REN ESAS Application Note

RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

Introduction

This application note describes how to perform operation using the MTU3 or GPTW with complementary
PWM output near 0% and 100% duty cycles.

RX66T Group microcontrollers (MCUs) are equipped with the multi-function timer pulse unit 3 (MTU3) and
the general-purpose PWM timer (GPTW) capable of generating PWM (pulse-width modulation) waveforms.
This application note applies to RX Family devices equipped with the MTU3 and GPTW.

When using this application note with Renesas MCUs other than the RX66T Group, careful evaluation is
recommended after making modifications to accommodate the target MCU.

Target Devices
RX Family devices equipped with the MTU3 and GPTW

Operation Confirmation Devices
RX66T Group

Multi-function timer pulse unit 3 is referred to as “the MTU” throughout this document.
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Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1. Differences in Complementary PWM Using MTU and GPTW

Differences in the complementary PWM output when using the MTU and GPTW are summarized below.

Table 1.1 Complementary PWM Output Functionality

MTIOC3B: PWM output pin 1
(positive phase)
MTIOC3D: PWM output pin 1
(negative phase)
MTIOC4A: PWM output pin 2
(positive phase)
MTIOC4C: PWM output pin 2
(negative phase)
MTIOC4B: PWM output pin 3
(positive phase)
MTIOC4D: PWM output pin 3
(negative phase)
e MTUB-MTU7
MTIOC6B: PWM output pin 4
(positive phase)
MTIOC6D: PWM output pin 4
(negative phase)
MTIOC7A: PWM output pin 5
(positive phase)
MTIOC7C: PWM output pin 5
(negative phase)
MTIOC7B: PWM output pin 6
(positive phase)
MTIOC7D: PWM output pin 6
(negative phase)

Item MTU GPTW

Channel MTU3-MTU4, MTU6-MTU7 GPTn(n=01t09)

Modes Transfer Complementary PWM mode 1 (16-bit) | —
at crest
Transfer Complementary PWM mode 2 (16-bit) | Triangle-wave PWM mode 1 (32-bit)
at trough Triangle-wave PWM mode 3 (64-bit)
Transfer Complementary PWM mode 3 (16-bit) | Triangle-wave PWM mode 2 (32-bit)
at crest and
trough

Output pins e MTU3-MTU4 GTIOCNA (positive phase)

GTIOCnB (negative phase)

Refer to 4.6, Triangle-Wave PWM Mode 1, 4.7, Triangle-Wave PWM Mode 2, and 4.8, Triangle-Wave PWM
Mode 3, in the application note RX Family: PWM Output Methods Using MTU3/GPTW for instructions on
producing multi-phase output using the GPTW.

Refer to 1.2, Buffer Functions, in the application note RX Family: PWM Output Methods Using MTU3/GPTW,
for the differences in the buffer functions.

Refer to 1.4, Automatic Dead Time Setting Function, in the application note RX Family: PWM Output
Methods Using MTU3/GPTW for the differences in the automatic dead time setting functions.
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1.1 Complementary PWM Mode Using MTU and GPTW and Operation Examples

1.1.1 Complementary PWM Mode Using MTU and Operation Examples
(1) Complementary PWM Mode Using MTU

In complementary PWM mode using the MTU, three counters, MTU3. TCNT, MTU4.TCNT, and TCNTSA
(MTUG.TCNT, MTU7.TCNT, and TCNTSB), perform up or down count operation, and compare, buffer, and
temporary registers are used to control the duty cycle of the PWM output.

(2) Dead Time

The dead time in complementary PWM mode is set in the timer dead time data registers (TDDRA and
TDDRB). The setting value of TDDRA (TDDRB) is used as the start value of counter MTU3. TCNT
(MTUG6.TCNT), and the no-overlap duration (dead time) of MTU3.TCNT (MTU6.TCNT) and MTU4. TCNT
(MTU7.TCNT) is generated automatically.

(3) Complementary PWM Mode Operation Example

Figure 1.1 shows an operation example of the counters (MTU3.TCNT and MTU4.TCNT), compare register
(MTUS3.TGRB), buffer register (MTU3.TGRD), temporary register (TEMP1A), and pins (MTIOC3B and
MTIOC3D) in complementary PWM mode 3.
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The elements in Figure 1.1 and the MTU-related figures on subsequent pages are defined as follows.

e Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)

o Solid blue line: Setting timing and value changes of temporary register (TEMP1A)

e Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)

o TCDRA: Register value setting upper limit value of MTU4. TCNT

o TDDRA: Dead time value

e Ta: Interval other than Tb1 interval and Tb2 interval

e Tb1: Interval during which crest interval and MTU3.TCNT counter value is TCDRA to MTU3.TGRA
e Tb2: Interval during which trough interval and MTU4.TCNT counter value is TDDRA to 0000h

e Solid black line and solid green line: MTU3.TCNT and MTU4.TCNT counter value changes

e Yellow shaded area: Dead time

Trough interval Crest interval Trough interval Crest interval Trough interval Crest interval

A Tb2 _ Ta Tb1 ., Ta L Th2 Ta o Tbl Ta L. T2 Ta LN
MTU3.TGRA - - ——— i — — — — — — —_— o ——— — — e — — —— ———— =] — — —
TCDRA == % %Q
TCDRA - TDDRA — —+ -———T ~ — — - - ‘

r T
TDDRA *2 — _—— __l__ —_——— -
TDDRA N —J — —— —_——— -
0000h »

(d)

(@ ® ©

X . Data4
"
‘l
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MTIOC3B

|
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;
|

R
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MTIOC3B | | I : :

MTIOC3D I | I I_,—

Figure 1.1 Complementary PWM Mode 3 Operation Example

In complementary PWM operation the buffer register is used when updating the data in the compare register.
Updated data can be written to the buffer register at any time. There are also temporary registers between
the compare register and buffer register.

Data written to the buffer register in the Ta interval is transferred immediately to the temporary register
(Figure 1.1 (a)). Data written to the buffer register in the Tb1 and Tb2 intervals is not transferred to the
temporary register (Figure 1.1 (b)). Data written to the buffer register during these intervals is transferred to
the temporary register after the Tb1 (or Tb2) interval finishes (Figure 1.1 (c)). The timing of transfers from the
temporary register to the compare register can be selected by the MD[3:0] bits in timer mode register 1
(TMDR1). When the Tb interval (Tb2 in the case of transfer at trough) in the timing selected by the MD[3:0]
bits finishes, data is transferred from the temporary register to the compare register (Figure 1.1 (d)).

The MTU-related figures on subsequent pages are designated “overwrite in Tb interval” to indicate that the
buffer register is overwritten during the Tb interval or “overwrite in Ta interval” to indicate that the buffer
register is overwritten during the Ta interval.

The switching timing of the output levels of the phases is generated by compare matching of MTU3. TCNT
and MTU4.TCNT, represented by the solid black and solid green lines in Figure 1.1, the compare register,
represented by the dashed red line, and the temporary register, represented by the solid blue line.
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The counter value represented by the solid black line in Figure 1.1 is compared with the compare register,
represented by the dashed red line. Compare match points with the compare register are represented by red
dots. The counter value represented by the solid green line in Figure 1.1 is compared with the temporary
register, represented by the solid blue line. Compare match points with the temporary register are
represented by blue dots. Comparisons with both the compare register and the temporary register take place
during the Tb interval. The combination of these two compare match operations produces changes in the
output waveform.

For details of the MTU’s complementary PWM mode, refer to 22.3.8, Complementary PWM Mode, in RX66T
Group User’'s Manual: Hardware and the application note RX Family: PWM Output Methods Using
MTU3/GPTW.
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1.1.2 GPTW Triangle-Wave PWM Modes 1, 2, and 3 and Operation Examples
(1) GPTW Triangle-Wave PWM Modes 1, 2, and 3

GPTW triangle-wave PWM modes 1, 2, and 3 enable output of PWM waveforms on the GTIOCnA and
GTIOCNB (n = 0 to 9) pins by means of compare match operation between the GTCNT counter and the
compare registers (GTCCRA and GTCCRB). A buffer register GTCCRm (m = C to F) can be used by
configuring the mode and settings.

Triangle-wave PWM mode 3 also uses a temporary register (temporary register A or B). For details, refer to
(5) Triangle-Wave PWM Mode 3 (Trough, 64-Bit Transfer) under 24.3.3, PWM Output Operating Modes, in
RX66T Group User's Manual: Hardware.

(2) Dead Time

On the GPTW dead time is generated in either or two ways: by compare match operation using the
automatic dead time setting function or by configuring the pin output duty setting bits.

The automatic dead time setting function can set the value of the GTCCRB register automatically by
generating a compare match value for the negative phase waveform with dead time from the compare match
value for the positive phase waveform (GTCCRA register value) and the dead time value (GTDVU or
GTDVD register value), based on the setting of the dead time control register (GTDTCR)

However, dead time errors are generated based on the setting value of the GTCCRA register. When a dead
time error occurs, the points where the positive phase and negative phase waveforms change are adjusted,
as shown in Table 1.2, so that waveforms continue to be generated automatically with sufficient dead time.
The adjusted negative phase waveform change point is set in the GTCCRB register automatically, but the
adjusted positive phase waveform change point is not automatically set in the GTCCRA register. For details,
refer to 24.3.4, Automatic Dead Time Setting Function, in RX66T Group User's Manual: Hardware.

Table 1.2 Change Point Adjustment when Dead Time Errors Occur

Corrected Positive

Phase W Corrected Negative
Waveform Count Dead Time Error aveform Change Phase Waveform
Mode Direction Condition Point Change Point
Triangle-wave | Up-counting GTCCRA-GTDTU<0 | GTDVU + 1 1
PWM modes Down-counting | GTCCRA-GTDTU<0 | GTDVU 0
1,2,and 3
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(3) Triangle-Wave PWM Mode Operation Example

Figure 1.2 shows an operation example of the GTCNT counter, compare registers (GTCCRA and GTCCRB),
buffer registers (GTCCRC and GTCCRE), and pins (GTIOCOA and GTIOCOB) in triangle-wave PWM mode
2.

The elements in Figure 1.2 and the GPTW-related figures on subsequent pages are defined as follows.

e Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

e Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

e Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

e Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

e Solid green line: Positive phase waveform change points when dead time errors occur while using the
automatic dead time setting function

e Yellow shaded area: Dead time
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Figure 1.2 Triangle-Wave PWM Mode 2 Operation Examples (Automatic Dead Time Setting Enabled)
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In triangle-wave PWM mode the buffer register is used when updating the data in the compare register.
Updated data can be written to the buffer register at any time. The timing of transfers from the buffer register
to the compare register can be selected by the MD[2:0] bits in the timer control register (GTCR).

The switching timing of the output levels is generated by compare matching of GTCNT and the compare
registers (GTCCRA and GTCCRB). The timing of the GTIOCnNA pin is generated by compare matching
GTCNT and GTCCRA. Compare match points of GTCNT and GTCCRA are represented by blue dots
(Figure 1.2 (a)). The timing of the GTIOCNB pin is generated by compare matching GTCNT and GTCCRB.
Compare match points of GTCNT and GTCCRB are represented by red dots (Figure 1.2 (b)).

When the automatic dead time setting is used and a value that generates dead time errors is set in
GTCCRA, GTCNT is compared with the adjusted value. Compare match points between GTCNT and the
positive phase adjusted value are represented by green dots (Figure 1.2 (c)).

For details of the GPTW'’s triangle-wave PWM mode, refer to 24.3.3, PWM Output Operating Modes, in
RX66T Group User's Manual: Hardware and the application note RX Family: PWM Output Methods Using
MTU3/GPTW.

1.1.3 Operating Modes and Conditions
Operation under the following conditions is described in this application note.

Table 1.3 MTU Conditions

Mode Buffer Configuration Buffer Overwrite

Transfer at trough: Single buffer Tb interval overwrite
complementary PWM mode 2 Ta interval overwrite
Transfer at crest and trough: Tb interval overwrite
complementary PWM mode 3 Ta interval overwrite

Table 1.4 GPTW Conditions

Mode Buffer Configuration Automatic Dead Time Setting
Transfer at trough: Single buffer Used

triangle-wave PWM mode 1 Not used

Transfer at crest and trough: Used

triangle-wave PWM mode 3 Not used

Transfer at trough: *1 Used

triangle-wave PWM mode 3 Not used

Note: 1. Buffer operation in triangle-wave PWM mode 3 differs from ordinary buffer operation in that the
buffer is used automatically when the mode is selected. For details, refer to (5) Triangle-Wave
PWM Mode 3 (Trough, 64-Bit Transfer) under 24.3.3, PWM Output Operating Modes, in RX66T
Group User’'s Manual: Hardware.
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1.2 0% and 100% Duty Cycle Output Methods

How to configure settings for complementary PWM output with 0% and 100% duty cycles on the MTU and
GPTW is described below.

Table 1.5 Methods of Setting 0% and 100% Duty Cycles

Timer Setting Methods

MTU Setting using compare register Set TGR as follows.
100%: TGR = 0000h
0%: TGR = period register value

GPTW Setting using compare register Setting using GTCCCR*?

Setting pin output duty setting bits | Setting using GTUDDTYC.OADTY[1:0] or
GTUDDTYC.OBDTY[1:0]

0 x: Duty ratio determined by compare match
1 0: 0% duty

11: 100% duty

Note: 1. This may produce unanticipated waveforms. Refer to 1.4 for details.

On the MTU and GPTW there are cases where 0% or 100% duty cycle output cannot be produced due to the
combination of the operating mode, the waveform output start timing (trough or crest), and the buffer transfer
timing (Tb or Ta interval). Such cases are discussed in the next section.
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Using MTU3 or GPTW

1.2.1 0% and 100% Duty Cycles on MTU

On the MTU there are cases where 0% or 100% duty cycle output cannot be produced due to the
combination of the operating mode, the waveform output start timing (trough or crest), and the buffer transfer
timing (Tb or Ta interval). The various combinations are listed in Table 1.6. Operation examples of 0% and
100% duty cycle output are described in 1.2.1.1 and 1.2.1.2.

Table 1.6 0% and 100% Duty Cycle Waveform Output Operation Examples in Each MTU Operating

Mode
0% or 100% Output | 0% Duty Cycle Output 100% Duty Cycle Output

Operating Mode | Start Timing Tb Overwrite | Ta Overwrite | Tb Overwrite | Ta Overwrite
Complementary Trough — — —
PWM mode 1 Crest Figure 1.3 Figure 1.4 —
Complementary Trough Figure 1.5 Figure 1.6 Figure 1.11 Figure 1.12
PWM mode 2 Crest — — _ _
Complementary Trough Figure 1.7 Figure 1.8 Figure 1.13 Figure 1.14
PWM mode 3 Crest Figure 1.9 Figure 1.10 | — —

—: Not possible.

1.2.1.1 0% Duty Cycle Output Operation Examples

The MTU produces 0% duty cycle output when the value of the compare register (TGR register) is the same
as that of MTU3.TGRA (MTU6.TGRA).

Of the 0% and 100% duty cycle waveform output operation examples in each MTU operating mode listed in
Table 1.6, Figure 1.3 to Figure 1.10 illustrate the 0% duty cycle output operation examples.

e [Operation example 1] Figure 1.3, Complementary PWM Mode 1, Output Start: Crest, Tb Interval
Overwrite

e [Operation example 2] Figure 1.4, Complementary PWM Mode 1, Output Start: Crest, Ta Interval
Overwrite

e [Operation example 3] Figure 1.5, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite

e [Operation example 4] Figure 1.6, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite

e [Operation example 5] Figure 1.7, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite

e [Operation example 6] Figure 1.8, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite

e [Operation example 7] Figure 1.9, Complementary PWM Mode 3, Output Start: Crest, Tb Interval
Overwrite

e [Operation example 8] Figure 1.10, Complementary PWM Mode 3, Output Start: Crest, Ta Interval
Overwrite

Key to Operating Conditions and Figures of Operation Examples

e Duty: 50% — 0% — 50%

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: 50% duty cycle compare value
— Data 2: 0% duty cycle compare value (same value as MTU3.TGRA)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 1, Output Start: Crest, Tb Interval Overwrite

Figure 1.3 shows an operation example of buffer overwrite in the Tb2 interval (trough) in complementary
PWM mode 1.

(a) Compare match with temporary register, positive phase turns off.

(b) Compare match with temporary register, negative phase turns on.

(c) Compare match with temporary register, positive phase remains off.

(d) Simultaneous compare matches for on (blue dots) and off (red dots), no change in negative phase.
(e) Compare match for on, but no change in positive phase because (c) off takes precedence.

(f) Compare match with compare register, negative phase turns off.

(g) Compare match with compare register, positive phase turns on.

~— ~— ~— —

N Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Th2 Ta Tb1 Ta

MTU3.TGRA-K -~
TCDRA-| %

TDDRA-|- -~ -

0000h

MTU3.TGRD

TEMP1A

\
MTU3.TGRB

1
" " i i |
[Active level: High] i | | | I i 0% duty ratio output |

MTIOC3B | § i | : i |_|‘ ‘

MTIOC3D i ‘ ‘ i i i " - i i i ‘
ncive et Lom : 3 i i § § 100% duty ratio output § § i §

MTIOC3B i §—|_, § § i

MTIOC3D |—|

Figure 1.3 Complementary PWM Mode 1 Operation Example
(Output Start: Crest, Overwrite in Tb Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 1, Output Start: Crest, Ta Interval Overwrite

Figure 1.4 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
1. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.3.

\ Ta ™2 Ta ot Ta b2 Ta ot Ta ™2 Ta o1 Ta
MTUS.TGRA-K — — -~~~ oo p N S S
T T
| |
TCDRA% 77777777777777777777777777777 N AN S _
B |
| |
| |
| |
| |
| |
- — ; : \
G R
N . T i |
I I | I I I | I
| I\
o 7 | |
TooRaf o NCSE L NS L AN S A
|
0000h- L !
1 — 7
|
MTU3.TGRD | Datat | X DataZi i >< Datat
— —
T | - i T
— —— ‘ —
TEMPIA | Datat ! Data2] | Daat |y o
L L/ [\ i [
— — — : —
L ! L ! L
— — — ; —
MTU3.TGRB )% | Datat P b % Data2 ! >§ Datat |
L/
— I T— — —
|
|

[Active level: High]

[ Lo [ Lo |
[ Lo [ Lo |
| ! | | |
MTIOC3B ! ! ! | |
L — — —
!
MTIOC3D | | | | !
— i — — —
[Active level: Low] Lo i ! P Lo [
[ L
7 i 7 ; :
MTIOC3B ! 1 ! | !
| | | | !
MTIOC3D

Figure 1.4 Complementary PWM Mode 1 Operation Example
(Output Start: Crest, Overwrite in Ta Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.5 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary PWM
mode 2.

(a) Compare match with temporary register, positive phase remains off.

(b) Simultaneous compare matches for on (blue dots) and off (red dots), no change in negative phase.

(c) Compare match for on, but no change in positive phase because (a) off takes precedence.

Ta Tb1 Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

A
(@ (o) () (@ (b) (o
MTU3.TGRA- |- - -

TCDRA-| -~

TDDRA-K- -

0000h

MTU3.TGRD

TEMP1A

!
+
MTU3.TGRB X!

|
| | | |

Active level: High

[Active level: High] | | ! | 0% duty ratio output

|
MTIOC3B |

I
i
i i | i
I I I
MTIOC3D ; | i
I T T 1 100% duty ratio output
[Active level: Low] : : : : : :
I I I I I |
| | |
MTIOC3D |

Figure 1.5 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: 50% — 0% — 50%)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.6 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.5.

Ta Th1 Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta

A

MTU3.TGRA- |- ———

TCDRA-| -~

TDDRA-K-~—

0000h

MTU3.TGRD

TEMP1A

\
MTU3.TGRB :>¥ i

7
[Active level: High] |
|

MTIOC3B |
T o
| |
MTIOC3D ! ! |
L —
[Active level: Low] | | [ |
L [ I
MTIOC3B | | |
| ! :
MTIOC3D |

Figure 1.6 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 5] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.7 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3.

(a) Compare match with temporary register, positive phase remains off.
(b) Simultaneous compare matches for on (blue dots) and off (red dots), no change in negative phase.
(c) Compare match for on, but no change in positive phase because (a) off takes precedence.

A

MTU3.TGRA- | ——————————————

TCDRA-| -~

TDDRA-K- -

0000h

MTU3.TGRD

TEMP1A |
|
T
MTU3.TGRB |
!
[Active level: High]

. I

3 - o

| . . ; 0% duty ratio output ; i
MTIOC3B | ! !
I 7 |

I | |

MTIOC3D ! C ;
; — 100% duty ratio output !

T T

|
[Active level: Low] : : | | | |
| | | |
MTIOC3B ! ] :
| |
} | |
MTIOC3D |

Figure 1.7 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 6] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.8 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.7.

y Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta
MTUSTGRA-f——— o - -
XX
) N
;
| |
|
/ !
TDDRA-K—— /b L
I | I I I I
I | I I I I
oooon — — — >
- I I
7
MTU3.TGRD Data3 | >< :Data1 X Data2 >< Datat | X Datad
) |
i
~ /7 | — —\!
TEMP1A Data3 | X Data1 X Data2 X Datat } X Data3
A\ \ N \ \ |/
: —|

\
MTU3.TGRB ;?

- N
! L L L Il Il
T ] ] ] T T
1 Data3 % | Datat % Data2 % | | Datat
! - I
; | I I i i
[
[Active level: High] ‘ |

| : : I I
! I
MTIOC3B } ! | '7
! I I I | |
| | |
MTIOC3D ! ; | i
: — l_,i
[Active level: Low] | | | i

I I

| o -
MTIOC38 ! i i

| ! !
MTIOC3D |

Figure 1.8 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 7] Complementary PWM Mode 3, Output Start: Crest, Tb Interval Overwrite

It is possible to produce 0% output at the counter crests in complementary PWM mode 3. Figure 1.9 shows
an operation example of buffer overwrite in the Tb interval in complementary PWM mode 3.

(a) Compare match with temporary register, positive phase turns off.

(b) Compare match with temporary register, negative phase turns on.

(c) Compare match with temporary register, positive phase remains off.

(d) Simultaneous compare matches for on (blue dots) and off (red dots), no change in negative phase.
(e) Compare match for on, but no change in positive phase because (c) off takes precedence.

(f) Compare match with compare register, negative phase turns off.

(g) Compare match with compare register, positive phase turns on.

~— ~— ~— —

Tb1 Ta Tb2 Ta Tb1 Ta Tbh2 Ta Tb1 Ta

MTU3.TGRA-K -~

TEDORA-K--Ng-mmmmm e pmmmpem e oL N

| | |
TDDRA-|- - ! ! -1 ———beeq
| |

0000h

MTU3.TGRD | Datat >< \ Data2
[ o

L
7 T
Data1 96 Data2
; I
i

|
—
L\
1 —
-
— T
% Datat, [ >¥ Data2

TEMP1A

MTU3.TGRB

e
o
-8
)
&

T
T
Datq1
i i [ Lo Lo Lo |
[Active level: High] | i ! | | ! 0% duty ratio output : | 1
MTIOC3B : ! h !
I T T 1 ! T ] L
| i I i I I |
| I | I ] I i
MTIOC3D | | ! ! |
[ [— — 100% duty ratio output — —
[Active level: Low] ! ! | ! ! ! | ! ; |
. :
MTIOC3B 1 1 : : :
i
: 1 1 ‘ ‘
MTIOC3D

Figure 1.9 Complementary PWM Mode 3 Operation Example
(Output Start: Crest, Overwrite in Tb Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 8] Complementary PWM Mode 3, Output Start: Crest, Ta Interval Overwrite

Figure 1.10 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.9.

A Ta ™2 Ta o1 Ta b2 Ta o1 Ta ™2 Ta o1 Ta
MTU3.TGRA-K -~~~ === === ==~ - -
TCDRA-| % 7777777777777777777
N -~ 71
N
| |
|
[
TODRA-f- - -1 1N -
|
[ b | i [
0000h ! I L >
— — i
| I L L |
T [l i i
MTU3.TGRD Data3 | >< Datat | X Data2 | >< Datat ! >< Data2
AL |
i i i | ! ! ] i |
) RS CRES C
TEMP1A Data3 Data1 Data2! | Data1 | Data2
VAL \ ./ o\ A\ N
+

L L L L ! ! ! L L
| [ | | ; ; ; ] T
MTU3.TGRB 1 Data3 | | Dataf, | Data2 | | Datat
: P b b b
|
|

[Active level: High]

I I I ! !
| | | | ! ! | | |
I I ! I
MTIOC3B ! ! i | |
o T [ [ o
MTIOC3D i i | | i
[Active level: Low] | | | | 3 i i 3 | |
[ I [
T 7 T
MTIOC3B i : i i i
| ! |
MTIOC3D ,—|

Figure 1.10 Complementary PWM Mode 3 Operation Example
(Output Start: Crest, Overwrite in Ta Interval, Duty: 50% — 0% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.2.1.2 100% Duty Cycle Output Operation Examples
Output with 100% duty cycle is produced when the MTU compare register is set to 0000h.

Of the 0% and 100% duty cycle waveform output operation examples in each MTU operating mode listed in
Table 1.6, Figure 1.11 to Figure 1.14 illustrate the 100% duty cycle output operation examples.

e [Operation example 1] Figure 1.11, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite

e [Operation example 2] Figure 1.12, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite

e [Operation example 3] Figure 1.13, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite

o [Operation example 4] Figure 1.14, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite

Key to Operating Conditions and Figures of Operation Examples

e Duty: 50% — 100% — 50%

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: 50% duty cycle compare value
— Data 2: 100% duty cycle compare value (0000h)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.11 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with temporary register, negative phase turns off.

(b) Compare match with temporary register, positive phase turns on.

(c) Compare match with temporary register, negative phase remains off.

(d) Simultaneous compare matches for on (blue dots) and off (red dots), no change in positive phase.
(e) Compare match for on, but no change in negative phase because (c) off takes precedence.

(f) Compare match with compare register, positive phase turns off.

(g) Compare match with compare register, negative phase turns on.

~— ~— ~— —

A Ta Th1 Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-| —————————————— S S Y S O ORI ORI . .
TCORA-|- === mm e e R S A e D T A A ] T BT 5

TDDRA-K-~—

g
|
j
|
|
|
h L
0000h : . >
MTU3.TGRD |
!
T
TEMP1A
\ | \
!
+ +
MTU3.TGRB >¥ ! | % | Datat
T R !
[Active level: High] | | oo
I I | I ] i I
| | |
MTIoC3B ! L 100% duty ratio output L
— —
— I ! i .
MTIOC3D ! 3 |—| ! 0% duty ratio output | |_| i
i | | [ ] ! [ |
[Active level: Low] | | [ T
L I L
MTIOC38 | P |
3 L
MTIOC3D u |_|

Figure 1.11 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: 50% — 100% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.12 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.11.

A Ta Th1 Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-|- - -~

TCDRA-f----

TDDRA-K- -

b
P | b
0000h I ‘ > | | S
[ IR P
—
MTU3.TGRD i i Data X Da:taz} ! X Data3
L
[ L ! i
™ T T T
Data2! ! Data3 | |
I X A\
;

]

\ I

\

- L ! -

— — —
MTU3.TGRB )& || Datat Lo % Data2 | % | Data3

L L L L ! ! L L

i i i H H H i i

\
| R
| Lo

4><444

TEMP1A | | Datat
-

[Active level: High] i i

MTIOC3B i | | 3 i !

MTIOC3D ‘ i 3 |—l i |_|
[Active level: Low] | | | | | |

MTIOC3B i i i |_._|

MTIOC3D u |_|

Figure 1.12 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: 50% — 100% — 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.13 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3.

(a) Compare match with temporary register, negative phase turns off.

(b) Compare match with temporary register, positive phase turns on.

(c) Compare match with temporary register, negative phase remains off.

(d) Simultaneous compare matches for on (blue dots) and off (red dots), no change in positive phase.
(e) Compare match for on, but no change in negative phase because (c) off takes precedence.

(f) Compare match with compare register, positive phase turns off.

(g) Compare match with compare register, negative phase turns on.

A Ta Th1 Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA- |- ———

TCDRA-| -~

TDDRA-K-~—

0000h

MTU3.TGRD

TEMP1A

MTU3.TGRB

[Active level: High]

MTIOC3B

MTIOC3D

[Active level: Low]

|
i
—
[
MTIOC38 i
|
|

MTIOC3D

i_i

Figure 1.13 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: 50% — 100% — 50%)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.14 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.13.

A

Ta

Tb1 Ta Tb2

Tb1 Ta

MTU3.TGRA-|-— -~

TCDRA-|- -~

TDDRA-K -~

0000h

MTU3.TGRD Data3 i

T
TEMP1A \Da|a3 |
1

[Active level: High]

!
t
MTU3.TGRB !
T
|
|
|

|
MTIOC3B H

| |

|

|

MTIOC3D

T
!
0
Data3
|
|
|

!
[Active level: Low] |

MTIOC3D

i
T
!
P
MTIOC3B i
|
|

E]{ BINIRd

Figure 1.14 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: 50% — 100% — 50%)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.2.2 0% and 100% Duty Cycles on GPTW
On the GPTW there are cases where 0% or 100% duty cycle output cannot be produced due to the
combination of the operating mode, the waveform output start timing (trough or crest), and the automatic
dead time generation setting. The various combinations are listed in Table 1.7. Operation examples of 0%
and 100% duty cycle output are described in the next section.

Table 1.7 0% and 100% Duty Cycle Waveform Output Operation Examples in Each GPTW Operating

Mode
Automatic Dead Time Setting | Automatic Dead Time Setting
0% or 100% Enabled Disabled
Output Start 0% Duty 100% Duty 0% Duty 100% Duty
Operating Mode | Timing Cycle Output | Cycle Output | Cycle Output | Cycle Output
Triangle-Wave Trough Figure 1.15 Figure 1.15 Figure 1.16 Figure 1.16
PWM mode 1 Crest — — _ _
Triangle-Wave Trough Figure 1.17 Figure 1.17 Figure 1.18 Figure 1.18
PWM mode 2 Crest — — _ _
Triangle-Wave Trough Figure 1.19 Figure 1.19 Figure 1.20 Figure 1.20
PWM mode 3 Crest — — _ _
—: Not possible.

The GPTW produces 0% or 100% duty cycle output when the value of the OADTY[1:0] or OBDTY[1:0] bits in
GTUDDTYC changes. Changing the value of the OADTY[1:0] or OBDTY[1:0] bits in GTUDDTYC during
count operation applies the output duty cycle setting that was changed to when an underflow (trough)
occurred.

Changes to 0% or 100% duty cycle during count operation are described in this application note. For details
of 0% and 100% duty cycle output after count operation start, refer to 4.13, Triangle-Wave PWM Mode Duty
Cycles 0% and 100%, in the application note RX Family: PWM Output Methods Using MTU3/GPTW.

The GPTW continues compare match operation internally during operation with 0% and 100% duty cycle
settings, and interrupt output and buffer operation take place.

When a change from 0% or 100% duty cycle output to output based on compare match operation occurs, the
output value at the end of the period is determined by the setting values of the GTIOm[3:2] bits (m = A or B)
and OmDTYR bits (m = A or B) in GTIOR.

Table 1.8 lists output values at the end of the period when a change from a 0% or 100% duty cycle setting to
output based on compare match operation has occurred, as described in this application note.

Table 1.8 Output Values after Cancellation of 0% and 100% Duty Cycles

Value at End of Period when GTUDDTYC.OmDTYR | GTUDDTYC.OmDTYR
Compare Match Output Was | Value at 0% Duty Value at 100% Duty
Masked by 0% and 100% Cycle Setting Cycle Setting

GTIOR.GTIOM[3:2] Duty Cycle Settings 0 1 0 1

00b (output maintained at end of | Low Low Low High Low

period) High Low High High High

01b (low output at end of period) | — Low Low Low Low

10b (high output at end of — High High High High

period)

m=AorB
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.2.2.1 0% and 100% Duty Cycle Output Operation Examples

Figure 1.15 to Figure 1.20 illustrate the 0% and 100% duty cycle waveform output operation examples in
each GPTW operating mode listed in Table 1.7.

[Operation example 1] Figure 1.15, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Function Enabled
[Operation example 2] Figure 1.16, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Function Disabled
[Operation example 3] Figure 1.17, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Function Enabled
[Operation example 4] Figure 1.18, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Function Disabled
[Operation example 5] Figure 1.19, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Function Enabled
[Operation example 6] Figure 1.20, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Function Disabled

In the figures, the dotted black lines for the GTIOCnA and GTIOCnB pins represent operation masked by 0%
and 100% duty cycle settings.

Key to Operating Conditions and Figures of Operation Examples

Duty: 50% — 0%/100% — 50%

Key to figures

— Dashed blue line: Setting value transition of positive phase buffer register (GTCCRC)
— Solid blue line: Setting value transition of positive phase compare register (GTCCRA)
— Dashed red line: Setting value transition of negative phase buffer register (GTCCRD)
— Solid red line: Setting value transition of negative phase compare register (GTCCRB)
— Data 1: 50% duty cycle compare value
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Function Enabled

Figure 1.15 shows an operation example with the automatic dead time setting function enabled in triangle-
wave PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% duty cycle output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Output inverted before 0%/100% duty cycle setting when value of OmDTYR bit is Ob.

A
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GTCCRC || Datal L L
I [
| |
™ —
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L
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OADTY P 00b X i \
0 [ T
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Figure 1.15 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: 50% — 0%/100%
— 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 2] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Function Disabled

Figure 1.16 shows an operation example with the automatic dead time setting function disabled in triangle-
wave PWM mode 1. Except for the operation of the GTCCRB and GTCCRE registers, the operation is the
same as that shown in Figure 1.15.
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Figure 1.16 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: 50% — 0%/100%
— 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Function Enabled

Figure 1.17 shows an operation example with the automatic dead time setting function enabled in triangle-
wave PWM mode 2.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% duty cycle output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Output inverted before 0%/100% duty cycle transition when value of OmDTYR bit is Ob.
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Figure 1.17 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: 50% — 0%/100%
— 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Function Disabled

Figure 1.18 shows an operation example with the automatic dead time setting function disabled in triangle-
wave PWM mode 2. Except for the operation of the GTCCRB and GTCCRE registers, the operation is the
same as that shown in Figure 1.17.
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Figure 1.18 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: 50% — 0%/100% —
50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 5] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Function Enabled

Figure 1.19 shows an operation example with the automatic dead time setting function enabled in triangle-
wave PWM mode 3.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% duty cycle output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Output inverted before 0%/100% duty cycle setting when value of OmDTYR bit is Ob.
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Figure 1.19 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: 50% — 0%/100% —
50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 6] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Function Disabled

Figure 1.20 shows an operation example with the automatic dead time setting function disabled in triangle-
wave PWM mode 3. Except for the operation of the GTCCRB and GTCCRE registers, the operation is the
same as that shown in Figure 1.19.
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Figure 1.20 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: 50% — 0%/100%
— 50%)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3 Cautions Regarding Waveform Output Near 0% and 100% Duty Cycles

When using compare matches with the compare register and temporary register that occur near 0% or 100%
duty cycles (Tb interval) on the MTUS3, or compare matches with GTCCCR that occur near 0% or 100% duty
cycles (dead time interval) on the GPTW, there are cautions to be considered regarding the resulting output

waveforms. These cautions are described in this section.

Figure 1.21 defines the compare register patterns and compare register values to which these points apply.
The shaded portions in Figure 1.21 show the ranges near 0% and 100% duty cycles on the MTU and GPTW.

Value of MTU Value of GPTW
MTU3.TCNT

MTU4.TCNT GPTWO0.GTCNT
A A

MTU3.TGRA- -} —————————————— W ,,,,,,,,,,,,,,,,,,,
G—
TCDRA | /54\”7””7””7”7:1 7777777777777777777 ~ GTPR
(TGRA - TDDRA)

TCORA-TDDRA | /A /A — N\ N _ GTPR-GTDVU
(TGRA - (TDDRA * 2)) / \\
TDDRA*Z//\\

(GTPR - GTDVD)
L ————-——-——— -
X X

0000h-— —0000h

GTDVU

(GTDVD)

Patterns requiring caution Patterns requiring caution
(reference: 1.3.1) (reference: 1.3.2)
e D=A=D (1.3.1.1) ¢ D=A=D (1.3.2.1)
«B=A=B (1.3.1.2)
¢ D=100%=D (1.3.1.3) ¢ D=100%=D (1.3.2.2)
e A=100%=A (1.3.1.4) e A=100%=A (1.3.2.3)
¢ D=C=D (1.3.1.5)
¢ D=F=D (1.3.1.6)
eE=F=E (1.3.1.7)
¢ D=0%=D (1.3.1.8)
e F=0%=F (1.3.1.9) e F=0%=F (1.3.2.4)
e F=G=F (1.3.1.10)
o Initial value = A (1.3.1.11)

MTU compare value definitions
— Near 0% duty cycle: Operation when compare value approximates (TCDRA - TDDRA) to MTU3.TGRA
(Tb interval)
E: Timer period (TCDRA) - dead time (TDDRA) vicinity,
F: Timer period vicinity (less than TCDRA)
G: Timer period vicinity (TCDRA or greater)
— Near 100% duty cycle: Operation when compare value approximates 0 to TDDRA x 2 (Tb interval)
A: Vicinity of 0
B: Dead time vicinity (less than TDDRA)
C: Dead time vicinity (TDDRA or greater)
— Other: D (Ta interval)

GPTW compare value definitions

— Near 0% duty cycle: Operation when compare value approximates (GTPR - GTDVU (GTDVD)) to GTPR
F: Timer period upper limit dead time (GTPR) vicinity

— Near 100% duty cycle: Operation when compare value approximates 0 to GTDVU (GTDVD)
A: Vicinity of 0

— Other: D (Ta interval)

Figure 1.21 Compare Registers and Patterns Requiring Caution
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1

Output Waveforms Near 0% and 100% Duty Cycles on MTU

Table 1.9 lists cautions and operation examples for waveform output with various buffer register overwrite
timings (Ta/Tb interval) and compare match timings (near 0% or 100% duty cycles) in complementary PWM
modes 2 and 3.

Table 1.9 List of MTU Cautions and Operating Modes

Complementary PWM Complementary PWM
Mode 2 Mode 3
Tb Overwrite Tb Overwrite
Section Section Title Ta Overwrite | Cautions | Ta Overwrite | Cautions
1.3.1.1 Change from Near 100% to Near Figure 1.22 *1, *2 Figure 1.24 *1, *2
100% (D - A —» D) Figure 1.23 Figure 1.25
1.3.1.2 Change from Near 100% to Near Figure 1.26 *2, *3 Figure 1.28 *2, *3
100% (B > A — B) Figure 1.27 Figure 1.29
1.31.3 Change from Near 100% to 100% Figure 1.30 *4 Figure 1.32 *4
(D - 100% — D) Figure 1.31 Figure 1.33
1.31.4 Change from Near 100% to 100% Figure 1.34 *2 Figure 1.36 *2
(A —>100% — A) Figure 1.35 Figure 1.37
1.3.1.5 Change to Near Dead Time Value Figure 1.38 *4 Figure 1.40 *4
(D—>C—>D) Figure 1.39 Figure 1.41
1.3.1.6 Change from Near 0% to Near 0% Figure 1.42 *6, *8 Figure 1.44 *6, *8
(D—>F—>D) Figure 1.43 Figure 1.45
1.31.7 Change from Near 0% to Near 0% Figure 1.46 *6, *7 Figure 1.48 *6, *7
(E—>F—>E) Figure 1.47 Figure 1.49
1.3.1.8 Change from Near 0% to 0% Figure 1.50 *8 Figure 1.52 *5
(D —> 0% — D) Figure 1.51 Figure 1.53
1.3.1.9 Change from Near 0% to 0% Figure 1.54 *6 Figure 1.56 *9
(F>0% —>F) Figure 1.55 Figure 1.57
1.3.1.10 Change from Near 0% to Near 0% Figure 1.58 *6, *10 Figure 1.60 *10
(F>G—>F) Figure 1.59 Figure 1.61
1.3.1.11 Initial output (initial value = A) Figure 1.62 *11 Figure 1.64 *11
Figure 1.63 Figure 1.65

Notes: 1. When the value of D is closer to TDDRA x 2, the negative phase becomes minute pulses to the

extent that the value A of is close to 0.

2. The positive phase becomes minute pulses to the extent that the value A of is close to 0.

3. The positive phase becomes minute pulses to the extent that the values of A and B are close to 0.

4. The negative phase becomes minute pulses to the extent that the value of D is close to TDDRA
x 2.

5. The positive phase becomes minute pulses to the extent that the value of D is close to TCDRA
- TDDRA.

6. The positive phase becomes minute pulses to the extent that the value of F is close to TCDRA.

7. The positive phase becomes minute pulses to the extent that the value of E is close to TCDRA.

8. When the value of D is close to TCDRA — TDDRA, the positive phase becomes minute pulses the
smaller the value of TDDRA is.

9. The negative phase becomes minute pulses to the extent that the value of F is close to TCDRA.

10.The negative phase becomes minute pulses to the extent that the value of G is close to
MTU3.TGRA.

11.The initial output level of the negative phase is maintained at the value set in TOCR1m.OLSN (m =
A or B).
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.1 Change from Near 100% to Near 100% (D —» A — D)
Figure 1.22 to Figure 1.25 illustrate the MTU operating modes and cautions listed in Table 1.9.

e [Operation example 1] Figure 1.22, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, cautions 1 and 2

o [Operation example 2] Figure 1.23, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, cautions 1 and 2

o [Operation example 3] Figure 1.24, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, cautions 1 and 2

o [Operation example 4] Figure 1.25, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, cautions 1 and 2

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty:D>A—->D
— D>TDDRA x 2
— A<TDDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data1: D
— Data 2: A

e Cautions
1. When the value of D is closer to TDDRA x 2, the negative phase becomes minute pulses to the extent
that the value A of is close to 0.
2. The positive phase becomes minute pulses to the extent that the value A of is close to 0.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.22 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, negative phase turns on.

(b) Compare match with temporary register, negative phase turns off.

(c) Compare match with temporary register, negative phase remains off.

(d) Compare match with compare register, positive phase turns off.

(e) Compare match with temporary register, positive phase turns on.

(f) Compare match for on, but no change in negative phase because (c) off takes precedence.
(g) Compare match with compare register, negative phase turns on.

(h) Compare match with compare register, negative phase turns off.

MTU3.TGRA- |~~~ ——————————

TCDRA-f-—— -

TCDRA-TDDRA-f-——— -/

TOORA2-[— A~
Iy

|
TDDRA-K-- A -~ 77: ,,,,,,
|

0000h
MTU3.TGRD [ Datan
! |
— —
TEMP1A | | Datat \ i i
Il Il ! Il Il
A
! [
— — t
MTU3.TGRB || Datat [ % Data2 L | % | Datat
— - - A
[Active level: High] | 1 ! Vo I [ I [ 1
! L o Lo
MTIOC3B ! [ |_| [
— =i —
L [ I 2 | o
MTIOC3D ! ! | Lol | !
— — — G
[Active level: Low] | | | ! : : : ; | |
MTIOC3B L |_| L
| Lo i i
MTIOC3D |_| |_|
-

*1

Figure 1.22 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D > A — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.23 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.22.

MTU3.TGRA-}|- - -~

TCDRA-|-— -

TCDRA-TDDRA- |-~ -~

TDDRA®2-|- - —

TDDRA-K-—

0000h

MTU3.TGRD

TEMP1A

I I I I T I
MTU3.TGRB || Datal [ % Data2 . 1 % | Datat
L L L ; !

;
[Active level: High] | | ! L o | !
! [ . Lo
MTIOC3B ! L |_| I—A—,—ll ;
T o oy o
MTIOC3D ! ! |—| | | | |
— » i

T T
[Active level: Low] | | | I p

-

I
MTIOC3D |_|
*1

Figure 1.23 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D > A —» D)

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.24 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as
that shown in Figure 1.22.

MTU3.TGRA-} ————————————— =R~ === === === ===k mm e e e

TCDRA-|-———

TCDRA-TDDRA- |-~~~

ToDRA2-[ -~ 7/~

TDDRA-K -

0000h

MTU3.TGRD

TEMP1A

MTU3.TGRB

|
—

[Active level: High] | o !
[

 ——

|

! i

MTIOC3D

gl

|
!
|
[Active level: Low] Lo
MTIOC3B | L
| [
|

MTIOC3D

L

Figure 1.24 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D - A —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.25 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as

that shown in Figure 1.22.

TCDRA-TDDRA- - -~ -

TDDRA*2- - -~
TDDRA§
0000h-

MTU3.TGRD Data3
I
T

T
TEMP1A \DalaC§

|
—
—
o
L
— 1
—
MTU3.TGRB |1 Datd % [ % Data2
[
| T
|

[Active level: High]

| P

| I
MTIOC3B ! L

‘ —
MTIOC3D ! ! |—|

i .

[Active level: Low]

ST IO I A N A K

MTIOC3B

|

|
MTIOC3D |_|
*1

Figure 1.25 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D > A —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.3.1.2 Change from Near 100% to Near 100% (B —» A — B)
Figure 1.26 to Figure 1.29 illustrate the MTU operating modes and cautions listed in Table 1.9.

[Operation example 1] Figure 1.26, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, cautions 2 and 3
[Operation example 2] Figure 1.27, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, cautions 2 and 3
[Operation example 3] Figure 1.28, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, cautions 2 and 3
[Operation example 4] Figure 1.29, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, cautions 2 and 3

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty:B—>A—> B
— B<TDDRA,B>A
— A<TDDRA

Key to figures

— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)

— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: B

— Data 2: A

Cautions
2. The positive phase becomes minute pulses to the extent that the value A of is close to 0.
3. The positive phase becomes minute pulses to the extent that the values of A and B are close to 0.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.26 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with temporary register, negative phase remains off.

(b) Compare match for on, but no change in negative phase because (a) off takes precedence.
(c) Compare match with temporary register, negative phase remains off.

(d) Compare match with compare register, positive phase turns off.

(e) Compare match with temporary register, positive phase turns on.

(f) Compare match for on, but no change in negative phase because (c) off takes precedence.
(g) Compare match with temporary register, negative phase remains off.

(h) Compare match for on, but no change in negative phase because (g) off takes precedence.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-f- -~ -
TCDRA-|-— -

TCDRA-TDDRA- |- - -~

TDDRA"2-| - -
TDDRA-| (é
\

0000h-

MTU3.TGRD

‘ Y — — —

TEMP1A ;\ i i i i 3 :
MTU3.TGRB :% Datat i } x Data2 L - % Datat
[Active level: High;‘| i § § § § L

MTIOC38 _I _| u .
[Active level: Law]i i i i i

MTIOC3B _‘ ,Tl D a

Figure 1.26 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: B > A — B)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.27 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.26.

A Ta Tb1 Ta Th2 Ta Tb1 Ta Th2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-| -
TCDRA-|-— -

TCDRA-TDDRA- |- - - —

TODRA®2-| -,
TDDRA- é
d
0000n 4 ~
! L L Il ;
— ;
MTUSTGRD | Datat X Daa2 | | o X Datat
! L Ll
—

| | I I |
! I I [ I I
|
TEMP1A ‘\ Data1 >< Data2 ! ! \ L >< Data1 ! \
[ | i

j T
MTU3.TGRB )é Datal i i & Data2 [ i % Datal
— — —t
T T Lo
[ i
|

i
[Active level: High] | |
: I I
MTIOC3B U
| | [
; *3 | 1*21 3
MTIOC3D ! Low ! i
! i i i | j
[Active level: Low] ; 1 1 1 1 ;
MTIOC3B |_|
3 o 3
MTIOC3D High

Figure 1.27 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: B > A —» B)

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.28 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as

that shown in Figure 1.26.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta

MTU3.TGRA-|-- -~

TCDRA-| - -

TCDRA-TDDRA- |-~~~

TODRA®2-| -

ToorA-K-— ¥

0000h-

t — T e
. I L I
| [— T T
MTU3.TGRD \ Datal X \ Data2 ! | Lo X \ Datal €>< \ Data3 ><:
L
i | |
i T
TEMP1A i
Y
:> ‘

R
o
o)
2
LS
o
8
k)
N
L
A<
o
L
£
xS
o
5
by
&

e
o
-8
)
&
&S
o
o
S
4
o
8
)
N
3
o
-3
2

| I I

MTU3.TGRB
! T T
[Active level: High] | ! !
L
MTIOC3B
! PR [
MTIOC3D ! Low b
T
1 1 [
[Active level: Low] | o B —
|
MTIOC3B ,_l |—|
. . \

MTIOC3D High

Figure 1.28 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: B > A — B)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.29 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as

that shown in Figure 1.26.

A Ta

Tb1

Ta Th2 Ta Tb1 Ta

Th2 Ta Tb1

MTU3.TGRA-| -
TCDRA-|-— -

TCDRA-TDDRA- |- - - —

TDDRA®2-|- -

ToDRA-K— 7

0000h-

|
MTU3.TGRD qa(aa

X
X

TEMPIA Data3
i

Datat

|
MTU3.TGRB (
;

Data3

[Active level: High] |

MTIOC3B
i I B
|
MTIOC3D ! Low [ P
-
1 I I
[Active level: Low] | P D b
|
MTIOC3B |_|
3 2 '3
MTIOC3D High

Figure 1.29 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: B > A —» B)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.3 Change from Near 100% to 100% (D — 100% — D)
Figure 1.30 to Figure 1.33 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.30, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, caution 4

e [Operation example 2] Figure 1.31, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, caution 4

e [Operation example 3] Figure 1.32, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 4

e [Operation example 4] Figure 1.33, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 4

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty: D —> 100% — D
— B>TDDRA x 2

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data1: D
— Data 2: 100% duty cycle compare value (0000h)

e Cautions
4. The negative phase becomes minute pulses to the extent that the value of D is close to TDDRA x 2.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.30 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, negative phase turns on.

(b) Compare match with temporary register, negative phase turns off.

(c) Compare match with temporary register, negative phase remains off.

(d) Simultaneous compare matches for on (blue dots) and off (red dots), no change in positive phase.
(e) Compare match for on, but no change in negative phase because (c) off takes precedence.

(f) Compare match with compare register, negative phase turns on.

(g) Compare match with compare register, negative phase turns off.

~— ~— ~— —

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-|- - -~

TCDRA-| - -

TCDRA-TDDRA-|- -~

TODRA®2-[—— 7

J
ToDRA-K- -/
|

0000h-

MTU3.TGRD

TEMP1A |
\
T

| T ! ! T

| |
) L ! ! -
R L ! ! R
; — 7

MTU3.TGRB )é | Datat Lo | & Data2 | é Datat

| | | I

: :
— 1 T R

Lo
|

[Active level: High] |

P oo
MTIOC3B ! H

T ——
MTIOC3D i 3 n |

— —

| T
— : T
[Active level: Low] | | [ T
MTIOC3B | i H
i i I
i Iy !
MTIOC3D |_| |_|
2 *4

Figure 1.30 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D —» 100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.31 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.30.

A Ta Tb1 Ta Th2 Ta Tb1 Ta Th2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-f —— e

TCDRA- | —— e EANE

TCDRA-TDDRA- |~~~/
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MTU3.TGRD I Datat
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| i I

I I ! !

; — —

i L L L | | L L

; 7

MTU3.TGRB X\ | Datat Lo | & Data2 | e Data3
| | | !
1 T T I

—
[Active level: High] | | b
|

|
1 L
MTIOC3B | h i
i | T
|

| I ! v I
I I | | !
MTIOC3D ! ! n | |‘| :
T T T ) | *4 i
[Active level: Low] | | [ Lo
MTIOC3B i H
| H H
! |
MTIOC3D |_| U
2 *4

Figure 1.31 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D —» 100% — D)

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.32 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing and transfer timing, the
operation is the same as that shown in Figure 1.30.

A Ta Tb1 Ta Th2 Ta Tb1 Ta Th2 Ta Tb1 Ta Th2 Ta

MTU3.TGRA-|- - -

TCDRA-|-— -

TCDRA-TDDRA-|-———

TDDRA®2-[ -~

TDDRA-K-—

0000h

MTU3.TGRD

o T
2

L !
— — f
% | |Data3 % Datat | | % Data2 | Datat
- L : i
[Active level: High] !

1 b b

MTIOC3B | H i
T oo T
MTIOC3D ! ! ﬂ 3 3 |-| !
i 4 ‘4
i

[Active level: Low]

MTU3.TGRB

| |
MTIOC3B ! |
i
I

|
I
MTIOC3D |_|

4

]

Figure 1.32 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D —» 100% — D)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.33 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as

that shown in Figure 1.30.

Tb1 Ta Tb1

MTU3.TGRA-|- - -

TCDRA-|-— -

TCDRA-TDDRA- |-~~~

TDDRA*2- |- -~

TDDRA-K- -

0000h

| |
| i
1 1
i i
—\/
Data3 | Datal
i

MTU3.TGRD

‘
‘

Data3 Data1

= CEIN

TEMP1A

% Data2

\
—
MTU3.TGRB 1 | Data3
> L
—

[Active level: High]

MTIOC3B

|
MTIOC3D ! ! ﬂ
| *4

[Active level: Low]

|

MTIOC3B

|
MTIOC3D |_|
4

Figure 1.33 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D —» 100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.4 Change from Near 100% to 100% (A — 100% — A)
Figure 1.34 to Figure 1.37 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.34, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, caution 2

o [Operation example 2] Figure 1.35, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, caution 2

o [Operation example 3] Figure 1.36, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 2

e [Operation example 4] Figure 1.37, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 2

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty: A—>100% —> A
— A<TDDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: A
— Data 2: 100% duty cycle compare value (0000h)

e Cautions
2. The positive phase becomes minute pulses to the extent that the value A of is close to 0.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.34 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with temporary register, negative phase remains off.

(b) Compare match with compare register, positive phase turns off.

(c) Compare match with temporary register, positive phase turns on.

(d) Compare match for on, but no change in negative phase because (a) off takes precedence.
(e) Compare match with temporary register, negative phase remains off.

(f) Simultaneous compare matches for on (blue dots) and off (red dots), no change in positive phase.
(g) Compare match for on, but no change in negative phase because (e) off takes precedence.
(h) Compare match with temporary register, negative phase remains off.

(i) Compare match with compare register, positive phase turns off.

(j) Compare match with temporary register, positive phase turns on.

(k) Compare match for on, but no change in negative phase because (h) off takes precedence.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tbh2 Ta

MTU3.TGRA- |- — -~

TCDRA-|-— -

TCDRA-TDDRA- |-~~~

TDDRA®2-}| - -

TDDRA-K- -

0000h- ¥

MTU3.TGRD

|
TEMP1A : \

!
MTU3.TGRB | % Datat
i >

[Active level: High]
p

MTIOC38 J
[Active level: L;:w]
MTIOC3B -I
Figure 1.34 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: A —» 100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.35 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.34.

A Ta Tb1 Ta Th2 Ta Tb1 Ta Th2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA- - - - -

TCDRA-|-— -

TCDRA-TDDRA- |- - - —

TDDRA*2- |-~ ~

TDDRA-K- -

0000h- &

MTU3.TGRD | Datal X Data2
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TEMP1A | Data1 >< Data2 ! >< Data1
L\ AN

!
MTU3.TGRB | )% Datat i & Data2
T -
T

[Active level: High] i
; i
MTIOC3B J “

|

1
MTIOC3D | Low

i
| i

[Active level: pr] 1 ;
MTIOC3B _l n
2

MTIOC3D High

Figure 1.35 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: A - 100% — A)

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.36 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as
that shown in Figure 1.34.

A Ta Tb1 Ta Th2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-|- -~

TCDRA-|-——

TCDRA-TDDRA- |- -~

TDDRA*2-|- -~

TDDRA-K —ff -

0000h:

MTU3.TGRD

d
.
!
;
’
’ ’
TEMP1A ; n
| ! i
MTU3.TGRB % Data3 % Datat | & Data2 i | % Datat
> j j
o
|

[Active level: High]
!

H
i
MTIOC3B “ |_|
i 2 2
MTIOC3D | Low N i
: o
[Active level: Low] ! i
MTIOC3B n n
2 "2

MTIOC3D High

Figure 1.36 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: A —» 100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.37 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing and transfer timing, the operation is the same as
that shown in Figure 1.34.

A Ta Tb1 Ta Th2 Ta Tb1 Ta Th2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA-| -
TCDRA-|-— -

TCDRA-TDDRA-| - - -

TODRA®2-| -,

TDDRA- 4
d

0000h-

I
T
MTU3.TGRD } Data3 X Datal

TEMP1A :\DalaB X Datat \

|
MTU3.TGRB % Data3
f

[Active level: High]
!

H u

MTIOC3B J‘
[Active level: Lowi i i i i
MTIOC3B _| I;I B
Figure 1.37 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: A - 100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.5 Change to Near Dead Time Value (D -» C —» D)
Figure 1.38 to Figure 1.41 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.38, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, caution 4

o [Operation example 2] Figure 1.39, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, caution 4

o [Operation example 3] Figure 1.40, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 4

o [Operation example 4] Figure 1.41, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 4

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty:D>C—->D
— D> TDDRA x 2
— C<TCDRA x2,C>TDDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data1: D
— Data2: C

e Cautions
4. The negative phase becomes minute pulses to the extent that the value of D is close to TDDRA x 2.

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.38 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, negative phase turns on.
(b) Compare match with temporary register, negative phase turns off.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta

MTU3.TGRA- |- ———

TCDRA-| -~

TCDRA-TDDRA-| -~

TODRA®2-|—~ - -~
|

TODRA-K-— /-

0000h-

MTU3.TGRD || Datat >< \ Data2 | Lo A >< \ Datat
L taz Lo Lo
— —
— A

— — — _—
TEMP1A || Data é Data2 | | \ | [ é Datat | | \
L ! L\ R -

i
\ |
[ [ _\ I L [
‘ " —
MTU3.TGRB %i | Datat P ! é Data2 poor o o %i Datar
> ‘
‘ I th T
oo
A

]
[Active level: High] |

MTIOC3B M | 3 i |

MTIOC3D _! i 3 ._‘ i § l:l i § ,_! 3
MT\ocssl_i_‘—"_i_i_" "_l_l_|‘ W
MTIOC3D A I_, |_4| |_,

Figure 1.38 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D > C — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.39 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.38.

A Ta Tb1 Ta Tb2 Ta

Tb1 Ta Tb2

Tb1

MTU3.TGRA- |- ———

TCDRA-| -~

TCDRA-TDDRA- |- -~ —

TDDRA®2- |- - 7/~

TODRA-K- - /-

0000h-

|
MTU3.TGRD || Datat >< Data2
L N

I I | I ! !
— L

TEMP1A || Datat X Data2 | \ |
- AN L\
i i T

P —\
;
MTU3.TGRB %1 | Datat [ ! é Data2
> . L

[Active level: High]

MTIOC3B !
T

MTIOC3D i |
i I i !

|

i
[Active level: Low] |

I
T
| |
| L [
MTIOC3B ! ! 1
| |

I | !
MTIOC3D

Figure 1.39 Complementary PWM Mode 2 Operation Example

(Output Start: Trough, Overwrite in Ta Interval, Duty: D > C —» D)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite
Figure 1.40 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode

3.

(a) Compare match with compare register, negative phase turns on.
(b) Compare match with temporary register, negative phase turns off.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta

MTU3.TGRA- |- -~ —

TCDRA-| -~

TCDRA-TDDRA- |- -~ —

TODRA®2-| -

TDDRA-K- -,

L o |
0000M T | | — O]
T

i T i ] ] | ]

MTU3.TGRD 1 Data1 X \ Data2 | ! ! ! [ ! >< \ Datal
| ! | | | | | [ |
T T T T

L L L Il !
) —
TEMP1A 32 | Datat ?ﬁ Data2 ! | \
i L L !
[ ) T
' ;
XY ata | !

MTU3.TGRB

L |

T T !

[Active level: High] | ! | | |
MTIOC3B ﬂi—l

|
|
I
MTIOC3D
|

[Active level: Low]

MTIOC3B

pEE e —
| L

|
i
MTIOC3D

Figure 1.40 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D - C — D)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.41 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.40.

A Ta Tb1 Ta Tb2

Tb1 Ta Tb2

Tb1

MTU3.TGRA- |- -~

TCDRA-| - -

TCDRA-TDDRA-|- -~

TDDRA2-[- -,

TODRA-K-

0000h-

MTU3.TGRD Data3l

TEMP1A \ Data3,

i
T

| Data1

1 \
T

MTU3.TGRB i ?

|
I?alaS

i
[Active level: High] |

MTIOC3B

i
] I
|
MTIOC3D ; !
;

é

[Active level: Low]

MTIOC3B

9

|
MTIOC3D

Figure 1.41 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D > C —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.6 Change from Near 0% to Near 0% (D — F —» D)
Figure 1.42 to Figure 1.45 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.42, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, cautions 6 and 8

o [Operation example 2] Figure 1.43, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, cautions 6 and 8

e [Operation example 3] Figure 1.44, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, cautions 6 and 8

e [Operation example 4] Figure 1.45, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, cautions 6 and 8

Key to Figures of Operating Conditions of Operation Examples and Cautions

e DutyD>F—->D
— D <TCDRA - TDDRA
— F <TCDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data1: D
— Data 2: F

e Cautions
6. The positive phase becomes minute pulses to the extent that the value of F is close to TCDRA.

8. When the value of D is close to TCDRA — TDDRA, the positive phase becomes minute pulses the
smaller the value of TDDRA is.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.42 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, positive phase turns on.
(b) Compare match with compare register, positive phase turns off.
(c) Compare match with compare register, positive phase turns on.
(d) Compare match with temporary register, positive phase turns off.

A

MTU3.TGRA-|

TCDRA-

TCDRA-TDDRA-|- /- —

|
TDDRA*2- ;

|
|
TDDRA- ;

|
0000h- L+
i

T
MTU3.TGRD |
!

I
TEMP1A :

Je
Jelp

MTU3TGRB | Datal [ E Data2
| L
—
I |
[Active level: High] | |
MTIOC3B | i
i -8 —
I [
MTIOC3D | |
i B
[Active level: pr] i ! !
MTIOC3B | i
I 8 | .
MTIOC3D '—|

Figure 1.42 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D —» F — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.43 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.42.

MTU3.TGRA-|

TCDRA-|

TCDRA-TDDRA-|- /- —
|

|
TDDRA*2- }
|

TODRA- |

|
0000h- L
!

MTU3.TGRD i i Data:1 >< Data2 3 ? ? § 3 ? 3 ? ? 3 3 ? >
TEMP1A i i Data;1 >< Data2 \ i i i i i i i i i i i i >
[Active level: H;gh] § i i i [ 3 § i i i § i i §
e [T S [ .-
MTIOC3D ‘ i i ! ‘ i i ! ‘l_i_i_’_
[Active level: pr] : : : : : : : : : ! :
MTIOC3B T\T, 3 |J6 § |¥| § § Q §
MTIOC3D '—‘
Figure 1.43 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D - F —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.44 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3.

(a) Compare match with compare register, positive phase turns on.
(b) Compare match with temporary register, positive phase turns off.
(c) Compare match with compare register, positive phase turns on.
(d) Compare match with temporary register, positive phase turns off.
(e) Compare match with compare register, positive phase turns on.
(f) Compare match with compare register, positive phase turns off.

MTU3.TGRA-K——

TcORA-K- -

TCDRA-TDDRA-|- - -

TDDRA®2-| - -

TDDRA-| - -

0000h-

| | | | | | | o | | | ! [
L L L . X Lo i
! i | | i i ! L i 1 A i
i | j | ! ! T T T T T
MTU3.TGRD | | Datat \ Data2 | ! | ! e ! \ Datal | \ Data3
i i | I 1 1 1 . L L !
T T T T T T A} | | T

I
Il L L L .
T ] ] ' | | | ] | | | X
TEMP1A | | Datat Data2 | L I [ I Datal | ! | Data3
L L H !
! ! ! ! i | i il i | | ]
I I T
)& | Dt % Data i | é Data2 [ [ & Datat
! | | L | | |
o o T Lo
i [

MTU3.TGRB

[Active level: High]

MTIOC3B ‘ i i : B : 3 |:| 3 '_l‘ - :

MTIOC3D m ‘ 3 3 !
[Active level: Low] | | [ Lo [ [

MTIOC3B § i - | |?| ! I—,.a i

MTIOC3D _| ,—|

Figure 1.44 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D » F — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.45 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.44.

A Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta

MTU3.TGRA-K -~

TCDRA-K-—

TCDRA-TDDRA-|- -~

TDDRA®2- |~ -

TODRA-| - -

0000h-

MTU3.TGRD

TEMP1A

I | | | ! T 1 | ‘ ‘
N BN . PUEREN T
[ ! I | | | | il | | i | !
I I T
MTU3.TGRB | |Data3 E Datat | | % Data2 oo b & Datat
- - A S - :
T I !
! P | !

[Active level: High]

MTIOC3B ‘ i i : . : i i E' i i 8 i
MTIOC3D m | 3 3 ‘ ‘ 3 3 !
[Active level: Low] 1 1 | | ! I ! o ! ! ! I I
MTIOC3B § i - | | |%| i ! I—,.s i
MTIOC3D ,—|
Figure 1.45 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D > F —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.7 Change from Near 0% to Near 0% (E - F —» E)
Figure 1.46 to Figure 1.49 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.46, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, cautions 6 and 7

e [Operation example 2] Figure 1.47, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, cautions 6 and 7

e [Operation example 3] Figure 1.48, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, cautions 6 and 7

e [Operation example 4] Figure 1.49, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, cautions 6 and 7

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty E->F->E
— E<TCDRA,E<F
— F <TCDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data1: E
— Data 2: F

e Cautions
6. The positive phase becomes minute pulses to the extent that the value of F is close to TCDRA.
7. The positive phase becomes minute pulses to the extent that the value of E is close to TCDRA.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.46 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, positive phase turns on.
(b) Compare match with temporary register, positive phase turns off.
(c) Compare match with compare register, positive phase turns on.
(d) Compare match with temporary register, positive phase turns off.

Ta Tb1

A Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2

MTU3.TGRA-|

TCDRA-

TCDRA-TDDRA-|- /- -
|

MTU3.TGRD i Data:1 X i,\ i Data2 i i i i i i i i i N \ %Dala1
T T T T T — T T — T T AR
TEMP1A i Dataj1 i < 3 Data2 \ i § i i i § i i i i i )é Datat
MTU3.TGRB i Data;1 § i < Data2 | 3 i i i i i i i i i i
[Active level: High"rl ! i D i i o i
MTIOC38 1 § |_6| 3 C' 3 3 |_7| 3
MTIOC3D | 3 3 | | i i | P '_
[Active level: Low] ! ! ! ! i i § § i i § 3 i i §
MTIOC3B 3 . 3 i Q | i |%| | ! |—7| i
woeo [ ] [ [ 1
Figure 1.46 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: E > F - E)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.47 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.46.

MTU3.TGRA-|

TCDRA-|

TCDRA-TDDRA-|- /- - /7
| |

[
TDDRA™2-|-— -~

TDDRA-f -
[

0000h

MTU3.TGRD i i D:a\a1§ >< Data2 3 3 3 3 i i i i i i i i >
TEMP1A 3 3 Djata1i X Data2 \ i i i i i i i i i i i i >
Sp N B N N BN
e [T T T T
Actvelevel low] | | | o o R
wor L - U U
MTIOCSD_,—l '—‘ '—‘
Figure 1.47 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: E - F - E)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.48 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode

3.

(a) Compare match with compare register, positive phase turns on.
(b) Compare match with temporary register, positive phase turns off.

(d) Compare match with temporary register, positive phase turns off.

)
)
(c) Compare match with compare register, positive phase turns on.
)
)

(e) Compare match with compare register, positive phase turns on.
(f) Compare match with temporary register, positive phase turns off.
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=
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1
|
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I
T
|
I
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!
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|
MTIOC38 ; i |
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I
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Figure 1.48 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: E > F - E)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.49 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.48.

Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1 Ta

MTU3.TGRA-K -~ 7

TCDRA-K-—

TCDRA-TDDRA-|- - —

1
TDDRA®2-f-

TDDRA-[ -~ -

0000h

MTU3.TGRD

L

)
TEMPIA  \Datad ><

T

MTU3.TGRB

i
[Active level: High] |

MTIOC3B _‘ 3
MTIOC3D i !
[Active level: Low] ; ;
MTIOC3B J i
MTIOC3D —l
Figure 1.49 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: E - F - E)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.8 Change from Near 0% to 0% (D — 0% — D)
Figure 1.50 to Figure 1.53 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.50, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, caution 8

o [Operation example 2] Figure 1.51, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, caution 8

o [Operation example 3] Figure 1.52, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 5

e [Operation example 4] Figure 1.53, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 5

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty:D—>0%—>D
— D <TCDRA - TDDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: D
— Data 2: 0% duty cycle compare value (same value as MTU3.TGRA)

e Cautions
5. The positive phase becomes minute pulses to the extent that the value of D is close to TCDRA -
TDDRA.
8. When the value of D is close to TCDRA — TDDRA, the positive phase becomes minute pulses the
smaller the value of TDDRA is.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.50 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, positive phase turns on.

(b) Compare match with compare register, positive phase turns off.

(c) Compare match with temporary register, positive phase remains off.

(d) Simultaneous compare matches for on (red dots) and off (blue dots), no change in negative phase.
(e) Compare match for on, but no change in positive phase because (c) off takes precedence.

~— ~— ~— —

MTU3.TGRA-|

TCDRA-|
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— T
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TEMP1A | Datal a Data2 \ < Datat
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I
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i
|

i
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|
i
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MTIOC3D | |
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|
|

i |
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|
|
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|
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Figure 1.50 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D —» 0% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.51 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.50.
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Ta Tb1
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|
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|
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|
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|
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i
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—
|
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|
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Figure 1.51 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D —» 0% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.52 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3.

(a) Compare match with compare register, positive phase turns on.

(b) Compare match with temporary register, positive phase turns off.

(c) Compare match with temporary register, positive phase remains off.

(d) Simultaneous compare matches for on (red dots) and off (blue dots), no change in negative phase.
(e) Compare match for on, but no change in positive phase because (c) off takes precedence.

(f) Compare match with compare register, positive phase turns on.

(g) Compare match with compare register, positive phase turns off.
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TCDRA-K-—
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-
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|

Figure 1.52 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: D —» 0% — D)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.53 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.52.

A Ta Tb2 Ta Tb1

Ta

Tb2 Ta

Ta

Tb2

Ta

Tb1

MTU3.TGRA-K -~

TCDRA-K -~

TCDRA-TDDRA-|- -~

TDDRA®2-f- -

TODRA-| - -

0000h-

MTU3.TGRD

L
T

TEMP1A  \Datad ><
—

MTU3.TGRB | Data3
‘

[Active level: High]

I !
!
Lo Lol
B
MTIOC3B | i |-|
—

|
|
i
1 -
MTIOC3D | i
— I
I | ! !
|
|

[Active level: Low]

[ Lo

| |
MTIOC3B ! ! n
—

|
|
i i I

MTIOC3D

Figure 1.53 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: D —» 0% — D)

RO1AN6539EJ0100 Rev.1.00
Dec.16.22

RENESAS

Page 71 of 185




RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.9 Change from Near 0% to 0% (F - 0% — F)
Figure 1.54 to Figure 1.57 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.54, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, caution 6

o [Operation example 2] Figure 1.55, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, caution 6

o [Operation example 3] Figure 1.56, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 9

e [Operation example 4] Figure 1.57, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 9

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty:F—>0%—>F
— F <TCDRA, F > TCDRA - TCDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: F
— Data 2: 0% duty cycle compare value (same value as MTU3.TGRA)

e Cautions
6. The positive phase becomes minute pulses to the extent that the value of F is close to TCDRA.
9. The negative phase becomes minute pulses to the extent that the value of F is close to TCDRA.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.54 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, positive phase turns on.

(b) Compare match with temporary register, positive phase turns off.

(c) Compare match with temporary register, positive phase remains off.

(d) Simultaneous compare matches for on (red dots) and off (blue dots), no change in negative phase.
(e) Compare match for on, but no change in positive phase because (c) off takes precedence.

~— ~— ~— —

MTU3.TGRA-|

TCDRA-|

|
TCDRA-TDDRA-| /-

TDDRA*2-

TDDRA-

[
0000h — >
IR

T N T
MTU3.TGRD Data1 N \ 1 Data2 >< \ Datat
H L

—
TEMPIA  Datal | | é Data2 \ < Datat
[

MTU3.TGRB Datat | | | < Data2
R

|
[Active level: High] |

T
[

MTIOC38 i |_|
!

*6

|
|
|
T 7
MTIOC3D L
R
[
|

i
[Active level: Low] ;

L
MTIOC38 i |_| i

5
MTIOC3D

Figure 1.54 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: F - 0% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.55 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.54.

MTU3.TGRA-|

TCDRA-

|
TCDRA-TDDRA-| /-

TDDRA*2-

TDDRA-|

0000h

MTU3.TGRD

TEMP1A

MTU3.TGRB || | Datat % Data2
N I
T T

I
[Active level: High] |
MTIOC3B

I
I

‘ :

| 6 I

MTIOC3D L
T |

[ I

I

I
[Active level: Low] ;

[
MTIOC38 i |_|
|

*6

i
|
| |

MTIOC3D

Figure 1.55 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: F > 0% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.56 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3.

(a) Compare match with compare register, negative phase turns off.

(b) Compare match with temporary register, positive phase remains off.

(c) Compare match for on, but no change in positive phase because (b) off takes precedence.
(d) Compare match with temporary register, negative phase turns on.

(e) Compare match with temporary register, positive phase remains off.

(f) Simultaneous compare matches for on (red dots) and off (blue dots), no change in negative phase.
(g) Compare match for on, but no change in positive phase because (e) off takes precedence.
(h) Compare match with compare register, negative phase turns off.

(i) Compare match with temporary register, positive phase remains off.

(j) Compare match for on, but no change in positive phase because (i) off takes precedence.
(k) Compare match with compare register, negative phase turns on.

A

MTU3.TGRA-K-—

TcORA-K- -

TCDRA-TDDRA-|- - —;

|
TDDRA"2-|- !

TODRA-|- |

0000h-

| i
! I
i i | |
i | i . i
T T T ] | T
MTU3.TGRD | | Datal X \ Data2 | ! X \ Datat >< \ Data3
Lo ! ! ! !
! i i
i ! I I
TEMP1A ! Datat Data2 | \ Datat ' Data3
| |
N\ i T i i
MTU3.TGRB l% | Data3 é Datal | ! & Data2 ! % Datat
\> i i ! I
- T
! i i
! ! i i
i

i
[Active level: High]

MTIOC3B _‘ ; : :

MTIOC3D _;_l lT! L.
[Active level: Low] : } : |

MTIOC3B J i i ; ; i

wmocs | |—g| |—g|

Figure 1.56 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: F - 0% — F)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.57 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.56.

A

Tb1

Tb2 Ta

Tb2

MTU3.TGRA-K -~
TCDRA- %

TCDRA-TDDRA- |- -

|
TDDRA®2-|- - -1

TODRA-|- - -1~

0000h-

MTU3.TGRD

|
I

| |

—

| Data3 X Datat

L L

T T

TEMP1A

| |
\Data(} >< Datat
i i

MTU3.TGRB

| Data3
i

i
[Active level: High]

MTIOC3B
I
|

I
:
MTIOC3D |
i

|
[Active level: Low]

MTIOC3B |
|
MTIOC3D

*9

Figure 1.57 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: F -» 0% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.3.1.10 Change from Near 0% to Near 0% (F > G — F)
Figure 1.58 to Figure 1.61 illustrate the MTU operating modes and cautions listed in Table 1.9.

[Operation example 1] Figure 1.58, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, cautions 6 and 10

[Operation example 2] Figure 1.59, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, cautions 6 and 10

[Operation example 3] Figure 1.60, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 10

[Operation example 4] Figure 1.61, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 10

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty: F>G—>F
— E <TCDRA, F > TCDRA - TCDRA
— G >TCDRA

Key to figures

— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)

— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data 1: F

— Data2: G

Cautions
6. The positive phase becomes minute pulses to the extent that the value of F is close to TCDRA.
10.The negative phase becomes minute pulses to the extent that the value of G is close to MTU3.TGRA.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.58 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, positive phase turns on.

(b) Compare match with temporary register, positive phase turns off.

(c) Compare match with temporary register, positive phase remains off.

(d) Compare match with compare register, negative phase turns off.

(e) Compare match with temporary register, negative phase turns on.

(f) Compare match for on, but no change in positive phase because (c) off takes precedence.

Tb1
(c)(d)e) ()

MTU3.TGRA-

TCDRA-|

|
TCDRA-TDDRA-|- /- -
f

|
TODRA"2- |-~~~ -1~

TODRA-f -~~~ -~
[

| [
0000h - —
!

L
i d T
MTU3.TGRD Datat % \ Data2 i i v N \ Datat
\ i L ‘
I o I [ [ [
o || T . ™
TEMP1A Da‘taﬂ : | \ Data2 \ o 1 Lo Datal
i
—\ — — —
! L L L
T 1 T [ [ [
MTU3.TGRB Datat | | | % Data2 [ [ [
L H

i
[Active level: High] |

[
1
i : | b [
MTIOC3B | |_| 1 I .
| 6 T j j
o
MTIOC3D L |_| |_| |_|
T *10 “10 “10
[ I [ [ [t
oL I} - L L
! [ [ [

[Active level: Low] |
i

MTIOC3B

N | | |
MT\OCSD_,—| rl rl rl

Figure 1.58 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: F - G — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.59 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.58.

MTU3.TGRA-

TCDRA-|

|
TCDRA-TDDRA-|- /- -
f

|
TODRA"2- |-~ -

TDDRA-|- -~~~ -~
|

0000h-

MTU3.TGRD

TEMP1A

MTU3.TGRB

I
[Active level: High] |

L
™
1
P
MTIOC3B |

MTIOC3D i i Li i_i i_i
[Active level: Low] | | | | o " e
MTIOC3B i |¥| § § § i § § §
MTIOC3D _,—| I”I_Dl L_Ol |‘1_0|
Figure 1.59 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Duty: F > G - F)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.60 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode

3.

(a) Compare match with temporary register, positive phase remains off.
(b) Compare match for on, but no change in positive phase because (a) off takes precedence.

(d) Compare match with compare register, negative phase turns off.

)
)
(c) Compare match with temporary register, positive phase remains off.
)
)

(e) Compare match with temporary register, negative phase turns on.

(f) Compare match for on, but no change in positive phase because (c) off takes precedence.
(g) Compare match with temporary register, positive phase remains off.

(h) Compare match for on, but no change in positive phase because (g) off takes precedence.

Ta Tb2 Ta Tb1 Ta Tb2 Ta Tb1

MTU3.TGRA-K~~ -~~~

TCDRA-K-—

,,,,,,,,,,,,,,,,,,,,,,,,, @O, e

TCDRA-TDDRA- |-~

|
TDDRA*2- -~ -

TDDRA-| - -1

0000h-

,,,,,,,

| |
| I
I ! ! I
; i ) T T
' | T ) !
| |

Data1 X \ Data2 1 | | ! >< \ Datal >< \ Data3
| |

TEMP1A 3 | Datat Ré Data2 i § \ 1 i Q Datat 1 2% Data3
MTUS.TGRB :>% i Data3 < Datat % 3 6 Data2 P i %: Datat
[Active level: High] | | ! i i i |

MTIOC3B _‘ i 3 i i § ; 3

MTIOC3D i | | | L_O| |
[Active level: Low] | 1 3 o 1 i

MTIOC3B J § § § | § § §

MTIOC3D _| '_| I:O| |_|

Figure 1.60 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Duty: F > G - F)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.61 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.60.

MTU3.TGRA-K -~

TCDRA-K-—

TCDRA-TDDRA-|- -~

|
TODRA'2-f-~-I-

TDDRA-| -~
1

0000h-

MTU3.TGRD

| |
T T
T
| Data3 ><
| |

Datat

TEMP1A :\DalaSI ><
| |

Data1

\ >< D:ataz

MTU3.TGRB

Data3

6 Data2

f

i

[Active level: High]
MTIOC3B

|

|
|

|

mMTIOC3D |
|

[Active level: Low]
]

MTIOC3B i
|
MTIOC3D

Figure 1.61 Complementary PWM Mode 3 Operation Example

(Output Start: Trough, Overwrite in Ta Interval, Duty: F > G - F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.1.11 Initial output (Initial value = A)
Figure 1.62 to Figure 1.65 illustrate the MTU operating modes and cautions listed in Table 1.9.

o [Operation example 1] Figure 1.62, Complementary PWM Mode 2, Output Start: Trough, Tb Interval
Overwrite, caution 11

e [Operation example 2] Figure 1.63, Complementary PWM Mode 2, Output Start: Trough, Ta Interval
Overwrite, caution 11

e [Operation example 3] Figure 1.64, Complementary PWM Mode 3, Output Start: Trough, Tb Interval
Overwrite, caution 11

o [Operation example 4] Figure 1.65, Complementary PWM Mode 3, Output Start: Trough, Ta Interval
Overwrite, caution 11

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty: Initial value = A
— A<TCDRA

o Key to figures
— Dashed blue line: Setting timing and value changes of buffer register (MTU3.TGRD)
— Solid blue line: Setting timing and value changes of temporary register (TEMP1A)
— Dashed red line: Setting timing and value changes of compare register (MTU3.TGRB)
— Data1: A
— Data 2: TDDRA x 2 or greater

e Cautions
11.The initial output level of the negative phase is maintained at the value set in TOCR1m.OLSN (m = A
or B).
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Complementary PWM Mode 2, Output Start: Trough, Tb Interval Overwrite

Figure 1.62 shows an operation example of buffer overwrite in the Tb1 interval (crest) in complementary
PWM mode 2.

(a) Compare match with compare register, positive phase turns on.
(b) Compare match with compare register, positive phase turns off.
(c) Compare match with compare register, negative phase turns on.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2

MTU3.TGRA-}——————d - mmmm e e A mm e

TCDRA-

TCDRA-TDDRA-

TDDRA*2-

TDDRA-

0000h-

I
|
A (@)
' TCNT count start
|
MTU3.TGRD i ! Data2 >< \ Data3
R \
T |
TEMP1A Lo Data2 >§ Data3 \
L
i | :
| |
MTU3.TGRB [ Data1 % Data3
L —
| |
| |
| |
|

[Active level: High]

MTIOC3B /////I\€ 7>

Initial value output*'

|
MTIOC3D ////// ‘\< ;34

|

|

|

|

|

|

|

P

Initial value output*'

[Active level: Low]

MmTIOC3B ///11]

Initial value output*'

MTIOC3D /M1l [, N
— /v oy

Initial value output*'

Note: 1. Initial output start when PMR register set.

Figure 1.62 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Initial Value = A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 2] Complementary PWM Mode 2, Output Start: Trough, Ta Interval Overwrite

Figure 1.63 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
2. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.62.

A Ta

MTU3.TGRA-

TCDRA-

TCDRA-TDDRA-

TDDRA*2-

TDDRA-|—

0000h-

: | |
| | T T
MTU3.TGRD Lo Data2 >< Data3 ! ! Data4
n ! |
| | } }
j j | |
TEMP1A | Data2 Data3 ! ‘ Data4
‘ w \ ! ! \
: | |
! | |
MTU3.TGRB ! Datat | 1 %
| |
I T T
| | |
| | |
L |

[Active level: High]

MTIOC3B /////|\ €

Initial value output*'

MTIOC3D /////] ‘\<

*11

Initial value output*'

[Active level: Low]

MmTIOC3B ///11]

Initial value output*'

MTIOC3D /i1 [
<

Initial value output*'

Note: 1.

11

Initial output start when PMR register set.

Figure 1.63 Complementary PWM Mode 2 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Initial Value = A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Complementary PWM Mode 3, Output Start: Trough, Tb Interval Overwrite

Figure 1.64 shows an operation example of buffer overwrite in the Tb interval in complementary PWM mode
3.

(a) Compare match with compare register, positive phase turns on.
(b) Compare match with compare register, positive phase turns off.
(c) Compare match with compare register, negative phase turns on.

A Ta Tb1 Ta Tb2 Ta Tb1 Ta Tb2

MTUB.TGRA-|- ~ === = =4 === mmmm o e mmmmmm o -

TCORA-f——— i LN N
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MTU3.TGRD ! Data2 >< \ Data3
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1 1
|
TEMP1A | Data2 Ré Data3
! ;
j ]
1 ;
MTU3.TGRB | Data Data2
| I
‘ ‘
| |
| |
‘

[Active level: High]
MTIOC3B /////]

Initial value output*

MTIOC3D //////‘\4 >

7

Initial value output*'
[Active level: Low]

MmTIOC3B ///11]

Initial value output*'

MTIOC3D /I [,
1

Initial value output*'

11

Note: 1. Initial output start when PMR register set

Figure 1.64 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Tb Interval, Initial Value = A)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Complementary PWM Mode 3, Output Start: Trough, Ta Interval Overwrite

Figure 1.65 shows an operation example of buffer overwrite in the Ta interval in complementary PWM mode
3. Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure

1.64.

A

MTU3.TGRA-

TCDRA-

TCDRA-TDDRA-

TDDRA*2-

TDDRA-|—

0000h-

MTU3.TGRD

Data2

TEMP1A

Data2

MTU3.TGRB

Data1

[Active level: High]
MTIOC3B ////II\&€>

Initial value output*'

MTIOC3D ////f/ ‘\4 >

Initial value output*'

[Active level: Low]

mTiocss /1

Initial value output*'

MTIOC3D /11 [
—

Initial value output*'

*11

Note: 1. Initial output start when PMR register set

Figure 1.65 Complementary PWM Mode 3 Operation Example
(Output Start: Trough, Overwrite in Ta Interval, Initial Value = A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.3.2 Output Waveforms Near 0% and 100% on GPTW

Table 1.10 lists cautions and operation examples for waveform output with automatic dead time setting
function enabled and disabled and different compare match timings (near 0% and 100% duty cycles) in
triangle-wave PWM modes 1, 2, and 3.

Table 1.10 List of GPTW Cautions and Operating Modes

Triangle-Wave | Triangle-Wave | Triangle-Wave
PWM Mode 1 PWM Mode 2 PWM Mode 3 Cautions
Not Not Not Not
Section | Section Title Used |Used |Used |Used |Used |Used |Used |Used
1.3.2.1 Change from Near Figure | Figure | Figure | Figure | Figure | Figure | *1, *2 | *1, *3
100% to Near 100% | 1.66 1.69 1.67 1.70 1.68 1.71
Duty Cycle
(D—>A—->D)
1.3.2.2 Change from Near Figure | Figure | Figure | Figure | Figure | Figure | *4, *5 | *4, *5
100% to 100% Duty 1.72 1.75 1.73 1.76 1.74 1.77
Cycle
(D - 0%/100% — D)
1.3.2.3 Change from Near Figure | Figure | Figure | Figure | Figure | Figure | *2, *4, | *3, *4,
100% to 100% Duty 1.78 1.81 1.79 1.82 1.80 1.83 *5 *5
Cycle
(A > 0%/100% — A)
1.3.24 Change from Near Figure | Figure | Figure | Figure | Figure | Figure | *4, *5, | *4, *5,
0% to 0% Duty Cycle | 1.84 1.87 1.85 1.88 1.86 1.89 *6 *6
(F > 0%/100% — F)

Notes: Used: Automatic dead time setting enabled.
Not Used: Automatic dead time setting disabled.

1.
2.

3.

i

The negative phase becomes minute pulses to the extent that the value of D is closer to GTDVU.
The correction function causes the negative phase to become minute pulses with a width of 1
count clock cycle.

The negative phase becomes minute pulses to the extent that the value of GTCCRB is close to 0
relative to A.

When the value of the GTUDDTYC.OmDTYR bit is Ob and that of the GTIOR.GTIOm[3:2] bits is
00b, after the recovery from 0%/100% duty cycle the output level is inverted relative to the output
level before the 0%/100% duty cycle setting. (The inversion locations are indicated by blue circles
in the figures.)

Dead time is not maintained in order to produce 0%/100% duty cycle output.

The positive phase becomes minute pulses to the extent that the value of F is close to GTPR.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.3.2.1 Change from Near 100% to Near 100% Duty Cycle (D - A — D)
Figure 1.66 to Figure 1.71 illustrate the GPTW operating modes and cautions listed in Table 1.10.

[Operation example 1] Figure 1.66, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 1 and 2
[Operation example 2] Figure 1.67, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 1 and 2
[Operation example 3] Figure 1.68, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 1 and 2
[Operation example 4] Figure 1.69, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 1 and 3
[Operation example 5] Figure 1.70, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 1 and 3
[Operation example 6] Figure 1.71, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 1 and 3

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty: D >A—>D
— D>GTDbVU
— A< GTDVU

Key to figure

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Solid green line: Positive phase waveform change points when dead time errors occur while using the
automatic dead time setting function

— Data1:D

— Data 2: A

Cautions

1. The negative phase becomes minute pulses to the extent that the value of D is closer to GTDVU.

2. The correction function causes the negative phase to become minute pulses with a width of 1 count
clock cycle.

3. The negative phase becomes minute pulses to the extent that the value of GTCCRB is close to 0
relative to A.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.66 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 1.

(a) Compare match with compare register, negative phase turns on.

(b) Change point 1 count clock cycle from trough due to correction function, negative phase turns off.
(c) Change point at GTDVU + 1 due to correction function, positive phase turns on.

(d) Change point at GTDVU due to correction function, positive phase turns off.

(e) Generation of pulse with width of 1 count clock cycle due to correction function.

(f) Change point at trough due to correction function, negative phase turns on.

(g) Compare match with compare register, negative phase turns off.
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Figure 1.66 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: D - A — D)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting

Enabled

Figure 1.67 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.66.
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Figure 1.67 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: D - A —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.68 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.66.
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Figure 1.68 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: D - A —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.69 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 1.

(a) Compare match with compare register, negative phase turns on.
(b) Compare match with compare register, negative phase turns off.
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Figure 1.69 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: D - A —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 5] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.70 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.69.
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Figure 1.70 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: D - A —» D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 6] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.71 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.69.
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Figure 1.71 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: D > A — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.2.2 Change from Near 100% to 100% Duty Cycle (D — 0%/100% — D)
Figure 1.72 to Figure 1.77 illustrate the GPTW operating modes and cautions listed in Table 1.10.

o [Operation example 1] Figure 1.72, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 4 and 5

o [Operation example 2] Figure 1.73, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 4 and 5

o [Operation example 3] Figure 1.74, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 4 and 5

e [Operation example 4] Figure 1.75, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 4 and 5

e [Operation example 5] Figure 1.76, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 4 and 5

e [Operation example 6] Figure 1.77, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 4 and 5

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty: D —» 0%/100% — D
— D>GTDbVU

o Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)

— Dotted black lines for GTIOCnA and GTIOCnB pins: Operation masked by 0% and 100% duty cycle

settings
— Data1:D

e Cautions
4. When the value of the GTUDDTYC.OmDTYR bit is Ob and that of the GTIOR.GTIOm[3:2] bits is 00b,
after the recovery from 0%/100% duty cycle the output level is inverted relative to the output level
before the 0%/100% duty cycle setting. (The inversion locations are indicated by blue circles in the
figures.)
5. Dead time is not maintained in order to produce 0%/100% duty cycle output.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.72 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).
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Figure 1.72 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: D —» 0%/100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.73 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.72.
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Figure 1.73 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: D —» 0%/100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.74 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.72.
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Figure 1.74 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: D —» 0%/100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.75 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).

3
GTPR-

GTDVU(GTDVD)-
0000h
GTCCRC 1 Datat [ ! [ [ [ X Data2 | | ! [
i i ! i i i i \! [
i
| | | | | | | | | | | | | j |
GTCCRA 1 1 Datal | | ! | | | | | | | 1 ‘ Data2 |
| | | | | i i
t t ; t t ;
!

T T T T T T T T T T T T T T

GTCCRE [ Data3 [ I [ [ [ X Datad |1\

; I |

‘
|
! L ! L L 1 1
L [ ; L [ L [ !
\
GTCCRB || Daw3 P ! b P P ; Datad
L ! | i
!

I i i I | I i I I i i |
[Active level: High] ! | | ! ! ! | | ! ! | ‘ !

[
L
GTUDDTYC. | | | | ] | | | | ] | | | T
WD ( R " Lo L X L L

L L L L L -\
T T T T T T T T i ! ! !
grumone, Lo 00b >< o \\1 P 100 Lo Lo >< 00b i \\1 i
: L L : ! : L L Il Il L : | L

b b 1 | ‘

1 i i 1 | |

|

[High/Low output at the end of a Cycle]

[Output retained at the end of a cycle: OmDTYR = 1]
i

GTIOCnA

I} I I
I I
GTIOCnB i i |
} : : ! — : : S =z
| I | I [ 1 | I I | i ! |
[Output retained at the end of a cycle: OmDTYR = 0] [ 1 [ [ [ | i —_
| | 1 L L L 1
GTIOChA i i Lo i L . / ! |
— g R il Lo
| [ s R 1 | | | —— | | [ N
GTIOCnB ! ! . L I 1 |
i | j | 5 T T 1 1 T 5 | i )
[Active level: Low] : : 1 : : : : 1 T |
| | | | 1 !
GTUDDTYC. T X T | T T T X | | T
00b 10b 00b
OADTY L L L L \ 3 L L L L L L . L \ 3 : 1
! R L ! U :
GTUDDTYC. | ] ] | | | ! ] | | ] ! | |
0OBDTY ! } o >< } A ! 1 " } ! ! } w A\
] ) I T a) | T I l l I 1 T (b)
[High/Low output at the eng of a Cycle] ! | | ! | | ! | | i
[Output retained at the end of a cycle: OmDTYR =1] | | ! | i
T N 4 et g 4 e
GmocnA | | L L L P |
- . NE - - i
GTIOCnB | | 1? | | E 2 | | §L
i I I I """.5"" i i I | S i I I \"‘:5"" I :
! | I ! ! ! I I ! ! I I I ! I I
[Output retained at the end of a cycle: OmDTYR = 0] ! | | | ! ! | | ! ! i | /-:\‘,\.4
‘ T R reeemm s e R |
GTIOCnA | | [ o [ L | 1
| | 5 i i 5 !
GTIOCnB i i i : \ |
T BTN

Figure 1.75 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: D — 0%/100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 5] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.76 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.75.
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Figure 1.76 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: D —» 0%/100% — D)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 6] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.77 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.75.
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Figure 1.77 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: D —» 0%/100% — D)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.3.2.3 Change from Near 100% to 100% Duty Cycle (A — 0%/100% — A)
Figure 1.78 to Figure 1.83 illustrate the GPTW operating modes and cautions listed in Table 1.10.

[Operation example 1] Figure 1.78, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 2, 4, and 5
[Operation example 2] Figure 1.79, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 2, 4, and 5
[Operation example 3] Figure 1.80, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 2, 4, and 5
[Operation example 4] Figure 1.81, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 3, 4, and 5
[Operation example 5] Figure 1.82, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 3, 4, and 5
[Operation example 6] Figure 1.83, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 3, 4, and 5

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty: A - 0%/100% — A
— A< GTDVU

Key to figures
— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)
— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)
— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)

Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Solid green line: Positive phase waveform change points when dead time errors occur while using the

automatic dead time setting function

— Dotted black lines for GTIOCnA and GTIOCnB pins: Operation masked by 0% and 100% duty cycle

settings

— Data 1: A

Cautions

2. The correction function causes the negative phase to become minute pulses with a width of 1 count
clock cycle.

3. The negative phase becomes minute pulses to the extent that the value of GTCCRB is close to 0
relative to A.

4. When the value of the GTUDDTYC.OmDTYR bit is Ob and that of the GTIOR.GTIOmM[3:2] bits is 00b,
after the recovery from 0%/100% duty cycle the output level is inverted relative to the output level
before the 0%/100% duty cycle setting. (The inversion locations are indicated by blue circles in the
figures.)

5. Dead time is not maintained in order to produce 0%/100% duty cycle output.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.78 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).

(d) Due to cancelling of 0%/100% duty cycle output, output changes according to setting value of
GTUDDTYC.OmDTYR bit and GTIOR.GTIOm[3:2] bits.

(e) When OmDTY bit is set to 1b, correction function causes negative phase to become pulse with width of 1
count clock cycle.

(f) Change point at GTDVU + 1 due to correction function, positive phase turns on.
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Figure 1.78 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: A — 0%/100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation example 2] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.79 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.78.
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Figure 1.79 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: A — 0%/100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.80 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.78.
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Figure 1.80 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: A — 0%/100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.81 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Compare match with negative phase compare register.

(d) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).

(e) Due to cancelling of 0%/100% duty cycle output, output changes according to setting value of
GTUDDTYC.OmDTYR bit and GTIOR.GTIOm[3:2] bits.
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Figure 1.81 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: A — 0%/100% — A)

RO1AN6539EJ0100 Rev.1.00 Page 106 of 185
Dec.16.22 RENESAS




RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 5] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.82 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.81.
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Figure 1.82 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: A — 0%/100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 6] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.83 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.81.
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Figure 1.83 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: A — 0%/100% — A)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.3.2.4 Change from Near 0% to 0% Duty Cycle (F — 0%/100% — F)
Figure 1.84 to Figure 1.89 illustrate the GPTW operating modes and cautions listed in Table 1.10.

[Operation example 1] Figure 1.84, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 4, 5, and 6
[Operation example 2] Figure 1.85, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 4, 5, and 6
[Operation example 3] Figure 1.86, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Enabled, cautions 4, 5, and 6
[Operation example 4] Figure 1.87, Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 4, 5, and 6
[Operation example 5] Figure 1.88, Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 4, 5, and 6
[Operation example 6] Figure 1.89, Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead
Time Setting Disabled, cautions 4, 5, and 6

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty: F —» 0%/100% — F
— F<GTPR, F>GTDVU

Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)

— Dotted black lines for GTIOCnA and GTIOCnB pins: Operation masked by 0% and 100% duty cycle
settings

— Data1: F

Cautions

4. When the value of the GTUDDTYC.OmDTYR bit is Ob and that of the GTIOR.GTIOmI[3:2] bits is 00b,
after the recovery from 0%/100% duty cycle the output level is inverted relative to the output level
before the 0%/100% duty cycle setting. (The inversion locations are indicated by blue circles in the
figures.)

Dead time is not maintained in order to produce 0%/100% duty cycle output.

6. The positive phase becomes minute pulses to the extent that the value of F is close to GTPR.

o
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 1] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.84 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.
(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Output changes due to compare match with compare register.
(d) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).
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Figure 1.84 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: F - 0%/100% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 2] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.85 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.84.
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Figure 1.85 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: F - 0%/100% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 3] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Enabled

Figure 1.86 shows an operation example with automatic dead time setting function enabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.84.
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Figure 1.86 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Enabled, Duty: F - 0%/100% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 4] Triangle-Wave PWM Mode 1, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.87 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 1.

(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.

(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).

(c) Output changes due to compare match with compare register.

(d) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).
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Figure 1.87 Triangle-Wave PWM Mode 1 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: F — 0%/100% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 5] Triangle-Wave PWM Mode 2, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.88 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 2. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.87.
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Figure 1.88 Triangle-Wave PWM Mode 2 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: F — 0%/100% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation example 6] Triangle-Wave PWM Mode 3, Output Start: Trough, Automatic Dead Time Setting
Disabled

Figure 1.89 shows an operation example with automatic dead time setting function disabled in triangle-wave
PWM mode 3. Except for the difference in the buffer operation in the various modes, the operation is the
same as that shown in Figure 1.87.
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Figure 1.89 Triangle-Wave PWM Mode 3 Operation Example
(Output Start: Trough, Automatic Dead Time Setting Function Disabled, Duty: F —» 0%/100% — F)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.4 Cautions when Using GPTW Output Protection Function
On the GPTW the output protection function can be used to output 0% and 100% duty cycle waveforms.

However, there are cautions to be considered regarding setting values when using the output protection
function. These cautions are described in this section.

1.4.1 GPTW Output Protection Function

If an abnormal value (0000 0000h or a value exceeding the GTPR register setting value) is set in the
GTCCRA register in triangle-wave PWM mode 1, 2, or 3 and automatic dead time setting enabled, the output
protection function (disabling function) operates on the GTIOCnm (n =0 to 9, m = A or B) pins. The
protection function does not operate when automatic dead time setting is disabled.

The operating status of the output protection function can be confirmed by reading the GTSOS.SOS[1:0] bits.

For details of the output protection function, refer to 24.8.4, Output Protection Function for GTIOCnm Pin
Output, in RX66T Group User's Manual: Hardware.

See the following section for a description of the operation of the output protection function and cautions that
apply when the automatic dead time setting is enabled and when it is disabled.

1.4.2 Operation of Output Protection Function and Cautions when Automatic Dead Time
Setting Is Enabled

Transitions in the state of the output protection function that occur when the setting value of the GTCCRA

register changes are shown below.

0000 0000h < GTCCRA < GTPR 0000 0000h < GTCCRA < GTPR
‘ Normal state .

Output protected state " | (Output protection function| Output protected state
GTS0S.S0S[1:0] = 01b o not activated) - GTS0S.S0S[1:0] = 11b
- GTS0S.S0S[1:0] = 00b o

GTCCRA = 0000 0000h GTCCRA 2 GTPR
(during buffer transfer) during buffer transfer at crest
GTCCRA 2 GTPR
during buffer transfer at trough 0000 0000h < GTCCRA < GTPR

Output protected state
GTS0S.S0S[1:0] = 10b

Figure 1.90 Output Protection Function State Transitions Relative to GTCCRA Settings

Intervals called “transition intervals” and “return intervals” occur during transitions between the normal state
(output protection function disabled) and the output protected state.

¢ Transition interval: The interval in which transition from the normal state to the output protected state
occurs and during which toggle operation continues
e Return interval: The interval in which return from the output protected state to the normal state occurs

Regarding the output protection function, caution is necessary because output operation in the transition
interval and return interval will differ according to the (crest/trough) timing of the transfer to GTCCRA of
abnormal values and normal values at return. Note that normal values meet the following condition: 0000
0000h < GTCCRA < GTPR.

Table 1.11, Table 1.12, and Table 1.13 show the conditions under which output protection occurs and the
differences in operation in each interval due to the transfer timing of abnormal and normal values in triangle-
wave PWM modes 1, 2, and 3.
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Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

Table 1.11 Triangle-Wa

ve PWM Mode 1

GTCCRA Transfer Timing

Interval Presence/Absence

Normal State | Output
Output Protection — Output Protected
Function Activation Protected State —» Transition Return
Conditions State Normal State | interval interval Key
GTCCRA =000 0000h | Trough Trough Present Present Figure 1.91
GTCCRA > GTPR Trough Trough Absent Absent Figure 1.100
Table 1.12 Triangle-Wave PWM Mode 2
GTCCRA Transfer Timing Interval Presence/Absence
Normal State | Output
Output Protection — Output Protected
Function Activation Protected State —» Transition Return
Conditions State Normal State | interval interval Key
GTCCRA =000 0000h | Trough Trough Present Present Figure 1.92
Trough Crest Present Absent Figure 1.93
Crest Trough Present Present Figure 1.94
Crest Crest Present Absent Figure 1.95
GTCCRA > GTPR Trough Trough Absent Absent Figure 1.101
Trough Crest Absent Present Figure 1.102
Crest Trough Absent Present Figure 1.103
Crest Crest Absent Absent Figure 1.104
Table 1.13 Triangle-Wave PWM Mode 3
GTCCRA Transfer Timing Interval Presence/Absence
Normal State | Output
Output Protection — Output Protected
Function Activation Protected State —» Transition Return
Conditions State Normal State | interval interval Key
GTCCRA =000 0000h | Trough Trough Present Present Figure 1.96
Trough Crest Present Absent Figure 1.97
Crest Trough Present Present Figure 1.98
Crest Crest Present Absent Figure 1.99
GTCCRA > GTPR Trough Trough Absent Absent Figure 1.105
Trough Crest Absent Present Figure 1.106
Crest Trough Absent Present Figure 1.107
Crest Crest Absent Absent Figure 1.108
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.4.2.1 Operation Examples with Abnormal Value (0000 0000h) Setting

Operation examples when an abnormal value (0000 0000h) setting is used as listed in Table 1.11, Table
1.12, and Table 1.13 are shown in Figure 1.91 to Figure 1.99 and applicable cautions are described below.

Operation Example 1: Figure 1.91 Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), cautions 7 and 8

Operation Example 2: Figure 1.92 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), cautions 7 and 8

Operation Example 3: Figure 1.93 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Crest), caution 7

Operation Example 4: Figure 1.94 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Trough), cautions 2, 7, 8, and 9

Operation Example 5: Figure 1.95 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Crest), cautions 2, 7, and 9

Operation Example 6: Figure 1.96 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), cautions 7 and 8

Operation Example 7: Figure 1.97 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Crest), caution 7

Operation Example 8: Figure 1.98 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Trough), cautions 2, 7, 8, and 9

Operation Example 9: Figure 1.99 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Crest), cautions 2, 7, and 9

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty: D — 0000 0000h — D
— D>GTDVU

Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Solid green line: Positive phase waveform change points when dead time errors occur while using the
automatic dead time setting function

— Data1: D

— Data 2: 0000 0000h

Key to figures

2. The correction function causes the negative phase to become minute pulses with a width of 1 count
clock cycle.

Transition interval. Output toggle operation continues until next crest.

Return interval. Output maintained until next crest.

GTCCRA = 0000 0000h, but toggle operation continues until next trough.

0 Transition interval. Output maintained until next trough.

—“9.00.“
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation Example 1] Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.91 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 1

(a) Change point 1 count clock cycle from trough due to correction function, negative phase turns off.
(b) Change point at GTDVU + 1 due to correction function, positive phase turns on.

(c) Output maintained by output protection function.

(d) Compare match occurs, but output maintained due to return interval.

(e) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.

(f) Change at 1 count clock cycle after trough.

[ R 2
A |

|
T |
| i
GTOVU(@TDVD) o JT\ e :
o ! Do | 1 |
; -
i

L
0000k @ _® : © O _© 9 0@ @

T
GTCCRC |

i\

GTCCRA | | Datat
! Il

‘
— T T

Datal Data2 | i | I ! Datat
RV i
- T 1
1 i 1
i i I

% Data1
|
|
i

T T
GTDVU(GTDVD) } | Time1
I

;
GTCCRB | |  Datal-Timel
j

i
i
T
|

X Datat-Time1

X

GTs0ssos | | 00
! I

[Active level: High]
[High/Low output at the end of a Cycle] !
[Output retained at the end of a cycle: OMDTYR = 1] |

|

GTIOCPA |

|
GTIOCnB -l

! |
Xm i
[

|
} *7 Transition
T

(¢)  Outputholding

3
X ®n 00
|

*8  Recovery

! i i
[Output retained at the end of a cycle: OMDTYR =0] |
|

GTIOCNA |
;

1

GTIOCnB -|
I

|
[Active level: Low], |
[High/Low output at the end of a Cycle] |
[Output retained at the end of a cycle: OmDTYR =1] |

p

GTIOCnA |
|
|

—

NN RN

GTIOCNB J
i

| |
i

[Output retained at the end of a cycle: OMDTYR = 0] |
d at th |

GTIOCrA |
|

L]

|
GTIOCNB J

A I

Figure 1.91 Triangle-Wave PWM Mode 1 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 2] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.92 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 2. Except for the
difference in the buffer overwrite timing, the operation is the same as that shown in Figure 1.91.

GTPR
|
GTDVU(GTDVD)- || ]
| i
so0on L__| X P ‘ | ‘
L L @ ® H © © © © © @ @ 1 .
— I E— T |
GTCCRC | | Datat a2 |\ ! X Datat Data3 Q( Datad |
i ! 4 i
. T . l ;
T b T
GTCCRA |  !Data3 Datal | | | Data2 3 X Datat X Datas |
I L ! I ! | L
! - [ i ! i 1
— — T -
GTDVU(GTDVD) | I Time1 ! ! | ! | | |

Lo
L L i | ! Lo
— T : : ‘ —
i | ! ] | | B
GTCORB |  Datad-Time >< Datat-Time1 | X ; 1 X 0 X 1 X 0 X Datat-Time1 X Datad-Time1 |
! H I ] I i !
: i | i ! | | i | ‘
)

GTsossos | ! 00 [ X(l) | | o1 X(f) 00 i
Il L ! I | I 4
w — T !
| |

T
[Active level: High]

|

[High/Low output at the end of a Cycle] i

[Output retained at the end of a cycle: OmDTYR = 1]
|

| |
|*7__ Transition ! (e) Output holding | "8 Recovery
) T

GTIOCnA |

|
GTIOCnB -l
T

i
[Output retained at the end of a cycle: OmDTYR = (:q
)

GTIOChA |

GTIOCnB -l

I
LrLr |

|
[Active level: Low]
[High/Low output at the end of a Cycle]
[Output retained at the end of a cycle: OmDTYR = 1]

GTIOCnA |
|
)

GTIOCnB _l

]

[
! |
[Output retained at the end of a cycle: OMDTYR = 0]
|

GTIOCnA !
|

|
P
GTIOCnB J

i A

Figure 1.92 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
0000 0000h (Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) —» D (Normal Value):
Transfer at Trough)
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[Operation Example 3] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Crest)

Figure 1.93 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 2

(a) Change point 1 count clock cycle from trough due to correction function, negative phase turns off.
(b) Change point at GTDVU + 1 due to correction function, positive phase turns on.

(c) Compare match occurs, but output maintained due to return interval.

(d) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.

(e) Change at 1 count clock cycle after trough.

(f) Change at 1 count clock cycle after crest.
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Figure 1.93 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
0000 0000h (Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) —» D (Normal Value):
Transfer at Crest)
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[Operation Example 4] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Trough)

Figure 1.94 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at crest
and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 2

(a) Change point at GTDVU due to correction function, positive phase turns off.

(b) Generation of pulse with width of 1 count clock cycle due to correction function.
(c) Change point at GTDVU + 1 due to correction function, positive phase turns on.
(d) Output maintained by output protection function.

(e) Compare match occurs, but output maintained due to return interval.

(f) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.
(g) Change at 1 count clock cycle after trough.
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Figure 1.94 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
0000 0000h (Abnormal Value): Transfer at Crest, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Trough)
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[Operation Example 5] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Crest)

Figure 1.95 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at crest
and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 2

(a) Change point at GTDVU due to correction function, positive phase turns off.

(b) Generation of pulse with width of 1 count clock cycle due to correction function.
(c) Change point at GTDVU + 1 due to correction function, positive phase turns on.
(d) Output maintained by output protection function.

(e) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.
(f) Change at 1 count clock cycle after trough.

(g) Change at 1 count clock cycle after crest.
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Figure 1.95 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
0000 0000h (Abnormal Value): Transfer at Crest, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Crest)
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[Operation Example 6] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.96 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 3

(a) Change point 1 count clock cycle from trough due to correction function, negative phase turns off.
(b) Change point at GTDVU + 1 due to correction function, positive phase turns on.

(c) Output maintained by output protection function.

(d) Compare match occurs, but output maintained due to return interval.

(e) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.

(f) Change at 1 count clock cycle after trough.
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Figure 1.96 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Trough)
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[Operation Example 7] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Crest)

Figure 1.97 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 3

(a) Change point 1 count clock cycle from trough due to correction function, negative phase turns off.
(b) Change point at GTDVU + 1 due to correction function, positive phase turns on.

(c) Compare match occurs, but output maintained due to return interval.

(d) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.

(e) Change at 1 count clock cycle after trough.

(f) Change at 1 count clock cycle after crest.
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Figure 1.97 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Crest)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 8] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Trough)

Figure 1.98 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at crest
and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 3

(a) Change point at GTDVU due to correction function, positive phase turns off.

(b) Generation of pulse with width of 1 count clock cycle due to correction function.
(c) Change point at GTDVU + 1 due to correction function, positive phase turns on.
(d) Output maintained by output protection function.

(e) Compare match occurs, but output maintained due to return interval.

(f) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.
(g) Change at 1 count clock cycle after trough.

~— ~— ~— —

[ R i T
|

|
|
|
! |
|
GTDVUGTDVD) [~ - N 1
I ! I
I ! i
0000h—— E ) O GG
T T
i !

‘ T
GTCCRD | pamp Lo X Data3 \| X Data5
‘ - \
" T
Temporary ! Dataz [ Data3 i
register A | [ A !
! L I ]
T " l
GTCCRC | Datat X\ Data2 [ X Datat \1 X \ Datad |
L L L |
i ] T ] !
T ; h
GTCCRA | Datat X/ Data2 o Datat X/ Data3 |
1 I
i | j ! i
; : T
GTDVU(GTDVD) | Timed i ! ; -
Il ! L Il |
—
. ; ] | | ! t T
GTCCRB Datail-Time1 X 0 | X 1 X 0 X 1 >< 0 X Datat-Time1 X Data3-Time1 |
; | ) A ) R
T i T | | 0 T
L I ! I ! L
1 T ] T i T 1 |
GTS0S.S0S | 00 ! X(g) | o1 ><(9) 00 | -
! d
‘ : T . [
j 0 0
[Active level: High] | 9 i ! *7 Transition (f) Output holding *8 Recovery ! i
[High/Low output :al the end of a Cycle] ; ] -
[Output retained at the end of a cycle: OMDTYR=1] | | P
! ! .
GTIOCnA ) I—‘—l
i b b
GTIOCnB | I i
- R 1
i i [
[Output retained at the end of acycle: OMDTYR=0] | | [
]
i
GTIocnA M |—,—1
| i i | |
i
GTioCnB | ! | |
| [ Lo
[Active level: Low] | | ! ! | |
[High/Low output at the end of a Cycle] 1 ! | ! |
[Output retained at the end of acycle: OmDTYR=1] | | | o
! i
GTiocnA ] |
|
i I I
T
GTIOCnB ! I i 1 l_
‘ [ b
2 1
[Output retained at the end of a cycle: OmDTYR = 0] 1 i} ! | |
GTIOCnA i} '_‘_1
1
1
GTIOCnB I |_
2

Figure 1.98 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Crest, 0000 0000h (Abnormal Value) —» D (Normal Value):
Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 9] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Crest)

Figure 1.99 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at crest
and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 3

(a) Change point at GTDVU due to correction function, positive phase turns off.

(b) Generation of pulse with width of 1 count clock cycle due to correction function.
(c) Change point at GTDVU + 1 due to correction function, positive phase turns on.
(d) Output maintained by output protection function.

(e) Output maintained interval. Output maintained while GTCCRA = 0000 0000h.
(f) Change at 1 count clock cycle after trough.

(g) Change at 1 count clock cycle after crest.
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Figure 1.99 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Crest, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Crest)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

1.4.2.2 Operation Examples with Abnormal Value (Value Exceeding GTPR Register Setting

Value) Setting

Operation examples when an abnormal value (value exceeding GTPR register setting value) setting is used
as listed in Table 1.11, Table 1.12, and Table 1.13 are shown in Figure 1.100 to Figure 1.108 and applicable
cautions are described below.

Operation Example 1: Figure 1.100 Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough)

Operation Example 2: Figure 1.101 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough)

Operation Example 3: Figure 1.102 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Crest), caution 10

Operation Example 4: Figure 1.103 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Trough), caution 7

Operation Example 5: Figure 1.104 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Crest)

Operation Example 6: Figure 1.105 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough)

Operation Example 7: Figure 1.106 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Crest), caution 10

Operation Example 8: Figure 1.107 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Trough), caution 7

Operation Example 9: Figure 1.108 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Crest)/Normal Value (Transfer at Crest)

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty: D >G—>D
— D> GTbVU
— G=>GTPR

Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Data1: D

— Data2: G

Key to figures
7. Transition interval. Output toggle operation continues until next crest.
10.Transition interval. Output maintained until next trough.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 1] Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.100 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 1.

(a) Output maintained by output protection function.
(b) Output maintained by output protection function.
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Figure 1.100 Triangle-Wave PWM Mode 1 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — Value
Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal Value)
— D (Normal Value): Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 2] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.101 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 2.
Except for the difference in the buffer overwrite timing, the operation is the same as that shown in Figure
1.100.
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Figure 1.101 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
Value Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal
Value) —» D (Normal Value): Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 3] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Crest)

Figure 1.102 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 2.

(a) Output maintained by output protection function.
(b) Compare match occurs, but output maintained due to return interval.
(c) Output maintained by output protection function.
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Figure 1.102 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
Value Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal
Value) —» D (Normal Value): Transfer at Crest)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 4] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Trough)

Figure 1.103 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at crest and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 2.

(a) Output maintained by output protection function.
(b) Compare match occurs, but output maintained due to return interval.
(c) Output maintained by output protection function.
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Figure 1.103 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —
Value Exceeding GTPR (Abnormal Value): Transfer at Crest, Value Exceeding GTPR (Abnormal
Value) —» D (Normal Value): Transfer at Trough)
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation Example 5] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Crest)/Normal Value

(Transfer at Crest)

Figure 1.104 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at crest and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 2.

(a) Output maintained by outp
(b) Output maintained by outp

ut protection function.
ut protection function.
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Figure 1.104 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —»
Value Exceeding GTPR (Abnormal Value): Transfer at Crest, Value Exceeding GTPR (Abnormal
Value) —» D (Normal Value): Transfer at Crest)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 6] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.105 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 3.

(a) Output maintained by output protection function.
(b) Output maintained by output protection function.
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Figure 1.105 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —» Value
Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal Value)
— D (Normal Value): Transfer at Trough)
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RX Family

Using

Example of Operation Near PWM 0% and 100% Duty Cycles

MTU3 or GPTW

[Operation Example 7] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value

(Transfer at Crest)

Figure 1.106 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 3.

(a) Output maintained by output protection function.
(b) Compare match occurs, but output maintained due to return interval.
(c) Output maintained by output protection function.
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Figure 1.106 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —» Value
Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal Value)
— D (Normal Value): Transfer at Crest)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 8] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Trough)

Figure 1.107 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at crest and return via buffer transfer at trough of a normal value in triangle-wave PWM mode 3.

(a) Output maintained by output protection function.
(b) Compare match occurs, but output maintained due to return interval.
(c) Output maintained by output protection function.
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Figure 1.107 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) —» Value
Exceeding GTPR (Abnormal Value): Transfer at Crest, Value Exceeding GTPR (Abnormal Value)
— D (Normal Value): Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 9] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Crest)/Normal Value
(Transfer at Crest)

Figure 1.108 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at crest and return via buffer transfer at crest of a normal value in triangle-wave PWM mode 3.

(a) Output maintained by output protection function.
(b) Output maintained by output protection function.
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Figure 1.108 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Enabled, D (Normal Value) — Value
Exceeding GTPR (Abnormal Value): Transfer at Crest, Value Exceeding GTPR (Abnormal Value)
— D (Normal Value): Transfer at Crest)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.4.3 Cautions when Automatic Dead Time Setting Is Disabled

The protection function does not operate when the automatic dead time setting is disabled. Operation is as
follows when the GTCCRA or GTCCRB register is set to an abnormal value (0000 0000h or a value
exceeding the GTPR register setting value).

e 0000 0000h: Only compare matches with 0000 0000h occur during the period.
e Same value as GTPR register: Only compare matches with the value of GTPR occur during the period.
o Value exceeding the GTPR register: No compare matches occur.

Figures showing the output waveforms resulting from these conditions are listed below.

Table 1.14 Figures Showing Output Waveforms

Abnormal Value
Same Value Value Exceeding
Operating Mode 0000 0000h as GTPR Register the GTPR Register
Triangle-Wave PWM mode 1 | Figure 1.109 Figure 1.112 Figure 1.115
Triangle-Wave PWM mode 2 | Figure 1.110 Figure 1.113 Figure 1.116
Triangle-Wave PWM mode 3 | Figure 1.111 Figure 1.114 Figure 1.117
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.4.3.1 Operation Examples with Abnormal Value (0000 0000h) Setting

Operation examples when an abnormal value (0000 0000h) setting is used as listed in Table 1.14, Figures
Showing Output Waveforms, are shown in Figure 1.109 to Figure 1.111 and applicable cautions are
described below.

e Operation Example 1: Figure 1.109 Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), caution 11

e Operation Example 2: Figure 1.110 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), caution 11

e Operation Example 3: Figure 1.111 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), caution 11

Key to Figures of Operating Conditions of Operation Examples and Cautions

e Duty: D — 0000 0000h — D
— D> GTDVU

o Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Data1: D

— Data 2: 0000 0000h

e Cautions
11.Toggling of positive and negative phases occurs at end of period.
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 1] Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.109 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
in triangle-wave PWM mode 1.

(a) No change to positive or negative phase because no compare match occurs.
(b) Toggling of positive and negative phases occurs due to compare match with GTCCRB.
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Figure 1.109 Triangle-Wave PWM Mode 1 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 2] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.110 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
in triangle-wave PWM mode 2. Except for the difference in the buffer overwrite timing and transfer timing, the
operation is the same as that shown in Figure 1.109.
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Figure 1.110 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) —»
0000 0000h (Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) —» D (Normal Value):
Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 3] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.111 shows an operation example of transfer of 0000 0000h to GTCCRA via buffer transfer at trough
in triangle-wave PWM mode 3. Except for the difference in the buffer overwrite timing and transfer timing, the
operation is the same as that shown in Figure 1.109.
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Figure 1.111 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) — 0000 0000h
(Abnormal Value): Transfer at Trough, 0000 0000h (Abnormal Value) - D (Normal Value):
Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

1.4.3.2 Operation Examples with Abnormal Value (Same as GTPR Register Setting Value)
Setting

Operation examples when an abnormal value (same as GTPR register setting value) setting is used as listed
in Table 1.14, Figures Showing Output Waveforms, are shown in Figure 1.112 to Figure 1.114 and
applicable cautions are described below.

e Operation Example 1: Figure 1.112 Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), cautions 12 and 13

e Operation Example 2: Figure 1.113 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), cautions 12 and 13

e Operation Example 3: Figure 1.114 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), cautions 12 and 13

o Key to Figures of Operating Conditions of Operation Examples and Cautions
— Duty:D—>G—->D
— D>GTDVU
— G: GTPR

o Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Data1: D

— Data 2: G

e Cautions
12.The negative phase becomes more minute pulses the closer the value of GTCCRB is to GTPR,
relative to G. (The output does not change if the value of GTCCRB is greater than GTPR.)
13.Toggling of positive and negative phases occurs at the crest timing.
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RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

[Operation Example 1] Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at Trough)/Normal Value

(Transfer at Trough)

Figure 1.112 shows an operation example of transfer of a value equal to GTPR to GTCCRA via buffer
transfer at trough in triangle-wave PWM mode 1.

(a) Toggling of positive and negative phases occurs at compare match with GTCCRA.
(b) Negative phase turns off at compare match with GTCCRB.
(c) Negative phase turns on at compare match with GTCCRB.
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Figure 1.112 Triangle-Wave PWM Mode 1 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) - GTPR
(Abnormal Value): Transfer at Trough, GTPR (Abnormal Value) —» D (Normal Value):

Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 2] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.113 shows an operation example of transfer of a value equal to GTPR to GTCCRA via buffer
transfer at trough in triangle-wave PWM mode 2. Except for the difference in the buffer overwrite timing and
transfer timing, the operation is the same as that shown in Figure 1.112.
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Figure 1.113 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) —»
GTPR (Abnormal Value): Transfer at Trough, GTPR (Abnormal Value) - D (Normal Value):
Transfer at Trough)
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RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

[Operation Example 3] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.114 shows an operation example of transfer of a value equal to GTPR to GTCCRA via buffer
transfer at trough in triangle-wave PWM mode 3. Except for the difference in the buffer overwrite timing and
transfer timing, the operation is the same as that shown in Figure 1.112.
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|
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|
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Figure 1.114 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) - GTPR
(Abnormal Value): Transfer at Trough, GTPR (Abnormal Value) —» D (Normal Value):
Transfer at Trough)
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1.4.3.3 Operation Examples with Abnormal Value (Value Exceeding GTPR Register Setting

Value) Setting

Operation examples when an abnormal value (value exceeding GTPR register setting value) setting is used
as listed in Table 1.14, Figures Showing Output Waveforms, are shown in Figure 1.115 to Figure 1.117 and
applicable cautions are described below.

Operation Example 1: Figure 1.115 Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), caution 12
Operation Example 2: Figure 1.116 Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), caution 12
Operation Example 3: Figure 1.117 Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at
Trough)/Normal Value (Transfer at Trough), caution 12

Key to Figures of Operating Conditions of Operation Examples and Cautions

Duty:D>G—>D
— D>GTDVU
— G>GTPR

Key to figures

— Dashed blue line: Setting timing and value changes of positive phase buffer register (GTCCRC)

— Solid blue line: Setting timing and value changes of positive phase compare register (GTCCRA)

— Dashed red line: Setting timing and value changes of negative phase buffer register (GTCCRE)

— Solid red line: Setting timing and value changes of negative phase compare register (GTCCRB)
Negative phase waveform change points when dead time errors occur while using the automatic dead
time setting function

— Data1: D

— Data 2: G

Cautions
12.The negative phase becomes more minute pulses the closer the value of GTCCRB is to GTPR,
relative to G. (The output does not change if the value of GTCCRB is greater than GTPR.)
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[Operation Example 1] Triangle-Wave PWM Mode 1, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.115 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough in triangle-wave PWM mode 1.

(a) Output does not change because value of GTCCRA exceeds GTPR.
(b) GTCCRA has no effect, and negative phase turns off at compare match with GTCCRB.
(c) GTCCRA has no effect, and negative phase turns on at compare match with GTCCRB.

GTPR-

GTDVU(GTDVD)-

0000h-

T i
GTCCRC | Datal X Data2 |

i el
GTCCRA | Datat

i

T —
GTCCRE | Datad X Data3 |

d

!

7
GTCCRB I Datad

[Active level: High] i
[High/Low output at the end of a Cycle]
[Output retained at the end of a cycle: OMDTYR = 11

i —

| |
[Output retained at the end of a cycle: OMDTYR = 0] | | | | ;
! ! | | | |
i |
GTIOCnA ! ! | | | | !
; ; ; ;
i Lo : : : ; | ;
GTIOCnB | |
; T B )
T FE P | |
I I I I I i
| | | [

[Active level: Low]
[High/Low output at the end of a Cycle] !
[Output retained at the end of a cycle: OmDTYR 1]

| | | | | -
| | | | | [
i i i i | [
GTIOCnA ! i | i ; ; i r !
| | | | | i | |
! Il L ! | i H |
GTIocnB i | i i
|
[ | i o2 ToM2 T |
i ! ! ! ! | I I ! | I !
[Output retained at the end of a cycle: OMDTYR = 0] | | 1 | v P
) ; ! )
GTIOCnA ] | ! ! 1 | ! 1
|
! | | | | | | |
GTIocnB —|

2 *12

Figure 1.115 Triangle-Wave PWM Mode 1 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) —» Value
Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal Value) —»
D (Normal Value): Transfer at Trough)
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[Operation Example 2] Triangle-Wave PWM Mode 2, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.116 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough in triangle-wave PWM mode 2. Except for the difference in the buffer overwrite timing and
transfer timing, the operation is the same as that shown in Figure 1.115.

GTPR-

L
T T
[ T
[ ]
GTDVU(GTDVD)- Lo :
b 1
0000h
! T
GTCCRC i Datat % Data2| \ Datat 2< Data5 [ % Dataé
. ) -
h ‘ |
! i
T — - T
GTCCRA Data4 X Datat] >¥ Data2 ! X Datal | >< Data5
; H H
! T :
T — T
GTCCRE Datas Datad \ | X Data4 Data7 ! Datag
! i
i T
GTCCRB Data7 Datad Data3 ! Data4 | X Data7
! Il ! L !

[Active level: High] i i I !
[High/Low output at the end of a Cycle] | | ! ! ! | |
[Output retained at the end of a cycle: OMDTYR = 1] ! ! ! ! |

! i i i !
GTIOCnA | ! ! ! '_——I !
T

| . . " ! |

GTIoCnB ! ! !
i ) [P 7 i ;

i i
[Output retained at the en:d of a cycle: OMDTYR =0] | | | 1 1

A | 1 1

i 1
GTIOCnA ! i i | !
1 — — w | ‘

GTIOCnB | | |
T T Tz ) 1 |

[Active level: Low] ! - | | | | |
[High/Low output at the end of a Cycle] | | | 1 1 ! -
[Output retained at the end of a cycle: OmDTYR = 1] | | | ! ! !

! Il Il Il L
GTIOCnA ! | | | | i i !
v L | | i 1 [ -
GTIocnB | | | |
i 1
_— P T2 T2 ro .
o i | | 1 1
[Output retained at the end of a cycle: OmMDTYR = 0] ; ; 1 1 [ [
GTIOCnA | | i i 1 1 i |_‘_:
! I | | | | | I
i ! i I} i I} ! !
GTIOCNB
12 12

Figure 1.116 Triangle-Wave PWM Mode 2 Operation Example
(Transfer at Crest and Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) —»
Value Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal
Value) —» D (Normal Value): Transfer at Trough)
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[Operation Example 3] Triangle-Wave PWM Mode 3, Abnormal Value (Transfer at Trough)/Normal Value
(Transfer at Trough)

Figure 1.117 shows an operation example of transfer of a value exceeding GTPR to GTCCRA via buffer
transfer at trough in triangle-wave PWM mode 3. Except for the difference in the buffer overwrite timing and
transfer timing, the operation is the same as that shown in Figure 1.115.
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GTDVU(GTDVD)-
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T : 1 i i i i :
[Active level: High] | | ! ! |

I
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I I I I I
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GTIOCnA i | | | | i !
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I Il I i ] ] I I i
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Figure 1.117 Triangle-Wave PWM Mode 3 Operation Example
(Transfer at Trough, Automatic Dead Time Setting Function Disabled, D (Normal Value) —» Value
Exceeding GTPR (Abnormal Value): Transfer at Trough, Value Exceeding GTPR (Abnormal Value) —»
D (Normal Value): Transfer at Trough)
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1.5 Dead Time Due to GPTW 0%/100% Duty Cycle Switching Register

Changing the values of the OADTY[1:0] and OBDTY[1:0] bits in GTUDDTYC causes the GPTW to produce
0% and 100% duty cycle output. The values of the OADTY[1:0] and OBDTY{1:0] bits in GTUDDTYC are
applied when an underflow (trough) occurs, causing both the positive and negative phases to change

simultaneously. For this reason, there is no dead time when the GPTW is producing 0% and 100% duty
cycle output.

Figure 1.118 shows an operation example of 0% and 100% duty cycle output with the GPTW’s automatic
dead time setting disabled, and Figure 1.119 shows an operation example of the MTU producing 0% and
100% duty cycle output. The yellow shaded areas in the figures represent dead time.

When the GPTW transitions to 100% duty cycle output (Figure 1.118 (a)) and at return (Figure 1.118 (b)),

dead time cannot be guaranteed because the positive and negative phases change simultaneously. When
the MTU transitions to 100% output (Figure 1.119 (c)) and at return (Figure 1.119 (d)), the negative phase
change is ignored and output is fixed low, guaranteeing the dead time.

GTPR 4

GTDVU(GTDVD)

—
N —
0000h- : 3 ; 3 :

[Active level: High]

00b X

GTUDDTYC. ! o
OADTY 1 11b \ 1 i
|

>< 00b § L\ii i me
| |

GTUDDTYC.
OBDTY

00b ><

E G| e

[High/Low output at the end of a Cycle]

T T T
[ | A
[Output retained at the end of a cycle: OmDTYR = i | 1 } } 1 !
| I 1
| H 1

GTIOCnA

T

100% duty ratio output l 3

GTIOCNnB 0% duty ratio output T 1

h
[
[©)] (b) 100% duty ratio output
Figure 1.118 GPTW Operation Example
A Tb1 Ta Tb2 Ta Tb1 Ta Tbh2 Ta Tb1 Ta Tb2 Ta Tb1
< >« >« >« >« >« >« >« >« > >« >« >« >
MTU3.TGRA

TCDRA

TDDRA

0000h

[Active level: High]

MTIOC3B

MTIOC3D

100% duty ratio output
0% duty ratio output

0% duty ratio output

100% duty ratio output

Figure 1.119 MTU Operation Example
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2. Operation Confirmation Conditions

The operation of the sample code accompanying this application note has been confirmed under the

following operating conditions.

Table 2.1 Operation Confirmation Environment

Item

Description

MCU used

R5F566TEADFP (included in Renesas Starter Kit for RX66T)

Operating frequency

Main clock: 8 MHz

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

HOCO: stopped

LOCO: stopped

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

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

Operating voltage

33V

Integrated development
environment

Renesas Electronics
e? studio Version 2022-07

C compiler*!

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

Compiler option
Default settings of integrated development environment

RX Smart Configurator

V2.14.0

Board support package (r_bsp)

V7.20

Endian order

Little endian

Operating mode

Single-chip mode

Processor mode

Supervisor mode

Sample code version

V1.00

Board used

Renesas Starter Kit for RX66T (product No.: RTK50566 TOCxxxxxBE)

Emulator

E2-Lite

Note: 1. Import the same version of the toolchain (C compiler) as specified in the original project. If the
same toolchain is not located in the import destination, the toolchain cannot be selected, and an
error will occur. Check the toolchain selection status on the project settings screen.

Refer to FAQ 3000404 for setting methods.
FAQ 3000404: “Program ‘make’ not found in PATH” error when attempting to build an imported
project (e? studio)
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3. MCU Sample Code

3.1 Common

3.1.1 Sample Code List

This application note provides the following sample code created with Smart Configurator. Sample code can
be downloaded from the Renesas Electronics website.

Table 3.1 MTU Sample Code List

Name Sample Code Usage Conditions Reference
Operation near 0% and 100% duty cycles e Complementary PWM mode 3 3.2
r01an6539_rx66t_mtu3.zip (transfer at crest and trough)

¢ Single buffer

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

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

smc_gen

Config_MTUn <«— MTU related Config setting
j Config MTUn.c n indicates channel number

] config_MTUnh When multiple channels are used,

1 Confia MTU . such as in complementary PWM mode,
=] config MTUn userc the generated file name will look like:
general Config_MTU3_MTU4

r_bsp
r_config
r_pincfg

Files generated by Smart Configurator

Figure 3.1 MTU Folder Structure
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3.1.3 File Structure
The main file structure of the sample code is as follows.

Table 3.2 MTU File Structure

File Name Description

[project name].c Main function
This is the main function.

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

Config_MTUn.c*! R _Config MTUn_Create function

This is the MTU’s initialization function.

Smart Configurator generates this initialization function based on the Smart
Configurator settings. Calls by this function are generated by Smart
Configurator.

This function is called by the R_Systemlnit function that runs before the main
function.

R Config MTUn_Start function
This is the MTU’s count stop function.
This function is generated by Smart Configurator.
This function is called by the main function in the sample code.

R_Config MTUn_ Stop function
This is the MTU’s count stop function.
This function is generated by Smart Configurator.
This function is not used in the sample code.

Config_MTUn_user.c*' | r_Config MTUn_Create Userlnit function

This is a user function used to initialize the MTU.

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

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

r_Config MTUn [interrupt name] interrupt function
This is an interrupt handler function.

Smart Configurator generates an empty function. The necessary processing
for each code sample 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 Smart Configurator.
To use MTU related functions, be sure to include the r_smc_entry.h file.

Note: 1. nrepresents the channel number.
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3.1.4 Adding Components
Smart Configurator is used to add MTU functionality to the sample code as described below.

Table 3.3 Adding Components

Item Description
Component Reference section for each code sample ((1) in figure below)
Configuration name Default setting name used in sample code
Operation Reference section for each code sample ((2) in figure below)
Resources Reference section for each code sample ((3) in figure below)
e New Component
Software Component Selection dj
Select component from those available in list
Category All e
Function Al o
Filter
Components ) Short Name Type Version
# Open Source FAT File System. r_tfat_rx Firmware Integr... 4.02
# Phase Counting Mode Timer Code Generator  2.2.0
# Port Output Enable Code Generator  1.9.0
i Ports Code Generator __ 2.2.0
[B} PWM Mode Timer Code Generator  1.10.0 }
[v]Show only latest version
[ Hide items that have duplicated functionality (1) Differs for each sample code |
Description
This component provides PWM made 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% v
L)owu.w ;‘,a-d- 7;1;3.-I:3.les-7-l I T dr -.-er-s-anu.:i“r;wid dleware
Configure general settings...
e New Component
Add new configuration for selected component dj
PWM Mode Timer
Configuration name: ton[iq MTUO
Operation: PWM mode 1 v
Resource: MTUD / v
/ (2) Differs for each sample code
(3) Differs for each sample code |
Figure 3.2 Adding Components
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3.1.5 Pin Settings
Figure 3.3 shows an example of pin settings in Smart Configurator.

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

Pin settings are applied by the R_Config_MTUn_Create function generated by Smart Configurator.

Type filter text
[ &
& Digital power supply

MTUO
MTU1
MTU2

Pin configuration

Hardware Resource

@ Clock generator
@ Clock frequency accuracy measurement cireuit
@ Operating mode control
& System control
@ On-chip emulator
off Buses
@ Interrupt controller unit

¥ @ Multi-function timer pulse unit 3

MTU3

=

MTU4
MTUS
MTUG

~ MTU7

MTU9

GPTO
GPT1
GPT2
GPT3

¢ GPTA

Pin Function Pin Number

+ = % Pin Function

wl

Generate Code Generate Report

D/ Q] ied

type filter text (* = any strin = any character) All "
La) Enabled Function  Assignment Pin Number Direction Remarks Comments
[l MTIOC3A + P33/D7/MTIOC3A/MTCLKA/MTIOC # 58 10
[l M™Mmnocsa# r Not assigned * Not assigned None
M wMmocie s PT1/D5/MTIOCIB/MTIOCIB#/GTIC * 56 [lo]
[ MTMOC3B# ¢ Not assigned # Not assigned None
[ MTIOCIC 7 Not assigned * Not assigned None
[] MTIOC3C# - Not assigned r Not assigned None
| @ mmocip p7a/D2/MTIOCID/MTIOCID#/GTI # 53 10 )
[l MTIOC3D# ¢ Not assigned * Not assigned Mone

Select the channel used by

the MTU

v @ General PWM timer

Overview Board Clocks System Components @ Interrupts.

Select Pins tab

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

Figure 3.3 Pin Settings
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3.1.6 Interrupt Settings

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

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

Interrupt settings are applied by the R_Config MTUn_Create, R_Config_ MTUn_Start, and
R_Config MTUn_Stop functions, all of which are generated by Smart Configurator.

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

o =
|l'lhrfl-lpt Con'ﬁgurﬂﬁon Generate Code Generate Report

Interrupt vectors

Type filter text

Vector Number Interrupt Peripheral  Priority Status Fast Inter... N
184 CMPC4 CMPC4  Level 15
1185 CMPC5 CMPC5  Level 15

208 INTA208 (TGIAD) MTUO Level 15
209 INTA209 (TGIBO) MTUD Level 15
210 INTA210 (TGICO) MTUO Level 15
21 INTAZ11 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO) MTUO Level 15
213 INTA213 (TGIED) MTUO Level 15
214 INTA214 (TGIFD) MTUD Level 15
215 INTA215 (TGLAT) MTU Level 15

Software 216 INTAZ16 (TGIB1) MTU1 Level 15

Configurable < _2‘7 INTAZ17 FFOVI? MTU Aevelils Click Interrupt to display available

218 INTAZ218 (TCIUT) MTU1 Level 15 ) .

Interrupt A 515 N2 19 TTaAT) s i interrupt names, then select interrupts to

- be used
220 INTA220 (TGIB2) MTU2 Level 15
221 INTA221 (TCIV2) MTUZ Level 15
222 INTA222 (TCIU2) MTU2 Levi
223 INTAZ23 [TGIA3) MIU3 _ Level 15 Used )
224 INTA224 (TGIB3) MTU3 Level 15
235 INTA225 (TGIC3) MTU3 Level 15
226 INTA226 (TGID3) MTU3 Level 15
227 INTAZ27 (TCIV3) MTU3 Level 15 v
Note:

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

Overview Board Clocks System Components Ping Interrupts|

Figure 3.4 Interrupt Settings
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3.2 Operation Near 0% and 100% Duly Cycles
Applicable sample code file name: r01an6539 rx66t_mtu3.zip

3.2.1 Overview
This sample code performs operation near 0% and 100% duly cycles on the MTU.

The sample code repeatedly generates waveform output near 0% or 100% duty cycle using the MTU’s
complementary PWM mode 3 (transfer at crest and trough).

o Near 0% duty cycle: 8% — 4% — 0% — 0% — 4% — 8%
e Near 100% duty cycle: 92% — 96% — 100% — 100% — 96% — 92%

Complementary PWM mode can be used to generate three-phase waveform output (U, V, and W phases),
but the sample code generates only single-phase (positive phase and negative phase) waveform output.

The MTU settings used in the sample code are as follows.

¢ Use complementary PWM mode 3 (transfer at crest and trough). —
e Use channel 3 and channel 4.
e The carrier period is 1 ms.
e The dead time is 25 ps.
e The timer count clock frequency is 40 MHz (PCLKC/4).
o MTUS3.TGRA sets the upper limit value of MTU3.TCNT
(1/2 of carrier period + dead time).
o The buffer transfer timing is set.
— Transfer at counter crest and trough

e The initial output value is low, and the active level is high. Settings can be configured in
e MTUS3.TGRB is used as the duty cycle register. = Smart Configurator. Refer to
— Positive phase: High output at up-count compare match, section 3.2.3 for instructions.

low output at down-count compare match
— Negative phase: Low output at up-count compare match,
high output at down-count compare match
o A buffer register is used.
— MTUS.TGRD is used as the buffer register of MTU3.TGRB.
— Refer to Figure 3.6 and Figure 3.7 for buffer register initial values.
e The duty cycle changes each period.
— The duty cycle changes at a MTU3.TGRA compare match interrupt.
— Refer to Figure 3.6 and Figure 3.7 for duty cycle change timings. __J
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The structure of the sample code is shown below.

MTU
MTIOC3B
Channel 3 positive > —» P71
Complementary
PWM mode MTIOC3D
negative »__MPC El" P74
|
Channel 4
Complementary
PWM mode

MTU: Generates complementary PWM mode waveforms
MPC: Changes the settings for the pins to be used from general purpose I/O port to peripheral function 1/O
port

Figure 3.5 Sample Code Structure
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3.2.2 Operation Details

The sample code contains settings for near 0% duty cycle (8% — 4% — 0% — 0% — 4% — 8%). To change
the settings to near 100% duty cycle (92% — 96% — 100% — 100% — 96% — 92%), change the following
values in Config_ MTU3_MTU4_user.c as shown.

e Near 0% duty cycle
#define PRV _COMPARE DATA O (1)
#define PRV _COMPARE DATA 100 (0)

e Near 100% duty cycle
#define PRV COMPARE DATA O (0)
#define PRV COMPARE DATA 100 (1)

Operation near 0% duty cycle and operation near 100% duty cycle are shown below.

e Near 0% duty cycle: 8% — 4% — 0% — 0% — 4% — 8%
e Operation
Buffer overwrite occurs in the Tb1 interval (crest) in complementary PWM mode 3 (Figure 3.6).
(a) Compare match with temporary register, positive phase remains off.
(b) Simultaneous compare matches for on (red dots) and off (blue dots), no change in negative phase.
(c) Compare match for on, but no change in positive phase because (c) off takes precedence.

A Th: Ta Th Ta
MTU3.TGRA55F0n- . : I R ) S —— R L 915 N — -
TCDRA—4E20h_ _ i . NN A ____ % ,,,,,,,, o
4B00h- A = AN ————q------- //N
i
TDDRA>03E8h- ot i L N I .
0000h >
MTU3.TGRD 47EOh 11Xy 4BOOh
AN
R Y
\y — - u
TEMPIA  47EOh || Q 480%n ;; ( 55F0h < 4800n o ( 47E0n ;; >IS 4800h
L \ !
madh i i \ =0
O T O
MTU3.TGRB 47E0n * 4B00h * 55F0h * 4800 X 47E0h
IR g N IR
ol gl g =1
MTIOC3B ! @ ! ! H ! 0% 0% i H | ; Ie_t/:l ;
e o £y -
€|
MTIOC3D 13% 5% 0% 0% 5% 13%

Figure 3.6 Sample Code Operation (Near 0% Duty Cycle: 8% — 4% — 0% — 0% — 4% — 8%)
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o Near 100% duty cycle: 92% — 96% — 100% — 100% — 96% — 92%
e Operation
Buffer overwrite occurs in the Tb1 interval (crest) in complementary PWM mode 3 (Figure 3.7).
(a) Compare match with compare register, positive phase turns off.
(b) Compare match with temporary register, positive phase turns on.
(c) Compare match with temporary register, negative phase remains off.
(d) Simultaneous compare matches for on (blue dots) and off (red dots), no change in positive phase.
(e) Compare match for on, but no change in negative positive phase because (c) off takes precedence.
(f) Compare match with compare register, positive phase turns off.
(g) Compare match with temporary register, positive phase turns on.

~— ~— ~— —

MTU3.TGRA—55F0h-|-
TCDRA—4E20h |
4B00h-|-

47EOh—[~

TDDRA-03E8h_ QG;LOL'%
0320n" gopon-3
"

MTUS.TGRD | |
i

T
TEMP1A ||
i

MTU3.TGRB

|

i

i

i
|

[

MTIOC3B | 92% Ll 96% 1l 100% 100%

1
MTIOC3D 97% | 100% 100% 100%

Figure 3.7 Sample Code Operation
(Near 100% Duty Cycle: 92% — 96% — 100% — 100% — 96% — 92%
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3.2.3 Smart Configurator Settings
The sample code uses Smart Configurator to add the MTU as described below. For details on how to add
components, refer to section 3.1.4, Adding Components.

Table 3.4 Adding Components

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 i 53 © 3 ¥ Configure
- - Basic setting
type filter text
Synchronous mode setting
¥ @ Startup : i .
s [ linclude this channel in the synchronous operation
¥ & Generic
& r_bsp TCNT3 counter setting
v @ Drivers Counter clear source Disabled counter clear pe
v & Timers ) i,
& Config MTU3_MTU4 Counter clock selection PCLE/4 i Rising edge v
External clock pin setting Timeout clock frequency: 40 MHz
o (PCLK/4)
PCLK
PWM output setting / Carrier period: 1 ms
Timer operation period 1 ms | (Actual value: 1)
Enable dead time Dead time |25 us v | (Actual value: 25
Dead time: 25 us
MTU3.TGRB register value 'IUDOU\
MTUA.TGRA register value 100 MTU3.TGRB initial setting value*'
MTU4.TGRE register value 100

- Advance setting
Brushless DC motor control setting

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

Buffer transfer timing setting

Qutput setting
Transfer at counter crest and trough

[]Enable MTIOC3A toggle cutput

Buffer transfer timing of PWM output level setting  Transfers data at the crest and trough of the count o
Enable U phase: Initial output level of MTIOC3B pin (positive-phase)
Active level:H (Initial output:Loutput at compare match on up-count:H,ocutput at compare match on down-countil)

[+“] 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 dewn-countH) *

Active level: high, initial output value: 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

Note: 1. Configuration of the output duty cycle (8% or 92%) compare match register setting is performed by
the R_Config_ GPTO_Create_Userlnit function.

Figure 3.8 MTU3 and MTU4 Settings (1/2)
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Interrupt setting
Interrupt skipping mode Interrupt skipping function 1 (compare match interrupt skipping) ~
ntermup PP n Disable interrupt skip

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

Compare match in
(TGIA3) enabl

Interrupt skipping count Disable interrupt skip bt
terrupt MTU3/TGRB compare match interrupt (TGIB3) riority  |Level 15 (highest)
ed MTU4/TGRA compare match interrupt (TGIA4)  Friarity  |Level 15 (highest

["] Enable MTU4/TGRB compare match interrupt (TGIB4) riority  |Level 15 (highest

|: Enable MTU4 underflow interrupt (TCIV4) riority  |Level 15 {highest)

nterrup pp n Disable interrupt skip

Buffer register and synchronous clearing operation setting
[[] waveform output immediately before synchronous clearing is retained
[[] Enable double buffer function

n i buffer mporan ster | Do not link with interrupt skipping function 1
A/D conversion start trigger setting
[[] Enable A/D conversion start request on matching of the crest of count {trigger signal of MTU3 TRGA3N)
[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)

Enable A/D conversion start request on matching of the counter and cycle set register A value
requ utpur On matching of counting up
nitial val 4,/D co al ar st ster A |65535
nitial valu, yeh buffer reg 65535

Link with TGIA3 interrupt skipping

Link with TCIV4 interrupt skipping

Enable A/D conversion start request on matching of the counter and cycle set register B value
request outpu Or tching of counting up
nitial val A /D cor sion star 3 ster B | 5535
nitial valu ych buffer r 65535
Link with TGIA3 interrupt skipping
Link with TCIV4 interrupt skipping
Transfer data from the cycle set buffer register Transfers data at the crest of the count

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

[CJADSM1 pin  Source  Source not selected

Figure 3.9 MTU3 and MTU4 Settings (2/2)
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3.2.4 Flowcharts
Processing by the main function added after code generation by Smart Configurator is shown below.
Counting by MTU3.TCNT and MTU4.TCNT is started in the main function.

T e

v
Count start
R_Config_ MTU3_MTU4_Start()

Figure 3.10 main Function

The user initialization function R_Config MTU3_MTU4_Create_Userlnit runs before the main function and
initializes variables. This function is called by the R_Config_ MTU3_MTU4_Create function.

The following variable, which us used by the sample code, is initialized.

s_duty_list_counter: Counter variable for reading from duty ratio list

G_Conﬁg_MTU3_MTU4_Create_UserInD

\ 4

Initialize variables

\ 4

< return >

Figure 3.11 User Initialization Function

The TGIAS interrupt handler function changes the value of the buffer register (MTU3.TGRD) sequentially
according to values read from the duty ratio list array.

<r_Conﬁg_MTU3_MTU4_tgia3_interrupt>

\ 4
Update MTU3.TGRD duty cycle

v
< return >

Figure 3.12 TGIAS3 Interrupt Handler Function
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3.2.5 Usage Notes
3.2.5.1 Pin Settings

Pins MTIOC3C and MTIOCG6C cannot be used as timer I/O pins in complementary PWM mode. They must
be configured as I/O ports.

For details, refer to Table 22.74, Output Pins in Complementary PWM Mode, under 22.3.8, Complementary
PWM Mode, in RX66T Group User’s Manual: Hardware.

3.2.5.2 Updating Buffer Register Values

When overwriting data in the buffer register, write to MTU4.TGRD (MTU7.TGRD) as the final step. Data
transfer from the buffer register to the temporary register takes place simultaneously for all five registers after
data is written to MTU4.TGRD (MTU7.TGRD).

If it is not necessary to update all five registers or it is not necessary to update the data in MTU4. TGRD
(MTU7.TGRD), write to MTU4.TGRD (MTU7.TGRD) after writing data to the registers to be updated. At this
time, make sure that the data written to MTU4. TGRD (MTU7.TGRD) is that same as the data preceding the
write operation.

3.2.5.3 Buffer Operation Settings

Buffer operation should be used to overwrite the PWM period setting registers (MTU3.TGRA and
MTUG.TGRA), timer period data registers (TCDRA and TCDRB), and duty cycle setting registers
(MTU3.TGRB, MTU4.TGRA, MTU4.TGRB, MTU6.TGRB, MTU7.TGRA, and MTU7.TGRB) in
complementary PWM mode.

When the buffer operation bit MTU4. TMDR1.BFA (MTU7.TMDR1.BFA) or MTU4.TMDR1.BFB
(MTU7.TMDR1.BFB) is set to 1, waveform output cannot be generated on pin MTIOC4C (MTIOC7C) or
MTIOC4D (MTIOC7D). Therefore, the MTU4. TMDR1.BFA (MTU7.TMDR1.BFA) and MTU4.TMDR1.BFB
(MTU7.TMDR1.BFB) bits should be cleared to 0.

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

3.2.5.4 Output Level Settings

The output level of the PWM waveforms is set by the TOCR1A.OLSP, TOCR1A.OLSN, TOCR1B.OLSP, and
TOCR1B.OLSN bits, as well as the TOCR2A.OLSnP, TOCR2A.0LSnN, TOCR2B.OLSnP, and
TOCR2B.OLSNnN (n = 0 to 3) bits in complementary PWM mode on the MTU3 and MTU4 (MTU6 and MTU7).
The TIOR register should be set to 00h.

When the TDERA.TDER (TDERB.TDER) bit is cleared to 0 (do not generate dead time) in complementary
PWM mode, the negative phase output level is the inversion of the positive phase output level set by the
TOCR1A.OLSP (TOCR1B.OLSP) and TOCR2A.0OLSnP (TOCR2B.OLSnP) (n = 0 to 3) bits, regardless of
the settings of the TOCR1A.OLSN (TOCR1B.OLSN) and TOCR2A.0OLSnN (TOCR2B.OLSnN) (n =0 to 3)
bits.

For details, refer to 22.2.22, Timer Output Control Register 1 (TOCR1A, TOCR1B), and 22.2.23, Timer
Output Control Register 2 (TOCR2A, TOCR2B), in RX66T Group User's Manual: Hardware.
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4. GPTW Sample Code

4.1 Common

4.1.1 Sample Code List

This application note provides the following sample code created with Smart Configurator. Sample code can
be downloaded from the Renesas Electronics website.

Table 4.1 GPTW Sample Code List

Name Sample Code Usage Conditions Reference
Operation near 0% and 100% duty cycles Triangle-wave PWM mode 3 4.2
r01an6539_rx66t_gptw.zip (trough, 64-bit transfer)

4.1.2 Folder Structure
The main folder structure of the sample code is as follows.

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

src

j [Project namel.c <«— main function

smc_gen

Config_GPTO <«— GPTW related setting

B . n indicates channel number
J Config_GPT0D.c

] config_GPTO.N
?J Config_GPTO_user.c

general
r_bsp
r_config
r_pincfg
Files generated by Smart Configurator
Figure 4.1 GPTW Folder Structure
RO1AN6539EJ0100 Rev.1.00 Page 166 of 185

Dec.16.22 RENESAS




RX Family Example of Operation Near PWM 0% and 100% Duty Cycles
Using MTU3 or GPTW

4.1.3 File Structure
The main file structure of the sample code is as follows.

Table 4.2 GPTW File Structure

File Name Description

[project name].c Main function
This is the main function.

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

Config_GPTn.c*! R_Config GPTn_Create function

This is the GPTW’s initialization function.

Smart Configurator generates this initialization function based on the Smart
Configurator settings. Calls by this function are generated by Smart
Configurator.

This function is called by the R_Systemlnit function that runs before the main
function.

R Config GPTn_Start function
This is the GPTW’s count stop function.
This function is generated by Smart Configurator.
This function is called by the main function in the sample code.

R_Config GPTn_Stop function
This is the GPTW'’s count stop function.
This function is generated by Smart Configurator.
This function is not used in the sample code.

Config_GPTn_user.c*' | r_Config GPTn_Create Userlnit function

This is a user function used to initialize the GPTW.

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

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

r_Config GPTn_Jinterrupt name] interrupt function
This is an interrupt handler function.

Smart Configurator generates an empty function. The necessary processing
for each code sample 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 Smart Configurator.
To use GPTW related functions, be sure to include the r_smc_entry.h file.

Note: 1. nrepresents the channel number.
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41.4 Adding Components

Smart Configurator is used to add GPTW functionality to the sample code as described below.

Table 4.3 Adding Components

Item Description

Component General-purpose PWM timer ((1) in figure below)
Configuration name Default setting name used in sample code

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

e’ New Component

Software Component Selection d:f

Select component from those available in list

Description

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

Category All ~
Function  All w
Filter
Components Short Name Type Version #
# Event Link Controller Code Generator _ 1.7.0
[ # General PWM Timer Code Generator 15.2
®Group Scan Mode 512AD Code Generator 1.100
#12C Master Mode = —

(1) Select General PWM Timer r

This software component provides configurations for General PWM Timer.

Download the latest FIT drivers and middleware

Configure general settings...

Cancel

e’ New Component

Work mode:

Resource:

Configuration name:

Add new configuration for selected component tij’

General PWM Timer

Config_GPTO
Saw-wave PWM mode v
GPTO / ~

yA

| (2) Differs for each sample code |

(3) Differs for each sample code |

< Back Next > Cancel

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

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

Pin settings are applied by the R_Config_ GPTn_Create function generated by Smart Configurator.

5|

Generate Code Generate Report

Pin configuration

| Hardware Resource + = Fz & Pin Function LAl IR T
Type filter text type filter text [* = any string, 7 = any character All w
@ Interrupt controller unit 4 Enabled Function Assignment Pin Number Directi.. Remarks .
¥ @ Multi-function timer pulse unit ( GTIOCOA  # PD2/TRCLK/AT/GTIOC2B/GTIOCOA/GTIOC ~ 23 10 )
= MTUO || GTIOCOA# 7 Not assigned f Mot assigned None
= MTU ] GTIOCOB  # Not assigned * Not assigned None
= MTUZ ] GTIOCOB# 7 Not assigned * Not assigned None
~ MTU3
= MTU4

Click Assignment to display available

el pins, then select the pins to be used

= MTU6
= MTU7
w MTU9
~ @ General PWM timer
| «cpro |
~ GPT1
= GPT2
~ GPT3 | Select the channel used by the GPT
~ GPT4
= GPTS
~ GPT6
~ GPT7

= GPTE -
. GPT9 < Select Pins tab

< > < >

Pin Function Pin Number

Overview Board Clocks |System Components nterrupts

Figure 4.3 Pin Settings
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4.1.6 Interrupt Settings

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

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

Interrupt settings are applied by the R_Config_ GPTn_Create, R_Config_ GPTn_Start, and
R_Config_ GPTn_Stop functions, all of which are generated by Smart Configurator.

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

=)

|
‘ Interrupt configuration Generate Code Generate Report

Interrupt vectors

Type filter text

Vector Number Interrupt Peripheral Priority Status Fast Interrupt -~
184 CMPC4 CMPC4 Level 15
185 CMPCS5 CMPCS Level 15
(| 208 INTA208 (GTCIAD) GPTWO Level 15
209 INTA209 (GTCIVO) GPTWO Level 15
20 INTA210 (GTCIUD) GPTWO Level 15 Used )
21 INTA211 (TGIDO) MTUO Level 15
212 INTA212 (TCIVO) MTUO h
213 INTA213 (TGIEQ) MTUO L Click Interrupt to display available
214 INTA214 (TGIFO) MTUO d interrupt names, then select interrupts
215 INTA215 (TGIAT) MTU1 L to be used
216 INTA216 (TGIB1) MTU1 Level 15
SOﬂWare 217 INTAZ217 (TCIVT) MTUT Lewvel 15
Configurable — 218 INTA218 (TCIUT) MTU1 Level 15
Interrupt A 219 INTA219 (TGIA2) MTU2 Level 15
220 INTA220 (TGIB2) MTU2 Level 15
221 INTA221 (TCIV2) MTU2 Level 15
222 INTA222 (TCIU2) MTU2 Level 15
223 INTA223 (TGIA3) MTU3 Level 15
224 INTA224 (TGIB3) MTU3 Level 15
225 INTA225 (TGIC3) MTU3 Level 15
226 INTA226 (TGID3) MTU3 Level 15
227 INTA227 (TCIV3) MTU3 Level 15 v
" Note:

The interrupt priority settings made here may not be uti

I
Please check the configuration files of each FIT romponj Select Interrupts tab |

Qverview Board Clocks |System Components Pms

Figure 4.4 Interrupt Settings

In the initial settings on the Interrupt tab of Smart Configurator, only GPTW interrupts GTCIEO, GTCIFO, and
GDTEDO are selected. To use interrupts configured on the Component tab, it is necessary to select them on
the Interrupt tab. An error message is displayed if the selection below is insufficient.

Interrupt vectors

Up ype lifter text
Down Vector Mumber Interrupt Peripheral Priority Status Fast Intermupt

185 CMPCS CMPCS Level 15
208 INTAZ08 (GTCIAD) GPTWO Level 15
209 INTAZ09 (GTCIVO) GPTWO Level 15
210 INTAZ210 (TGICO) MTUO Level 15
211 INTAZ211 (TGIDO) MTUD Level 15

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

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

8 AT -v3avF1yd B

1 error, 0 warnings, 0 others Error message

Description Type

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

Figure 4.5 Interrupt Settings (Insufficient Interrupt Selection)
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4.2 Operation Near 0% and 100% Duly Cycles
Applicable sample code file name: r01an6539_rx66t_gptw.zip

4.2.1 Overview
This sample code performs operation near 0% and 100% duly cycles on the GPTW.

The sample code repeatedly generates waveform output near 0% or 100% duty cycle using the GPTW'’s
triangle-wave PWM mode 3 (trough, 64-bit transfer). The 0% and 100% duty cycle output is produced by
overwriting the GTUDDTYC register when the GTCNT counter underflows (trough).

o Near 0% duty cycle: 8% — 4% — 0% — 0% — 4% — 8%
e Near 100% duty cycle: 92% — 96% — 100% — 100% — 96% — 92%

The GPTW settings used in the sample code are as follows.

o Use triangle-wave PWM mode 3.

e Use channel 0. )
e The carrier period is 1 ms.
e The timer count clock frequency is 160 MHz (PCLKC/1)
e GTPRis used as the period register.
— The counter performs up-count operation from an initial value of 0.
e GTCCRA is used for compare matches with the duty cycle output.
— The GTIOCOA pin is used as a PWM output pin.
— GTCCRA is used for compare matches.
— Low output at count start.
— Toggle output at GTCCRA compare match.
— Retain output at end of period. Settings can be configured in
— Previously masked compare match output values are output Smart Configurator. Refer to
after cancellation of 0% and 100% duty cycles.* —— section 4.2.3 for instructions.
e GTCCRB is used for compare matches with the duty cycle output. (Except items marked with an
— The GTIOCOB pin is used as a PWM output pin. asterisk (*).)
— GTCCRB is used for compare matches.
— High output at count start.
— Toggle output at GTCCRB compare match.
— Retain output at end of period.
— Previously masked compare match output values are output
after cancellation of 0% and 100% duty cycles.*
o Use buffer registers.
— GTCCRC and GTCCRD are buffer registers for GTCCRA.
¢ Use automatic dead time generation.
¢ Software source count start enabled. )
e The duty cycle changes each period.
— The duty cycle changes at a GTCNT counter underflow interrupt.
— Refer to Figure 4.7 and Figure 4.8 for duty cycle change timings.
* Set by user initialization function R_Config GPTO_Create_Userlnit.
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The structure of the sample code is shown below.

GPTW

Channel 0
Triangle-wave
PWM mode 3

GTIOCOA
positive

GTIOCOB

negative

MPC

MPC

——» PD2

—» PD1

GPTW: Generates PWM waveform with triangle-wave PWM mode 3

MPC: Changes the settings for the pins to be used from general purpose I/O port to peripheral function 1/0

port

Figure 4.6 Sample Code Structure
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4.2.2 Operation Details

The sample code contains settings for near 0% duty cycle (8% — 4% — 0% — 0% — 4% — 8%). To change
the settings to near 100% duty cycle (92% — 96% — 100% — 100% — 96% — 92%), change the following
values in Config_ GPTO_user.c as shown.

e Near 0% duty cycle
#define PRV _COMPARE DATA O (1)
#define PRV _COMPARE DATA 100 (0)

e Near 100% duty cycle
#define PRV COMPARE DATA O (0)
#define PRV COMPARE DATA 100 (1)

Operation near 0% duty cycle and operation near 100% duty cycle are shown below.

e Near 0% duty cycle: 8% — 4% — 0% — 0% — 4% — 8%
e Operation
The buffer register and GTUDDTYC register are overwritten at the underflow (trough) in triangle-wave
PWM mode 3 (Figure 4.7).
(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.
(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).
(c) Output changes due to compare match with compare register.
(d) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).

GPTWO0.GTPR—0001 3880h. ] ) éng) (gd)(dc)l) )
X 0001 T C)p(C) - () d) ) (C) A
845725880 o007 1reon A S [ e ————— . M :

0001 OFEOh- A T T 1TTT TN~~~ ~~77

GTDVU(GTDVD)->0000 OFAOh-
0000 0000h

i
| i
|
X 0001 1F80h
| I
| T

GTCCRD 0001 1F80h>< 0001 26000 \ \ >
dlan
\ [Nl \ i ! i Ll L il \ (Ll
Temporary T 4 ¢ HH = - e —
; 0001 1F80n 0001 2C00h i i o i i 0001 1F80h
register A ik il ! i ik ! i i
T T T T T
H— ‘ o
t oy
GTCCRC 0001 1F80h 0001 2C00h \ X 0001 1F80n \ >
(H i ! !
T \ i | 1 11 1 1 \ [T
' ' R H H il '
GTCCRA >< 0001: 1:F80h >< 0001 2€00h ! i i ! i X 0001 1|::80h
dhi | kb
— T - — — : — —
GTOVU
) 0000 OFAOh
T ! o
= S
GTCCRB X 0001 OFEOh X 0001 1C80h | i H i | i >< 0001 OFEOh
N | i i | i ]
i
GTUDDTYC. s e X
00b 106 00b
i \@ o I 1)
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o i | i i | e o
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oTiocon Il R \ il i \\+ R M
b Y s ok
o p ‘ % % >y R 8%
T T
GTIocoB A i i 3%
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Figure 4.7 Sample Code Operation
(Near 0% Duty Cycle: 8% — 4% — 0% — 0% — 4% — 8%)
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o Near 100% duty cycle: 92% — 96% — 100% — 100% — 96% — 92%
e Operation
The buffer register and GTUDDTYC register are overwritten at the underflow (trough) in triangle-wave
PWM mode 3 (Figure 4.8).
(a) Setting value of OmDTY bits (11b or 10b) applied at underflow (trough), 0%/100% output start.
(b) Setting value of OmDTY bits (00b) applied at underflow (trough), 0%/100% duty cycle output canceled
(change to output control by compare match).
(c) Change point at GTDVU due to correction function, positive phase turns off.
(d) Compare match occurs, but output maintained according to setting value of OmDTY bits (11b or 10b).
(e) Due to cancelling of 0%/100% duty cycle output, output changes according to setting value of
GTUDDTYC.OmDTYR bit and GTIOR.GTIOm[3:2] bits.
(f) When OmDTY bit is set to 1b, correction function causes negative phase to become pulse with width
of 1 count clock cycle.
(g) Change point at GTDVU + 1 due to correction function, positive phase turns on.

GPTWO.GTPR-0001 3880h—|- — — — = = = = = — = = = = = = = = = e

=

srowsrovo- 4R
B B

GTCCRD 0000 1900h X ! 0000 0C80N {0 ié} M 0000 1800h W >
\ T T i fh v f
Tfegfs‘:;'/{ X H 0000 1900h X 0000 0C80h iii i % 0000 1900h H
T i iR I T
GTCCRC 00001900h% H 0000 0C80h L\m iii 0000 1900h ‘{\‘H >
i N i A L
GTCCRA >§ H 0000 1900h N 0000 0C80h ii} N 0000 1900h i
i i !
T T i o
GTCCRB >< H 0000 0960h }X 0 >< 1 >E< 0 X 1 X 0 >< 1 I)‘( 0 >< 1 % 0000 0960h
‘ / . ' : A
1;31 1:3 Hil i o
GTUDOTDY% 00b ;){ 11b \ iéi X 00b \ w i
b e i 1B
GTU%%TJTCY 00b x 10b \\ilii X 00b \ 13};
1" i) (
GTIOCOA I “}l *,. T% 114 {3 10T |
! 92% L 95% B 100% ‘{;; 100% SJ‘ 95% 'u 92% L
GTIOC0B | 97% ﬁ 100% 100% ;% 100% > 100% J 97% |r
Figure 4.8 Sample Code Operation
(Near 100% Duty Cycle: 92% — 96% — 100% — 100% — 96% — 92%
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4.2.3 Smart Configurator Settings

The sample code uses 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 4.4 Adding Components

Item Description
Component General PWM timer
Configuration name Config_GPTO

Operation

Triangle-wave PWM mode 3

Resource

GPTO

Components i i3

type filter text
¥ @ Startup
¥ & Generic
® r_bsp
¥ @ Drivers
¥ @& Timers
« Config_GPTO

©/ 3 ¥ Configure

~ Basic setting

Count setting

Clock source

Timer operation period
Period register value (GTPRO)
Buffer operation

Count direction

Counter initial value

O Input capture is operated at count stop

Compare match register and pin setting

GTCCRA GTCCRA input capture sources GTCCRB GTCCRB input capture sour

GTCCRA operation
Buffer operation

GTIOCOA pin function

GTIOCOA pin cutput duty
GTIOCOA pin negate control
Output at start/stop
Qutput at compare match

Qutput at cycle end

GTCCRC, GTCCRD, GTCCRE, GTCCRF setting

GTCCRC operation
GTCCRD operation
GTCCRE operation
GTCCRF operation

Count operation sources setting

Timeout clock frequency: 160 MHz

(PCLKC)

PCLKC /

~ | |160.000

ms

e

(MHz)

(Actual value: 1.000000]

1
80000

Single buffer operation

Carrier period: 1 ms

Up-counting N

Count direction: Up-counting

N

Counter initial value: 0

v | 73600

—~

Compare match
Double buffer operation

PWM output pin

GPTWO0.GTCCRA used for compare match
GPTWO0.GTCCRA initial setting value*'

PCLKC \
Determined by compare matches \

Disabled

GTIOCOA pin configured as PWM output pin
Output duty cycle set according to compare
match*’

Start output 0; stop output 0 \
Toggle output

Output is retained \
Output value set when duty cyc (-x

match

Low output at count start, low output at count stop
Toggle output at GPTWO0.GTCCRA compare

Output maintained at end of period

Buffer register for GTCCRA
Double buffer register for GTCCRA
Buffer register for GTCCRB
Double buffer register for GTCCRB

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

oftwale source count start

Software source count start enabled

GTETRGD signal edge selection

Disabled

Disabled

Disal
[C1ELCB event input
[JELCD event input
[J ELCF event input
[JELcH event input

[JELCA event input
] ELCC event input
[ ELCE event input
[JELCG event input

Qutput stop setting

Output stop group select

[ Enable dead time error output stop detection

Disabled

Group A

[ Enable simultanecus high output stop detection
[J Enable simultaneeus low output stop detection

Note: 1. The compare match register settings for the output duty cycle (8% or 92%) after count start are
configured by the R_Config GPTO_Create_Userlnit function.

Figure 4.9 GPTO Settings (1/3)
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- Advance setting

omatic dead time setting
Putomatically set GTCCRBO using GTCCRAD value and dead time

Automatic dead time setting enabled

4000 | [lenable buffer (sTDBY)
utomatically set the same value of GTDVU to GTDVD\

GTDVU setting value e butter(GTDED)

AlD conversion startred - St to same value as GTDVD
GTADTRA GTADTRB

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

100

Buffer operation is not performed

ransfer timin, i No transfer

A/D converter start request signal monitor setting

[[JEnable $12AD0 monitor  Monitor signal GTADTRA compare match during up-counting
[[J Enable $12AD1 monitor lonitor | GTADTRA compare match during up-counting
Interrupt setting

[] Enable GTCCRA input capture/compare match interrupt (GTCIAQ) Level 15 (highest)
[[] Enable GTCCRE input capture/compare match interrupt (GTCIBO) Level 15 highest)
[JEnable dead time error interrupt (GDTEQ) Level 15 (highest)
[[J Enable GTCNT overflow (GTPR compare match) interrupt (GTCIVO) Level 15 fhighest)
[] Enable GTCNT underflow interrupt (GTCILIO) Priority  Level 15 fhighest)

Interrupt and A/D converter start request skipping setting
GTCIVO/GTCIUD interrupt skipping function Skipping is not performed ~

Skip count of 1

TCIUO interrupt skipping function

0/GTCILO interrupt sk

verter start request w
Extended interrupt skipping setting
Extended interrupt skipping counter 1 count source  Skipping is not performed it
Skip count of 1
Extended interrupt skipping counter 2 count source  Skipping is not performed ¥
Skip count of 1
| skip cour Skip count of 1
kippin 1o No extended interrupt skipping
rrug r kipping function No extended interrupt skipping
rf T T kipping function No extended interrupt skipping
Tup ppi I No extended interrupt skipping
No extended interrupt skipping
No extended interrupt skipping
Extended buffer transfer skipping setting
buffer trar i kipping function No extended interrupt skipping
buffer transfer exten kipping function No extended interrupt skipping
ffer tra nd kipping functi No extended interrupt skipping
ransfer skippis u No extended interrupt skipping
kippin ictiorn No extended interrupt skipping
v tra ded skipy ior No extended interrupt skipping
) buffer transfer exten, skipping function No extended interrupt skipping
~ HRPWM setting
High Resolution PWM setting
[ Enable output high resolution PWM waveform
Enable operation of rising and falling edge adjustment circuit
N risi Ja 5 Apply delay of 0/32 times PCLKC period
allin ay sel Apply delay of 0/32 times PCLKC period
lay sel Apply delay of 0/32 times PCLKC period

Apply delay of 0/32 times PCLKC period

Overview Board Clocks System |Components Pins| Interrupts

Figure 4.10 GPTO Settings (2/3)
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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
Moise filte

GTIOCOB pin output duty

GTIOCOB pin negate control

Qutput at start/stop

Qutput at compare match

Output at cycle end

e 100

Compare match
Double buffer operation \

GPTWO0.GTCCRB used for compare match

PWM output pin
PCLKC

Determined by compare matches

GTIOCOB pin configured as PWM output pin

Disabled

w

Start output 1; stop output 1\
Toggle output

Output is retained \

Output value set when duty cycle

High output at count start, high output at count stop
Toggle output at GPTWO0.GTCCRB compare match
Output maintained at end of period

Figure 4.11 GPTO Settings (3/3)
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4.2.4 Flowcharts

Processing by the main function added after code generation by Smart Configurator is shown below.
Counting is started within the main function.

T e

v
Count start
R_Config_GPTO0_Start()

]

Figure 4.12 main Function

The user initialization function R_Config_ GPTO_Create_Userlnit runs before the main function and initializes
variables, sets the initial value for the buffer register, and configures settings for after 0%/100% duty cycle
output is canceled. Since the second compare match register value of the first period is set, a forced buffer
transfer occurs after the buffer register value is set and temporary register and compare register values are
set. This function is called by the R_Config_ GPTO_Create function.

The following variable, which us used by the sample code, is initialized.

s_duty_list_counter: Counter variable for reading from duty ratio list

C R_Config_GPTO_Create_Userlnit >

\ 4

Initialize variables

) 4

Set buffer registers GPFTW0.GTCCRC and
GPTWO0.GTCCRD to initial value

A 4

Forced buffer transfer

\ 4
Update buffer registers GPTWO0.GTCCRC and
GPTWO0.GTCCRD duty cycle

\ 4

Set masked compare match output value to the
output after 0%/100% duty cycle is released

!
( )

Figure 4.13 User Initialization Function
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The GTCIUO interrupt handler function changes the value of the buffer register and GTUDDTYC register
according to the next duty ratio setting.

C r_Config_GPTO_gtciu0_interrupt )

No

Next duty = 0%?

No

Next duty = 100%?

v

Set GPTWO0.GTUDDTYC to output duty Set GPTWO0.GTUDDTYC to output duty Set GPTW0.GTCCRC and
GTIOCOA pin: Low output GTIOCOA pin: High output GPTWO0.GTCCRC
GTIOCOB pin: High output GTIOCOB pin: Low output to duty by compare match

}

Update GPTW0.GTUDDTYC duty

A |

&
<

v

< return )

Figure 4.14 GTCIUO 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)

Automatic dead time setting is enabled in the sample code, and the value of the compare match register for
positive phase waveforms (GTCCRA) is used to update the value of the compare match register for negative
phase waveforms (GTCCRB).

The setting value of compare register GTCCRA must satisfy the following conditions.

GTCCRA > GTDVU
GTCCRA > GTDVD
GTCCRA < GTPR

The output protection function operates if GTCCRA is set to 0000 0000h or a value equal to or greater than
the GTPR setting value during count operation.

However, the function cannot operate normally if the following condition is not satisfied.
Value of GTCCRA is 0000 0001h or greater and less than GTPR setting value.

For details of the output protection function, refer to 24.8.4, Output Protection Function for GTIOCnm Pin
Output (n =0t0 9, m = A or B), in RX66T Group User's Manual: Hardware.

Also, if automatic dead time setting is disabled, GTCCRA (GTCCRB) must be set to a value of 0000 0001h
or greater and less than the GTPR register setting value. If set to 0000 0000h or the same value as the
GTPR register, a compare match occurs within the period only when the value of GTCCRA (GTCCRB) is
0000 0000h or GTCCRA (GTCCRB) is set to the same value as the GTPR register. If GTCCRA is set to a
value that exceeds the setting value of the GTPR register, no compare match occurs.

For details, refer to 1.4, Cautions when Using GPTW Output Protection Function, and 1.5, Dead Time Due to
GPTW 0%/100% Duty Cycle Switching Register, in the present document and to (1) When Automatic Dead
Time Setting Is Enabled in Triangle-Wave PWM Mode and (2) When Automatic Dead Time Setting Is
Disabled in Triangle-Wave PWM Mode, under 24.10.2, Settings of the GTCCRm Register during Compare
Match Operation (m = A to F), in RX66T Group User's Manual: Hardware.

4.2.5.2 100% Duty Cycle Output at Compare Match

It is not possible to generate 100% duty cycle output at compare match without changing the value of the
GTUDDTYC register. To generate 100% duty cycle output, 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 the settings used in the sample code, 100% duty cycle
output cannot be generated because output is generated for one clock cycle after a GTCNT counter overflow
occurs.

If the GTCCRA and GTCCRB registers are set to the same value as GTPR and GTCNT counter underflow
and a compare match occur at the same time, 100% duty cycle output cannot be generated because the
output settings applying to compare match occurrence take precedence and toggling occurs.

For details on waveform output when a GTCNT counter underflow and compare match occur at the same
time on the GPTW, refer to the notes accompanying Table 24.4 under 24.2.14, General PWM Timer I/O
Control Register (GTIOR) in RX66T Group User’s Manual: Hardware.

4.2.5.3 Compare Match Operation during 0% Duty Cycle and 100% Duty Cycle Output

In the sample code, output with 0% and 100% duty cycles is produced based on the setting value of the
GTUDDTYC.OADTY bits. Even when the duty cycle is set to either 0% or 100%, compare match operation
continues in the GPTW, and interrupt output and buffer transfer operation take place.

The sample code does not use compare match interrupts, so exercise caution if you need to use compare
match interrupts during 0% and 100% duty cycle output.
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4.2.5.4 Switching from 0% or 100% Duty Cycle

The output value at the end of a period in which a switch from an output duty cycle setting of 0% or 100% to
output generated by compare matches is determined by the values of the GTIOR.GTIOA[3:2] bits and the
GTUDDTYC.OADTYR bit.

The settings used in the sample code are listed below. Note that if the initial hardware value of the
GTUDDTYC.OADTYR bit is 0, the same operation as that of the sample code cannot be performed. The
same applies for the GTIOCOB pin.

GTIOR.GTIOA[3:2] = 00b: Output maintained at end of period.

GTUDDTYC.OADTYR = 1: After the 0% or 100% duty cycle setting is canceled, apply the function of the
GTIOA[3:2] bits to the previously masked compare match output value.

For details, refer to 24.3.6, Duty Cycle 0%/100% Output Function, in RX66T Group User’'s Manual:
Hardware.
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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 e2 studio using the following steps.

(The actual screen may vary according to the version of e2 studio you are using.)

PR workspace - C/C++ - & studio

Edit Source Refactor Navigate Search Project

Hew Alt+Shift+N > B8 import
Ppen File... . Select “
D (e Aegwee- . Create new projects from an archive file or directory. E = 5
Jose
gl Select an import wizard:
E 2 - type filter text
sess| Startthe e studio, and select & el -
sfzan | menu [Eile] >> [Import...]. T Arhiefile
Rbvert = %is\ing Projects into Workspace |\
4 File System T . L A
Move.. F HEW Project Select [Existing Projects into Workspace].
Rfname... F2 [C] Preferences
bfresh s (3 Projects from Folder or Archive
CGhnyert Line Delimiters To 5 pi £ Rename & Import Existing C/C++ Project into Workspace
a# Renesas CS+ Project for CATBKOR{CATEKD
Pnt.. Ctrl+P @ Renesas C5+ Project for CC-RX anfi CC-RL
= CfC+=
itch Workspace (= Code Generator
N re = Git
= Install
- PR g PSS 9
g Export.
Properties Alt+Enter Sl
Exit y
@ < Back Next > Einish Cancel
Import Projects E_f
Select a directory to search for existing Eclipse projects. 7
Select [Select root \.mwww* - [_mmwee. J|| Select [Select root directory:], and specify the
directory:]. O select archive file Browse... directory which stored the project to import.
Brojects: (e.g. an-rQ1ar]3956jj0100-r.xv2—dsp) _
r01an3956_mv2 (C¥download¥an-r01an3956]0100-ruv2-dsp¥rllar) Select All EaCh appl|Cat|0n nOte haS |tS own proleCt name.
Deselect All
< > Refresh
Options
[ "] Search for nested projects
] Hide projects that already exist in the workspace
‘Working sets
New
Select [Add project to e
working sets] when using
the working sets.
® < Back Next > Cancel

Figure 5.1 How to Import a Project into e? studio

RO1AN6539EJ0100 Rev.1.00 Page 182 of 185
Dec.16.22 RENESAS




RX Family

Example of Operation Near PWM 0% and 100% Duty Cycles

Using MTU3 or GPTW

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.)

File Edit View Project Build Debug Tool Window Help

(e PEE Y TR N = - & & MF Y
SREESE: 023 5

Project|Tree X |, ser

tasm@

Drop here to open the project
il mtpi).

Learn About CS+

\ule recommend reading the tutorial to find out what can be done in CSe.

Start the CS+, and select [Open

studio / CubeSuite / High-performance
Embedded Workshop / PM+ Project]

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

Recert Projects Favo
‘ Nothing Nott

Open Existing MCU Simulator Online/e? studio/CubeSuite/High-p
The project created with the MCU Simulator Online. the & studio. or the old ID

Support version:
CU Simulator Online

or Orline can be read.
) Build options and smulator options also 3 iween the projec:

e*studio

Open Sample Project
Many sample projects that can be built immediately are provided. After selecting
‘specify the destination folder o copy the selected sample project
RHB50 RL78  RX
H250_F1L_Tutonal_Analysis

Rl
GO ‘ RHB50_F 1L _Tutonal_Basic_Operation

Select a project (e.g. r01an3956_rxv2).
Each application note has its own project name.

>3

Existing MCU Simulator Online/e? @ Open Project

A [ ] « an-0lan3s... > r01an3956_nov2 v @ Searchrlan3 p
Organize * Mew folder = M @
an-r01an3956}j0100-nev2-dsp A Name - Date modit
r012n3956_rr2 settings
settings HardwareDebug
HardwareDebug sic
sre |_] r012n3956_nv2.rcpe
G4 Select a .rcpc file, and click
b Music the button [Open].
OneDrive
. v < >
) »f :
File name: ‘rOhnEQSSJvar(p( g Project File for €™ studio (".rcpc.

Open Fcel

Project Convert Setti=gs

You can convert y{lGTH Jo W £ T

st

several projects u]

.. @ De:Motion.
[ [ 7% 101an3956_nov2

\nhen you press 4
place as the selec]

[Notice]
[fyou open 2 High
each project.

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

Project settings
New microcontroller

icrocongroller RX -

Update.

| |Product Name RSF564MLCxFC
On-chip ROM size[KBytes] 4036
Onchip RAM size[Bytes] 524288
Addtional Iforation-Package=PLQPO176KB-A

B RSF564MLCxLI(100pin
# RSF564MLCxLK(145pin)
B R5FS52MLDXBG(176pin)
W R5F564MLDxFB(144pin)

Select [Empty Application(CC-RX)] in
[Kind of project:],
and specify [Project name:] and [Place:]

Kind of project Empty Application(CC-RX) v

Project name: r01an3856_ncv2

[ Create on a different place from the source project

Place: C:\Users\User 1\Documents\CS+ Projects\rDlan  [is] » Browse...

EA Copy all files in the folder of the source project to the destination place

[] Backup the project composition files after convergion

A 4

' oK ' 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)
(The latest version can be downloaded from the Renesas Electronics website.)

Technical Updates/Technical News
(The latest version can be downloaded from the Renesas Electronics website.)

User’s Manual: Development Environment
RX Family CC-RX Compiler User’'s Manual (R20UT3248)
(The latest version can be downloaded from the Renesas Electronics website.)

User’'s Manual: Development Environment
RX66T Group Renesas Starter Kit User's Manual (R20UT4150)
(The latest version can be downloaded from the Renesas Electronics website.)

Application Note
RX Family PWM Output Methods Using MTU3/GPTW (RO1AN5995)
(The latest version can be downloaded from the Renesas Electronics website.)
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the 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 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vin (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between ViL (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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(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

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

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
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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