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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of 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.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may 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.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, 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, please evaluate the safety of the final products or system
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. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be 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, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




1RENESAS APPLICATION NOTE

H8/300H Super Low Power Series
Hints on the Use of TPU PWM Mode

Introduction

This document describes the notes and hints on the use of the PWM mode of the on-chip 16-bit timer pulse unit (TPU).

Contents
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= ENESAS Hints on the Use of TPU PWM Mode

1. Notes and Hints on the Use of PWM Mode

11 Setting the Module Standby Function

The TPUCKSTP bit of the clock stop register 2 (CKSTPR2) can be used to enable or disable the TPU. The TPU is
enabled by default. When the module standby mode is canceled, the register can be accessed. Table 1 shows the
function assignment of the TPUCKSTP bit of the clock stop register 2 (CKSTPR2).

Table1 Clock Stop Register 2 (CKSTPR2)

Initial
Bit Bit Name Value R/W Description
6 TPUCKSTP 1 R/W TPU module standby

Enables or disables the TPU's module standby function.
0: Sets the TPU in the module standby state.
1: Cancels the TPU from the module standby state.

1.2 Restrictions on the Input Clock

The pulse width of the input clock needs to be 1.5 states or longer for single edge and 2.5 states or longer for
double-edge. The unit will not operate properly on narrower pulse width.

1.3 Notes on Setting the Period

When counter clearing on compare match is set, TCNT is cleared in the last state in which it matches the TGR value
(the point at wich the count value matched by TCNT is updated). Accordingly, the actual frequency of the counter is
expressed as follows:

f=@/(N+1)

f:  Counter frequency
@ Operating frequency
N: Value preset in TGR
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1.4 Contention between TCNT Write and Counter Clearing

If a counter clear signal occurs in the T2 state of a TCNT write cycle, the clearing of the TCNT takes priority and the
write to the TCNT is not performed.

Figure 1 shows a timing example of a contention between TCNT write and counter clearing.

TCNT write cycle

PLINLY

¢ J_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|_
Address XTCNT addressX

Write signal

Counter clear signal

TCNT N x H'0000

Clearing takes priority and write to TCNT is not performed.

Figure 1 Contention between TCNT Write and Counter Clearing

15 Contention between TCNT Write and Counting up

Even when a counting up condition occurs in the T2 state of a TCNT write cycle, the write to TCNT takes priority and
the counter is not performed.

Figure 2 shows a timing example of a contention between TCNT write and counting up.

TCNT write cycle
T1 T2
>

¢ J_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_L
Address XTCNT addressX

Write signal

TCNT input clock

TCNT N x M

Write (data: M) takes priority and TCNT counting up is not performed.

Figure 2 Contention between TCNT Write and Counting up
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1.6 Contention between TGR Write and Compare Match

Even if a compare match occurs in the T2 state of a TGR write cycle, the write to TGR takes priority and the compare
match signal is inhibited. No compare match will occur even if the same value is rewritten.

Figure 3 shows a timing example of a contention between TGR write and compare match.

TGR write cycle
T1 T2

¢ J_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|—|_|_
Address X TGR address X

Write signal

------- \ Compare match signal is inhibited.
4 9

Compare match signal

TCNT N X N+1

TGR N x M

TGR write (data: M) takes priority.

Figure 3  Contention between TGR Write and Compare Match

1.7 Contention between Overflow and Counter Clearing

If overflow and counter clearing occur at the same time, the TSR's TCFV flag is not set and the clearing of TCNT takes
priority.

Figure 4 shows a timing example in which the TGR is loaded with H'FFFF as the clearing source of the TGR compare

Uy L

TCNT input clock

TCNT H'FFFF X H'0000

Counter clear signal

TGF

TCNT clearing takes priority and )
TCFV  setting the TCFG flag is inhibited.

Figure 4 Contention between Overflow and Counter Clearing
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1.8 Contention between TCNT Write and Overflow

Even if a counting up occurs in the T2 state of a TCNT write cycle and an overflow occurs, the write cycle takes
priority and the TSR's TCFV flag is not set.

Figure 5 shows a timing example of a contention between TCNT write and overflow.

TCNT write cycle

T1 T2
< pie g
T T T
Address >< TCNT address X
Write signal
TCNT write data

' X

TCNT H'FFFF M

TCFV flag ,5

TCNT write (data: M) takes priority
and setting the TCFV flag is inhibited.

Figure5  Contention between TCNT Write and Overflow

1.9 Multiplexing Input/Output Pins

The TIOCA1 I/O is multiplexed with the TCLKA input, the TIOCB1 I/O with the TCLKB input, and the TIOCA2 I/O
with the TCLKC input. When an external clock is input, no compare match should be output from a multiplexed pin.

1.10 Interrupts in Module Standby Mode

If the module standby function is enabled when an interrupt request is requested, the CPU interrupt source cannot be
cleared with the interrupt request enabled. The interrupt should be disabled before enabling the module standby
function.
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1.11 0% Duty and 100% Duty Output Conditions

When the duty is changed in PWM mode by rewriting TGR, there are cases in which the duty cycle is set to 0% or
100% depending on the TCNT value when rewritten, the TGR value before rewritten, and the TGR value after
rewritten.

1111 When the Value of the Duty Register is Greater than that of the Period Register
Value

When the TGRA is set as the period register and the TGRB is set as the duty register in the PWM mode, a 0% duty is

output if the duty value in the TGRB is rewritten with a value greater than the period in the TGRA. However it is

presumed that the initial output at the TIOCA pin is 0, 0 is output on a TGRA compare match, 1 is output on a TGRB

compare match, and a clearing source of TCNT is a compare match.

Figure 6 shows an operation example in which the duty register and the period register have the same value.

Rewrite TGRB Rewrite TGRB Rewrite TGRB
TGRB (1) - TGRB (2) TGRB (2) > TGRB (1) TGRB (1) - TGRB (3)
TCNT
A
TGRB (2) [----------- () :
TGRA |[------=-=-== R s% IGRETEEEEELEEREL PR EE LS EEE e LSS, [ECnEEEEEERE
TGRB (1) f------= R R R 1 O -1
TGRB (3) [ -oom™mradrmmmmmmmmmmmmm oo e T &S SERCECEEEES B A
H'0000 } § . 3 i P Time
TIOCA |
0% dut
A < oy >l A A A

®)

) (1 (M (3) (1 @

(1) Compare match between TCNT and TGRA, clear TCNT, 0 output at TIOCA pin

(2) Compare match between TCNT and TGRB(1), 1 output at TIOCA pin (TGRB(1) < TGRA)
(3) Compare match between TCCNT and TGRB(1), 1 output at TIOCA pin (TGRB(1) < TGRA)
(4) Compare match between TCNT and TGRB(3), 1 output at TIOCA pin (TGRB(3) < TGRA)

(5)  No compare match between TCNT and TGRB(2), TIOCA pin fixed at 0 (TGRB(2) < TGRA)

Figure 6 Operation Example in which the Duty Register Value is Greater
than the Period Register Value
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1.11.2 When the Duty and Period Registers Have the Same Value

When the TGRA is set as the period register and the TGRB is set as the duty register in the PWM mode, a 100% duty is
output if the duty value in the TGRB is set to the equal period value in the TGRA. However it is presumed that the
initial output at the TIOCA pin is 0, 0 is output on a TGRA compare match, 1 is output on a TGRB compare match, and
the TCNT is cleared on a TGRA compare match.

Figure 7 shows an operation example in which the duty register and the period register have the same value.

Rewrite TGRB Rewrite TGRB Rewrite TGRB
TGRB (1) —> TGRB (2) TGRB (2) - TGRB (3) TGRB (3) —> TGRB (4)
TCNT
A
TGRA
TGRB(2)[ T @ """"""""" S > I
TGRB (4) [---nnmmmmmmton e (T U O T
TGRB (1) f--==--= < ! ;
TGRB (3) [ e emmmmmmmmeemce ] €0 T N -~
H'0000 ! ; , L ‘ P Time
TIOCA | :
: 0% dut
A > 2 > A A
(4)

@) (O M

(1) Compare match between TCNT and TGRA, clear TCNT, 0 output at TIOCA pin

(2) Compare match between TCNT and TGRB(1), 1 output at TIOCA pin (TGRB(1) < TGRA)

(3) Compare match between TCNT and TGRB(3), 1 output at TIOCA pin (TGRB(3) < TGRA)
(

(4) Compare match between TCNT and TGRB(2), TIOCA pin output remains unchanged
if compare match between TCNT and TGRA occurs at the same time.

Figure 7 Operation Example in which the Duty and Period Registers Have the Same Value
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1.11.3 When Duty Register Value Set to a Value Greater than Period Register Value after
Setting Duty Register and Period Register to the Same Value

When the TGRA is set as the period register and the TGRB is set as the duty register in the PWM mode, a 0% duty is

output after a 100% duty is output if the duty value in the TGRB is rewritten with a value that is greater than the period

in the TGRA after setting the duty value of the TGRB to the same value in the TGRA. However it is presumed that

initial output at the TIOCA pin is 0, 0 is output on a TGRA compare match, 1 is output on a TGRB compare match, and
the TCNT is cleared on a TGRA compare match.

Figure 8 shows an operation example in which the value of the duty register is set to a value greater than that of the
period register after setting the duty value of the duty register to the same value in the period register.

Rewrite TGRB Rewrite TGRB Rewrite TGRB
TGRB (1) - TGRB (2) TGRB (2) — TGRB (3) TGRB (3) —» TGRB (4)
TCNT
A
TGRB (3) |---r-=rr=mnsgromrmmmrmmnemnoaoa- (Do e :
TGRA f ]
TGRB(2) | s 5= R B T
TGRB (4) f---ommmmmedoe s T D
TGRB (1) f------— -
H'0000 ! } ! ‘ ! P Time
TIOCA |
A < 100% duty >t 0% duty >
(5) (6)

(2) 4) () ®)
(1) Compare match between TCNT and TGRA, clear TCNT, 0 output at TIOCA pin
(2) Compare match between TCNT and TGRB(1), 1 output at TIOCA pin (TGRB(1) < TGRA)
(3) Compare match between TCNT and TGRA, clear TCNT, 0 output at TIOCA pin unchanged

(4) Compare match between TCNT and TGRB(2), TIOCA pin output remains unchanged
if compare match between TCNT and TGRA occurs at the same time (1 output) (TGRB(2) = TGRA)

(5) No compare match between TCNT and TGRB(3), 1 output at TIOCA pin unchanged (TGRB(3) > TGRA)

(6) No compare match between TCNT and TGRB(3), 0 output at TIOCA pin unchanged (TGRB(3) > TGRA)

Figure 8 Operation Example in which Duty Register Value Set to a Value Greater than Period
Register Value after Setting Duty Register and Period Register to the Same Value
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1.11.4 Duty Register Value Set to a Value Smaller Than TCNT Value before Duty Register
Compare Match Occurs

When the TGRA is set as the period register and the TGRB is set as the duty register in the PWM mode, a 0% duty is

output if the duty value in the TGRB is set to a value smaller than the value in the TCNT before a compare match

occurs on the TGRB duty value. However, it is presumend that the initial output at the TIOCA pin is 0, 0 is output on a

TGRA compare match, 1 is output on a TGRB compare match, and the TCNT is cleared on a TGRA compare match.

Figure 9 shows an operation example in which the value of the duty register is set to a value smaller than the value in
the TCNT before a compare match occurs in the duty register.

Rewrite TGRB

TGORA b g
TGRB (1)
TGRB(2) |-t ) GEREEEEEEEEEEE LR SRS sEREELEEEE

H'0000 * ,‘ ‘ |

Lo Lo Time
TIOCA !
0% duty H A A
(5)

! !

@) (™1 @ @ 1M @

(1)  Compare match between TCNT and TGRA, clear TCNT, 0 output at TIOCA pin

(2) Compare match between TCNT and TGRA, clear TCNT, 0 output at TIOCA pin unchanged
(3) Compare match between TCNT and TGRB(1), 1 output at TIOCA pin (TGRB(1) < TGRA)
(4) Compare match between TCNT and TGRB(2), 1 output at TIOCA pin (TGRB(2) < TGRA)

(5) No match between TCNT and TGRB(2), 0 output at TIOCA pin unchanged (TGRB rewrite
occurs before TGRB(1) compare match occurs and when TGRB(2) < TCNT)

Figure 9 Operation Example in which Duty Register Value Set to a Value Smaller
than TCNT Value before Duty Register Compare Match Occurs
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2. Rewriting the Duty Register in PWM Mode

2.1 Avoiding 0% or 100% Duty Output when Rewriting the Duty Register

A 0% duty is output when the duty register is rewritten in PWM mode under the following cases:

e The rewrite value in the duty register is greater than the value in the period register (see 1.11.1).
* The duty register value is set to a value smaller than the value in the TCNT before a compare match occurs in the
duty register (see 1.11.4).

A 100% duty is output when the duty register is rewritten in PWM mode under the following case:

e The rewrite value in the duty register is equal to that in the period register (see 1.11.2).

To avoid the 0% or 100% duty waveform output when rewriting the duty register, set as follows:

* Duty register rewrite value < Period register value
» If a duty register compare match has not yet occurred:
Duty register rewrite value > Timer counter (TCNT) value

Since the timer counter (TCNT) continues counting when the duty register is written, however, it is necessary to take
into consideration the number of states required to execute the instructions for rewriting the duty register.

It must also be noted when rewriting the duty register that even when a compare match occurs in the T2 state of the
TGR write cycle, the TGR write takes priority and the compare match signal is inhibited (see section 1.6).

Figure 10 shows the timing example in which the duty register is written to avoid 0% and 100% duty outputs in PWM
mode (TGRB(2) < TGRB(1) < TGRA).

When TGRB(2) < TGRB(1) < TGRA

TCNT
TGRB(1) compare match period H4 TGRB(2) compare match period ”

TGRA [ 77 T g SoooSooooooooooooooooogooooos
TGRB (1) [~ f
TGRB (2) === o= R REREEE] EEEEEELS el EEEEEE

H0000 X P Time

> ) ey

TIOCA

TGRA s set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match.

The TIOCA pin is initialized to 0, set to 0 on a TGRT compare match, and to 1 on a TGRB compare match.

(1): Recommended timing to rewrite duty register when TGRB(2) < TGRB(1) < TGRA

(2): Time equivalent to the number of states of the instructions for rewriting the duty register

Figure 10  Timing for Rewriting Duty Register to Avoid 0% Duty and 100% Duty Outputs
in PWM Mode (TGRB(2) < TGRB(1) < TGRA)
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In figure 10, the period (2) denotes the time equivalent to the number of states of the instructions executed to rewrite

the duty register. It is calculated from the number of clocks input to the TCNT and the number of states of the
instructions taken to rewrite the duty register.

To avoid the generation of 0% or 100% duty PWM waveform output from the TIOCA pin while rewriting the duty
register when the duty register values are [TGRB(2) < TGRB(1) < TGRA], rewrite the duty register value within the
period that extends from the time a TGRB(1) compare match occurs till the time the TCNT countup value reaches the
value that has been rewritten in the duty register (TGRB(2)).

If a contention occurs between the duty register write and compare match, however, a PWM waveform with a duty
cycle of 0% is output because the compare match signal is inhibited.

If the duty register is written with the TRGB(2) value when the TCNT in the TGRB(2) compare match period has a
value close to the rewritten value of TGRB(2), the TCNT is likely to count up in an execution state, causing a 0% duty
PWM waveform to be output without a compare match signal being output.

To rewrite the duty register in such a situation in which the duty register values are [TGRB(2) < TGRB(1) < TGRA], it
is necessary to do so during the period from the generation of the TGRB(1) compare match till the generation of the
TGRB(2) compare match minus the period equivalent to the number of states taken to execute the instructions for
rewriting the duty register ((2) in figure 10), i.e., ((1) in figure 10).

Figure 11 shows the timing example in which the duty register is written to avoid 0% and 100% duty outputs in PWM
mode (TGRA > TGRB(2) > TGRB(1)).

When TGRA > TGRB(2) > TGRB(1)

TCNT
TGRB(1) compare match period >|< TGRB(2) compare match period >|
TGRA [
TGRB (2) |---------mmmmmmmmpmmeeees R GERREEEEE| EECEREE
TGRB (1) [---=-mmmmmmmooo A R EESEREEEEEEEE> ; i
H'0000 : : : : : =P Time
?‘m h @ RN |
TIOCA | :
(4)

TGRAis set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match.
The TIOCA pin is initialized to 0, set to 0 on a TGRA compare match, and to 1 on a TGRB compare match.

(1): Period from the time a TGRB(1) compare match occurs till the time the TCNT value reaches the
TGRB(2) value. It is likely that the second TRGB(2) compare match occurs during the compare
match period for TGRB(1).

(2): Recommended timing to rewrite duty register when TGRA > TGRB(2) > TGRB(1)
(3): Time equivalent to the number of states of the instructions for rewriting the duty register

(4): TGRB(2) compare match occured during the TGRB(1) period after rewriting the duty register
from TGRB(1) value to TGRB(2) value during period (1). The output at the TIOCA pin remains
unchanged, however.

Figure 11  Timing for Rewriting Duty Register to Avoid 0% Duty and 100% Duty Outputs
in PWM Mode (TGRA > TGRB(2) > TGRB(1))
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In figure 11, the period (3) denotes the time equivalent to the number of states of the instructions executed to rewrite

the duty register. It is calculated from the number of clocks input to the TCNT and the number of states of the
instructions taken to rewrite the duty register.

To avoid the generation of 0% or 100% duty PWM waveform output from the TIOCA pin while rewriting the duty
register when the duty register values are [TGRA > TGRB(2) > TGRB(1) ], rewrite the duty register value within the
period that extends from the time a TGRB(1) compare match occurs till the time the TCNT countup value reaches the
value (TGRB(1)) that has been established before the duty register is rewritten.

If a contention occurs between the duty register write and compare match, however, a PWM waveform with a duty
cycle of 0% is output because the compare match signal is inhibited.

If the duty register is written with the TRGB(2) value when the TCNT in the TGRB(2) compare match period has a
value close to the rewritten value of TGRB(1), the TCNT is likely to count up in an execution state, causing a TGRB(1)
compare match.

If the duty register is written with the TRGB(2) value during the period ((1) in figure 11) that extends from the time a
TGRB(1) compare match occurs during the TGRB(1) compare match period till the time the TCNT counts up to the
rewritten value of the duty register (TGRB(2)), the second compare match (TGRB(2) compare match, (4) in figure 11)
is likely to occur during the compare match period for TGRB(1). The output level of the TIOCA pin remains
unchanged, however.

To rewrite the duty register in such a situation in which the duty register values are [TGRA > TGRB(2) > TGRB(1)],
therefore, it is necessary to do so during the period from the time the TCNT in the TGRB(1) compare match period
exceeds the TGRB(2) value till the time the TCNT in the TGRB(2) compare match period reaches the old TGRB(1)
value minus the period equivalent to the number of states taken to execute the instructions for rewriting the duty
register ((3) in figure 11), i.e., ((2) in figure 11)).
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2.2 Timing for Rewriting the Duty Register in PWM Mode

This section discusses the following three timing patterns for rewriting the duty register to avoid the generation of 0%
and 100% duty outputs in PWM:

(1) Rewriting at the timing of a TGRB compare match
(2) Rewriting at the timing of a TGRA compare match
(3) Rewriting asynchronously with TPU operation

221 Rewriting at the Timing of a TGRB (Duty Register) Compare Match

Figures 12 and 13 illustrate the considerations to be given to when rewriting the duty register at the timing of a TGRB
duty register compare match.

TCNT

TGRB(1) compare match period TGRB(2) compare match period

TGRA [ oo ggeoes
TGRB (1) |[ro--eomoemmemrmemmscrmeeneee s

TGRB(2) [~ e
H'0000

Pattern (i): Rewrite time when (a) > TGRB1 —
TIOCA

Pattern (ii): Rewrite time when (a) < TGRB2
TIOCA

0% duty

TGRA: s set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match.
The TIOCA pin is initialized to 0, set to 0 on a TGRA compare match, and to 1 on a TGRB compare match.

(1) : TGRB(1) compare match during TGRB(1) period

(a) : Period from TGRB(1) compare match during TGRB(1) period till the time the TCNT in the TGRB(2)
period counts up to the rewritten TGRB(2) value

If the TGRB rewrite fails during the period from the generation of the TGRB(1) compare match till the TCNT
countup to the rewritten TGRB(2) value when the TGRB(1) value is close to the TGRA value and the TGRB(2)
value is close to H'0000, a PWM waveform output with a duty cycle of 0% will output as shown in pattern (ii).
The TGRB(2) compare match is inhibited and a PWM waveform output with a duty cycle of 0% is also
generated as shown in pattern (ii) when a contention occurs between the TGRB(2) write and TGRB(2) compare
match during the TGRB(2) compare match period.

Figure 12 Considerations to be Given to when Rewriting at the Timing
of a Duty Register (TGRB) Compare Match (1)
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TCNT

TGRA [r--m-=m=+-
TGRB (2) f-----=----

TGRB (1) f-----=---

H'0000

TGRB(1) compare match period TGRB(2) compare match period H

TIOCA

P Time

The TIOCA pin is initialized to 0, set to 0 on a TGRA compare match, and to 1 on a TGRB compare match.

[ TGRA: s set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match. J

(1) : TGRB(1) compare match during TGRB(1) period

(2) : TGRB(2) compare match during TGRB(2) period

(a) : Period from the TGRB(1) compare match during TGRB(1) period till the time the TCNT in the TGRTB(1)
period counts up to the rewritten TGRB(2) value

It is likely that a TGRB(2) compare match occurs during the TGRB(1) period if the TGRB(2) is written
(TGRA < TGRB(2) < TGRB(1)) after a TGRB(1) compare match occurs during the TGRB(1) compare
match period. The output at the TIOCA pin remains unchanged, however.

Figure 13

Considerations to be Given to when Rewriting at the Timing
of a Duty Register (TGRB) Compare Match (2)

The TGRB(2) compare match during the TGRB(1) period shown in figure 13 can be avoided by writing TGRB(2) after
monitoring the TCNT on the first TGRB(1) compare match and verifying the condition TCNT > TGRB(2).
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2.2.2 Rewriting at the Timing of a TGRA (Period Register) Compare Match

Figure 14 illustrates the considerations to be given to when rewriting the duty register at the timing of a TGRA period
register compare match.

TCNT

A< TGRB(1) compare match period TGRB(2) compare match period

LEC N 5= (H 5> Rk

TGRB (1) -5

TGRB (2) -2 mmnrmmmmnnne
H'0000

Pattern (i): Rewrite time when (a) > TGRB1

TIOCA J

TGRB

Pattern (ii): Rewrite time when (a'

IN

TIOCA

0% duty

t

(@)

JERN—

M

TGRAs set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match.
The TIOCA pin is initialized to 0, set to 0 on a TGRA compare match, and to 1 on a TGRB compare match.

(1) : TGRB(1) compare match during TGRB(1) period

(a) : Period from TGRB(1) compare match during TGRB(1) period till the time the TCNT in the TGRB(2) period
counts up to the rewritten TGRB(2) value

IIf the TGRB rewrite fails during the period from the generation of the TGRA(1) compare match till the TCNT
countup to the TCNT-rewritten TGRB(2) value when the TGRB(2) value is close to H'0000, a PWM waveform
output with a duty cycle of 0% will output as shown in pattern (ii).

The TGRB(2) compare match is inhibited and a PWM waveform output with a duty cycle of 0% is also generated
as shown in pattern (ii) when a contention occurs between the TGRB(2) write and TGRB(2) compare match during
the TGRB(2) compare match period.

Figure 14 Considerations to be Given to when Rewriting at the Timing
of a Period Register (TGRA) Compare Match
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2.2.3 When Rewriting Asynchronously with TPU

The considerations to be given to when rewriting the duty register at an arbitrary timing, asynchronously with TPU, are
explained below. When the duty register is rewritten, the PWM waveform output is likely to change at the timing
depending on the count value in the TCNT, the old value in the duty register (TGRB(1)), and the duty register value
established after the write (TGRB(2)).

(1) When TGRA > TGRB(2) > TGRB(1)

TCNT

A< TGRB(1) compare match period TGRB(2) compare match period

TGRA [~ 77 T oo Toooooooooooooooooooooooo g

TGRB (2) |-----mmmmmmmm o mmpe e o fe s

TGRB (1) f--mm=-—mmm===

H'0000

Write TGRB(2) during period (a)
TIOCA 5

Write TGRB(2) during period (b)

TIOCA

Q) ) ©) “) ()

TGRA: s set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match.
The TIOCA pin is initialized to 0, set to 0 on a TGRA compare match, and to 1 on a TGRB compare match.

(1) : TGRB(1) compare match during TGRB(1) period
(2) : TGRA compare match during TGRB(1) period
(3) : TGRB(1) compare match during TGRB(2) period
(4) : TGRB(2) compare match during TGRB(2) period
(5) : TGRA compare match during TGRB(2) period
(a)

: Period from TGRB(1) compare match during TGRB(1) period till the time TCNT in TGRB(2) period counts
up to TGRB(1) value

(b) : Period during which TCNT in TGRB(2) period counts from old TGRB(1) value up to rewritten TGRB(2) value

If TGRB(2) is written during the above shown period (b), the compare match on the old TGRB(1) value occurs
before the TGRB(2) compare match recurs. The TIOCA pin, however, is set to 1 on the preceding TGRB(1)
compare match and this state remains unchanged on the second TGRB(2) compare match.

Figure 15  When Rewriting Asynchronously with TPU Operation (TGRA > TGRB(2) > TGRB(1))
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(2) When TGRB(2) < TGRB(1) < TGRA

TCNT

TGRB(1) compare match period TGRB(2) compare match period

LT3N - M RRhh
TGRB (1) [rovmeomommmmmmmmm e oo

TGRB (2) -~

H'0000

—
()
—~

Write TGRB(2) during period (a)
TIOCA

Write TGRB(2) during period (b)

TIOCA

Write TGRB(2) during period (c)

TIOCA

) (2) (3) (4) ()

[ TGRA s set as the period register and TGRB as the duty register. TCNT is cleared on a TGRA compare match. J
The TIOCA pin is initialized to O, set to 0 on a TGRA compare match, and to 1 on a TGRB compare match.

(1) : TGRB(1) compare match during TGRB(1) period

(2) : TGRA compare match during TGRB(1) period

(3) : TGRB(2) compare match during TGRB(2) period

(4) : TGRB(1) compare match during TGRB(2) period

(5) : TGRA compare match during TGRB(2) period

(a) : Period from TGRB(1) compare match during TGRB(1) period till the time TCNT in TGRB(2) period counts up
to rewritten TGRB(2) value

(b) : Period during which TCNT in TGRB(2) period counts from rewritten TGRB(2) value up to old TGRB(2) value

(c) : Period during which TCNT in TGRB(2) period counts up from old TGRB(1) value till before the TGRA compare
match occurs

If TGRB(2) is rewritten during the above-shown period (b), no TGRB(2) compare match occurs

within the TGRB(2) period and the duty cycle of the PWM waveform output from the TIOCA pin is 0%.
To rewrite TGRB(2) during the above period (b) and avoid the generation of a 0% duty PWM waveform,
it is necessary to make the value of TGRB(2) greater than the value in the TCNT.

If TGRB(2) is rewritten during the above-shown period (c), the TGRB(1) compare match for the
preceding session occurs first and a PWM waveform with the same duty cycle as previous time
is output the TIOCA pin. The compare match for TGRB(2) occurs in the next period.

Figure 16  When Rewriting Asynchronously with TPU Operation (TGRB(2) < TGRB(1) < TGRA))
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas product, 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 applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.

© 2007. Renesas Technology Corp., All rights reserved.
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