sample code that uses the automatic dead time setting function in triangle-
wave PWM mode 2 (32-bit transfer at crest and trough) and repeats the following output waveforms. Each
duty cycle generates laterally asymmetric PWM waveforms using the buffer (not a double buffer).

e U-phase duty switching: 20% — 40% — 60% — 80% — 60% — 40% — -
e V-phase duty switching: 40% — 60% — 80% — 60% — 40% — 20% — ---
e W-phase duty switching: 60% — 80% — 60% — 40% — 20% — 40%— ---

The duty cycle is changed by transferring the value of buffer register GTCCRC to compare register GTCCRA
when a GTCNT counter overflows and when a GTCNT counter underflow occurs.

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

e Use triangle-wave PWM mode 2 B
e Use channels 0, 1 and 2 (channel numbers: n =0, 1, and 2)
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Counter up-counts from initial value 0
e Use GTCCRA as duty output compare match
— Use GTIOCnA pin as PWM output pin
— Use GTCCRA as compare match
— High output at counting starts, high output at counting stops
— Toggle output at GTCCRA compare match Set in Smart Configurator.
— Retain output at cycle end — )
e Use GTCCRB as duty output compare match For Setting Methods,
— Use GTIOCnB pin as PWM output pin refer to section 4.7.3.
— Use GTCCRB as compare match
— Low output at counting starts, low output at counting stops
— Toggle output at GTCCRB compare match
— Retain output at cycle end
o Use buffer register
— GTCCRA operates as single buffer
— Use GTCCRC as GTCCRA buffer register
o Use automatic dead time generation
¢ Software source count start enabled
o Duty changes at each cycle
— Duty changes at the GTCNT counter overflow interrupt
and GTCNT counter underflow interrupt
— Refer to Figure 4.55 for details on duty change timing
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Triangle-wave PWM mode 2 output for this sample code is shown below.

Output waveform is active-low.

GPTW: Generates PWM waveform with triangle-wave PWM mode 2
MPC: Sets the pins to be used from general purpose /O port to peripheral function 1/0 port

GPTW | GTIOCOA
Uhase>_MPC_J3»PD2 | ] [ I l =
Channel 0 | positive 2‘6:/ 40% 60% 80%
Triangle- | 5115c0B X
wave . 5> PD1 i
PWM mode 2 | U-Phase: > |<—>| . L]
negative 26% 46% 66% 86%
GPTW  |GTIOC1A
~ > _MPC >
V-phase: PDO L l—
Channel 1| positive 40% 60% 80% 60%
Triangle- | 15c1B
wave o ———[ MPC_ J4»Pe7 [ | [
PWM mode 2 | V-phase: -— 4_,|—| I_,
negative 46% 66% 86% 66%
GPTW  |GTIOC2A
N > PB6 | == |
Channel2 | positive 60% 80% 60% 40%
Triangle- | 1o
Wave S Wohase”L_MPC _ l{»PBS5 L |
PWM mode 2 | W-phase: . L] <—>| L—J [
negative 66% 86% 66 % 46%

Figure 4.53 Triangle-Wave PWM Mode 2 Output
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4.7.2 Operation Details

The sample code operations are shown in Figure 4.55. The settings of the duty cycle are changed with each
period by modifying the value of buffer register GTCCRC when a GTCNT counter overflow interrupt
(GTCIVO) and a GTCNT counter underflow interrupt (GTCIUOQ) are generated ((1) in Figure 4.55).

This sample code uses triangle-wave PWM mode 2 to update data by transferring buffer register GTCCRC
to compare register GTCCRA when a GTCNT counter overflow (crest) and a GTCNT counter underflow
(trough) occur ((2) in Figure 4.55).

In addition, the GTCCRB register is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD. This sample
code automatically sets the GTCCRB value at counting starts ((3) in Figure 4.55).

After counting starts, a compare match occurs between the compare register and the counter register,
negative-phase output turns OFF, and then positive-phase output turns ON ((4) in Figure 4.55).

¢ Laterally Asymmetric PWM Waveform Output

The duty cycle in each period generates a different duty cycle for the up-counting period and down-
counting periods.

Down-
counting
period

Up-count
ing period

GTCNT
1% 5% 25% 1’5% 35% 125% 45% | 35% .
0
PWM output U l | ) > 5% ° |_—|
PES «—>> «—> >
20% 40% 60% 80%

Figure 4.54 Laterally Asymmetric PWM Output Waveform
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Triangle-wave PWM mode 2 (32-bit transfer at crest and trough)
Output waveform is active-low

GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT values
A

Symbol definitions
© : GPTWO0.GTCCRA compare match
—: GPTWO.GTCCRA compare register value

aravo aTave arave arai o arai sTavo sTave arav araue
GPTW0.GTPR—0001 3880h
0001 1940h
0001 0680h
0000 DACOh @)
0000 C800h
0000 9C40h
0000 8980h
0000 5DCOh
10000 4B00h
0000 1F40n
0000 0C80h -
0000 0000h »>
Buffer register modified
Bufer regist B0 8.0 & 2 & 2 f 5
uffer register
RECiAgACl N 0001 1940h X__oooo9caon X" oooopacon X 00000scoh X 00009caoh X oo 1F4on X 0000 5DCON X 0000 9C40h
| \ @ Transter \( @ Transfer \ \ \ \ \ \ \ \
Compare register 0000 DACOh X ooo1140n X" oooogcaoh ¥ 0000DACon X" oooooscon X oooogcach Y™ 0000 1F40h X 0000 5DCOR X 0000 sc4on
GPTWO0.GTCCRA
(@)
U-phase: positive /. ['—
GTIOCOA (PD2) iz OoFF M m
g >
it valoe outpul® 20% 40% 60% 80% 60%
) P
Dead time setting register 0000 12C0h

GPTW0.GTDVU —
1
Compare register
GPTWO GTOORD ' X_oooocaoon X o00106soh X" 00008980h ¥ o0ooocCsooh X  oooo4Boon X oooosgson X ooooocson X 0000 4B00h X o000 8e8oh
| @)
U-phase: negative
\ o
GTIOCOB (PD1) it} oN FF
7 > >
Intil valus output 26%‘ % 46% . 66% . 86% 66% .
L " " .
Buffer register
o e 0000 DACOn X_oooospcon X~ 00009caoh X 0000 1F40n X 0000 5DC0N X 0000 9C40h X 0000 DACOh X
| ' \ @ Transfer (2 Transter M \ Y \ \ \
Compare register
P GTaCRA 0000 9C40h X_000oDAcon X oooosDcon X oooo9cach X 0000 1F4oh X 0000 5DCOh X 0000 9C40h X 0000 DACOR
! o)
V-phase: positive | T{/—[—‘
GTIOC1A (PDO) 1ty N |
it valus output ™ 40% 60% 80% 60% 40%
;
Dead time setting register
GPTW1.GTDVU 0000 12C0h
| (3)
Compare register
GPTW GTGORS X__oooosssoh X oooocsooh X" oooo4ooh ¥ oooosgson ) ooooocson X 0000 4800h X 0000 8980h X o000 csoon
N | \ 4
s T [for \ R
| > -
it elus oup" 46%‘ . 66% . 86% . 66% A .
N 1 H (1) 1)
Gg'ltl‘:lle [«f??éeéc 0000 9C40h X 0000 1F40h X 0000 5DCOh 0000 9C40h X 0000 DACOh X 0001 1940h X" 0000 9C40h X
| ] \(@) Transfer )\ (@) Transfer \ N \ \ \ \
Compare register
pelisoal it 0000 5DCOh X_ooooscaon X oooo 1F4on X 0000 5DCON X 0000 9C40h X 0000 DACOh X 0001 1940n
| (@)
W-phase: positive ! / oN
G‘?IOCZAP(PBG) i o | L]
Wi valie oupu™  60% 80% 60% 40% 20%
. . N ! i
Dead time setting register
GPTW2.GTDVU . 0000 12C0N
| 3)
Compare register
GPTW2 GTGORS X_oooo4soon X" oooosgson X ooooocson ) 0000 4B00h X 0000 8980h X 0000 C800h X001 0sson
o @
W-phase: negative !
GTIOC2B (PBS) L
> —> «—
i v ot 66% 86% 66% 46% 26%
Initial value output'
| GPTWO.GTCNT
| GPTW1.GTCNT
| GPTW2.GTCNT

count star
¥ (GTSTR seting)
Pin function setling
(GTIOR setting)

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

Figure 4.55 Sample Code Operations
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4.7.3 Smart Configurator Settings

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

Table 4.10 Adding Components

Item Description

Component General PWM Timer

Configuration Name Config_ GPTO | Config_GPT1 | Config GPT2

Work mode Triangle-wave PWM Mode 2

Resource GPTO | GPT1 | GPT2

Figure 4.56 to Figure 4.58 show the Config_ GPTO settings. The same settings apply for GPT1 and GPT2.

Components + 3 v Configure 0]
‘* Timer count clock = 160MHz
type filtr text (PCLKC/1)
St Count setting
v @ Startu
G Clock source PCLKC v 160.000 (MHz)
~ & Generic
% rbsp Timer operation period 1 ms v Act alue: 1.0 C
i Period register value (GTPRO) 80000 : o
v & Timers Carrier period = 1ms
« Config_GPTO Buffer operation Buffer operation is not performed
« Config_GPT1 Count direction Up-counting

Count direction = up-counting
& Config GPT2 Counter initial value 0

[Jinput capture is operated at count stop

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

GTCCRA operation Compare match v 56000
Buffer operation Single buffer operation v
GTIOCOA pin function PWM output pin Use GTCCRA as compare match
, filt PCLKC Set GTCCRA initial value

GTIOCOA pin output duty Determined by compare matches
GTIOCOA pin negate control Disabled GTCCRA operates as single buffer
Output at start/stop Start output 1; stop output 1
Output at compare match Toggle output Set GTIOCOA pin as PWM output pin
Output at cycle end Output is retained

Output value set when duty cycle is set after release High output at counting starts

High output at counting stops
Toggle output at GTCCRA compare match

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting Output retained at cycle end
GTCCRC operation Buffer register for GTCCRA v )
GTCCRD operation Compare match
GTCCRE operation Compare match
GICCRF operation T Use GTCCRC as buffer register of GTCCRA

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

| Software source count start

GTETRGA signal edge selection Disabled >
GTETRGB signal edge selection Disabled v
GTETRGC signal edge selection Disabled v

Disabled o

Enable software source count start
Disabled

Disabled

[JELCA event input [JELCB event input
[CJELCC event input "] ELCD event input
[CJ ELCE event input ] ELCF event input
[T ELCG event input ] ELCH event input

Output stop setting

Output stop group select Group A -
[] Enable dead time error output stop detection

[[] Enable simultaneous high output stop detection

[[] Enable simultaneous low output stop detection

Figure 4.56 GPTO Settings (1/2)
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= Advance setting
Automatic dead time setting
£/] Automatically set GTCCRBO using GTCCRAO value and dead time

Grow GTOVD
Enable automatic et ———[F
dead time setting |
GTDVU value Enable buffer (GTDBU)

£ Automatically set the same value o+&TDVU to GTDVD

Set GTDVU value tart request setting
Set same value to GTDVD pTRE

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

Buffer operation s not performed

No transfer
A/D converter start request signal monitor setting
[T enable $12AD0 monitor GTADTRA compare match during up-counting
[[J Enable $12AD1 monitor GTADTRA compare match during up-counting
Interrupt setting

] Enable GTCCRA input capture/compare match interrupt (GTCIAD) Level 15 (highest)

] Enable GTCCRB input capture/compare match interrupt (GTCIBO) Level 15 (highest)

¢ [ . t te t Level 15 (highest)

(] enable GTCCRD compare match interrupt (GTCIDO) Level 15 (highest)

] Enable GTCCRE compare match interrupt (GTCIEO) Level 15 (highest)

] Enable GTCCRF compare match interrupt (GTCIFO) Level 15 (highest)
[[] enable dead time error interrupt (GDTEO) Level 15 (highest)

/] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)  Priority  Level 15 (highest)

<

<

7] Enable GTCNT underflow interrupt (GTCIUO) Priority  Level 15 (highest)

Interrupt and A/D converter start request skipping setting
GTCIVO/GTCIUO interrupt skipping function Skipping is not performed o
Skip count of 1
Enable GTCNT overflow interrupt and
GTCNT underflow interrupt
*Config_GPTO0 only

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source  Skipping is not performed v
Skip count of 1
Extended interrupt skipping counter 2 count source  Skipping is not performed v

Skip count of 1

Skip count of 1

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
= HRPWM setting
High Resolution PWM setting

[[] enable output high resolution PWM waveform

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

Overview Board Clocks System Components Pins Interrupts

Figure 4.57 GPTO Settings (2/2)
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Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation
Buffer operation

GTIOCOB pin function

GTIOCOB pin output duty
GTIOCOB pin negate control
Output at start/stop
Output at compare match

Output at cycle end

Compare match

Buffer operation is not performed
PWM output pin

PCLKC

Determined by compare matches
Disabled

Start output 0; stop output 0
Toggle output

Output is retained

Output value set when duty cycle

Use GTCCRB as compare match

Set GTIOCOB pin as PWM output pin

Low output at counting starts
Low output at counting stops

s set after release Toggle output at GTCCRB compare match
Output retained at cycle end

Figure 4.58 GPTO Settings (Compare Match Register and Pins Setting of GTCCRB)
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4.7.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

In the main function, count start function gpt0_gpt1_gpt2_start is read and counting is started.

=

v
Count start
gpt0_gpt1_gpt2_start()

Figure 4.59 main Function

In the count start function, the GPTO, GPT1, and GPT2 counting is started after the GTCIV0 and GTCIUOQ
interrupts are enabled.

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

< gpt0_gpt1_gpt2_start >

A 4

Enable GTCIVO interrupt

\ 4
Enable GTCIUO interrupt

A 4
GPTO0,GPT1, and GPT2 count start

y
< return >

Figure 4.60 Count Start Function
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The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the initial value of the buffer register. This function is called from within the R_Config_ GPTO_Create
function.

R_Config_ GPT1_Create_Userlnit and R_Config_ GPT2_Create_Userlnit also perform the same processes.

< R_Config_GPTO0_Create_Userlnit >

A 4
Set GPRTWO0.GTCCRC to 5% of period

v
< return )

Figure 4.61 User Initialization Function
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The GTCIVO interrupt handler function changes the values of the buffer registers according to the changes to

the output duty cycles.
< r_Config_GPTO0_gtcivO_interrupt >

U-phase output
duty increased?
(s_incrs_flg0 = 1)

No

Increase GPTWO0.GTCCRC
by 20% of period

<&
<
y

V-phase output
duty increased?
(s_incrs_flg1 = 1)

No

Increase GPTW1.GTCCRC
by 20% of period

<
<
4

W-phase output
duty increased?
(s_incrs_flg2 = 1)

Increase GPTW2.GTCCRC
by 20% of period

<&
<
y

A
< return >

Figure 4.62 GTCIVO Interrupt Handler Function

RO1AN5995EJ0110 Rev.1.10 Page 230 of 318
Jan.6.23 RENESAS




RX Family PWM Output Methods Using MTU3/GPTW

The GTCIUO interrupt handler function changes the values of the buffer registers according to the current
values of buffer registers.

< r_Config_GPTO_gtciuO_interrupt >

GPTWO0.GTCCRC =
15% of period?

GPTWO0.GTCCRC =

45% of period?
A 4
Increase GPTWO0.GTCCRC Increase GPTW0.GTCCRC Increase GPTW0.GTCCRC
by 10% of period by 10% of period by 10% of period
Set duty increase flag Clear duty increase flag
(s_incrs_flg0) (s_incrs_flg0)

GPTW1.GTCCRC =
15% of period?

GPTW1.GTCCRC =

45% of period?
A 4
Increase GPTW1.GTCCRC Increase GPTW1.GTCCRC Increase GPTW1.GTCCRC
by 10% of period by 10% of period by 10% of period
Set duty increase flag Clear duty increase flag
(s_incrs_flg1) (s_incrs_flg1)

GPTW2.GTCCRC =
15% of period?

GPTW2.GTCCRC =

45% of period?
y
Increase GPTW2.GTCCRC Increase GPTW2.GTCCRC Increase GPTW2.GTCCRC
by 10% of period by 10% of period by 10% of period
Set duty increase flag Clear duty increase flag
(s_incrs_flg2) (s_incrs_flg2)

A 4

< return >

Figure 4.63 GTCIUO Interrupt Handler Function
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4.7.5 Related Operations
4.7.5.1 Separate Automatic Dead Time Settings for Each Interval

This sample code uses the automatic dead time setting function and a dead time is generated with a
common switching point in the first half and second half of the negative-phase by setting the
GTDTCR.TDFER bit to 1.

In the automatic dead time setting function, the dead time can be separately set for the first half and second
half of a waveform. Dead time for the changing point in the first half of a negative-phase is set in the GTDVU
register and that in the second half is set in the GTDVD register.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.

4.7.5.2 Buffer Operations with Automatic Dead Time Setting Function

This sample code uses the automatic dead time setting function to generate a negative-phase waveform that
secures the fixed dead time period set by the Smart Configurator.

The automatic dead time setting function uses the GTDBU as buffer register GTDVU and the GTDBD as
buffer register GTDVD to update the dead time period during the count by performing buffer transfer at the
end of the count cycle (when a GTCNT counter underflow occurs (trough)).

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.

Smart Configurator settings are as shown below.

* Advance setting

Enable buffer register GTDBU

Automatic dead time setting
| Automatica ly set GTCCRBO using GTCCRAOQ value and dead time

GToVWU GTOVD

ol ] ey (1 S |
gy = ) ey ===
GTDVU value 4800 | Enable buffer (GTDBU)

v| Automatically set the same value of GTDVU to GTDVD

Figure 4.64 Smart Configurator Automatic Dead Time Setting

Figure 4.65 shows an example of operations of the automatic dead time setting function using the buffer
register of dead time value.

The value of the GTDBU is modified by the GTCNT counter underflow interrupt (GTCIUOQ) ((1)) in Figure
4.65). The value of the GTDBU is transferred to the dead time setting register GTDVU when a GTCNT
counter underflow occurs (trough) ((2)) in Figure 4.65), and the waveform that secures the dead time period
after update is output ((3) in Figure 4.65).

In the 3rd cycle, the GTDBU value that was modified at the end of the 1st cycle is transferred to the GTDVU
((4) in Figure 4.65).

The dead time setting of the 4th cycle results in a dead time error (GTCCRA-GTDVU<0) at the changing
point in the first half of the negative-phase, so waveforms of the positive-phase and negative-phase with
corrected changing points are output ((5) in Figure 4.65).
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Symbol definitions
© : GPTWO.GTCCRA compare match
— : GPTWO0.GTCCRA compare register value

Triangle-wave PWM mode 2 (32-bit transfer at crest and trough)
Output waveform is active-low

GPTWO.GTCNT,
GPTWA1.GTCNT,
GPTW2.GTCNT value
A
GTCIVO GTCIUO GTCIVO GTCIUO GTCIVO GTCIUO GTCIVO GTCIUO
GPTWO. GTPR*DOOW 3880h
0001 1940h
0001 0680h
0000 DACOh
0000 C800h
0000 BB8Oh
0000 9C40h
0000 7DO0Oh
0000 6A40h
0000 5DCOh —
0000 3200h (5
0000 2BCOh
0000 0000h — : — T : T T — >
‘ s ' i r'y r ‘ r'y : Y
GE}‘L‘% g’?g‘é;c 0001 1940h X 0000 9C40h X 0000 DACOh X 00005DCOh X 00009C40h X 0000 1F40h X 0000 5DCOh
_ : LN \ Y v 'E y L
gg’T“v%feG%'gg 0000 DACOh X 0001 19400 X 0000 9C40h X" 0000 DACOh ) 0000 5DCOh X 0000 9040h X o000-4F40n X 0000 5DCON
' TR b b P P | 0000 3201h b
U-phase: positive | I . ‘3 T ' 1 1 i 1 e _
GTIOCOA (PD2) i orF | | : |—_| : : : |
> |—> ' - N L e——— ] | | e————— |
ntalvaueouput®® | 20% | L40% b 60% b b % .
| : H i Buffer registermodified : i Vo ' L b !
| " [ 80 :
Dead time value buffer register 0000 1F40h X 0000 3200h
GPTWO0.GTDBU s — — : — — : :
| i w i(Z)Transf‘ér} ! w ¥(4) Transfer i L * ! i v &
Dea‘g';“;\e/v%eg%\ffg's‘er 0000 12COh X oooo 1F40h X 0000 3200h
X — ‘ |7 ‘ . I : Bl
. N B [ b H [
GPTWCOOCTT‘E?R'SQ(:S:;mﬁC) X o000 Caoon X 0001 0680h ¥ 5000 7000 X 3000 BB80n X 0000 2BCoN X 00006A40h X 00000001h X 0000 2BCON
[ 3%~ 3% 5% ! i 5% 8% i L 8% | /8% i 8%y !
U-phase: negative E H H ‘/ ‘J %ﬁ T ;‘4 ‘< : ;k"
GTIOCOB (PD1) 1 __t o PO ‘ | ; 1 o) ; :

26% 50% 76% 93%

7/
Initial value output ™

. '

[N

|

| GPTWO.GTCNT
GPTW1.GTCNT

I GpTw2.GTCNT

| count start

¥ (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.65 Buffer Operations with Automatic Dead Time Setting Function

4.7.5.3 When Automatic Dead Time Setting Function is Not Used

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm?2.zip

Figure 4.66 shows an example of operations when the automatic dead time setting function is not used
(GTDTCR.TDE bit is 0).

When the automatic dead time setting function is not used, a waveform that secures the dead time period is
generated by setting a value to compare match register GTCCRB, the register for negative-phase waveform,
and buffer register GTCCRE.

Similar to the positive-phase, in the negative-phase the compare value is updated with every cycle by
modifying buffer register GTCCRE when the GTCNT counter overflow interrupt (GTCIV0) and GTCNT

counter underflow interrupt (GTCIUQ) are generated ((1) in Figure 4.66) and transferring buffer register
GTCCRE to the compare register GTCCRB when the GTCNT counter overflow (crest) occurs ((2) in Figure

4.66).
In addition, the same dead time period is secured as shown in the operations in Figure 4.55.
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Triangle-wave PWM mode 2 (32-bit transfer at crest and trough)
Output waveform is active-low

GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT values

Symbol definitions
o : GPTWO.GTCCRA compare match
|— : GPTWO.GTCCRA compare register value

A
GTCIVO GTCIUO GTCIVO GTCIUO GTCIVO GTCIUO GTCIVO GTCIUO GTCIVO GTCIUO

GPTWO. GTPR“%&‘ %g%g;‘\
0001 0680h
0000 DACOh
0000 C800h
0000 9C40h
0000 8980h
0000 5DCOh
0000 4B00h
0000 1F40h

0000 0C80h .

0000 0000h »>

Buffer register modified

Buffer register . . . * * . . *

GPTWO. GPOCRG 0001 1940h X_ooooecdon X" 0000DACOh X 00005DCOh Y™ 00009C40h X 0000 1F40h ¥ 0000 5DCOh X 0000 9C40h X

:
. « : \ 4 Y \ y \ v \
ompare register
GPTWNO.CTOCRA 0000 DACOh X000 1840n X" 0000 9c40h X" 0000DACOh X" 00005DCOR ¥ 00009C40h X" 0000 1F40h X 0000 5DCOh X 0000 9C40h
ChoooRmon e o \
K/—> -
Intolvaue o) 20% 40% 60% 80% 60%

Buffer register + 1 80 2.0 £ 2 L2 £ 2 L 2 2
GPTWO.GTCCRE 0001 0680h X_ooooseson ¥ oooocsoon X 00004B00h X 00008980h X 00000C8Oh X 0000 4800h X 0000 8980h X
c st ] () Transfer \ @) Transfer \ \ \ \ \

ompare register
GPTWO0.GTCCRB 0000 C800h X_ooo106eoh Y oooosseoh X 0000 Csooh X 00004800h ¥ 00008980h X" 0000 0C8Oh X 0000 4B0Oh X 0000 8980
T
U-phase: negative i ‘N ON OFF [
GTIOCOB (PD1)
il value ouput™®) 26% 46% 66% 86% 66%
H k3 & L 2 R E 3 E 5 E 3
Gg;\f,f\;' g_?g(‘; c 0000 DACOh X__oooospcon X oooo9c4oh X 0000 1F40h X 0000 5DCOh X 0000 9C40h X 0000 DACOh X
c - ) P \ 4 \ 3 \ v
ompare register
P GTOCRA ‘ 0000 9C40h ¥ ooooDAcoh 0000 05con X" 0000 9C40h X 0000 1F40h ¥ 0000 5DCOh X 0000 9C40h X 0000 DACOR
" I
V-phase: positive
GTIOC1A (PDO) iy 4o [ | L ]
Inklfalvoup™ 40% 60% 80% 60% 40%
[ 20 8.0 E 3 E 5 E 3 2 a2
Gs;’cﬁ gggg& 0000 C800h X oo004Booh ¥ oooosseoh X" 0000 0cson X 0000 4B00h X 0000 8980h 0000 C800h X
c | ] \ (2) Transfer \ @ Transfer \ \ \ \ \ \ \
t
CPTIW GToCRE 0000 8980h X o000 Coon Y 00004B00h X 0000 8980 ) 0000 0C8ON 0000 4800h X 0000 8980h Y0000 C8oon
i
V-phase: negative i on oFF
GTIOC1B (PBT) | il L [
>
kel auoupd™  46% 66% 86% 66% 6%
Buffer redist Lo 3 E 1 3 3 8 & 2
utier register
CPTWa.OTOCRG 0000 9C40h X000 1Faon X 0000 5DCOh X 0000 9C40h X 0000 DACOh X o001 1940n ¥ 0000 9c40n X
: M v \ \ \ \ \
Compare register 0000 05COh X_oooo'scaoh Y0000 1Fa0n X 0000 5DCOh X 0000 9C40h X 0000 DACOR X 00011340
GPTW2.GTCCRA ‘
W-phase: positive i ‘1 OFF N
GTIOC2A (PB6) >
\nAe\{dugeu«pu«‘"“" 60% 80% 60% 40% 20%
:

Buffer register ! } &0 L Al E 2 E S & 2 2
GPTW2.GTCCRE 0000 8980h X_oocoocson X 0000 4B00h X 0000 8980h X 0000 C800h X oootoseon o000 8gaon X
c st | ] \ (@) Transfer \( @ Transfer \ \ \ \ \ \ \ \

ompare register
P GTOCRE 0000 4B00h Y(oooosoeon X" o000 ocson X 0000 4800h 0000 8980h X 0000 C800h X 0001 0680h
W-phase: negative AN ON | OFF
GTIOC2B (PB5) > -ty

- 66% 86% 66% 46% 26%
Initial value output
./
| GPTWO.GTCNT
GPTW1.GTCNT

I ePTw2.GTCNT
count start
¥ (GTSTR setting)
Pin funcion setting
(GTIOR setting)

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

Figure 4.66 When Not Using Automatic Dead Time Setting Function (Triangle-wave PWM Mode 2)
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4.7.6 Usage Notes
4.7.6.1 Count Start for Multiple Channels

In this sample code, the CSTRTO, CSTRT1, and CSTRT2 bits of timer software start register GTSTR are set
at the same time in the gpt0_gpt1_gpt2_start function to start GPTWO0, GPTW1, and GPTW2 counting at the
same time.

When using the R_Config_ GPTO_Start, R_Config GPT1_Start, and R_Config GPT2_Start functions
generated by the Smart Configurator, the counting starts timing may not be the same because each of the
functions are read.

Refer to RX66T Group User’s Manual: Hardware, section 24.3.8.1 Synchronous Operation by Software.

4.7.6.2 Settings of GTCCRm Register during Compare Match Operation (m = A to F)

This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,
the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of compare register GTCCRA should be set to satisfy the following restrictions

GTCCRA > GTDVU
GTCCRA > GTDVD
GTCCRA <GTPR

If the GTCCRA is set to 0000 0000h or a value greater than the setting value of the GTPR during the
counting operation, the output protection function is activated.

However, if the conditions below are not satisfied, the function does not operate normally.

When the GTCCRA register value at the start of count operation is greater than 0000 0001h and less
than the setting value of the GTPR register

For details on the output protection function, refer to RX66T Group User's Manual: Hardware, section 24.8.4
Output Protection Function for GTIOCnm Pin Output (n = 0 to 9; m=A, B).

When not using the automatic dead time setting function, set a value greater than 0000 0001h and less than
the setting value of the GTPR register in the GTCCRA (GTCCRB) register. When 0000 0000h or the same
value as the GTPR register is set in the GTCCRA register, compare match occurs in a cycle only when
[GTCCRA (GTCCRB) = 0000 0000h] or [GTCCRA (GTCCRB) = GTPR] is met. Furthermore, if a value
exceeding the setting value of the GTPR register is set in the GTCCRA, and compare match does not occur.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (1) When Automatic Dead Time Setting has been
Made in Triangle-Wave PWM Mode and (2) When Automatic Dead Time Setting has not been Made in
Triangle-Wave PWM Mode.
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4.8 Triangle-Wave PWM Mode 3

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm3_dt.zip

4.8.1 Overview

The GPTW triangle-wave PWM mode 3 can be used to output 3-phase complementary PWM waveforms
with dead time.

This sample code describes a sample code that uses the automatic dead time setting function in triangle-
wave PWM mode 3 (64-bit transfer at trough) and repeats the following waveform output. Each duty cycle
generates laterally asymmetric PWM waveforms using the double buffer.

e U-phase duty switching: 20% — 40% — 60% — 80% — 60% — 40% — ---
e V-phase duty switching: 40% — 60% — 80% — 60% — 40% — 20% — -
e W-phase duty switching: 60% — 80% — 60% — 40% — 20% — 40%— ---

The duty cycle is changed by transferring the value of the temporary register A to the compare register
GTCCRA when a GTCNT counter overflow occurs, and transferring the value of buffer register GTCCRD to
temporary register A and the value of buffer register GTCCRC to compare register GTCCRA when an
underflow occurs.

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

—_

e Use triangle-wave PWM mode 3
e Use channels 0, 1 and 2 (channel numbers: n =0, 1, and 2)
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Counter up-counts from initial value 0
o Use GTCCRA as duty output compare match
— Use GTIOCnA pin as PWM output pin
— Use GTCCRA as compare match
— High output at counting starts, high output at counting stops
— Toggle output at GTCCRA compare match Set in Smart Configurator.
— Retain output at cycle end
e Use GTCCRB as duty output compare match
— Use GTIOCnB pin as PWM output pin refer to section 4.8.3.
— Use GTCCRB as compare match
— Low output at counting starts, low output at counting stops
— Toggle output at GTCCRB compare match
— Retain output at cycle end
o Use buffer register
— GTCCRA and GTCCRB operate as double buffers
— Use GTCCRC and GTCCRD as buffer registers of GTCCRA
— Use GTCCRE and GTCCREF as buffer registers of GTCCRB
o Use automatic dead time generation
¢ Software source count start enabled
o Duty changes at each cycle
— Duty changes at the GTCNT counter underflow interrupt
— Refer to Figure 4.69 for details on duty change timing

— For Setting Methods,
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Triangle-wave PWM mode 3 output for this sample code is shown below.

Output waveform is active-low.

Jan.6.23

RENESAS

GPTW GTIOCOA
UphaseL_MPC_jri»PD2 ] LT l -
Channel 0| positive 20% 40% 60% 80%
Triangle- | 5115c08
wave H>pPp1 [T
PWM mode 3 | U-phase: | — L] LI
negative 26% 46% 66% 86%
GPTW GTIOC1A
[ WMPC_J»PD0 | [ | ] B ]
V-phase:
Channel 1 e «—> > >
; positive 40% 60% 80% 60%
Triangle- GTIOC1B
wave L2 P Jg»Pe7 [ | [
PWM mode 3 | V-phase: I_I I_, \_I_
negative 46% 66% 86% 66%
GPTW GTIOC2A
" WPC__J}» PBs ] ]
W-phase: —I | | | |
Channel 2 " > «—>
. positive 60% 80% 60% 40%
Triangle- GTIOC2B
W2 o 3 [Wephase™_PPC_JI> P8
PWM mode 3 | W-phase: J I_l |_|<7_>| | | [
negative 66% 86% 66% 46%
GPTW: Generates PWM waveform with triangle-wave PWM mode 3
MPC: Sets the pins to be used from general purpose /O port to peripheral function 1/0 port
Figure 4.67 Triangle-Wave PWM Mode 3 Output
R0O1AN5995EJ0110 Rev.1.10 Page 237 of 318




RX Family PWM Output Methods Using MTU3/GPTW

4.8.2 Operation Details

The sample code operations are shown in Figure 4.69. The settings of the duty cycle are changed with each
period by modifying the value of buffer registers GTCCRC and GTCCRD at the GTCNT counter underflow
interrupt (GTCIUOQ) ((1) in Figure 4.69).

The initial values of the buffer registers for the code generated using the Smart Configurator are set to the
same value as the compare register. As a result, the buffer register values are set in the user initialization
function R_Config_ GPTO_Create_Userlnit before the counting starts. The values set in the registers are
transferred from buffer register GTCCRD to temporary register A and from buffer register GTCCRC to
compare register GTCCRA, respectively, by forced buffer transfers ((2) in Figure 4.69).

This sample code uses triangle-wave PWM mode 3 to update data by transferring temporary register A to
compare register GTCCRA when a GTCNT counter overflow (crest) occurs ((3) in Figure 4.69) and
transferring buffer register GTCCRD to temporary register A, and buffer register GTCCRC to compare
register GTCCRA when a GTCNT counter underflow (trough) occurs ((4) in Figure 4.69).

In addition, the GTCCRB register value is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD. This sample
code automatically sets the GTCCRB value at counting starts ((5) in Figure 4.55).

After counting starts, a compare match occurs between the compare register and the counter register,
negative-phase output turns OFF, and then positive-phase output turns ON ((6) in Figure 4.69).

e Laterally Asymmetric PWM Waveform Output

The duty cycle in each period generates a different duty cycle is for the up-counting and down-counting
periods.

Up- Down-
counting counting
period period

GTCNT

\4

0,

15% 5%

PWM output M 25% | | 35% 25%—) 45% | 35%
>

> > >
20% 40% 60% 80%

Figure 4.68 Laterally Asymmetric PWM Output Waveform
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Triangle-wave PWM mode 3 (64-bit transfer at trough)

U-phase output wavelomn symbol definition

c o GPTWO GTCCRA compare match
Output wavefom is active-low 2 GPTWO.GTCCRA compare register
GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT value
A
GTCIUO GTCIUO GTCIUo GTCIUO GTCIu0
- | | | }
2601 Toaon
0001 0680h
0000 DACOh 6)
0000 C800h
0000 9C40h
0000 8980h ‘
0000 5DCOh
0000 4B0Oh
0000 1F4on
0000 0C80h \/ -
0000 0000h »
Bufferregistermodiied
8.0
Bufferregister 0001 1940h 0000 DACOh 0000 9C40h ¥ 0000 5DCOh ¥ 0000 9C40h ¥ 0000 5DCOh ¥
GPTWO0.GTCCRD X X X X X
\(@ franster \ (@) Transfer \ \ \ \
Temporary register A X 0001 1940h X 0000 DACOh X 0000 9C40h X 00Q0 5DCON X 000q 9C40h Y
Buffer registe E ) £ & . .
PTG OTCeRE 0000 DACON X 0000 9C4on X 0000 5CON X 0000 1F}ioh X 0000 54coh X 0000 §C40h X
. ) \ @Trenster o ranster \@ Transter 4 \ \ )i \
ompare register 7 7 7
o STacRA 0000 DACOh X« o001 1940n ¥ 0000 9c40n (¥ 0000DACOh X 00005DCOR X¥ 0000 9C40h X 0000 1F40n ¥ 0000 5DCOh X¥ 0000 9c40n
(6)
U-phase: positive
GTIOCOA (PD2) g o T fon |
7/ 0, )9 9/ 9/ )9
okl value o™ 20% 40% 60% 80% 60%
Dess i et o
)
Compare register
CPTWO e oRE 0000C800n Y 00010680h ¥ 00008980h X" 0000C800h X~ 00004B0oh X 0000 8980h X" 0000 0cson ¥ 0000 4B00h X 0000 8980h
| ©)
U-phase: negative
GTIOCO8 (PDY) i ‘\ ON OFF [
«—>
Intial value outpud 26% 46% 66% 86% 66%
Buff ( ‘ 8.0 &£ 3 . .
oo SR 0000 DACO X 0000 9C40h 0000 5DCOh X 0000 9C40h X 0000 DACOh X 0001 1940h X
T\ @t \ @ Tl 4 4 3 v
Temporary register A 0000 RACOh X 0000,9C40h X 0000 5DCOh X 0000 9C40h X 0000 DACOR X
I
I
Buffer regist 20 E X i Y 8
CPTWA.OYOORC 0000 9C40n X 0000 5DG0h 0000 1Fi0h X 0000 5Df0n X 0000 9C40n X 0000 DAG0h X
|\ @iranster (@) Transter (@) Transfer \ \ Ji \ )i \
Compare register 4 r4 4 4 4
ety 0000 9C40h X¥ 0000 DAcoh X" 0000 5DCoh X 0000 oc4oh X" 0000 1F40n X’ 0000 5DCOh X 0000 9C40h X¥ 0000 DACON
| (6)
V-phase: positive | /
oG eDo, Mo o [
Intel value outpit™ 40% 60% 80% 60% 40%
1
Dost i ot g ,
| )
Compare register
GPTWI OTeeRE 00008980h ¥ 0000C800h X o0004Booh X 00008980h X 0000 0c8oh X 0000 4B00h X 0000 8980h X 0000 C800h
| 16
V-phase: negative TGN on I ore
GTIOC1B (PB7) ! 4J ;J LJ ‘
>
. ntal va.ueouuiu(w 6% o 66% % 86% * 66% . 6% *
G;“afz’ E?ﬁg'éu 0000 9c40n X 0000 5DCOh X 0000 9C40h X 0000 DACOR X 0001 1940h X 0000 DACOh X
| \@ ranster \ (@) Transter \ 4 4 4
Temporary register A X 0000 9C40h X 0000 §DCOh X 0000 9C40h X 0000 QACOh X 0001 1940h X
t
I
I
Buffer register . 2o . * 2 .
CPTWa. OTOORC 0000 50C0h X 0000 1F4dh X 0000 5Ddon X 0000 9C49h X 0000 DAGON X 0000 9C}0h X
T\ s Jormma\ e \ ] \ i \ \
Compare register 74 T4 Irg re
o STOCRA (3000 DCOh X ooooecaon ¥ 0000 1F40h X! 0000 5DC0h X 0000 9C40h X 0000 DACOh X¥ 0001 1940n
| (6)
W-phase: positive 1 on
GTIOGoN (paey Mo [
> > >
. 60% 80% 60% 40% 20%
kil value oupu
: T
| 6)
Compare register
GPTW2 OTeeR 00004800h ) 00008980h X" 00000cson X 0000 4B00h X 0000 8980h X 0000 C800h X o001 o6eoh
. | 16)
W-phase: negative i
GTIOC2B (PBS5) M "\ on | oFF ‘
e «— «—>
kel valuo output™® 66% 86% 66% 46% 26%
[ 4
I GPTWO.GTCNT
| GPTWI.GTONT
| GPTW2.GTCNT
| (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.69 Sample Code Operations
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4.8.3 Smart Configurator Settings

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

Table 4.11 Adding Components

Item Description

Component General PWM Timer

Configuration Name Config_ GPTO | Config_GPT1 | Config GPT2

Work mode Triangle-wave PWM Mode 3

Resource GPTO | GPT1 | GPT2

Figure 4.70 to Figure 4.72 show the Config_ GPTO settings. The same settings apply for GPT1 and GPT2.

Components © 3 v Configure 0
_ Timer count clock = 160MHz
- - Basic setting (PCLKC/1)
= Count setting
v tartup
G 3 Clock source PCLKC v 160.000 (MHz)
v @ Generic

% rbsp Timer operation period 1 ms vl (At
v ® Drivers Period register value (GTPRO) 80000
v @ Timers -
& Config_GPTO Buffer operation Buffer operation is not performed Carrier period = 1ms
« Config_GPT1 Count direction Up-counti .
¢ ,g GPT2 sl Count direction = up-counting
« Conllg Counter initial value 0
] Input capture is operated at count stop Count valu

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

GTCCRA operation Compare match v 56000
Buffer operation Double buffer operation

GTIOCOA pin function PWM output pin Use GTCCRA as compare match
Set GTCCRA initial value

PCLKC

GTIOCOA pin output duty Determined by compare matches
GTCCRA operates as double buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 1; stop output 1
Output at compare match T Set GTIOCOA pin as PWM output pin
Output at cycle end Output is retained
Output value set when duty cycle is set after release High output at counting starts

High output at counting stops
Toggle output at GTCCRA compare match
Output retained at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA

GTCCRD operation Double buffer register for GTCCRA

GTCCRE operation Buffer register for GTCCRB Use GTCCRC and GTCCRD as buffer registers of
GTCCRF operation Double buffer register for GTCCRB GTCCRA

Count operation sources setting Use GTCCRE and GTCCRF as buffer registers of
Count start sources Count stop sources Counter clear sources Count up sources Count down sources GTCCRB

1] Software source count start

GTETRGA signal edge selection Disabled

Disabled
Enable software source count start Disabled
Disabled v
Disabled
Disabled
Disabled
Disabled
[CJ ELCA event input [C] ELCB event input
ELCC event input ELCD event input
ELCE event input ELCF event input
ELCG event input ELCH event input
Output stop setting
Output stop group select Group A v

Enable dead time error output stop detection
Enable simuitaneous high output stop detection

| Enable simultaneous low output stop detection

Figure 4.70 GPTO Settings (1/2)
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~ Advance setting

Automatic dead time setting

] Automatically set GTCCRBO using GTCCRAO value and dead time

GoW GOV
. I I
Enable automatic SEL B
dead time setting
GTDVU value

[ Automatically set the same value.e

I start request setting
ADTRB

Set GTDVU value
Set GTDVD to the same value

LI Enable buffer (GTDBU)

pare match (up-counting) A/D conversion start request (GTADTRA)

[[] enable compare match (down-counting) A/D conversion start request (GTADTRA)

Buffer operation is not performed

No transfer

A/D converter start request signal monitor setting
[[J Enable $12AD0 monitor
["] Enable $12AD1 monitor

Interrupt setting

[[] enable GTCCRA input capture/compare match interrupt (GTCIAO)

["] Enable GTCCRB input capture/compare match interrupt (GTCIBO)

| Enable dead time error interrupt (GDTEQ)

("] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)

/] Enable GTCNT underflow interrupt (GTCIUO)

GTADTRA compare match during up-counting

GTADTRA compare match during up-counting

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

Priority  Level 15 (highest)

Interrupt and A/D converter start request skipping setting

GTCIVO/GTCIVO interrupt skipping function

Skipping is not performed

Skip count of 1

Enable GTCNT underflow interrupt

*Config_GPTO only

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source

Extended interrupt skipping counter 2 count source

Extended buffer transfer skipping setting

~ HRPWM setting
High Resolution PWM setting
[[] Enable output high resolution PWM waveform

Overview Board Clocks System Components Pins Interrupts

Skipping is not performed
Skip count of 1

Skipping is not performed
Skip count of 1

Skip count of 1

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

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

Apply delay of 0/32 times PCLKC period

Figure 4.71 GPTO Settings (2)
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Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation
Buffer operation

GTIOCOB pin function

GTIOCOB pin output duty
GTIOCOB pin negate control
Output at start/stop
Output at compare match

Output at cycle end

Compare match

Double buffer operation

PWM output pin

PCLKC

Determined by compare matches
Disabled

Start output 0; stop output 0
Toggle output

Output is retained

Outp

value set when duty cycle

s set after release

Use GTCCRB as compare match

GTCCRB operates as double buffer

Set GTIOCOB pin as PWM output pin

Low output at counting starts

Low output at counting stops
Toggle output at GTCCRB compare match

Output retained at cycle end

Figure 4.72 GPTO Settings (Compare Match Register and Pins Setting of GTCCRB)

RO1AN5995EJ0110 Rev.1.10
Jan.6.23

RENESAS

Page 242 of 318




RX Family PWM Output Methods Using MTU3/GPTW

4.8.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
In the main function, count start function gpt0_gpt1_gpt2_start is read and counting is started.

=

v
Count start
gpt0_gpt1_gpt2_start()

Figure 4.73 main Function

In the count start function, the GPTO, GPT1, and GPT2 counting is started after the GTCIUOQ interrupt is
enabled.
This function is newly created after code generation by the Smart Configurator.

< gpt0_gpt1_gpt2_start >

A

Enable GTCIUO interrupt

A 4

GPTO0, GPT1, and GPT2 count start

y
( return >

Figure 4.74 Count Start Function
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The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers and initializes the variables. In order to set the second compare
match register value in the 1st cycle, a forced buffer transfer is performed after setting the buffer register
value, and then the temporary register and compare register values are set. This function is called from
within the R_Config_ GPTO_Create function.

This function initializes the following variable used in this sample code.
e g_ucduty prv0: variable for retaining the previous GPTWO0.GTCCRC register value

R_Config GPT1_Create_Userlnit and R_Config_ GPT2_Create_Userlnit also perform the same processes.

< R_Config_ GPTO_Create_Userlnit >

A 4
Set GTCCRA buffer register to value generating 20% duty cycle
Set GPTWO0.GTCCRC to 15% of period
Set GPTWO0.GTCCRD to 5% of period

A 4

Forced buffer transfer

v
Set GTCCRA buffer register to value generating 40% duty cycle
Set GPTWO0.GTCCRC to 25% of period
Set GPTWO.GTCCRD to 15% of period

A

Initialize variables

A 4

< return >

Figure 4.75 User Initialization Function
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The GTCIVO interrupt handler function changes the values of the buffer registers according to the current
value of buffer register GPTWO0.GTCCRC and the value set in the previous buffer registers.

< r_Config_GPTO_gtciu0_interrupt >

PTWO0.GTCCRC =
15% of period?

PTWO0.GTCCRC =
45% of period?

GPTWO0.GTCCRC =
previous GPTWO0.GTCCRC

A A

Decrease GPTWO0.GTCCRC Increase GPTW0.GTCCRC Decrease GPTW0.GTCCRC Increase GPTW0.GTCCRC
and GPTWO0.GTCCRD and GPTWO0.GTCCRD and GPTWO0.GTCCRD and GPTWO0.GTCCRD
by 10% of period by 10% of period by 10% of period by 10% of period
« v v
A
Store GPTW0.GTCCRC
value

PTW1.GTCCRC =
15% of period?

PTW1.GTCCRC =
45% of period?

GPTW1.GTCCRC =
previous GPTW1.GTCCRC2

h 4 A 4

Decrease GPTW1.GTCCRC Increase GPTW1.GTCCRC Decrease GPTW1.GTCCRC Increase GPTW1.GTCCRC
and GPTW1.GTCCRD and GPTW1.GTCCRD and GPTW1.GTCCRD and GPTW1.GTCCRD
by 10% of period by 10% of period by 10% of period by 10% of period

v v

<

A
Save GPTW1.GTCCRC
value

PTW2.GTCCRC =
15% of period?

PTW2.GTCCRC =
45% of period?

GPTW2.GTCCRC =
previous GPTW1.GTCCRC

A 4 A

Decrease GPTW2.GTCCRC Increase GPTW2.GTCCRC Decrease GPTW2.GTCCRC Increase GPTW2.GTCCRC
and GPTW2.GTCCRD and GPTW2.GTCCRD and GPTW2.GTCCRD and GPTW2.GTCCRD
by 10% of period by 10% of period by 10% of period by 10% of period

< v v

Y
Save GPTW2.GTCCRC
value

v

)

Figure 4.76 GTCIUO Interrupt Handler Function
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4.8.5 Related Operations
4.8.5.1 Separate Automatic Dead Time Settings for Each Interval

This sample code uses the automatic dead time setting function and a dead time is generated with a
common switching point in the first half and second half of the negative-phase by setting the
GTDTCR.TDFER bit to 1.

In the automatic dead time setting function, the dead time can be separately set for the first half and second
half of a waveform. Dead time for the changing point in the first half of a negative-phase is set in the GTDVU
register and that in the second half is set in the GTDVD register.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.

4.8.5.2 Buffer Operations with Automatic Dead Time Setting Function

This sample code uses the automatic dead time setting function to generate a negative-phase waveform that
secures the fixed dead time period set by the Smart Configurator.

The automatic dead time setting function uses the GTDBU as buffer register GTDVU and the GTDBD as
buffer register GTDVD to update the dead time period during the count by performing buffer transfer at the
end of the count cycle (when a GTCNT counter underflow occurs (trough).

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.4 Automatic Dead Time Setting
Function.

Smart Configurator settings are as shown below.

~ Advance setting

Enable buffer register GTDBU

Automatic dead time setting

| Automatically set GTCCRBO using GTCCRAO value and dead time
[ eow v

) A S I ey (S
GTDVU value 4800 (V] Enable buffer (GTDBU)

| Automatically set the same value of GTDVU to GTDVD

Figure 4.77 Smart Configurator Automatic Dead Time Setting

The figure below shows an example of operations of the automatic dead time setting function using the
buffer register of dead time value.

The value of the GTDBU is modified by the GTCNT counter underflow interrupt (GTCIUOQ) ((1)) in Figure
4.77). The value of the GTDBU is transferred to the dead time setting register GTDVU when a GTCNT
counter underflow occurs (at trough) ((2)) in Figure 4.77), and the waveform that secures the dead time
period after update is output ((3) in Figure 4.77).

In the 3rd cycle, the GTDBU value that was modified at the end of the 1st cycle is transferred to the GTDVU
((4) in Figure 4.77).

The dead time setting of the 4th cycle results in a dead time error (GTCCRA-GTDVU<0) at the changing
point in the first half of the negative-phase, so waveforms of the positive-phase and negative-phase with
corrected changing points are output ((5) in Figure 4.77).
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Triangle-wave PWM mode 3 (64-bit transfer at trough)

© U-phase output waveform symbol definition
Output waveform is active-low

o : GPTWO0.GTCCRA compare match
— : GPTWO.GTCCRA compare register

GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT value
A

GTCIUO GTCIUO GTCIUO GTCIUO
GPTWO0.GTPR—0001 3880h
0001 1940h
0001 0680h
0000 DACOh
0000 C800h
0000 BB80Oh
0000 9C40h
0000 7D00h
0000 6A40h
0000 5DCOh
0000 3200h ®)
0000 2BCOh
0000 0000h >
Buffer regist 2 E 3 i 3 .
GPTuvvec; gggceéo 0001 1940n X 0000 DACOh X 0000 9C40h X 0000 5DC0h X 0000 9C40h X
\ \ \ \ \
Temporary register A X 0001 1940 X 0000 PACOh X 0000 9C40h X 0000 5DCOh Y
:
!
Buffer regist : a2 &£ £ Y
GPTWO.GPOORG 0000 DACOh Y 0000 9C40h X 0000 50Co X 0000 320h X 0000 50Co )C
B [
. _ ' ] Y \ ¥ \
e e erea 0000 DACOh X¥ oo011940n X" o0009c4on ¥ o000 DACoh X 00005DCoh ¥(¥ oooooc4on ¥ 00003200n ¥¥ 0000 5DCon
U-phase: positive
GTIOCOA (PD2) I | OFF ON (5)
[ «—> — >
mélﬁm ' 20% 40% 60% 77%
:’ i Buffer register modified
L B0
Dead “g§¥3¢396$ggbf99i5‘ef 0000 1F40h X 0000 3200h
: : ! & (2) Transfer \ (@) Transfer \ &
Dead lime seting register 0000 12C0h X 0000 1F40h X 0000 32000

Compare register

GPTWO.GTGCRB (automatic) x 0000Cgooh X o0010680h X 00007Dooh X" ooooBBsoh X 000028con ¥ 00006Adon X 00000001h X 0000 2BCON

o o 3%~ 3% 5%~ 5% 8%y, 8% | 48% 8%,
-phase: negative !
GTIOCOB (PD1) ////////////////:\ EON OFF [ @) )
> «—> >
Initial Value 26% 50% 76% 93%
output ™)

| GPTWO.GTCNT

| GPTW1.GTONT

| GPTW2GTCNT
count s

| (GTSTR setting)

\

Pin function setting
(GTIOR setting)

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

Figure 4.78 Buffer Operations with Automatic Dead Time Setting Function

4.8.5.3 When Automatic Dead Time Setting Function is Not Used

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm3.zip

Figure 4.79 shows operations when the automatic dead time setting function is not used (GTDTCR.TDE bit
is set to 0).

When the automatic dead time setting function is not used, a waveform that secures the dead time period is
generated by setting a value to compare match register GTCCRB, the register for negative-phase waveform,
and buffer registers GTCCRE and GTCCRF.

Similar to the positive-phase, in the negative-phase the compare value is updated with every cycle by
modifying buffer registers GTCCRE and GTCCRF when a GTCNT counter underflow (trough) occurs ((1)
Figure 4.79), transferring temporary register B to compare register GTCCRB when a GTCNT counter
overflow (crest) occurs ((2) in Figure 4.79), and transferring buffer register GTCCRF to temporary register B
and buffer register GTCCRE to compare register GTCCRB when GTCNT counter underflow (trough) occurs
((3) in Figure 4.79).

In addition, the same dead time period is secured as shown in the operations in Figure 4.69.
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Triangle-wave PWM mode 3 (64-bit transfer at trough)
Output waveform is active-low

Buffer register
GPTWO0.GTCCRD

Temporary register A

Buffer register
GPTWO0.GTCCRC

Compare register
GPTWO0.GTCCRA

U-phase: positive
GTIOCOA (PD2)

Buffer register
GPTWO.GTCCRF

Temporary register B

Buffer register
GPTWO.GTCCRE

Compare register
GPTWO0.GTCCRB

U-phase: negative
GTIOCOB (PD1)

Buffer register
GPTW1.GTCCRD

Temporary register A

Buffer register
GPTW1.GTCCRC

Compare register
GPTW1.GTCCRA

V-phase: positive
GTIOC1A (PDO)

Buffer register
GPTW1.GTCCRF

Temporary register B

Buffer register
GPTW1.GTCCRE

Compare register
GPTWA1.GTCCRB

V-phase: negative
GTIOC1B (PB7)

Buffer register
GPTW2.GTCCRD

Temporary register A

Buffer register
GPTW2.GTCCRC

Compare register
GPTW2.GTCCRA

W-phase: positive
GTIOC2A (PB6)

Buffer register
GPTW2.GTCCRF

Temporary register B

Buffer register
GPTW2.GTCCRE

Compare register
GPTW2.GTCCRB

W-phase: negative
GTIOC2B (PB5)

U-phase output waveform symbol definition
© : GPTWO.GTCCRA compare match
|— : GPTWO.GTCCRA compare register

GPTWO.GTCNT,
GPTW1.GTCNT, and
GPTW2.GTCNT value
A
GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO
GPTWO0.GTPR—0001 3880h i
G601 Toaoh
0001 0680h
0000 DACOh
0000 C800h
0000 9C40h
0000 8980h
0000 5DCOh ‘
0000 4B00h
0000 0C80h
0000 0g00n >
Buffer register modified
& E B 3 E 5
0001 1940h Y 0000 DACOh X 0000 9C40h X 0000 5DCOh X 0000 9C40h X 0000 5DCOh X
\ v v v 3
X 0001 1940h X 0000 DACOh X 0000 9C40h X 0000 5DCOh X 0000 9C40h )C
: g o & E B . i B
0000 DACOh X 0000 9C4ph X 0000 5D§0h X 0000 1F4oh X 0000 5D§0h X 0000 9C40h X:
v y v v v \
0000 DACOh X/ 000119400 ¥ 0000 9c40n Y« 0000DACOh X 00005DCOR X« 0000 9C40n X™ 0000 1F40n Y¥' 0000 5DCOh Y0000 9cach
i OFF oN
> «—> >
ntal e 20% 40% 60% 80% 60%
" &0 . - . -
0001 0680n ) 0000 C800h X 0000 8980h X 0000 4B00h X 0000 8980h X 0000 4B00h X:
Ty \ @ Transter \ \ \ \
X 0001 0680h 0000 C800h X 0000 8980h X 0000 4B00h X 0000 8980h )C
g i 0) - L . i 8
0000 C800n X 0000 8980h 0000 4800h X 0000 0CY0n X 0000 48300 X 0000 8984h X
{ \ }(2; Transfer \(@® Transfer N \ N N
0000 C800h X o0010680n X" 0000 89g0h ¥(¥0000 C80oh (" 00004B0oh  X¥ 0000 8980h ¥ 0000 0CB0h  Y¥ 0000 4800h X* 0000 8980n
|
Hitntiinn ‘\ ON OFF
N/—> «—>
nti faue! 26% 46% 66% 86% 66%
sk W & & E 3 B E B
0000 DACO X 0000 9C40h X 0000 5DCOh X 0000 9C40h X 0000 DACOR X 0001 1940h X:
Y \ y v v N
X 0000 DACOh X 0000 9C40h X 0000 5DCOh X 00009C40h X 0000 DACOh X:
. - K i 8 . s
0000 9c40h X 0000 5DCph X 0000 1F4h X 0000 5DGph X 0000 9C40h X 0000 DAGh X
L v v \ ] \ b
LN
0000 9C40h Y0000 DACON X ™ 00005DCON ¥(¥ 0000 9C40h X 0000 1F40h X&' 0000 5DC0h X 0000 9C40n X¥ 0000 DACO
T
I
M OFF ON
f—» >
ntal Gaye 40% 60% 80% 60% 40%
oo™ 20 2 E 5 i 3 E 3
0000 C800h 0000 8980h X 0000 4B00h X 0000 8980h X 0000 C800h X 0001 0680h X
A \, (@ Transter \ \ \ \
0000 C800h 0000 8980h 0000 4800h 0000 8980h 0000 C800h
C X X X X -
[ 20 & E 5 E 5 E 5
0000 8980h X' 0000 4830 X 0000 0C8Ph X 0000 480ph X 0000 8980h X 0000 480ph X
| x 1 (2) Transter ; (3) Transfer 3‘ \ & \
0000 8980h ¥¥ oo00csoon X" 00004800h  X* 0000 8980h ¥ 0000 0cson  ¥¥ 0000 4B00h X“ 0000 8980h X* 0000 c80oh X:
T
HITHITHINT oN OFF
>
ntdh Gge 46% 66% 86% 66% 46%
outpu™, 'l 2 2 i B
0000 9c40n X 0000 5DC0h X 0000 9C40h X 0000 DACOR X 0001 1940h X 0000 DACOh X:
[ \ v \ v \
X 0000 9C40h X 0000 5DCOh X 0000 9C40h X 0000 QACON X 0001 1940h X:
. - - . - -
0000 50coh X 0000 1F4ph X 0000 50doh X 0000 9Coh X 0000 DAGoh X 0000 9C4hh X:
S v v ] \ ] y 3
0000 5DCOh ¥¥ o000 9c4on X o000 1F4on  X¥ 0000 5DCOh X< 0000 9C40h X¥ 0000 DACOh X¥ o001 1940n
t
I
I [
> «——>
It e 60% 80% 60% 40% 20%
cutputr,
HI 20 E B E 5 E B E 3
0000 8980h X 0000 4B00h X 0000 8980h X 0000 C800h X 0001 0680h X 0000 C800h X:
l \ \, (@) Transter \ \ \ \
X 0000 8980h X 0000 4B00h X 0000 8980h X 0000 £800h X 0001 0680h X:
T
| 20 iR f 5 i 5 2
0000 4800h ¥ 0000 0C§0h X 0000 4840 X 0000 8940h X 0000 C840h X 0001 068ph X:
1y /12) Transfer \ (@) Transier \ ) \ \ \
0000 48000 X¥ oooosoaoh X" oooo ocson ¥ 0000 4800h X~ 0000 8980h X 0000 C800h X* o001 o6eoh

i \‘ on [ oFF

I—

Ll

I —

[T

Inal Vilue
e
I epTwo.cTONT
| GPTW1.GTCNT
| GPTW2.GTCNT
| count star
(GTSTR setiing)
\
Pin function setting
(GTIOR seing)

66%

86%

66%

46%

«—>
26%

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

Figure 4.79 When Not Using Automatic Dead Time Setting Function (Triangle-Wave PWM Mode 3)
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4.8.6 Usage Notes
4.8.6.1 Count Start for Multiple Channels

In this sample code, the CSTRTO, CSTRT1, and CSTRT2 bits of timer software start register GTSTR are set
at the same time in the gpt0_gpt1_gpt2_start function to start GPTWO0, GPTW1, and GPTW2 counting at the
same time.

When using the R_Config_ GPTO_Start, R_Config GPT1_Start, and R_Config GPT2_Start functions
generated by the Smart Configurator, the counting starts timing may not be the same because each of the
functions are read.

Refer to RX66T Group User’s Manual: Hardware, section 24.3.8.1 Synchronous Operation by Software.

4.8.6.2 Settings of GTCCRm Register during Compare Match Operation (m = A to F)

This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,
the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of compare register GTCCRA should be set to satisfy the following restrictions.

GTCCRA > GTDVU
GTCCRA > GTDVD
GTCCRA <GTPR

If the GTCCRA is set to 0000 0000h or a value greater than the setting value of the GTPR during the
counting operation, the output protection function is activated.

However, if the conditions below are not satisfied, the function does not operate normally.

When the GTCCRA register value at the start of count operation is greater than 0000 0001h and less
than the setting value of the GTPR register

For details, refer to RX66T Group User's Manual: Hardware, section 24.8.4 Output Protection Function for
GTIOCnm Pin Output (n = 0 to 9; m=A, B).

When not using the automatic dead time setting function, set a value greater than 0000 0001h and less than
the setting value of the GTPR register in the GTCCRA (GTCCRB) register. When 0000 0000h or the same
value as the GTPR register is set in the GTCCRA register, a compare match occurs in a cycle only when
[GTCCRA (GTCCRB) = 0000 0000h] or [GTCCRA (GTCCRB) = GTPR] is met. Furthermore, if a value
exceeding the setting value of the GTPR register is set in the GTCCRA, a compare match does not occur.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (1) When Automatic Dead Time Setting has been
Made in Triangle-Wave PWM Mode and (2) When Automatic Dead Time Setting has not been Made in
Triangle-Wave PWM Mode.
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4.9 Sawtooth-Wave PWM Mode Duty Cycles 0% to 100%

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth _pwm_50t0100.zip

4.9.1 Overview

The GPTW sawtooth-wave PWM mode can be used to output PWM waveforms of duty cycles 0% to 100%
according to the GTCCRA register compare match and GTUDDTYC register setting.

This sample code describes a sample code that uses the sawtooth-wave PWM mode and repeats the
following waveform output, including duty cycles 0% and 100%.

o Duty switching: 50% — 80% — 100% — 80% — 50% — 0% — - --

The basic operation is to make changes to the duty cycle by transferring the value of the buffer register to the
GTCCRA when a GTCNT counter overflow occurs using buffer register GTCCRC. When switching between
duty cycles 0% and 100%, the process to modify the GTUDDTYC register is performed when a GTCNT
counter overflow occurs.

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

e Use sawtooth-wave PWM mode —
e Use channel 0
o |Initial output value = low
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
— Counter initial value = 0
¢ Use GTCCRA as duty output compare match Set in Smart Configurator.
— Use GTIOCOA pin as PWM output pin .
— Use GTCCRA as compare match For Setting Methods,
— Low output at counting starts refer to section 4.9.3.
— High output at GTCCRA compare match
— Low output at cycle end
o Use buffer register
— GTCCRA operates as single buffer
— Use GTCCRC as buffer register of GTCCRA
¢ Software source count start enabled
o Duty changes at each cycle
— Duty changes at the GTCNT counter overflow interrupt
— Refer to Figure 4.81 for details on duty change timing

—_
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Sawtooth-wave PWM mode output for this sample code is shown below.

GPTW

Channel 0
Sawtooth-wave
PWM mode

GTIOCOA

MPC

= S L L]

«—> —> «——> “«—> “«—>
50% 80% 100% 80% 50% 0%

GPTW: Generates sawtooth-wave PWM mode waveform
MPC: Sets pins to be used from general purpose I/O port to peripheral function 1/O port setting

Figure 4.80 Sawtooth-Wave PWM Mode Output
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4.9.2 Operation Details

The sample code operations are shown in Figure 4.81. The basic operation is to make changes the settings
of the duty cycle with each period by modifying the value of buffer register GTCCRC at the GTCNT counter

overflow interrupt (GTCIVO) and transferring the value of GTCCRC to the GRCCRA when a GTCNT counter
overflow occurs.

¢ 100% Duty Cycle Output ((1) in figure below)
Output goes to high from the next cycle by setting the GTUDDTYC.OADTY bits to 11b. The waveform
does not change even if a GTCCRA compare match occurs.

o 0% Duty Cycle Output ((2) in figure below)
Output goes to low from the next cycle by setting the GTUDDTYC.OADTY bits to 10b. The waveform
does not change even if a compare match occurs.

¢ Switching from Duty Cycle 100% or 0% ((3) in figure below)
The duty output can be changed from the next cycle by a compare by setting the GTUDDTYC.OADTY bit
to 00b.

O : GPTW0.GTCCRA modified

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
A A,
GPTWO0.GTPR— 0002 70FFh
0001 387Fh |- — — £ — — 4, s B e
0000 7CFFh COVAR e S R S o
0000 0000h >
| Buffer register modified
I . 5 i B
GPTWO0.GTCCRC 0000 7CFFh X 0001 387Fh X 0000 7CFFh
| ¥ Transfer x ¥ ¥ x x ¥
GPTWO.GTCCRA 0001387Fh X 0000 7CFFh X 0001 387Fh X
: GPTWO0.GTUDDTY C modified
X lv“) 86 ~lv<2) Jv<3> : 1
GPTWO0.GTUDDTY C.OADTY 00b X

: (1) 100% duty (3) The compare match (2) IU/ dtmyt (3) The compare match
cycle output is duty output is valid at cycle output is duty output is valid at

| valid at next period \next period valid at next next period

| penod

GTIOCOA pin (PD2) ////) oy | ] |

[ «—> «—> ———> <—> «—> 4—»
Duty | gprwocrent 50% 80% 100% 80% 50% 0% 50%

Count start
*(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.81 Sample Code Operations
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4.9.3 Smart Configurator Settings

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

Table 4.12 Adding Components

Item Description

Component General PWM Timer
Configuration Name Config_GPTO

Work mode Sawtooth-wave PWM Mode
Resource GPTO

Components ©3 v Configure

Timer count clock = 160MHz

- Basic setting (PCLKC/)
Count setting

v & Generic Qlock souwrn PCLKC ~  [160000 (MHz)
® rbsp Timer operation period 1 Actual v 39994
v Devers Period register value (GTPRO) 159999 Carrier period = 1ms
v & Timers
« Config_GPTO Buffer operation Buffer operation is not performed

Count direction Up-counting Count direction = up-counting

Counter initial value 0
Input capture is operated at count stop Counter initial value = 0
Compare match register and pin setting

GICCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation Compare match
Buffer operation Single buffer operation Use GTCCRA as compare match
GTIOCOA pin function PWM output pin Set GTCCRA initial value
GTIOCOA pin output duty Determined by compare matches GTCCRA operates as single buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 0; stop output 0 Set GTIOCOA pin as PWM output pin
Output at compare match Output 1
Output at cycle end Output 0 Low output at counting starts

set when duty cydle is set after release High output at GTCCRA compare match

Low output at cycle end

GICCRC, GTCCRD, GTCCRE, GTCCRF setting A buffer register
GTCCRC operation Buffer register for GTCCRA
GTCCRD operation Compare match v| 100
GTCCRE operation Compare match v| [100
GTCCRF operation Compare match v| [100

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

] Software source count start

GTETRGA signal edge selection  Disabled -
dge selection Disabled
Enable software source count start e selection Disabled 7

GIETRGD signal edge selection

ELCA event input ELCB event input

ELCC event input t
ELCE event input
ELCG event input ELCH event input

Output stop setting

Output stop group select Group A v
Enable simultaneous high output stop detection

] Enable simultaneous low output stop detection

~ Advance setting

A/D conversion start request setting

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

A/D converter start request signal monitor setting

Enable $12AD0 monitor

[Jénable $12AD1 monitor
Interrupt setting
Enable GTCCRA input capture/compare match interrupt (GTCIAD)

Enable GTCCRB input capture/compare match interrupt (GTCIBO)

Enable GTCCRD compare match interrupt (GTCIDO)

Enable GTCCRE compare match interrupt (GTCIEO)

Figure 4.82 GPTO Settings (1/2)
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= Advance setting
A/D conversion start request setting
GTADTRA GTADTRB

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

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

1(

Buffer operation is not performed

No transfer

A/D converter start request signal monitor setting

[[] Enable $12ADO monitor GTADTRA compare match during up-counting

Interrupt setting

[C] enable GTCCRA input capture/compare match interrupt (GTCIAQ)

L Enable GTCCRB input capture/compare match interrupt (GTCIBO)
[] enable GTCCRD compare match interrupt (GTCIDO)
["] Enable GTCCRE compare match interrupt (GTCIEO)
["] Enable GTCCRF compare match interrupt (GTCIFO)

[] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)  Priority

[[J Enable S12AD1 monitor GTADTRA compare match during up-counting

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

<

[C] Enable GTCNT underflow interrupt (GTCIUO)

Level 15 (highest)

Interrupt and A/D converter start request skipping setting
TCIVO/GTCIUO interrupt skipping function Skipping is not performed
Enable GTCNT overflow Skip count of 1

interrupt

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source  Skipping is not performed
Skip count of 1

Extended interrupt skipping counter 2 count source Skipping is not performed
Skip count of 1
Skip count of 1
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

= HRPWM setting
High Resolution PWM setting

[ Enable output high resolution PWM waveform

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

Overview Board Clocks System Components Pins Interrupts

Figure 4.83 GPTO Settings (2/2)
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4.9.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

A
Count start
R_Config_GPTO_Start()

>
>

Figure 4.84 main Function

The user initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers and initializes the variables. This function is called from within the
R_Config_ GPTO_Create function.

This sample code uses the following variable.

e s duty_list_counter: counter variable for reading from the duty cycle list

< R_Config_GPTO0_Create_Userlnit >

A 4

Initialize variables

\ 4
Buffer register
Set GRTWO0.GTCCRC to initial value

A 4

< return >

Figure 4.85 User Initialization Function
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The GTCIVO interrupt handler function changes the values of the GTCCRC register and the GTUDDTYC
register according to the next duty cycle to be set.

< r_Config_GPTO_gtciv0_interrupt >

Next duty cycle
=0%"?

A 4

Next duty cycle
=100%"?

A 4

Set GPTW0.GTUDDTYC
to 0% duty cycle

Set GPTW0.GTUDDTYC

to 100% duty cycle Set GPTWO0.GTCCRC to duty

cycle by compare match

<

v

Update GPTWO0.GTUDDTYC duty

v |

A

Save GPTWO0.GTCCRC value

A 4

< return >

Figure 4.86 GTCIVO Interrupt Handler Function
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4.9.5 Usage Notes
4.9.5.1 Settings of GTCCRm Register during Compare Match Operation (m = A to F)
This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,

the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of buffer registers GTCCRC and GTCCRD should be set to satisfy the following restrictions. If the
restrictions are not met, correct output waveforms with secured dead time may not be obtained.

e In up-counting:
GTCCRC < GTCCRD
GTCCRC > GTDVU
GTCCRD < GTPR - GTDVD
¢ In down-counting:
GTCCRC > GTCCRD
GTCCRC < GTPR - GTDVU
GTCCRD > GTDVD

Further, if the dead time is not automatically set, buffer registers GTCCRC and GTCCRD (or GTCCRE and
GTCCREF) should be set to satisfy the following restrictions. If the restrictions are not satisfied, two compare
matches do not occur and pulse output cannot be performed.

e In up-counting: 0 < GTCCRC (GTCCRE) < GTCCRD (GTCCRF) < GTPR
¢ In down-counting: GTPR > GTCCRC (GTCCRE) > GTCCRD (GTCCRF) >0

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (3) When Automatic Dead Time Setting has been
Made in Sawtooth-Wave One-Shot Pulse Mode and (4) When Automatic Dead Time Setting has not been
Made in Sawtooth-Wave One-Shot Pulse Mode.

4.9.5.2 100% Duty Cycle Output at Compare Match

Output duty cycle cannot be switched to high-active 100% duty at compare match without changing the
GTUDDTYC register. To output high-active 100% duty cycle, set the GTUDDTYC.OADTY bits to 11b.

If the GTCCRA register is set to 0 in this sample code settings, 100% duty cycle cannot be output because
after a GTCNT counter overflow occurs, low is output for one clock cycle followed by high output.

The MTU can output 100% duty cycle because the duty register and period register are set to the same
value and the waveform does not change when counter clear and compare match occur at the same time. In
the GPTW sawtooth-wave PWM mode, 100% duty cycle cannot be output in the same manner because
when the end of a cycle and a compare match occur at the same time, the output settings at the end of the
period have priority and the waveform changes.

For details on waveform output when GTCNT counter overflow and compare match occur at the same time
in the GPTW, refer to the notes following Table 24.4 in RX66T Group User’s Manual: Hardware, section
24.2.14 General PWM Timer 1/O Control Register (GTIOR).
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4.9.5.3 Compare Match Operation during Duty Cycles 0% and 100% Output

In this sample code, output duty cycles 0% and 100% are determined based on the values set to the
GTUDDTYC.OADTY bits. When duty cycle is set to either 0% or 100%, the compare match operation
continues in the GPTW and interrupt output and buffer transfer operation are performed.

This sample code does not use the compare match interrupt, so if you are using the compare match
interrupt, do so with caution interrupt during duty cycle 0% and 100% output.
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4.10 Sawtooth-Wave One-Shot Pulse Duty Cycles 0% to 100%

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth 1shotpls 50to100_dt.zip

4.10.1 Overview

When using the GPTW sawtooth-wave one-shot pulse mode, the GTCNT counter can be operate in
sawtooth-wave (half-wave) by setting the period in the GTPR register, and PWM waveforms of duty cycles
0% to 100% can be output from the GTIOCnA and GTIOCnB pins (n = 0 to 9) by the compare match
between the GTCCRA and GTCCRB registers.

This sample code describes a sample code that uses the automatic dead time setting function in the
sawtooth-wave one-shot pulse mode and repeats the following waveform output, including duty cycles 0%
and 100%.

e GTIOCOA pin high-width switching: 50% — 80% — 100% — 80% — 50% — 0% — -
e GTIOCOB pin low-width switching: 60% — 90% — 100% — 90% — 60% — 0% — -

The value of temporary register A is transferred to compare register GTCCRA when a GTCCRA compare
match occurs. The duty cycle is changed by the transfer from buffer register GTCCRD to temporary register
A and from buffer register GRCCRC to compare register GTCCRA, respectively, when a GTCNT counter
overflow occurs.

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

—_

o Use sawtooth-wave one-shot pulse mode
e Use channel 0
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
— Counter initial value =0
o Use GTCCRA as duty output compare match
— Set GTIOCOA pin as PWM output pin
— Low output at counting starts
— Toggle output at GTCCRA compare match S
— Retain output at cycle end For Setting Methods,
¢ Use GTCCRB as duty output compare match refer to section 4.10.3.
— Set GTIOCOB pin as PWM output pin
— High output at counting starts
— Toggle output at GTCCRB compare match
— Retain output at cycle end
o Use double buffer register
— Use GTCCRC and as buffer registers of GTCCRD
e Use automatic dead time generation
e Software source count start enabled
e Duty changes at each cycle —
— Duty changes at the GTCNT counter overflow interrupt
— Refer to Figure 4.89 for details on duty change timing

Set in Smart Configurator.
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Sawtooth-wave one-shot pulse mode output for this sample code is shown below.

Output waveform is active-high.

GTIOCOA

U N

Channel 0
Sawtooth-wave

One-shot pulse
GTIOCOB

PWM mode -MPC

b L1

55" |

“«—>
50% 80%

[ ] ]

—>
100%

i

80%

«—>
50% 0%

GPTW: Generates sawtooth-wave one-shot pulse mode waveform
MPC: Sets the pins to be used from general purpose /O port to peripheral function 1/O port

0%

100%

Figure 4.87 Sawtooth-Wave One-Shot Pulse Mode Output
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4.10.2 Operation Details

The sample code operations are shown in Figure 4.89. The settings of the duty cycle are changed with each
period by modifying the value of buffer registers GTCCRC and GTCCRD at the GTCNT counter overflow
interrupt (GTCIVO) ((1) in Figure 4.89).

The initial values of the buffer registers for the code generated using the Smart Configurator are set to the
same value as the compare register in this sample code. As a result, the buffer register values are set in the
user initialization function R_Config_ GPTO_Create_Userlnit before the counting starts. The values set in the
registers are transferred from buffer register GTCCRD to temporary register A and from buffer register
GTCCRC to compare register GTCCRA, respectively, by forced buffer transfers ((2) in Figure 4.89).

After the counting starts, the basic operation is to update the data in the compare register by repeating steps
1 and 2 below.

1. Transfer from temporary register A to compare register GTCCRA when a GTCCRA compare match
occurs ((3) in Figure 4.89).

2. Transfer from buffer register GTCCRD to temporary register A and from buffer register GRCCRC to
compare register GTCCRA, respectively, when a GTCNT counter overflow occurs ((4) in Figure 4.89).

In addition, the GTCCRB register is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD.
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e 100% Duty Cycle Output ((5) in Figure 4.89)
The GTIOCOA pin outputs high from the time of the next GTCNT counter overflow occurs by setting the
GTUDDTYC.OADTY bits to 11b, and the waveform does not change even if a GTCCRA compare match
occurs.
The GTIOCOB pin outputs low from the time of the next GTCNT counter overflow occurs by setting the
GTUDDTYC.OBDTY bits to 10b, and the waveform does not change even if a GTCCRB compare match
occurs. In this sample code, the bits are set to 10b so that the GTIOCOB pin outputs low for one cycle
period.

e 0% Duty Cycle Output ((6) in Figure 4.89)

The GTIOCOA pin outputs low from the time of the next GTCNT counter overflow occurs by setting the
GTUDDTYC.OADTY bits to 10b, and the waveform does not change even if a GTCCRA compare match
occurs.

The GTIOCOB pin outputs high from the time of the next GTCNT counter overflow occurs by setting the
GTUDDTYC.OBDTY bits to 11b, and the waveform does not change even if a GTCCRB compare match
occurs. In this sample code, the bits are set to 11b so that the GTIOCOB pin outputs high for one cycle
period.

¢ Switching from Duty Cycles 100% and 0% ((7) in Figure 4.89)
The GTIOCOA pin outputs duty cycle according to the GTCCRA compare match from the time of the next
GTCNT counter overflow occurs by setting the GTUDDTYC.OADTY bits to 00b. The output after duty
cycles 100% and 0% are released is determined by the GTIOR.GTIOA[3:2] and GTUDDTYC.OADTYR
bits. In this sample code, the compare match output value low which was masked is output.
The GTIOCOB pin outputs duty cycle according to the GTCCRB compare match from the time of the next
GTCNT counter overflow occurs by setting the GTUDDTYC.OBDTY bits to 00b. The output after duty
cycles 100% and 0% are released is determined by the GTIOR.GTIOB[3:2] and GTUDDTYC.OBDTYR
bits. In this sample code, the compare match output value high which was masked is output.

The following shows example of the GTIOCOA pin output after duty cycles 100% and 0% are released.

GPTWO.GTCNT value

75% of GTPR

25% of GTPR

0000 0000h

Register modified

i 1 ] i 1
A

GPTWO0.GTUDDTYC.OADTY @( 11b X 00b X 10b
AN A A\
0% duty 0% duty cycle
cycle output
output released

\
100% duty
100% duty
cycle output cycle output
released
25% 25%]
GTIOCOA pin *j Itj

- —
50% Masked compare match output Masked compare match output
valueis output at the end of period valueis output at the end of period
“—> <« > —>
Duty cycle by 100% duty ¢ o Duty cycle b
ycle Duty cycle by compare match 0% duty cycle Y y
compare match compare match

Figure 4.88 Duty Generation and Output After Release of Duty Cycles 100% and 0%
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GPTWO.GTCNT value GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
t | | | | | |
GPTWO0.GTPR— 0002 70FFh 4
0002 327Fh
0001 D4BFh
0000 9C3Fh
0000 3E7Fh
0000 0000h »
| Buffer register modified
Buffer register ' o 2 e 2 3
GPTWO0.GTCCRD 0001 D4BFI 0002 327Fh X 0001 D4BFh X 0002 327Fh
; ¥(2|) Transfer ¥4) Transfer x x \ x ¥ ¥
Temporary register A X 0001 D4BFh X \ 0092 327Fh \ X 0\001 D4BFh \ ><
\ \
) o (3) Transfer \ N W0 \ 8 \ \ ¥ \ 8 \
Buifer register 0000 3E?FhX ) \ QOOO 09C3h X \ 0000\3E7Fh \ X 00[)0\09C3h
GPTWO0.GTCCRC
(2) Transfer) | l (@) Transfer¥ l x l x \ x l x \
Compare register XX
GPTWO.GTCCRA 0000 3E7Fh X 0001 D4BFh 0002 327Fh 0002 327Fh 0002 327Fh >Q< 0001 D4BFh>Q< 0001 D4BFh >G>< 0001 D4BFh X
: : 0000 09C3h 0000 09C3h 0000 09C3h 0000 3E7Fh 0000 3E7Fh 0000 3E7Fh
. 3 ¥ o 8
GPTWO.GTUDDTYC. ——— Y ) o, o X o
OADTY
T T (5) 100% duty \ (7) Duty cycle by (6) 0% duty cycle is
| | cycleis output at Compare matchis output at next
| | next overflow outpm atnext overflow overflow
]
GTIOCOA pin (PD2) 1171111\ > ||| |
7 T
iti (note) «—> «—>
Initial valueout::ut ! 50% 80% 100% O% 0% 0% 50%
Dead time setting | ]
register 0000 1F40h
GPTWO0.GTDVU 1
@ Tran?ferx | @) Transfer¥ x x ¥ x x ¥
Compare register + +
GPTWO0.GTCCRB 0000 5DBFh X 0001 F3FFh 0002 51BFh X% 0002 51BFh 0002 51BFh X}X 0001 F3FFh >Q< 0001 F3FFh >Q<0001 F3FFh
(automatic) : : 0000 2903h 0000 2903h 0000 DABFh 0000 5DBFh 0000 5DBFh 0000 5DBFh
GPTWO0.GTUDDTYC : I ¥ ¥ ¥ $
: . 00b 10b 00b 11b 00b
OBDTY t t X X X X X:
5) 0% duty cycle (7) Duty cycle by (6) 100% duty cycle
| | |s outputatnext compare match is is output at next
| | overflow output at next overflow overflow
GTIOCOB pin (PD1)
il
P (note <—>
Initial value output™®/ | 0% 100%

| \4

| GPTWO.GTCNT
Count start

W (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.89 Sample Code Operations
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4.10.3 Smart Configurator Settings
The sample codes use the Smart Configurator to add the GPTW as described below. For details on how to

add components, refer to section 4.1.4 Adding Components.

Table 4.13 Adding Components

Item

Description

Component

General PWM Timer

Configuration Name

Config_ GPTO

Work mode Sawtooth-wave One-shot Pulse Mode
Resource GPTO
Components © 3 ¥ Configure
%3S Timer count clock = 160MHz
- Basic setting (PCLKC/1)
Count setting
v Startup
- Generic Clock source PCLKC 160.000 (MHz)
% rbsp Timer operation period
v Drivers

v Timers

« Config_GPTO

Period register value (GTPRO)
Buffer operation
Count direction

Counter initial value

] Input capture is operated at count stop

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

GTCCRA operation
Buffer operation

GTIOCOA pin function

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

Output at compare match

Output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation
GTCCRD operation
GTCCRE operation
GTCCRF operation

Count operation sources setting

- = ol (Actual value: 0.999994
159999 Carrier period = 1ms

Buffer operation is not performed
Up-counting Count direction = up-counting
0

Counter initial value = 0

Compare match

Double buffer operation

PWM output pin

PCLKC

Determined by compare matches
Disabled

Start output 0; stop output 0
Toggle output

Output is retained

Output value set

Buffer register for GTCCRA
Double buffer register for GTCCRA
Buffer register for GTCCRB
Double buffer register for GTCCRB

when duty cycle is set after release

v 15999

Use GTCCRA as compare match
Set GTCCRA initial value

GTCCRA operates as double buffer

Set GTIOCOA pin as PWM output pin

Low output at counting starts

Toggle output at GTCCRA compare match
Output retained at cycle end

Use GTCCRC and GTCCRD as
buffer registers of GTCCRA
Use GTCCRE and GTCCRF as
buffer registers of GTCCRB

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

] Software source count start

GTETRGA signal edge selection

Enable software source count start

GTETRGD signal edge selection

ELCA event input
ELCC event input
ELCE event input
ELCG event input

Output stop setting

Output stop group select

] Enable dead time error output stop detection

Disabled
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled

Disabled

ELCB event input

ELCD event input

ELCF event input

ELCH event input

Group A

] Enable simultaneous high output stop detection

| Enable simultaneous low output stop detection

Figure 4.90

GPTO Settings (1/2)
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~ Advance setting
Automatic dead time setting
o] Automatically set GTCCRBO using GTCCRAO value and dead time
o oow
o I B IS
i = == S =
GTDVU value 8000 Enable buffer (GTDBU)
] Automatically set the same vake ST GTDVU to GTDVD

Enable automatic
dead time setting

Set GTDVU value A/D conversion start request setting
Set same value to GTDVD GTADTRA GTADTRB

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

Buffer operation is not performed
No transfer
A/D converter start request signal monitor setting
[ Enable $12ADO monitor GTADTRA compare match during up-counting
[ enable $12AD1 monitor GTADTRA compare match during up-counting

Interrupt setting

[] Enable GTCCRA input capture/compare match interrupt (GTCIAO) Level 15 (highest)
[[] Enable GTCCRB input capture/compare match interrupt (GTCIBO) Level 15 (highest)
[[J Enable dead time error interrupt (GDTEO) Level 15 (highest

[ Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)  Priority | Level 15 (highest)

Enable GTCNT underflow interrupt (GTCIUO) Level 15 (highest)

Enable GTCNT overflow interrupt
rupt and A/D converter start request skipping setting

GTCIVO/GTCIUO interrupt skipping function Skipping is not performed v

Skip count of 1

Extended interrupt skipping setting
Extended interrupt skipping counter 1 count source  Skipping is not performed v
Skip count of 1
Extended interrupt skipping counter 2 count source  Skipping s not performed v
Skip count of 1
Skip count of 1
No extended interrupt skipping

No extended interrupt skipping

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

~ HRPWM setting
High Resolution PWM setting
Enable output high resolution PWM waveform
E tion of rising and falling
Apply delay of 0/32 times PCLKC period
Apply delay of 0/32 times PCLKC period
Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Overview Board Clocks System Components Pins Interrupts

Figure 4.91 GPTO Settings (2/2)
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation Compare match ¥ 100

Buffer operation Double buffer operation

GTIOCOB pin function PWM output pin Use GTCCRE as compare match
PCLKC

GTIOCOB pin output duty Determined by compare matches

GTIOCOB pin negate control Disabled . .

Set GTIOCOB pin as PWM output pin

Output at start/stop Start output 1; stop output 1

Output at compare match Toggle output

Qutput at cycle end Qutput is retained High output at counting starts

Toggle output at GTCCRB compare match

Output value set when duty cycle is set after release

Output retained at cycle end

Figure 4.92 GPTO Settings (Compare Match Register and Pins Setting of GTCCRB)

RO1AN5995EJ0110 Rev.1.10 Page 266 of 318
Jan.6.23 RENESAS



RX Family PWM Output Methods Using MTU3/GPTW

4.10.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

A
Count start
R_Config_GPTO0_Start()

A 4

Figure 4.93 main Function

The user initialization function R_Config GPTO_Create_Userlnit, which is executed before the main function,
sets the initial values of the buffer registers. In order to set the second compare match register value in the
1st cycle, a forced buffer transfer is performed after setting the buffer register value, and then the temporary
register and the compare register values are set. This function is called from within the

R_Config_ GPTO_Create function.

< R_Config_GPTO0_Create_Userlnit >

y
Set GTCCRA buffer register to value generating 50% duty cycle
Set GPTWO0.GTCCRC to 25% of period
Set GRTWO0.GTCCRD to 75% of period

A

Forced buffer transfer

y
Set GTCCRA buffer register to value generating 80% duty cycle
Set GPTWO0.GTCCRC to 10% of period
Set GRTWO0.GTCCRD to 90% of period

\ 4

Set masked compare match output value to the output after 100% or
0% duty cycle is released

A 4

( return >

Figure 4.94 User Initialization Function
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The GTCIVO interrupt handler function changes the values of buffer registers GTCCRC and GTCCRD and
the GTUDDTY register.

( r_Config_GPTO0_gtcivO_interrupt >

No
Y
Set GPTW0.GTCCRC and
Set GPTWO0.GTUDDTYC to output duty Set GPTW0.GTUDDTYC to output duty GPTWO0.GTCCRD duty cycle by compare
Set 0% duty cycle Set 100% duty cycle match

Update GPTWO0.GTUDDTYC

. v |

v

( return >

Figure 4.95 GTCIVO Interrupt Handler Function
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4.10.5 Usage Notes
4.10.5.1 Settings of GTCCRm Register during Compare Match Operation (m = A to F)
This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,

the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The value of compare register GTCCRA should be set to satisfy the following restrictions. If the restrictions
are not satisfied, correct output waveforms with secured dead time may not be obtained.

e In up-counting:
GTCCRC < GTCCRD
GTCCRC > GTDVU
GTCCRD < GTPR - GTDVD
¢ In down-counting:
GTCCRC > GTCCRD
GTCCRC < GTPR - GTDVU
GTCCRD > GTDVD

Further, if the dead time is not automatically set, buffer registers GTCCRC and GTCCRD should be set to
satisfy the following restrictions. If the restrictions are not satisfied, two compare matches do not occur and
pulse output cannot be performed.

e In up-counting: 0 < GTCCRC (GTCCRE) < GTCCRD (GTCCRF) < GTPR
e In down-counting: GTPR > GTCCRC (GTCCRE) > GTCCRD (GTCCRF) >0

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (3) When Automatic Dead Time Setting has been
Made in Sawtooth-Wave One-Shot Pulse Mode and (4) When Automatic Dead Time Setting has not been
Made in Sawtooth-Wave One-Shot Pulse Mode.

4.10.5.2 100% Duty Cycle Output at Compare Match

Output duty cycle cannot be switched to 100% duty at compare match without changing the GTUDDTYC
register. To output 100% duty cycle, set the GTUDDTYC.OADTY bits to 11b and the GTUDDTYC.OBDTY
bits to 10b.

If the GTCCRA and GTCCRB register are set to 0 in this sample code settings, 100% duty cycle cannot be
output because one clock cycle is output after a GTCNT counter overflow occurs.

When the GTCCRA and GTCCRB registers are set to the same value as the GTPR and a GTCNT counter
overflow and compare match occur at the same time, the output setting at the timing of the compare match is
prioritized and toggled, disabling 100% duty cycle output.

For details on waveform output when GTCNT counter overflow and compare match occur at the same time
in the GPTW, refer to the notes following Table 24.4 in RX66T Group User's Manual: Hardware, section
24.2.14 General PWM Timer I/O Control Register (GTIOR).

4.10.5.3 Compare Match Operation during Duty Cycles 0% and 100% Output

In this sample code, output duty cycles 0% and 100% are determined based on the values set to the
GTUDDTYC.OADTY and GTUDDTYC.OBDTY bits. When duty cycle is set to either 0% or 100%, the
compare match operation continues in the GPTW and interrupt output and buffer transfer operations are
performed.

This sample code does not use the compare match interrupt, so if you are using the compare match
interrupt, do so with caution interrupt during duty cycle 0% and 100% output.
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4.10.5.4 Switching from Duty Cycles 0% and 100%

If the output setting is changed by a compare match after duty cycle 0% or 100% is set, the output value at
the end of the period is determined by the values of the GTIOR.GTIOA[3:2] and GTUDDTYC.OADTYR bits.

The following are the settings for this sample code. Note that if the initial hardware value of the
GTUDDTYC.OADTYR bit is 0, the same operation as this sample code cannot be performed. The same
applies for the GTIOCOB pin.

— GTIOR.GTIOA[3:2] =00b: Retain output at cycle end

— GTUDDTYC.OADTYR = 1: After releasing the duty cycle 0%/100% setting, apply the GTIOA
[3: 2] bit function to the compare match output value that was
masked.

— GTIOR.GTIOB[3:2] =00b: Retain output at cycle end

— GTUDDTYC.OBDTYR = 1: After releasing the duty cycle 0%/100% setting, apply the GTIOA
[3: 2] bit function to the compare match output value that was
masked.

For details, refer to RX66T Group User's Manual: Hardware, section 24.3.6 Duty Cycle 0%/100% Output
Function.
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4.11 Sawtooth-Wave PWM Mode Duty Cycles 0% and 100%

e Target sample code file name: r01an5995 rx66t_gptw_sawtooth _pwm_0to100.zip

4.11.1 Overview

The GPTW sawtooth-wave PWM mode can be used to output PWM waveforms of duty cycles 0% to 100%
according to the GTCCRA register compare match and the GTUDDTYC register setting.

This sample code describes a sample code that uses the sawtooth-wave PWM mode and repeats waveform
output alternating between duty cycles 0% and 100%.

Output switches between duty cycles 0% and 100% by modifying the GTUDDTYC register when a GTCNT
counter overflow occurs.

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

—_

¢ Use sawtooth-wave PWM mode
e Use channel 0
o Initial output value = low
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Count direction = up-counting
J Cg_:_’gtg;ixi“aga:ue =tO t o Set in Smart Configurator.
e Use as duty output compare matc ,
— Set GTIOCOA pin as PWM output pin S For Setting Methods,
— GTCCRA as compare match refer to section 4.11.3
— Low output at counting starts (except for items marked with *).
— High output at GTCCRA compare match
— Low output at cycle end
— Forced output 0% duty cycle at counting start*
o Use buffer registers
— GTCCRA operates as single buffer
— Use GTCCRC as buffer register of GTCCRA
e Software source count start enabled
o Duty changes at each cycle —
— Duty changes at the GTCNT counter overflow interrupt
— Refer to Figure 4.97 for details on duty change timing

The following shows the sawtooth-wave PWM mode output for the sample code.

GPTW GTIOCOA PD2
— [ WPC > T s
—> —>

Channel 0 «—
Sawtooth-wave 0% 100% 0% 100% 0% 100%
PWM mode

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

Figure 4.96 Sawtooth-Wave PWM Mode Output
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4.11.2 Operation Details
The sample code operations are shown in Figure 4.97. The duty cycle is alternated between 0% and 100%

with each period by modifying the value of the GTUDDTYC register at the GTCNT counter overflow interrupt
(GTCIVO).

e 0% Duty Cycle Output After Counting Starts ((1) in figure below)
Low is output immediately after the counting starts by setting the GTUDDTYC.OADTY bits to 10b while
the GTUDDTYC.OADTYF bit is 1b and the counting is stopped. The waveform does not change even if a
GTCCRA compare match occurs.

e 0% Duty Cycle Output at 2nd Cycle ((2) in figure below)
High is output from the 2nd cycle by setting the GTUDDTYC.OADTY bits to 11b before the first GTCNT
counter overflow occurs after the counting starts. The waveform does not change even if a GTCCRA
compare match occurs.

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
GPTWO.GTPR— 0002 70FFh )
0001387Fh b —-f——+ —— /4L | L L L S L L
0000 0000h >
|
GPTWO0.GTCCRC ' 0001 387Fh
| ¥ Transfer & ¥ ¥ ¥ & ¥
GPTWO.GTCCRA 0001 387Fh
1
GPTWO0.GTUDDTY C modified
GPTWO0.GTUDDTYC.OADTYF 1 X 0
\GPT‘WO.GTUDDTYC
modified
8@ . 5 : 1 8 2 § B i g B
GPTWO.GTUDDTYC.OADTY 106\ X 11b X 10b X 11b X 10b X 11b X 10b X b X
T

| (1) Forced 0%
duty cycle output
at counting starts

(2) 100% duty cycle
output at next period

Initial value output™® |

GTIOCOA pin (PD2) //////I~<_>:

| . «— > o «— «— >
Duty | emtm GTC,?T/" 100% 0% 100% 0% 100% 0%

| count start

 (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.97 Sample Code Operations
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4.11.3 Smart Configuration Settings

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

Table 4.14 Adding Components

Item Description

Component General PWM Timer
Configuration Name Config_GPTO

Work mode Sawtooth-wave PWM mode
Resource GPTO

Components. <3 ¥ Configure
e - Basic setting Timer count clock = 160MHz
(PCLKC/1)
Count setting
v Startup
v @ Generic Clock source PCLKC v 160.000 (MHz)
% rbsp Timer operation period 1 ms v Actual v
v @ Drivers
Period ter value (GTPRO) 159999 ; -
v ® Timars S Carrier period = 1ms
« Config_GPTO Buffer operation Buffer operation is not performed
Count direction Up-countis .
2 o Count direction = up-counting
Counter initial value 0

Input capture is operated at count stop c Ival 0
ounter initial value =

ii

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

GTCCRA operation Compare match v 479999
Buffer operation Single buffer operation

= P Use GTCCRA as compare match
GTIOCOA pin function PWM output pin Set GTCCRA initial value

PCLKC
GTIOCOA pin output duty Determined by compare matches GTCCRA operates as single buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 0; stop output 0 Set GT|OCOA p.ln as PWM QUtpm pin 7
Output duty is determined by compare match (fe)

Output at compare match Output 1
Output at cycle end Output 0

Low output at counting starts
Oufiptt valae 36t Whan ciuty Gycie 16 Sot efter relases High output at GTCCRA compare match
Low output at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA

GTCCRD operation Compare match

GTCCRE operation Compare match Use GTCCRC as buffer register of GTCCRA
GTCCRF operation Compare match

Count operation sources setting

Count start sources Count stop sources Counter clear sources Count up sources Count down sources
| Software source count start

GTETRGA signal edge selection Disabled

GTETRGB signal edge selection Disabled

edge selection Disabled

Enable software source count start

edge selection Disabled v

Disabled

Disabled

ELCA event input ELCB event input
ELCC event input ELCD event input
ELCE event input ELCF event input
ELCG event input ELCH event input

Output stop setting
Output stop group select Group A
Enable simultaneous high output stop detection

Enable simultaneous low output stop detection

Note: After setting to forced output duty when the counting starts, the output duty cycle needs to be set to
0%. Set 0% duty cycle output in the R_Config_ GPTO_Create_Userlnit function

Figure 4.98 GPTO Settings (1/2)
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~ Advance setting

A/D conversion start request setting

GTADTRA GTADTRE

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

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

Buffer operation is not performed

No transfer

A/D converter start request signal monitor setting

[C] Enable $12ADO monitor

[J Enable S12AD1 monitor

Interrupt setting

["] Enable GTCCRA input capture/compare match interrupt (GTCIAO)
[ Enable GTCCRB input capture/compare match interrupt (GTCIBO)

["] Enable GTCCRD compare match interrupt (GTCIDO)

[ Enable GTCCRE compare match interrupt (GTCIEO)

["] enable GTCCRF compare match interrupt (GTCIFO)

[/] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO)

[T] Enable GTCNT underflow interrupt (GTCIUO)

Enable GTCNT overflow interrupt

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source

Extended interrupt skipping counter 2 count source

GTADTRA compare match during up-counting

GTADTRA compare match during up-counting

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

Priority  Level 15 (highest) ~
Level 15 (highest)
skipping setting
on Skipping is not performed v
Skip count of 1
Skipping is not performed ~

Skip count of 1

Skipping is not performed v
Skip count of 1

Skip count of 1

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

Extended buffer transfer skipping setting

~ HRPWM setting
High Resolution PWM setting

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

[ Enable output high resolution PWM waveform

Overview Board Clocks System Components Pins Interrupts

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

Figure 4.99 GPTO Settings (2/2)
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4.11.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

In the main function, counting is started and output is set to 100% duty for the next cycle.

C =

A 4
Count start
R_Config_GPTO0_Start()

A 4

Release forced duty setting

\ 4
Set GPTWO0.GTUDDTYC
to 100% duty

>
>

Figure 4.100 main Function

The user initialization function R_Config GPTO_Create_Userlnit, which is executed before the main function,
sets forced output duty at counting starts and output duty cycle to 0%. This function is called from within the

R_Config GPTO_Create function.
< R_Config_GPTO0_Create_Userlnit >

A 4

Set to forced duty at count start

\ 4

Set GPTWO0.GTUDDTYC to 0% duty cycle

y
< return >

Figure 4.101 User Initialization Function
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The GTCIVO interrupt handler function changes the value of the GTUDDTYC register.

( r_Config_GPTO0_gtciv0_interrupt >

GPTWO0.GTUDDTYC =—N°
0% duty cycle?

Y
Set GPTWO0.GTUDDTYC Set GPTWO0.GTUDDTYC
to 100% duty cycle to 0% duty cycle

A

v
< return >

Figure 4.102 GTCIVO Interrupt Handler Function

RO1AN5995EJ0110 Rev.1.10 Page 276 of 318
Jan.6.23 RENESAS



RX Family PWM Output Methods Using MTU3/GPTW
4.11.5 Related Operations
4.11.5.1 Change Duty Cycle to 100% After Holding 0% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 100% after the counting
has started and 0% is output for several cycles.

Low is immediately output after counting starts and output duty switches to 0% by setting the
GTUDDTYC.OADTY bits to 10b while the GTUDDTYC.OADTYF bit is 1b and the counting is stopped ((1) in
figure below).

During the count operation, the output goes to high and duty cycle goes to 100% in the next cycle by setting
the GTUDDTYC.OADTY bits to 11b ((2) in figure below).

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
GPTWO.GTPR— 0002 70FFh ' ) f
0001387Fh |- ——Z -t/ _A__ /L | £ __L__/ _1__ /[ _ | __L__ L _
0000 0000h >
|
|
GPTWO0.GTCCRC 0001 387Fh
T
| ¥ Transfer ¥ ¥ x ¥ ¥ ¥
GPTWO0.GTCCRA 0001 387Fh
GPTWO0.GTUDDTY C modified
i B
GPTWO.GTUDDTYC.OADTYF 1 X 0
\ : GPTWO0.GTUDDTY C modified
1
GPTWO0.GTUDDTYC.OADTY  10b\ X 11b
|

| (1) Forced 0% duty
cycle output at
counting starts

(2) 100% duty cycle
output at next period

Initial value output™*
GTIOCOA pin (PD2) //////INQ:

| o — > —> —>
Duy | Vv 0% 0% 0% 100% 100% 100% 100%
| count start
* (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.103 Change Duty Cycle to 100% After Holding 0%
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4.11.5.2 Change Duty Cycle to 0% After Holding 100% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 0% after the counting has

started and 100% is output for several cycles.

High is immediately output after counting starts and output duty switches to 100% by setting the
GTUDDTYC.OADTY bits to 11b while the GTUDDTYC.OADTYF bit is 1b and the counting is stopped ((1) in

figure below).

During the count operation, the output goes to low and duty cycle goes to 0% in the next cycle by setting the

GTUDDTYC.OADTY bits to 10b ((2) in figure below).

GTCIVO GTCIVO

GPTWO.GTCNT value
A

GPTWO0.GTPR— 0002 70FFh

GTCIVO GTCIVO GTCIVO

GTCIVO GTCIVO

0001387Fh——f——+ —— A AL L L L L
0000 0000h >
|
|
GPTWO.GTCCRC 0001 387Fh
I
| xTransfer x ¥ ¥ ¥ x ¥
GPTWO0.GTCCRA 0001 387Fh
GPTWO0.GTUDDTY C modified
1.
GPTWO0.GTUDDTY C.OADTYF 1 X 0
: GPTW0.GTUDDTY C modified
GPTWO0.GTUDDTYC.OADTY 1 1b\ 10b
(1) Forced 100% duty (2) 0% duty cycle
cycle output at output cycle at
counting starts next period

Initial value output "’

GTIOCOA pin (PD2) //////6

100%

Duty
I GPTWO GTCNT
| count start
*(GTSTR setting)

100%

Pin function setting
(GTIOR setting)

100%

— —> —>

0% 0% 0%

0%

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

Figure 4.104 Change Duty Cycle to 0% After Holding 100%

RO1AN5995EJ0110 Rev.1.10
Jan.6.23

RENESAS

Page 278 of 318




RX Family PWM Output Methods Using MTU3/GPTW
4.11.5.3 Change Duty Cycle to 100% After Holding 0% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 100% after counting has
started and 0% is output for several cycles.

Low is immediately output after counting starts and output duty switches to 0% by setting the
GTUDDTYC.OADTY bits to 10b while the GTUDDTYC.OADTYF bit is 1b and the counting is stopped ((1) in
figure below).

During the count operation, output goes to high and duty cycle goes to 100% in the next cycle by setting the
GTUDDTYC.OADTY bits to 11b ((2) in figure below).

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
GPTWO.GTPR— 0002 70FFh )
0001387°Fh |- ——f——t -4 AL | L L s 1 L L -
0000 0000h >
GPTWO0.GTCCRC ' 0001 387Fh
| ¥ Transfer ¥ x x ¥ ¥ ¥
GPTWO.GTCCRA ' 0001 387Fh
GPTWO0.GTUDDTY C modified
GPTWO.GTUDDTYC.OADTYF 1 X 0
\ | GPTWO0.GTUDDTY C modified
|
GPTWO0.GTUDDTYC.OADTY 105, X 11b

(1) Forced 0% duty (2) 100% duty cycle

Initial value output™® \ zﬁﬁzggﬁi outputat next period
GTIOCOA pin (PD2) /////] E ,\
| o o, 0% >
Duty \4 0% 0% b . S S S
| GPTWO.GTONT 100% 100% 100% 100%

count start
*(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.105 Change Duty Cycle to 100% After Holding 0%

To set the initial value to high, set “Output at start/stop” to “stop output 1.”

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

GTCCRA operation Compare match v 79999
Buffer operation Single buffer operation

GTIOCOA pin function PWM output pin

GTIOCOA pin output duty Determined by compare matches

GTIOCOA pin negate contro! Disabled ¥

Output at start/stop Start output 0; stop output 1 Y

Output at cycle end Output 1 v

Figure 4106 Smart Configurator Setting for Initial Value High
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4.11.5.4 Change Duty Cycle to 0% After Holding 100% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 0% after the counting has
started and 100% is output for several cycles.

High is immediately output after the counting starts and output duty switches to 100% by setting the
GTUDDTYC.OADTY bits to 11b while the GTUDDTYC.OADTYF bit is 1b and the counting is stopped ((1) in
figure below).

During count operation, the output goes to low and duty cycle goes to 0% in the next cycle by setting the
GTUDDTYC.OADTY bits to 10b ((2) in figure below).

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
GPTWO.GTPR— 0002 70FFh ) ) )
0001387Fh e — — A b A AL L L L | L
0000 0000h >
|
1
GPTWO.GTCCRC 0001 387Fh
T
| ¥Transfer ¥ ¥ ¥ ¥ x ¥
GPTWO.GTCCRA 0001 387Fh

GPTWO0.GTUDDTY C modified

GPTWO0.GTUDDTY C.OADTYF 1 X 0
\ : GPTWO0.GTUDDTY C modified
1
GPTWO.GTUDDTYC.OADTY  11b\ X 10b
I
| (1) Forced 100% duty (2) 0% duty cycle
cycle output at outputatnext
counting starts period
Initial value output™®
GTIOCOA pin (PD2) //j///\ : ) > | < P N
Duty v 100% 100% 100% 0% 0% 0% 0%
| ePTwWo.GTONT

| count start
*(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.107 Change Duty Cycle to 0% After Holding 100%

To set the initial value to high, set “Output at start/stop” to “start output 1.” Refer to Figure 4.106 for details.
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4.11.5.5 Change Duty Cycle to 100% After Holding at 50%

The following shows an example of operations when the GTUDDTYC.OADTY bit is changed and duty cycle
is switched to 100% after 50% has been output for several cycles.

During count operation, 100% duty cycle is output from the next cycle by setting the GTUDDTYC.OADTY
bits to 11b ((1) in figure below).

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
A 4 A v \ 4 A
GPTWO.GTPR— 0002 70FFh
0001387Fh |- —— 4 L /L | L A _L__ L
0000 0000h >
GPTWO0.GTCCRC 0001 387Fh
¥Transfer x ¥ x ¥ ¥ ¥
GPTWO0.GTCCRA 0001 387Fh
GPTWO0.GTUDDTY C modified
GPTWO0.GTUDDTYC.OADTY 00b X X 11b
(1) 100% duty cycle
output at next period
GTIOCOA pin (PD2) | | |
«—> > — — — —> —>
Duty 50% 50% 50% 100% 100% 100% 100%

Figure 4.108 Change Duty Cycle to 100% After Holding 50%

Duty cycle cannot be switched to 100% by compare match without changing the GTUDDTYC.OADTY bits
during count operation.
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4.11.5.6 Change Duty Cycle to 0% After Holding at 50%

The following shows an example of operations when the GTUDDTYC.OADTY bit is changed and duty cycle
is switched to 0% after 50% has been output for several cycles.

During count operation, 0% duty cycle is output from the next cycle by setting the GTUDDTYC.OADTY bits
to 10b ((1) in figure below).

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
4 v } A }
GPTWO0.GTPR— 0002 70FFh
000138"Fh——f -t —— A - |- ——f - e [ — = - —
0000 0000h »
GPTWO0.GTCCRC 0001 387Fh
xTransfer x x x x ¥ ¥
GPTWO0.GTCCRA 0001 387Fh
GPTWO0.GTUDDTY C modified
GPTWO.GTUDDTY C.OADTY 00b X . 10b

(1) 0% duty cycle
output at next period

GTIOCOA pin (PD2) | | | | |
<« <> — — — —> —>
Duty 50% 50% 50% 0% 0% 0% 0%

Figure 4.109 Change Duty Cycle to 0% After Holding 50%
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4.11.6 Usage Notes
4.11.6.1 Settings of the GTCCRm Register during Compare Match Operation (m = A to F)

Set compare registers GTCCRA and GTCCRB to a value higher than 0000 0001h but less than the setting
value of the GTPR register. If set to 0000 0000h or the same value as the GTPR register, a compare match
occurs within the cycle only when the compare match register value is 0000 0000h or the compare register is
set to the same value as the GTPR register. If the compare register is set to a value that exceeds the setting
value of to the GTPR register, no compare match occurs.

The following is an example of operations when a value exceeding the setting value of the GTPR register is
set in the compare register. Because a compare match does not occur, the GTIOCOA pin retains low output
((1) in figure below).

Low output at start

High output at compare match O : GPTWO0.GTCCRA modified
Low output at cycle end

GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO GTCIVO
GPTWO.GTCNT value
A
0002 71FFh o
\ } \ 2 y 4 \
GPTWO0.GTPR— 0002 70FFh
0001 387Fh
0000 0000h >
Buffer register modified
GPTWO.GTCCRC 0001 387Fh X 0002 71FFh
¥ Transfer & x x ¥ & ¥
GPTWO0.GTCCRA 0001 387Fh X 0002 71FFh
X (1) Low output is
GTIOCOA pin (PDZ) retained due to no
| | | | | | compare match
Duty «—> «—> <« o )
50% 50% 50% 0% 0% 0% 0%

Figure 4.110 Operations when Setting Exceeds GTPR Register Setting Value

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (5) In Sawtooth-wave PWM Mode.

4.11.6.2 Reflection of GTUDDTYC.OADTY Setting at Counting Starts

In this sample code, the count operation duty is determined by the GTUDDTYC.OADTYF and
GTUDDTYC.OADTY bits set while the counting is stopped.

If the value of the GTUDDTYC.OADTY bit is changed while the GTUDDTYC.OADTYF bit is Ob and the
counting is stopped, the output duty setting changed at the start of counting is not reflected. To reflect the
setting from when the counting starts, it is necessary to change the value of the GTUDDTYC.OADTY bit
while the GTUDDTYC.OADTYF bit is 1b and counting is stopped, and then counting is started.

For details, refer to RX66T Group User's Manual Hardware, section 24.3.6 Duty Cycle 0%/100% Output
Function.
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4.11.6.3 Reflection of Duty Cycle at Counting Starts Using Smart Configurator

When the Smart Configurator is used and pin output duty cycle is set at 0% or 100% Figure 4.111, the duty
is not reflected at the start of counting because the GTUDDTYC.OADTYF bit is Ob. To reflect the duty from
the start of counting, the user must create a code to set the GTUDDTYC.OADTY bits to 10b or 11b and while
the GTUDDTYC.OADTYF bit is 1b and the counting is stopped.

Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation Compare match v 79999
Buffer operation Single buffer operation

GTIOCOA pin function PWM output pin

Set to 0% or 100%

GTIOCOA pin output duty Determined by compare matches

Determined by compare matches

GTIOCOA pin negate control

Output at start/stop

Figure 4.111 Set Pin Output Duty Cycle to 0% or 100%

For details on Smart Configurator settings, refer to section 4.11.3 Smart Configuration Settings, and for an
example of user generated code, refer to section 4.11.4 Flowcharts.

4.11.6.4 100% Duty Cycle Output at Compare Match

Output duty cycle cannot be switched to 100% at compare match without changing the GTUDDTYC register.
To output 100% duty, set the GTUDDTYC.OADTY bits to 11b.

If the GTCCRA register is set to 0 in this sample code settings, 100% duty cycle cannot be output because
after a GTCNT counter overflow occurs, low is output for one clock cycle followed by high output.

The MTU can output 100% duty cycle because the duty register and period register are set to the same
value and the waveform does not change when counter clear and compare match occur at the same time.
The GPTW cannot output 100% duty cycle in the same way because the waveform changes even if the
GTCNT counter overflow and compare match occur at the same time.

For details on waveform output when GTCNT counter overflow and compare match occur at the same time
in the GPTW, refer to the notes following Table 24.4 in RX66T Group User’s Manual: Hardware, section
24.2.14 General PWM Timer 1/O Control Register (GTIOR).

4.11.6.5 Compare Match Operation during Duty Cycles 0% and 100% Output

In this sample code, output duty cycles 0% and 100% are determined based on the values set to the
GTUDDTYC.OADTY bits. When duty cycle is set to either 0% or 100%, the compare match operation
continues in the GPTW and interrupt output and buffer transfer operation are performed.

This sample code does not use the compare match interrupt, so if you are using the compare match
interrupt, do so with caution interrupt during duty cycle 0% and 100% output.
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4.12 Triangle-Wave PWM Mode 1 Duty Cycles 0% to 100%

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm_50to100_dt.zip

4.12.1 Overview

The GPTW triangle-wave PWM mode 1 can be used to output PWM waveforms of duty cycles 0% to 100%
according to the GTCCRA register compare match and the GTUDDTYC register setting.

This sample code describes a sample code that that uses the automatic dead time setting function in
triangle-wave PWM mode 1 and repeats the following output waveforms, including duty cycles 0% and
100%.

e GTIOCOA pin high-width switching:50% — 80% — 100% — 80% — 50% — 0% — - --
e GTIOCOB pin low-width switching: 60% — 90% — 100% — 90% — 60% — 0% — - --

The basic operation is to make changes to the duty cycle by transferring the value of the buffer register to the
GTCCRA when a GTCNT counter underflow occurs using buffer register GTCCRC. When switching between
duty cycles 0% and 100%, the process to modify the GTUDDTYC register is performed when a GTCNT
counter underflow occurs.

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

—_

e Use triangle-wave PWM mode 1
e Use channel 0
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Counter up-counts from initial value 0
o Use GTCCRA as duty output compare match
— Use GTIOCOA pin as PWM output pin
— Use GTCCRA as compare match
— Low output at counting starts
— Toggle output at GTCCRA compare match
— Retain output at cycle end Set in Smart Configurator.
— After releasing duty cycle 0%/100%, output the .
compare match output value that was masked* For Setting Methods,
e Use GTCCRB as duty output compare match refer to section 4.12.3
— Use GTIOCOB pin as PWM output pin
— Use GTCCRB as compare match
— High output at counting starts
— Toggle output at GTCCRB compare match
— Retain output at cycle end
— After releasing duty cycle 0%/100%, output the
compare match output value that was masked*
o Use buffer register
— GTCCRA operates as single buffer
— Use GTCCRC as buffer register of GTCCRA
e Use automatic dead time generation
¢ Software source count start enabled
o Duty changes at each cycle —
— Duty changes at the GTCNT counter underflow interrupt
— Refer to Figure 4.114 for details on duty change timing

(except for items marked with *).

RO1AN5995EJ0110 Rev.1.10 Page 285 of 318
Jan.6.23 RENESAS



RX Family

PWM Output Methods Using MTU3/GPTW

The following shows triangle-wave PWM mode 1 output for the sample code.

Output waveform is active-high

GTIOCOA

I Ly v

Chanrel 0
Triangle-wave
PWM mode 1 GTIOCOB

b L1

5% |

>
50% 80%

[ ] ]

—>
100%

i

80%

«—>

50%

0%

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

0%

100%

Figure 4.112 Triangle-wave PWM Mode 1 Output
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4.12.2 Operation Details

The sample code operations are shown in Figure 4.114. The basic operation is to make changes to the
settings of the duty cycle with each period by modifying the value of buffer register GTCCRC at the GTCNT
counter underflow interrupt (GTCIUO) and transferring the value of the buffer register to the GRCCRA when
a GTCNT counter underflow occurs.

In addition, the GTCCRB register is automatically set according to the GTCCRA update because the
automatic dead time function is used. The same values are set for the GTDVU and GTDVD.

The duty cycle in each period generates the 1/2 duty cycle for the up-counting period and down-counting
period. The duty cycles generated in the up-counting and down-counting periods are shown in Figure 4.113.

100% Duty Cycle Output ((1) in Figure 4.114)

The GTIOCOA pin outputs high from the time of the next GTCNT counter underflow occurs (trough) by
setting the GTUDDTYC.OADTY bits to 11b, and the waveform does not change even if a GTCCRA
compare match occurs.

The GTIOCOB pin outputs low from the time of the next GTCNT counter underflow (trough) occurs by
setting the GTUDDTYC.OBDTY bits to 10b, and the waveform does not change even if a GTCCRB
compare match occurs. In this sample code, the bits are set to 10b so that the GTIOCOB pin outputs low
for one cycle period.

0% Duty Cycle Output ((2) in Figure 4.114)

The GTIOCOA pin outputs low from the time of the next GTCNT counter underflow occurs (trough) by
setting the GTUDDTYC.OADTY bits to 10b. The waveform does not change even if a GTCCRA compare
match occurs.

The GTIOCOB pin outputs high (trough) from the time of the next GTCNT counter underflow occurs by
setting the GTUDDTYC.OBDTY bits to 11b, and the waveform does not change even if a GTCCRB
compare match occurs. In this sample code, the bits are set to 11b so that the GTIOCOB pin outputs high
for one cycle period.

Switching from Duty Cycles 100% and 0% ((3) in (Figure 4.114)

The GTIOCOA pin outputs duty cycle according to the GTCCRA compare match from the time of the next
GTCNT counter underflow (trough) occurs by setting the GTUDDTYC.OADTY bits to 00b. After duty
cycles 100% and 0% are released, the output is determined by the GTIOR.GTIOA[3:2] and
GTUDDTYC.OADTYR bits. In this sample code, the masked compare match output value low which was
masked is output.

The GTIOCOB pin outputs duty cycle according to the GTCCRB compare match from the time of the next
GTCNT counter underflow occurs by setting the GTUDDTYC.OBDTY bits to 00b. After duty cycles 100%
and 0% are released, the output is determined by the GTIOR.GTIOB[3:2] and GTUDDTYC.OBDTYR bits.
In this sample code, the masked compare match output value high which was masked is output.

Figure 4.113 shows an example of the GTIOCOA pin output after duty cycles 100% and 0% are released.
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Up- Down-
GPTWO.GTCNT value counting | counting

period period

0000 OOOOh

Register modified

E 2

GPTWO0.GTUDDTYC.OADTY 00b X

00b

cemoGrecR | A A A /\\ /\\ /\\4
L
A

X

L

% 5%\

o
100% duty (C)y/glgu“’ 0% duty cycle
cyclereleased output released

GTIOCOA pin

50%

Duty cycle by
compare match

Masked compare match output
valueis output at end of period

—>

yam\ I—‘_
A

Masked compare match output

valueis output at end of period

< >» €—>

< >

Duty cycle by compare match 0% duty Duty cycle by

compare match

Figure 4.113 1/2 Duty Generation and Output After Release of Duty Cycles 100% and 0%
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| O : GPTW0.GTCCRA modified

GTCIuo GTCIUo GTCIUO GTCIUO GTCIUO GTCIUo GTCIUO

|

GPTWO.GTCNT value
A

GPTWO0.GTPR— 0001 3880h

0000 9C40h |- —/— — —\— 7
|
0000 3E80h _——— —_—
0000 0000h |
: Buffer register modified
. o . 4
Buffer register +
GPTWO.GTGORE 0000 3E80h X 0000 9C40h X 0000 3E80h
: Transfer ¥ ¥ x ¥ ¥ & x
Compare register
GPTWO.GTCCRA 0000 9|C4Oh X 0000 3E80h X 0000 9C40h
' GPTWO0.GTUDDTY C modified
! .‘(n 20O ,‘,<2> 2o .
GPTWO.GTUDDTYC.OADTY O(I)b X X . 00b X . 00b X
| (1) 100% duty (3) Duty cycle by compare (2) 0% duty cycle\ (3) Duty cycle by compare
| cycle output at match is output at next output at next match is output at next
| next trough \trough \trough ough
GTIOCOA pin (PD2) /1111 /| U || |
Inttial value output™®’ «—> <—> —> <«
| I 50% 80% 1 00% 80% 50% 0% 50%
|
|
Lo
|
. . . |
Dead time setting register T
GPTW0.GTDVU . 0000 12C0h
|
. [
g;?v% Z?g'&fg X 0000 8980n X 0000 2BCOh X 0000 8980h X
A + :
[ GPTWO0.GTUDDTY C modified
I 80 ,‘,(3) ,‘(2) ) .
GPTWO0.GTUDDTYC.OBDTY 00b 11b X 00b X:
. ' \ \ \
|
| | (1) 0% duty cycle (3) Duty cycle by compare (2) 100% duty (3) Duty cycle by
| | outputat next match is output at next cycle output at compare match is output
| | \rough trough next trough at nexttrough
|
; |
GTIOCOB pin (PD) /A1 :7 < I |
Inttial value output™* ¢ 0% 100%
| GPTWO.GTCNT

| count start
v (GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.114 Sample Code Operations
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4.12.3 Smart Configurator Settings

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

Table 4.15 Adding Components

Item Description

Component General PWM Timer

Configuration Name Config_GPTO0

Work mode Triangle PWM Mode 1

Resource GPTO

Components © 3~ Configure :
%3 Timer count clock = 160MHz
~ Basic setting (PCLKC/1)
Count setting
v @ Startup

G Clock source PCLKC v 160.000 (MHz2)
v eneric

% rbsp Timer operation period 1 ms v Act
& Divery Period register value (GTPRO) 80000 i
v @ Timers Carrier period = 1ms
« Config_GPTO Buffer operation Buffer operation is not performed
Count direction Up-counting
Conian bl vl ° Count direction = up-counting

Input capture is operated at count stop

Compare match register and pin setting Counter initial value = 0
GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GICCRA operation Compare match v |40000
Buffer operation Single buffer operation
P ospit o bR L R

A PCLKC
GTIOCOA pin output duty Determined by compare matches GTCCRA operates as single buffer
GTIOCOA pin negate control Disabled
Output at start/stop Start output 0; stop output 0 Set GTIOCOA pin as PWM output pin
Output at compare match Toggle output Output duty is determined by compare match
Output at cycle end Output is retained

Output value set when duty cycle is set after release Low output at counting starts
Toggle output at GTCCRA compare match
Output retained at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation Buffer register for GTCCRA

GICCRD operation Compare match v 100

GTCCRE operation Compare match

GTCCRF operation Compare match Use GTCCRC as buffer register of GTCCRA

Count operation sources setting
Count start sources Count stop sources Counter clear sources Count up sources Count down sources
| Software source count start

GTETRGA signal edge selection Disabled

Enable software source count start

GTETRGD signal edge selection Disabled

Disabled

Disabled

Disabled

Disabled
ELCA event input ELCB event input
ELCC event input ELCD event input
ELCE event input ELCF event input
ELCG event input ELCH event input

Output stop setting
Output stop group select Group A v
| Enable dead time error output stop detection
] Enable simultaneous high output stop detection

] Enable simultaneous low output stop detection

Figure 4.115 GPTO Settings (1/2)
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- Advance setting
Automatic dead time setting

] Automatically set GTCCRBO using GTCCRAD value and dead time
oW o

Enable automatic dead time

W] 10 ey 1 S e
setting SEHL I O—E_
GTDVU value 4800 Enable buffer (GTDBU)
] Automatically set the same valuee# GTDVU to GTDVD

on start request setting

Set GTDVU value GTADTRB

Set samevalue to GTDVD

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

Buffer operation is not performed
No transfer

A/D converter start request signal monitor setting

] Enable $12AD0 monitor GTADTRA compare match during up-counting
[T enable S12AD1 monitor GTADTRA compare match during up-counting
Interrupt setting

] Enable GTCCRA input capture/compare match interrupt (GTCIAQ) Level 15 (highest)
[T enable GTCCRB input capture/compare match interrupt (GTCIBO) Level 15 (highest)

Level 15 (highest)

_] Enable GTCCRD compare match interrupt (GTCIDO) Level 15 (highest)

] Enable GTCCRE compare match interrupt (GTCIED) Level 15 (highest)

] Enable GTCCRF compare match interrupt (GTCIFO) Level 15 (highest)
[T Enable dead time error interrupt (GDTEO) Level 15 (highest)

] Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO) Level 15 (highest)
7] Enable GTCNT underflow interrupt (GTCIUO) Priority  Level 15 (highest) ~

Interrupt and A/D converter start request skipping setting
Skipping is not performed v

Enable GTCNT underflow interrupt

Skip count of 1

Extended interrupt skipping setting
Extended interrupt skipping counter 1 count source  Skipping is not performed X
Skip count of 1
Extended interrupt skipping counter 2 count source  Skipping is not performed v
Skip count of 1
Skip count of 1
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended int

rupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

No extended interrupt skipping

No extended interrupt skipping
- HRPWM setting

High Resolution PWM setting

[] Enable output high resolution PWM waveform

Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Overview Board Clocks System Components Pins| Interrupts

Figure 4.116 GPTO Settings (2/2)
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Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRB operation
Buffer operation

GTIOCOB pin function

GTIOCOB pin output duty
GTIOCOB pin negate control
Output at start/stop
Output at compare match

Output at cycle end

Compare match .
Buffer operation is not performed Use GTCCRB as compare match
PWM output pin

PCLKC

Determined by compare matches
Disabled

Start output 1; stop output 1 Set GTIOCOB pin as PWM output pin
e Output duty is determined by compare match
Output is retained

Output value set when duty cycle is set after releas: . %
High output at counting starts
Toggle output at GTCCRB compare match

Output retained at cycle end

Figure 4.117 GPTO Settings (Compare Match Register and Pins Setting of GRCCRB)
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4.12.4 Flowcharts

The following flowcharts show the processing of a function added after code generation by the Smart
Configurator.

Counting is started in the main function.

=

v
Count start
R_Config_ GPTO_Start()

»
»

Figure 4.118 main Function

The user initialization function R_Config GPTO_Create_Userlnit, which is executed before the main function,
initializes the variables, sets the initial values of the buffer register, and sets output values for after the
release of duty cycles 100% and 0%. This function is called from within the R_Config_GPTO0_Create
function.

This sample code uses the following variable.

e s _duty list_counter: counter variable for reading from the duty cycle list

< R_Config_ GPTO_Create_Userlnit >

A 4

Initialize variables

y

Set buffer register
GPTWO0.GTCCRC to initial value

y

Set masked compare match output value to the
output after 100% or 0% duty cycle is released

\ 4

< return >

Figure 4.119 User Initialization Function
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The GTCIUO interrupt handler function changes the values of the buffer register and the GTUDDTYC register
according to the next duty cycle to be set.

( r_Config_GPTO0_gtciu0_interrupt >

No
Next duty = 0%?
Yes
Next duty = 100%?
Y
Set GPTW0.GTUDDTYC to output duty Set GPTWO0.GTUDDTYC to output duty Set GPTW0.GTCCRC
GTIOCOA pin: Low output GTIOCOA pin: High output to duty by compare match
GTIOCOB pin: High output GTIOCOB pin: Low output ¢

Update GPTWO0.GTUDDTYC duty

- ; |

A

Save GPTWO0.GTCCRC value

A 4

( return >

Figure 4120 GTCIUO Interrupt Handler Function
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4.12.5 Usage Notes
4.12.5.1 Settings of GTCCRm Register during Compare Match Operation (m = A to F)
This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,

the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

The values of compare register GTCCRA should be set to satisfy the following restrictions.

GTCCRA > GTDVU
GTCCRA > GTDVD
GTCCRA <GTPR

If the GTCCRA is set to 0000 0000h or a value greater than the setting value of the GTPR during the
counting operation, the output protection function is activated

However, if the conditions below are not satisfied, the function does not operate normally.

When the GTCCRA register value at the start of count operation is greater than 0000 0001h and less
than the setting value of the GTPR register

For details, refer to RX66T Group User's Manual: Hardware, section 24.8.4 Output Protection Function for
GTIOCnm Pin Output (n = 0 to 9; m=A, B).

When not using the automatic dead time setting function, set a value greater than 0000 0001h and less than
the setting value of the GTPR register in the GTCCRA (GTCCRB) register. When 0000 0000h or the same
value as the GTPR register is set in the GTCCRA register, a compare match occurs in a cycle only when
[GTCCRA (GTCCRB) = 0000 0000h] or [GTCCRA (GTCCRB) = GTPR] is met. Furthermore, if a value
exceeding the setting value of the GTPR register is set in the GTCCRA, compare match does not occur.

For details, refer to RX66T Group User's Manual: Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (m = A to F), (1) When Automatic Dead Time Setting has been
Made in Triangle-Wave PWM Mode and (2) When Automatic Dead Time Setting has not been Made in
Triangle-Wave PWM Mode.

4.12.5.2 100% Duty Cycle Output at Compare Match

Output duty cycle cannot be switched to 100% at compare match without changing the GTUDDTYC register.
To output 100% duty, set the GTUDDTYC.OADTY bits to 11b and the GTUDDTYC.OBDTY bits to 10b.

If the GTCCRA and GTCCRB registers are set to 0 in this sample code settings, 100% duty cycle cannot be
output because one clock cycle is output after a GTCNT counter underflow occurs.

When the GTCCRA and GTCCRB registers are set to the same value as the GTPR and the GTCNT counter
underflow and compare match occur at the same time, the output setting at the timing of the compare match
is prioritized and toggled, disabling 100% duty cycle output.

For details regarding the waveform output when the GPTW’s GTCNT counter underflow and compare match
occur at the same time, refer to the notes under Table 24.4 in RX66T Group User's Manual Hardware,
section 24.2.14 General PWM Timer I/O Control Register (GTIOR).
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4.12.5.3 Compare Match Operation during Duty Cycles 0% and 100% Output

In this sample code, output duty cycles 0% and 100% are determined based on the values set to the
GTUDDTYC.OADTY bits. When duty cycle is set to either 0% or 100%, the compare match operation
continues in the GPTW and interrupt output and buffer transfer operation are performed.

This sample code does not use the compare match interrupt, so if you are using the compare match
interrupt, do so with caution interrupt during duty cycle 0% and 100% output.

4.12.5.4 Switching from Duty Cycles 0% and 100%

If the output setting is changed by a compare match after duty cycle 0% or 100% is set, the output value at
the end of the period is determined by the values of the GTIOR.GTIOA[3:2] and GTUDDTYC.OADTYR bits.

The following are the settings for this sample code. Note that if the initial hardware value of the
GTUDDTYC.OADTYR bit is 0, the same operation as this sample code cannot be performed. The same
applies for the GTIOCOB pin.

— GTIOR.GTIOA[3:2] =00b: Retain output at cycle end

— GTUDDTYC.OADTYR = 1: After releasing the duty cycle 0%/100% setting, apply the
GTIOA [3: 2] bit function to the compare match output value that
was masked.

For details, refer to RX66T Group User’'s Manual: Hardware, section 24.3.6 Duty Cycle 0%/100% Output
Function.
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4.13 Triangle-Wave PWM Mode Duty Cycles 0% and 100%

e Target sample code file name: r01an5995 rx66t_gptw_triangle_pwm_0to100_dt.zip

4.13.1 Overview

The GPTW triangle-wave PWM mode 1 can be used to output duty cycle 0% to 100% according to compare
match of the GTCCRA and GTCCRB registers and setting the GTUDDTYC register.

This sample code describes a sample code that uses the automatic dead time setting function in triangle-
wave PWM mode 1 and repeats waveform output alternating between duty cycles 0% and 100%.

Output switches between duty cycles 0% and 100% by modifying the GTUDDTYC register when a GTCNT
counter underflow occurs.

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

—_

e Use triangle-wave PWM mode 1
e Use channel 0
e Carrier period = 1ms
e Timer count clock = 160MHz (PCLKC/1)
e Use GTPR as period register
— Counter up-counts from initial value 0
e Use GTCCRA as duty cycle output compare match
— Use GTIOCOA pin as PWM output pin
— Use GTCCRA as compare match
— Low output at counting starts
— Toggled output by GTCCRA compare match Set in Smart Configurator.
— Output retained at cycle end
— Forced output 0% duty cycle at counting starts* —
e Use GTCCRB as duty output compare match refer to section 4.13.3
— Use GTIOCOB pin as PWM output pin (except for items marked with *).
— Use GTCCRB as compare match
— High output at counting starts
— Toggled output at GTCCRB compare match
— Output retained at cycle end
— Forced output 0% duty cycle at counting start*
o Use buffer registers
— GTCCRA operates as single buffer
— Use GTCCRC as buffer register of GTCCRA
o Use automatic dead time generation
¢ Software source count start enabled
o Duty changes at each cycle
— Duty changes at the GTCNT counter underflow interrupt
— Refer to Figure 4.122 for details on duty change timing

For setting method,

—_
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The following shows triangle-wave PWM mode 1 output for the sample code.

Output waveform is active-high.

GPTW

Channel 0
Triangle-wave
PWM mode 1

GTIOCOA

MPC
GTIOCO0B

El PD2
—> —> >

0% 100% 0% 100% 0% 100%
= PD1
> —> >
100% 0% 100% 0% 100% 0%

GPTW: Generates PWM waveform with triangle-wave PWM mode 1
MPC: Sets the pins to be used from general purpose 1/O port to peripheral function 1/0 port

Figu

re 4121 Triangle-wave PWM Mode 1 Output
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4.13.2 Operation Details

The sample code operations are shown in Figure 4.122. The duty cycle is switched between 0% and 100%
with each period by modifying the value of the GTUDDTY register at the GTCNT counter underflow interrupt
(GTCIUO0).

0% Duty Cycle Output After Counting Starts ((1) in Figure 4.122)

The GTIOCOA pin outputs low immediately after the counting starts by setting the GTUDDTYC.OADTY
bits to 10b while the GTUDDTYC.OADTYF bit is 1b and the counting is stopped. The waveform does not
change even if a GTCCRA compare match occurs.

The GTIOCOB pin will output high immediately after the counting starts by setting the
GTUDDTYC.OBDTY bits to 11b while the GTUDDTYC.OBDTYF bit is 1b and the counting is stopped.
The waveform does not change even if a GTCCRB compare match occurs. In this sample code, the
GTUDDTYC.OBDTY bits are set to 11b for the GTIOCOB pin to output high for one cycle period.

100% Duty Cycle Output at 2nd Cycle ((2) in Figure 4.122)

The GTIOCOA pin will output high from the 2nd cycle by setting the GTUDDTYC.OADTY bits to 11b
before the first GTCNT counter underflow occurs after the counting starts. The waveform does not
change even if a GTCCRA compare match occurs.

The GTIOCOB pin will output low from the 2nd cycle by setting the GTUDDTYC.OBDTY bits to 10b before
the first GTCNT counter underflow occurs after the counting starts. The waveform does not change even
if a GTCCRB compare match occurs. In this sample code, the GTUDDTYC.OBDTY bits are set to 10b for
the GTIOCOB pin to output low for one cycle period.
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GPTWO.GTCNT value GTCIuo GTCIUo GTCIUO GTCIUO GTCIUO GTCIuo GTCIUO

| ! ! !

GPTWO0.GTPR— 0001 3880h

GPTW0.GTCCRA— 0000 9C40h
GPTW0.GTCCRB— 0000 7D00h

0000 0000h |

|
GPTWO0.GTUDDTY C modified

£ 2

GPTWO0.GTUDDTYC.OADTYF 1 \ X 0

\GPTWU.GTUDDTYC

modified

R _NC) § 2 : 5 i 5 p 5 i 5 : 2
GPTW0.GTUDDTYC.OADTY  10b \X 11b‘X 10b X 11b X 10b X 11b X

T

| (1) Forced 0%

duty cycle (2) 100% duty cycle

output atcount
start output at next trough

GTIoC0A pin (PD2) /11111117

. indie) > —> >
Initial valueoutpm; ) | 0% 100% 0% 100% 0% 100% 0%
[
| 1
GPTWO0.GTUDDTY C modified
. -
GPTWO0.GTUDDTYC.OBDTYF 1. X 0

t T
\ GPTWO0.GTUDDTY C modified

L - R 2 s 2 s 2 . ¥ ‘)C
GPTWO.GTUDDTYCOBDTY _ 11b |\ X' 106 X 16 X 1o )} b Y 106 X 11 X 1ob
: I(1)Forced
| 100% duty (2) 0% duty cycle
cycle output at output at next
| count start trough
L
GTIOCOB pin (PD1) ///j///1/] sl |—|—|—,—\—I—|—‘,<—><—>
| ——>
Initial value ou!pIJ(("me) | 100% 0% 100% 0% 100% i 0%
I
I
| GPTWO0.GTCNT
| count start
(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.122 Sample Code Operations
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4.13.3 Smart Configurator Settings

The sample code uses the Smart Configurator to add the GPTW as described below. For details on how to
add components, refer to section 4.1.4 Adding Components.

Table 4.16 Adding Components

Item Description
Component General PWM Timer (GPTW)
Configuration name Config_GPTO
Work mode Triangle-wave PWM Mode 1
Resource GPTO
Configure
- Le=sesilng Timer count clock = 160MHz (PCLKC/1)
- Count setting
v & Startup Clock source PCLKC v (MHz)
v (= Generic
& rbsp Timer operation period ms b (Actual value: 1.000000)
ve VDrwers Period register value (GTPRO) . X
v @& Timers Carrier period = 1ms
& Config_GPTO Buffer operation

Count direction

Counter initial value

[JInput capture is operated at count stop

Compare match register and pin setting

GTCCRA  GTCCRA input capture sources  GTCCRB  GTCCRB input capture sources

GTCCRA operation Compare match
Buffer operation Single buffer operation Use GTCCRA as compare match
GTIOCOA pin function PWM output pin GTCCRA initial value setting
Noise filter PCLKC
GTCCRA operates as single buffer
GTIOCOA pin output duty Determined by compare matches
GTIOC0A it trol Disabled .
PInnEgRe conts =2 Use GTIOCOA pin as PWM output
Output at start/stop Start output 0; stop output 0 Output duty is determined by compare match (note)
QOutput at compare match Toggle output
—— Low output at count start
Output at cycle end Dl A Toggle output at GTCCRA compare match
Output value set when duty cycle is set after release Output retained at cycle end
) Use GTCCRC as buffer register of GTCCRA
GTCCRC, GTCCRD, GTCCRE, GTCCRF setting
GTCCRC operation Buffer register for GTCCRA o 00
GTCCRD operation Compare match v
GTCCRE operation Compare match e
GTCCRF operation Compare match e

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

[/] Software source count start

Enable software source count start

GTETRGC signal edge selection Disabled ~
GTETRGD signal edge selection Disabled b
Disabled
04 input sele Disabled
nput Disabled
Disabled
[JELCA event input [JELCB event input
[JELCC event input [JELCD event input
[JELCE event input [CJELCF event input
[JELCG event input [JELCH event input

Output stop setting

QOutput stop group select Group A v
[ Enable dead time error output stop detection

[ Enable simultaneous high output stop detection

[ Enable simultaneous low output stop detection

Note: After setting to forced output duty when the counting starts, the output duty cycle needs to be set to
0%. Set 0% duty cycle output in the R_Config_GPTO0_Create_Userlnit function.

Figure 4.123 GPTO Setting (1/2)
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~ Advance setting
Automatic dead time setting
£ Automatically set GTCCRBO using GTCCRAO value and dead time

Enable automatic dead ti GTDVU  GTDVD
setting =l =

o e (E
] e

GTDVU value

4800 [ Enable buffer (GTDBU)
[V] Automatically set the sam f GTDVU to GTOVD

0 Enable buffer

GTDVU value setting
Set samevalue to G A/D conversion start request setting
GTADTRA  GTADTRB

[JEnable compare match (up-counting) A/D conversion start request (GTADTRA)
[J Enable compare match (down-counting) A/D conversion start request (GTADTRA)
Buffer operation is not performed
No transfer
A/D converter start request signal monitor setting
[ Enable $12A4D0 monitor GTADTRA compare match during up-counting
[JEnable S12AD1 monitor 1 GTADTRA compare match during up-counting
Interrupt setting
[ Enable GTCCRA input capture/compare match interrupt (GTCIAD) Level 15 (highest)

[ Enable GTCCRB input capture/compare match interrupt (GTCIBO) Level 15 (highest)

tch interrupt (GTCIC Level 15 (highest)

[JEnable GTCCRD compare match interrupt (GTCIDO) Level 15 (highest)

[ Enable GTCCRE compare match interrupt (GTCIEQ) Level 15 (highest)

[0 Enable GTCCRF compare match interrupt (GTCIF0) v Level 15 (highest)

[ Enable dead time error interrupt (GDTEO) Level 15 (highest)

[JEnable GTCNT overflow (GTPR compare match) interrupt (GTCIVO) Level 15 (highest)
Enable GTCNT underflow interrupt (GTCIUO) Priority | Level 15 (highest)

Interrupt and A/D converter start request skipping setting
(GTCIUO interrupt skipping function Skipping is not performed v

Enable GTCNT underflow interrupt

Skip count of 1

Link GTCIAO with GTCIVO/G interrupt skipping f

terrupt skipping function

Extended interrupt skipping setting

Extended interrupt skipping counter 1 count source Skipping is not performed v
Skip count of 1

Extended interrupt skipping counter 2 count source Skipping is not performed v
Skip count of 1
Skip count of 1

No extended interrupt skipping

No extended interrupt skipping

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

Extended buffer transfer skipping setting

No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping

~ HRPWM setting

High Resolution PWM setting
[JEnable output high resolution PWM waveform

Enable of rising and falling ed

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

Apply delay of 0/32 times PCLKC period

< >
Overview | Board | Clocks | System | Components | Pins | Interrupts

Figure 4.124 GPTO Setting (2/2)
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Compare match register and pin setting
GTCCRA GTCCRA input capture sources GTCCRB | GTCCRB input capture sources

GTCCRB operation Compare match

Buffer operation Buffer operation is not performed

GTIOCOB pin function PWM output pin

Noise filter PCLKC
GTIOCOB pin output duty Determined by compare matches
GTIOCOB pin negate control Disabled
Output at start/stop Start output 1; stop output 1
Output at compare match Toggle output
Output at cycle end Output is retained

i el Output value set when duty cycle i

Use GTCCRB as compare match

Set GTCCRB initial value

Set GTIOCOB pin as PWM output pin

High output at counting start
Toggle output at GTCCRB compare match
Output retained at cycle end

s set after release

Figure 4.125 GPTO Settings (Compare Match Register and Pins Setting of GTCCRB)
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4.13.4 Flowcharts
The following flowcharts show the processing of a function added after code generation by the Smart

Configurator.
In the main function, the counting is started and output is set to 100% duty for the next cycle.

C -

A 4
Count start
R_Config_GPTO0_Start()

\ 4

Release forced duty cycle setting

\ 4
Set output duty cycle in GRTW0.GTUDDTYC

GTIOCOA pin: High output
GTIOCOB pin: Low output

>
»

Figure 4.126 main Function

User initialization function R_Config_ GPTO_Create_Userlnit, which is executed before the main function,
sets the forced output duty at counting starts and output duty cycle to 0%. This function is called from within

the R_Config_ GPTO_Create function.

< R_Config_GPTO_Create_Userlnit >

A

Set forced duty cycle at count start

v
Set output duty cycle in GRTWO0.GTUDDTYC
GTIOCOA pin: Low output
GTIOCOB pin: High output

A 4

< return )

Figure 4.127 User Initialization Function
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The GTCIUOQ interrupt handler function changes the value of the GTUDDTYC register.

< r_Config_GPTO_gtciv0_interrupt >

GPTWO0.GTUDDTYC is No
GTIOCOA pin = Low output?
\ 4
Set output duty cycle in GRTWO0.GTUDDTYC Set output duty cycle in GRTWO0.GTUDDTYC
GTIOCOA pin: High output GTIOCOA pin: Low output
GTIOCOB pin: Low output GTIOCOB pin: High output

A

A

< return >

Figure 4128 GTCIUO Interrupt Handler Function
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4.13.5 Related Operations
4.13.5.1 Change Duty Cycle to 100% After Holding 0% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 100% after the counting
has started and 0% is output for several cycles.

The GTIOCOA pin outputs low immediately after the counting starts and output duty switches to 0% by
setting the GTUDDTYC.OADTY bits to 10b while the GTUDDTYC.OADTYF bit is 1b and the counting is
stopped ((1) in figure below). During count operation, the output goes to high and duty cycle goes to 100% in
the next cycle by setting the GTUDDTYC.OADTY bits to 11b ((2) in figure below).

The GTIOCOB pin outputs high immediately after the counting starts and output duty switches to 0% by
setting the DDTYC.OBDTY bits to 11b while the GTUDDTYC.OBDTYF bit is 1b and the counting is stopped
((1) in figure below). During the count operation, output goes to low and duty cycle goes to 0% in the next
cycle by setting the GTUDDTYC.OBDTY bits to 10b ((2) in figure below). In this example,
GTUDDTYC.OBDTY bits are set to 11b to fix the GTIOCOB pin output to high and to output 100% duty cycle,
and set to 10b to fix the GTIOCOB pin output to low and to output 0% duty cycle.

GPTWO.GTCNT value GTCIuo GTCIUO GTCIUO GTCIUO GTCIUO GTCIUo GTCIUO

! ! l ! !

GPTWO0.GTPR— 0001 3880h

GPTWO0.GTCCRA— 0000 9C40h
GPTW0.GTCCRB— 0000 7D00h

0000 0000h

|
GPTWO.GTUDDTY C modified

3
GPTWO0.GTUDDTYC.OADTYF 1 \ X 0
\ : GPTWO0.GTUDDTY C modified
| E 3
GPTWO0.GTUDDTYC.OADTY 10b \ X X 11b
I
(1) Forced 0% duty (2) 100% duty cycle output
cycle output at count at nexttrough
tart
. (<>
GTIOCOA pin (PD2) //i//iiif]\ /! |
] - Ly —> > —> —>
ntahaueoupu™ o, 0% 0% 100% 100% 100% 100%
I
| |
GPTWO0.GTUDDTY C modified
L &
GPTWO0.GTUDDTYC.OBDTYF 1 \ X 0
T I
I\ | GPTWO0.GTUDDTY C modified
|
Q! ¥
GPTWO0.GTUDDTYC.OBDTY 11b \ ) X 10b

I | ‘

| (1) Forced 100% duty Y.

| \ycleot;itput at cou‘;t ﬁ!ze)x?‘/:otil;tz e cuptat

| tart

|

GTIOCOB pin (PD1) //////////'//<_>l |

| D
— ——>

Intial value 0utput‘"°'i’ | 100% 100% 100% 0% 0% 0% 0%

|
| GPTWO.GTCNT
count start
(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.129 Change Duty Cycle to 100% After Holding 0%
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4.13.5.2 Change Duty Cycle to 0% After Holding 100% at Initial Value Low

The following shows an example of operations when the duty cycle is switched to 0% after the counting has
started and 100% is output for several cycles.

The GTIOCOA pin outputs high immediately after counting starts and output duty switches to 100% by setting
the GTUDDTYC.OADTY bits to 11b while the GTUDDTYC.OADTYF bit is 1b and the counting is stopped

((1) in figure below). During count operation, output goes to low and duty cycle goes to 0% in the next cycle
by setting the GTUDDTYC.OADTY bits to 10b ((2) in figure below).

The GTIOCOB pin outputs low immediately after the counting starts and output duty switches to 0% by
setting the GTUDDTYC.OBDTY bits to 10b while the GTUDDTYC.OBDTYF bit is 1b and the counting is
stopped ((1) in figure below). During count operation, output goes to high and duty cycle goes to 100% in the
next cycle by setting the GTUDDTYC.OBDTY bits to 11b ((2) in figure below). In this example,
GTUDDTYC.OBDTY bits are set to 10b to fix the GTIOCOB pin output to high and to output 100% duty cycle,
and set to 11b to fix the GTIOCOB pin output to low and to output 0% duty cycle.

GPTWO.GTCNT value GTCIUO GTCIUO GTCIUO GTCIUO GTCIUo GTCIUO GTCIUo

oo s ! ! ! ! ! ! |

GPTWO0.GTCCRA— 0000 9C40h
GPTWO0.GTCCRB— 0000 7D00h

0000 0000h |

|
GPTWO0.GTUDDTY C modified

£ 2

GPTWO.GTUDDTYC.OADTYF 1 X 0
\ : GPTWO0.GTUDDTY C modified
{ h
GPTWO.GTUDDTYC.OADTY  11b | X . 100
T
(1) Forced 100% duty (2) 0% duty cycle output at
cycle output at count nexttrough
start
. <€
GTIOCOA pin (PD2)  //////i//]} |
inkil valus output ™ | 100% 100% 100% 0% 0% 0% 0%
I
| 1
GPTWO0.GTUDDTY C modified
. S
GPTWO0.GTUDDTYC.OBDTYF 1 X 0
A
:\ | GPTWO0.GTUDDTY C modified
! R
GPTWO.GTUDDTYC.OBDTY  10b | X 11b
AN
I .
(1) Forced 0% duty o
e Ot
GTIOCOB pin (PD1) ///////////?4_» |
7 «— > ——> « > <« >
italvaue oupu™ | 0% 0% 0% 100% 100% 100% 100%

|

| GPTWO.GTCNT

| count start
(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.130 Change Duty Cycle to 0% After Holding 100%
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4.13.5.3 Change Duty Cycle to 100% After Holding 0% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 100% after the counting
has started and 0% is output for several cycles.

The GTIOCOA pin outputs low immediately after the counting starts and output duty switches to 0% by
setting the GTUDDTYC.OADTY bits to 10b while the GTUDDTYC.OADTYF bit is 1b and the counting is
stopped ((1) in figure below). During count operation, output goes to high and duty cycle goes to 100% in the
next cycle by setting the GTUDDTYC.OADTY bits to 11b ((2) in figure below).

The GTIOCOB pin outputs high immediately after the counting starts and output duty switches to 100% by
setting the GTUDDTYC.OBDTY bits to 11b while the GTUDDTYC.OBDTYF bit is 1b and the counting is
stopped ((1) in figure below). During count operation, output goes to low and duty cycle goes to 0% in the
next cycle by setting the GTUDDTYC.OBDTY bits to 10b ((2) in figure below). In this example,
GTUDDTYC.OBDTY bits are set to 11b to fix the GTIOCOB pin output to high and to output 100% duty cycle,
and set to 10b to fix the GTIOCOB pin output to low, and to 0% duty cycle.

GPTWO.GTCNT value GTCIUo GTCIUO GTCIUo GTCIUO GTCIUO GTCIUO GTCIUO

!

GPTW0.GTPR— 0001 3880h

GPTW0.GTCCRA— 0000 9C40h |- —/— — —\— — —
GPTW0.GTCCRB— 0000 7D00h

0000 0000h |

|
GPTWO0.GTUDDTYC register modified

x5
GPTWO0.GTUDDTYC.OADTYF 1 \ X 0
\ : GPTWO0.GTUDDTYC register modified
i g 2
GPTWO0.GTUDDTYC.OADTY 100\ X N 11b
T
(1) Forced 0% duty (2) 100% duty cycle output
cycle output at count at next trough
start
GTIOC0A pin (PD2) 11/} |
) 1/ — > ——— > ———> —— >
Initial value output™* 0% 0% 0% 100% 100% 100% 100%
[
| 1
GPTWO0.GTUDDTY C modified
-
GPTWO0.GTUDDTYC.OBDTYF 1 \ X 0
T T
AW GPTWO.GTUDDTY C modified
Al p 3
GPTW0.GTUDDTYC.OBDTY 1\ X 100
T\
| (1) Forced 100% duty D
| cyc\eoéit put at coqulvt ﬁzsz)x[t)t/ :D?Jl;;,i/ cycle outputat
| start
| N
GTIOCOB pin (PD1) /111111 |
— > —————> ————>
Initial valueoulpu!“‘;’"” : 100% 100% 100% 0% 0% 0% 0%
A
| GPTWO.GTCNT
| count start
(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4131 Change Duty Cycle to 100% After Holding 0%
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To make the initial value of the GTIOCOA pin high, set “Output at start/stop” to “stop output 1.”

Compare match register and pin setting

GTCCRA  GTCCRA input capture sources GTCCRB GTCCRB input capture sources

GTCCRA operation
Buffer operation

GTIOCOA pin function

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

Output at compare match

Output at cycle end

Compare match v [40000
Single buffer operation N

PWM output pin v

PCLKC

Determined by compare matches v

Disabled ~

Toggle output v

Output is retained v

Output value set when duty cycle is set after release

Figure 4.132 Smart Configurator Setting for Initial Value High

To make the initial value of the GTIOCOB pin low, set “Output at start/stop” to “stop output 0.”

Compare match register and pin setting

GTCCRA GTCCRA input capture sources  GTCCRB  GTCCRB input capture sources

GTCCRB operation
Buffer operation

GTIOCOB pin function

GTIOCOB pin output duty
GTIOCOB pin negate control
Output at start/stop
QOutput at compare match

Output at cycle end

Compare match v | 32000
Single buffer operation v

PWM output pin &

PCLKC

Determined by compare matches 5

Disabled v

Toggle output T4

Output is retained v

Output value set when duty cycle is set after release

Figure 4.133 Smart Configurator Setting for Initial Value Low
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4.13.5.4 Change Duty Cycle to 0% After Holding 100% at Initial Value High

The following shows an example of operations when the duty cycle is switched to 0% after the counting has
started and 100% is output for several cycles.

The GTIOCOA pin outputs high immediately after the counting starts and output duty switches to 100% by
setting the GTUDDTYC.OADTY bits to 11b while the GTUDDTYC.OADTYF bit is 1b and the counting is

stopped ((1) in figure below). During count operation, the output goes to low and duty cycle goes to 0% in the
next cycle by setting the GTUDDTYC.OADTY bits to 10b ((2) in figure below).

The GTIOCOB pin outputs low immediately after the counting starts and output duty switches to 0% by
setting the GTUDDTYC.OBDTY bits to 10b while the GTUDDTYC.OBDTYF bit is 1b and the counting is
stopped % ((1) in figure below). During count operation, the output goes to high and duty cycle goes to 100%
in the next cycle by setting the GTUDDTYC.OBDTY bits to 11b ((2) in figure below). In this example, the
GTUDDTYC.OBDTY bits are set to 10b to fix the GTIOCOB pin output to low and to output 0% duty cycle,
and to 11b to fix the GTIOCOB pin output to high and to output 100% duty cycle.

GPTWO.GTCNT value GTCIUo GTCIUO GTCIUo GTCIUo GTCIUo GTCIUo GTCIUO

o s ! ! ! ! ! !

GPTW0.GTCCRA— 0000 9C40h
GPTW0.GTCCRB— 0000 7D00h

0000 0000h |

'
GPTW0.GTUDDTY C modified

B
GPTWO.GTUDDTY C.OADTYF 1, X 0
\ : GPTWO0.GTUDDTY C modified
| L 2
GPTWO.GTUDDTYC.OADTY ~ 11b | X ) 10b
T
(1) Forced 100% duty (2) 0% duty cycle output
cycle output at count at next trough
start
GTIOCOA pin (PD2)  //1////1/] 4>
iy N
e
Inmalvalueoutpu: | 100% 100% 100% 0% 0% 0% 0%
[
| 1
GPTWO0.GTUDDTY C modified
- 5
GPTWO0.GTUDDTYC.OBDTYF N ¢ 0
T T
:\ | GPTWO0.GTUDDTY C modified
a 8
GPTWO.GTUDDTYC.OBDTY  10b | X 11b
NN
I .
(1) Forced 0% duty 0
(2) 100% duty cycls
: ::/:Le output at count output at n:xt frﬁﬁ;h
GTIOCOB pin (PD1) /1111 \e>! |
7 T < <
intalvaluooupu™ 1 0%, 0% 0% 100% 100% 100% 100%

|
| GPTWO.GTCNT
count start
(GTSTR setting)

Pin function setting
(GTIOR setting)

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

Figure 4.134 Change Duty Cycle to 0% After Holding 100%

To make the initial value of the GTIOCOA pin high, set “Output at start/stop” to “start output 1.” Refer to
Figure 4.132 for details.

In the same manner, to make the initial value of the GTIOCOB pin low, set “Output at start/stop” to “start
output 0.” Refer to Figure 4.133 for details.
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4.13.5.5 Change Duty Cycle to 100% After Holding 50%

The following shows an example of operations when the GTUDDTYC.OADTY and GTUDDTYC.OBDTY bits
are changed to switch to 100% duty cycle after 50% duty has been output for several cycles.

The GTIOCOA pin output goes to high and 100% duty cycle in the next cycle by setting the
GTUDDTYC.OADTY bits to 11b during count operation ((1) in figure below).

The GTIOCOB pin output goes to low and 0% duty cycle in the next cycle by setting the GTUDDTYC.OBDTY
bits to 10b during count operation ((1) in figure below).

GPTWO.GTCNT value GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO

4 l | l ! ! l l

GPTWO0.GTPR— 0001 3880h

GPTWO.GTCCRA— 00009C40h | == — ==\ —=—-—f o= Ao\ L A\ A\
GPTWO0.GTCCRB— 0000 7D00h [ =/ ==~ =\~ ——#-—-—~- \X ------- x—- -\ --/
0000 0000h »

'

GPTWO0.GTCCRC 0000 9C40h
x Transfer & ¥ ¥ ¥ x ¥
GPTWO0.GTCCRA 0000 9C40h
GPTWO0.GTUDDTYC modified
. 2
GPTWO0.GTUDDTYC.OADTY 00b X 11b

(1) 100% duty cycle output
at next trough

GTIOCOApin (PD2) | | | | | L]

<> > — > > —> —M>
50% 50% 50% 100% 100% 100% 100%
GPTWO0.GTCCRE 0000 7D00h
¥ Transfer x x ¥ ¥ ¥ ¥
GPTWO0.GTCCRB 0000 7D0O0h

GPTWO0.GTUDDTYC modified

8
GPTW0.GTUDDTYC.OBDTY 11b X 10b

(1) 0% duty cycle output at
next trough

GTIOCOB pin (PDT) | [ | ] []

0% 0% 0% 0%

Figure 4.135 Change Duty Cycle to 100% After Holding 50%

Duty cycle cannot be switched to 100% at compare match without changing the GTUDDTYC.OADTY and
GTUDDTYC.OBDTY bits during count operation.
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4.13.5.6 Change Duty Cycle to 0% After Holding 50%

The following shows an example of operations when switching to 0% duty cycle after 50% duty has been
output for several cycles without changing the GTUDDTYC.OADTY and GTUDDTYC.OBDTY bits.

When the GTCCRA and GTCCRB registers are set to values greater than the GTPR value, 0% duty cycle
can be output because a compare match does not occur.

O : GPTW0.GTCCRA modified
: GPTW0.GTCCRB modified

GPTWO.GTCNT value GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO GTCIUO
A v
0001 67COh oO---———-—--“f--ee e}
ooo14goh| | ! - === ———————f -
GPTWO0.GTPR— 0001 3880h :
|
\ \ |
00009C40h == ———\ ————f—— = -+
0000 7D00N [F =/ ————\-—— -———-\-\—-— ~-———§< /
0000 0000h »
Buffer register modified
GPTWO0.GTCCRC 0000 9C40h X 0001 67C0Oh
¥ Transfer x x x ¥ x ¥
GPTWO0.GTCCRA 0000 9C40h X 0001 67C0h
GPTWO0.GTUDDTYC.OADTY 00b
GTIOCOA pin (PD2) | | | | |
«—> «—> «—>
50% 50% 50% 0% 0% 0% 0%
Buffer register modified
GPTWO0.GTCCRE 0000 7D00ON X 0001 4880h
¥ Transfer x * x ¥ x ¥
GPTWO0.GTCCRB 0000 7D00h X 0001 4880h
GPTWO0.GTUDDTYC.OBDTY 00b
GTIOCOB pin (PD1) _| | | | | |
— —> ——>
100% 100% 100% 100%

Figure 4.136 Change Duty Cycle to 0% After Holding 50%

The GTUDDTYC.OADTY and GTUDDTYC.OBDTY bits are set to 10b and 11b, respectively, during the
counting operation to enable 0% duty cycle from the next cycle.
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4.13.6 Usage Notes
4.13.6.1 Settings of the GTCCRm Register during Compare Match Operation (m = A to F)
This sample code automatically sets the dead time and uses the value of compare match register GTCCRA,

the register for positive-phase waveform, to update the value of compare match register GTCCRB, the
register for negative-phase waveform.

Set compare match register GTCCRA value to satisfy the following restrictions.

GTCCRA > GTDVU,
GTCCRA > GTDVD, and
GTCCRA < GTPR.

When the GTCCRA register is set to 0000 0000h or a value greater than or equal to the GTPR register value
during count operation, the output protection function is activated.

However, if the following conditions are not satisfied, output protection does not operate normally.

When the value of GTCCRA when counting starts is 0000 0001h or greater and less than the setting
value of GTPR

For details regarding the output protection function, refer to RX66T Group User's Manual Hardware, section
24.8.4 Output Protection Function for GTIOCnm Pin Output (n =010 9; m = A, B).

When not using the automatic dead time setting function, set a value greater than 0000 0001h and less than
the setting value of the GTPR register in the GTCCRA (GTCCRB) register. When 0000 0000h or the same
value as the GTPR register is set in the GTCCRA register, a compare match occurs in a cycle only when
[GTCCRA (GTCCRB) register = 0000 0000h] or [GTCCRA (GTCCRB) register = GTPR register] is met.
Furthermore, if a value exceeding the setting value of the GTPR register is set in the GTCCRA register, a
compare match does not occur.

For details, refer to RX66T Group User's Manual Hardware, section 24.10.2 Settings of the GTCCRm
Register during Compare Match Operation (M = A to F): (1) When Automatic Dead Time Setting has been
Made in Triangle-Wave PWM Mode and (2) When Automatic Dead Time Setting has not been Made in
Triangle-Wave PWM Mode.

4.13.6.2 Reflection of GTUDDTYC.OADTY Setting at Counting Starts

In this sample code, the count operation duty is determined by the GTUDDTYC.OADTYF and
GTUDDTYC.OADTY bits set while the counting is stopped.

If the value of the GTUDDTYC.OADTY bit is changed while the GTUDDTYC.OADTYF bit is Ob and the
counting is stopped, the output duty setting changed at the start of counting is not reflected. To reflect the
setting from when the counting starts, it is necessary to change the value of the GTUDDTYC.OADTY bit
while the GTUDDTYC.OADTYF bit is 1b and counting is stopped, and then counting is started.

For details, refer to RX66T Group User's Manual Hardware, section 24.3.6 Duty Cycle 0%/100% Output
Function.
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4.13.6.3 Reflection of Duty Cycle at Counting Starts Using Smart Configurator

When the Smart Configurator is used and pin output duty cycle is set at 0% or 100% Figure 4.111, the duty
is not reflected at the start of counting because the GTUDDTYC.OADTYF bit is Ob. To reflect the duty from
the start of counting, the user must create a code to set the GTUDDTYC.OADTY bits to 10b or 11b and while
the GTUDDTYC.OADTYF bit is 1b and the counting is stopped.

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

GTCCRA operation Compare match v 40000
Buffer operation Single buffer operation v
GTIOCOA pin function PWM output pin e
GTIOCOA pin output duty Determined by compare matches N~

Determined by compare matches

GTIOCOA pin negate control Set to 0% or 100%

Output at start/stop 100%

Qutput at compare match Toggle output V:

Output at cycle end Qutput is retained ™

Figure 4.137 Set Pin Output Duty Cycle to 0% or 100%

For details on Smart Configurator settings, refer to section 4.13.3 Smart Configurator Settings, and for an
example of user generated code, refer to section 4.13.4 Flowcharts.

4.13.6.4 100% Duty Cycle Output at Compare Match

Output duty cycle cannot be switched to 100% at compare match without changing the GTUDDTYC register.
To output 100% duty, set the GTUDDTYC.OADTY bits to 11b and the GTUDDTYC.OBDTY bits to 10b.

If the GTCCRA and GTCCRB registers are set to 0 in this sample code settings, 100% duty cycle cannot be
output because one clock cycle is output after a GTCNT counter underflow occurs.

When the GTCCRA and GTCCRB registers are set to the same value as the GTPR and a GTCNT counter
underflow and compare match occur at the same time, the output setting at the timing of the compare match
is prioritized and toggled, disabling 100% duty cycle output.

For details regarding the waveform output when the GPTW’s GTCNT counter underflow and compare match
occur at the same time, refer to the notes under Table 24.4 in RX66T Group User's Manual Hardware,
section 24.2.14 General PWM Timer I/O Control Register (GTIOR).

4.13.6.5 Compare Match Operation during Duty Cycles 0% and 100% Output

In this sample code, output duty cycles 0% and 100% are determined based on the values set to the
GTUDDTYC.OADTY bits. When duty cycle is set to either 0% or 100%, the GPTW internally continues to
perform the compare match operation, interrupt output and buffer transfer operation.

This sample code does not use the compare match interrupt, so if you are using the compare match
interrupt, do so with caution interrupt during duty cycle 0% and 100% output.
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5. How to Import the Project

The sample code is provided in the format of an e? studio project. This chapter describes how to import a
project into e? studio and CS+. After the import is complete, confirm the build and debugger settings.

5.1 Importing with e? studio

When using the sample code in e? studio, import it into €2 studio using the following steps.

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

P workspace - C/C++ - €” studio

Edit Source Refactor Navigate Search Project

New Alt+Shift+N > S import o X
e Fllef.. » Select .
-3 (AR d Create new projects from an archive file or directory. E 4 5
Qose
4=l Select an import wizard:
Spve 2 R type filter text
shiene| Start the_ e studio, and select o= m— .
shean | menu [Eile] >> [Import...]. 3
Rhpvert c =3 Existing Projects into Workspace
) File System - N N
Move. # HEW Project Select [Existing Projects into Workspace].
Rfname... F2 [T} Preferences
Réfresh 5 (3 Projects from Folder or Archive
Chvert Line Delimiters To , P (&3 Rename & Import Existing C/C+ Project into Workspace
1@ Renesas CS+ Project for CA78KOR|CATBKO

pfnt.. Ctrl+P @ Renesas CS+ Project for CC-RX anfi CC-RL

& C/C++

itch Workspace (= Code Generator

¥ rc & Git

= Install

o Oamnh hd

Alt+Enter  Isl

Properties

Exit

Einish Cancel

Import Projects

Select a directory to search for existing

Eclipse projects.

Select [Select root

A
! e\ectroogdirectory:l‘C:¥down|oad¥an-101an3956ﬂﬁ1m-rxv2-dsp¥ | [ Browse.. ;l

Select [Select root directory:], and specify the

directory:].

O Select archive file: Browse... directory which stored the project to import.
B (e.g. an-r01an3956ij0100-rxv2-dsp)
[ 101an3956_rxv2 (C:¥download¥an-r01an39560100-nev2-dsp¥rOlar| | Select All Each appllcatlon note has its own prOJeCt name.
Deselect All
< > Refresh
Options
[] Search for nested projects
[ Hide projects that already exist in the workspace
Working sets
New..
Select [Add project to Werking sets oy
working sets] when using
the working sets.
@ <Back Nos Cancel
Figure 5.1 How to Import a Project into e? studio
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5.2 Importing with CS+
When using the sample code with CS+, import the code to CS+ using the following steps.

(The actual screen may vary according to the version of CS+ you are using.)

SR B A X h B 0o B & - - @& b @D
PER DPRRQS
2X @, start
s d 3@

Leamn About CS+
\We recommend reading the tutorial fo find out what can be done in CS+,

Start the CS+, and select [Open

Exiting MCU Simulator Onlinele

studio / CubeSuite / High-performance

X = 1 « an-r01an39.. > r01an3956_nas2 vo
Embedded Workshop / PM+ Project]
Open Existing Project Organize ¥ New folder
k Loads heproject of CS+. Caaiso b pened dircty romth fllnin rk an-101an38560100-rav2-dsp B Name
Bl . i 01an3956_nv2 settings
‘ «settings HardwareDebug 72

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

HardwareDebug src 7/21
The project created with the MCU Simulator Online, the €% studio, or the old ID —
src | ] r01an3956_nav2.rcpe 7/21/2017|
S Str o
imulator Online
Onli be read. G34 - .
(1) Build options and swmulalnrupl»cnsaszrc"me =Dy etween the projec X SeIeCt a .GCC flle’ and CIICk
e b Music the button [Open].
OneDrive

Open Sample Project
Many sample projects that can be built immediately are provided. After selecting

‘specify the destination folder to copy the selected sample project. . v < >
RH850 RL78 RX . i rY . " - .
AT Tt o File name: |r01an3956_v2.cpe <P Project File for € studio ("rcpc
GO ‘ RH850_F1L_Tutorial_Basic_Operation
i n Open ncel
Select a project (e.g. r01an3956_rxv2). i

Each application note has its own project name.

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

Project Convert Setti-gs

Project:

@ De-Wotion. ACEEIEY Project Convert S X
L[ 1013n3956 pa2 | Sy
Select the proj :
several projects w
Project settings
SeEEe New microcontroller
v
[Notice]
If you open a High{
each project.
Update...
E "3 RSF564MLCx=C(176pin) A | | Product Name:R5F564MLCxFC
W RSF564MLCxFPNQOpin) gnx S‘,i,’f. ﬁze[[gﬂm%;ggs
-~ n: size| es).
8 RSFSBAMLCXLC(17D Addtional Information Package=PLOPOT76KE-A
¥ R5F564MLCxLK(145pin)
¥ R5F564MLDXBG(176pin)
¥ R5F564MLDxFB(144pin)
¥ R5F564MLDXFC(176pin)
-
. . . Kind of project: Empty Application(CC-RX)
Select [Empty Application(CC-RX)] in <

Project name: r01an3956_rxv2

[Kind of project:],

and specify [Project name:] and [Place:] Creste on a diferent placefrom he source pojec

Place: C:\Users\User1\Documents\CS+ Projects\r01an [w|v | | Browse...

[ Copy all files in the folder of the source project to the destination place

[] Backup the project composition files after converbion

A 4
l 0K | 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 (RO1UHQ0749)
(Please obtain the latest version from the Renesas Electronics website.)

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

User’s Manual: Development Environment
RX Family CC-RX Compiler User's Manual (R20UT3248)
(Please obtain the latest version from the Renesas Electronics website.)

User’s Manual: Development Environment
RX66T Group Renesas Starter Kit User's Manual (R20UT4150)
(Please obtain the latest version from the Renesas Electronics website.)
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Revision History

Description
Rev. Date Page Summary
1.00 Apr.21.22 — First edition issued
1.10 Jan.6.23 24 Change "Table1.14 Setting Methods for Duty Cycles 0% and
100%".
33 Change "Figure 3.5 Interrupt Settings".
92,103, | Change the note "Output Level Settings".
146, 159
170 Change "Figure 4.9 GPTO Settings (1/2)".
180 Change "Figure 4.17 GPTO Settings (1/2)".
191 Change "Figure 4.26 GPTO Setting".
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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 LS| 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/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LS|, 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.
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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

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

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

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

(Note2)

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

www.renesas.com

Trademarks

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

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

(Rev.5.0-1 October 2020)

Contact information

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