1LENESAS Application Note
RX Family

Snooze Mode Usage Examples

Introduction

This application note describes snooze mode, one of the low power consumption modes of the RX Family,
describing its features, its effects in reducing power consumption, and examples of its use. In snooze mode
on the RX Family it is possible to perform some peripheral function operations while the CPU is halted.

This application note is provided with the following sample programs as examples.

e Reception operation in asynchronous mode on the serial communications interface (SCI)
e Periodic A/D conversion operation using the low-power timer (LPT) and 12-bit A/D converter (S12AD)

Target Device
RX140 Group
RX261 Group

When using this application note with other Renesas MCUs, careful evaluation is recommended after making
modifications to comply with the alternate MCU.
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1. Snooze Mode

1.1 Overview of Snooze Mode

Snooze mode enables peripheral functions to operate temporarily while the MCU is in software standby
mode. When a snooze mode transition condition occurs while in software standby mode, the oscillators and
on-chip oscillators that were operating before the transition to software standby mode are restarted, supply of
clock signals to the peripheral function is restarted once oscillation has stabilized, and the peripheral function
is made operable.

After peripheral function operation, a return to normal operation mode can be triggered by an interrupt when
peripheral function operation finishes, snooze mode status can be maintained, or a transition back to
software standby mode can take place when a snooze end condition occurs. When a transition back to
software standby mode occurs, operation by the oscillators, on-chip oscillators, and the peripheral function is
once again halted.

Since it is possible via snooze mode to operate peripheral functions while the CPU remains halted, lower
power consumption by the system can be achieved than would be the case with repeated transitions
between software standby mode and normal operation mode.

Normal operating mode

Occurrence of

. WAIT instruction
interrupt request

Software standby mode

Occurrence of snooze
transition condition

Occurrence of snooze
end condition

Snooze mode

Occurrence of
interrupt request

Figure 1.1 Snooze Mode State Transitions
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1.2 Features of Snooze Mode
Snooze mode offers the following features.

o Ability to operate peripheral functions temporarily while in software standby mode
It is possible to operate peripheral functions such as the 12-bit A/D converter (S12AD) and capacitive
touch sensing unit (CTSU) by using as a trigger the low-power timer (LPT), which can operate in software
standby mode. In addition, data reception via the serial communications interface (SCI) is supported.

o Ability to control whether: a return to normal operation mode occurs after peripheral function operation,
snooze mode is maintained, or a transition back to software standby mode take places (snooze end)
It is possible to reduce current consumption by the system overall by transitioning back to software
standby mode after peripheral function operation while the CPU remains halted.

o Ability to perform transfers using the data transfer controller (DTC) in conjunction with peripheral function
operation
It is possible by using the DTC to transfer data or overwrite I/O registers while the CPU is in the stopped
state.
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1.3 Transitioning to and Ending Snooze Mode

A transition to snooze mode takes place when a snooze transition condition occurs while in software standby
mode. Conversely, a transition from snooze mode back to software standby mode takes place when a

snooze end condition occurs.

Snooze transition conditions and snooze end conditions are selected in the snooze control register (SNZCR).
The SNZCR register is used to specify snooze transition conditions and snooze end conditions. Appropriate
settings must be configured to match the peripheral functions to be operated in snooze mode before
transitioning to software standby mode. In addition, it is necessary to set the SNZDTCE bit in the SNZCR
register in order to use the DTC in snooze mode. Settings must be configured for the peripheral functions to
be operated in snooze mode, the interrupt controller, etc., before transitioning to software standby mode. No
transition from software standby mode to snooze mode will occur if snooze mode transition conditions have
not been specified in the SNZCR register, even if an operation corresponding to a snooze transition
condition takes place, and the MCU will remain in software standby mode.

Table 1.1 lists the settings for snooze transition conditions and snooze end conditions.

Table 1.1 Snooze Transition Conditions and Snooze End Conditions (SNZCR Register)

Peripheral Function

Snooze Transition Condition
Settings

Snooze End Condition Settings

Serial communications
interface (SCI): channel 5

¢ No transition to snooze
mode
o RXDS5 falling edge detection

e Mismatch between received data and
comparison data register (CDR)*"

e Mismatch between received data and
comparison data register (CDR)*" or
DTC transfer*? of received data

Low-power timer (LPT)

¢ No transition to snooze
mode
e LPT compare match 1

e No occurrence of end condition
(snooze mode maintained)

e DTC transfer*? of LPT compare
match 1 source

12-bit A/D converter (S12AD)

¢ No transition to snooze
mode
e LPT compare match 1

¢ No occurrence of end condition
(snooze mode maintained)

e DTC transfer*? of A/D conversion end
source

Capacitive touch sensing unit
(CTSU)

¢ No transition to snooze
mode
e LPT compare match 1

¢ Snooze end request* from CTSU

Notes: 1.

The data match detection function must be enabled.

2. ltis necessary to use the DTC.
3. Snooze end requests are supported only on products equipped with the CTSU2SL and a ROM
capacity of at least 128 KB.

RO1AN5914EJ0120 Rev.1.20
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1.4 Cancelling Snooze Mode

Snooze mode is canceled by an external pin interrupt (NMI or IRQO to IRQ7), peripheral function interrupt
(RTC alarm, RTC periodic, IWDT, or voltage monitoring), pin reset, power-on reset, voltage monitoring reset,
independent watchdog timer reset, or snooze mode release interrupt.

The snooze mode release interrupt is a dedicated interrupt for cancelling snooze mode that causes a return
from snooze mode to normal operation mode. Snooze mode release interrupt sources are selected in
snooze control register 2 (SNZCR2). When a source specified in the SNZCR2 register occurs, a snooze
mode release interrupt (SNZI) is generated and snooze mode is canceled.

Table 1.2 lists items that can be specified as snooze mode release interrupt sources.

Table 1.2 Snooze Mode Release Interrupt Sources (SNZCR2 Register)

Peripheral Function Snooze Mode Release Interrupt Sources Settings
Serial communications ¢ No source selected
interface (SCI): channel 5 e SCI5 receive error interrupt

o SCI5 receive data full interrupt
e DTC transfer end event*' due to SCI5 receive data full

Low-power timer (LPT) ¢ No source selected
e LPT compare match 1 interrupt
e DTC transfer end event*' due to LPT compare match 1

12-bit A/D converter (S12AD) | ¢ No source selected
e A/D conversion end interrupt
e DTC transfer end event*' due to A/D conversion end interrupt

Capacitive touch sensing unit | ¢ No source selected
(CTSU) e Measurement end interrupt

Note: 1. To generate a snooze mode release interrupt after a specified number of transfers has completed,
clear the DTC’s MRB.DISEL bit to 0 (an interrupt request to the CPU is generated on completion of
the specified number of data transfers).

To use the snooze mode release interrupt, it is necessary to enable interrupts for the peripheral function
selected as the source and to enable the snooze mode release interrupt (SNZI) in the interrupt controller.

Table 1.3 Snooze Mode Release Interrupt (SNZI)

Detection
Name | Interrupt Source Vector No. | Method IER IPR DTC
SNZ| Source selected in SNZCR2 | 81 Edge IEROA.IEN1 | IPR081 | Not
register activatable

Note that in addition to the snooze mode release interrupt the interrupt source selected by the SNZCR2
register setting generates the interrupt selected as the source after the return to normal operation mode. If
the selected peripheral function interrupt is only to be used to cancel snooze mode and for no other purpose,
it can be disabled by setting its interrupt priority level to 0 (in the IPR register).

In addition, the snooze mode release interrupt is active in modes other than snooze mode. A snooze mode
release interrupt will also be generated whenever an interrupt request selected in the SNZCR2 register
occurs. To prevent generation of snooze mode release interrupts when not in snooze mode, disable the
sources selected in the SNZCR2 register after returning to normal operation mode.
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1.5 Peripheral Function Operation in Snooze Mode

In snooze mode supply of clock signals to specified peripheral functions resumes, allowing operation of
peripheral functions that were halted in software standby mode. However, a trigger is required to start
peripheral function operation because the transition occurs while the CPU remains stopped.

The peripheral functions that can be selected as snooze transition conditions are the low-power timer (LPT)
and serial communications interface (SCI), as described in 1.3, Transitioning to and Ending Snooze Mode.
These two peripheral functions are used as triggers for transitioning to snooze mode and activating
peripheral functions.

However, for peripheral functions other than S12AD and CTSU it is not possible to specify settings such as a
snooze end condition for transitioning back to software standby mode or a snooze mode release interrupt
source. After transitioning to snooze mode it is necessary to use a suitable alternative interrupt source to
return from snooze mode to normal operation mode.

/

~
Compare match 1 event‘ 12-bit A/D converter

(S12AD)

Low-power timer
(LPT)

v

N

>

Event link controller

) (ELC) _| Capacitive touch sensin
Serial communications Receive event R " unit (CTSU)
interface (SCI) e
.
N D/A converter
Peripheral functions capable of g (DA)
transitioning to snooze mode
. (snooze transition conditions)  /
Timers

v

(MTU2, TMR, CMT)
Data transfer controller

(DTC)

I/O ports (port B)

A 4

YRS

DTC can be started by peripheral functions.

N AN N AN AN/

Figure 1.2 Peripheral Function Operation in Snooze Mode

Peripheral functions that can be used as snooze mode transition conditions

e Serial communications interface (SCI)

[Snooze transition condition] RXD5 falling edge detection
o Low-power timer (LPT)

[Snooze transition condition] LPT compare match 1

Peripheral functions that can be started via the event link controller (ELC)

e 12-bit A/D converter (S12AD)

e Capacitive touch sensing unit (CTSU)

e D/A converter (DA)

o Multi-function timer pulse unit 2 (MTU2)
e 8-bit timer (TMR)

e Compare match timer (CMT)

e |/O ports (port B only)

For operation when event signals are input, refer to Event Link Controller chapter, in each RX Family User’s
Manual: Hardware.
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1.6 Examples of Operation Using Snooze Mode

1.6.1 Serial Communications Interface (SCI) Operation Examples

Data can be received in asynchronous mode on channel 5 of the SCI. When a falling edge is detected on
RXD5 while in software standby mode, a transition to snooze mode takes place. Following the transition to
snooze mode, reception operation starts after the oscillation stabilization time elapses. The operation after
reception completes is specified by the settings in the SNZCR register and SNZCR2 register.

Table 1.4 lists the SCI usage conditions in snooze mode.

Table 1.4 SCI Usage Conditions in Snooze Mode

Item Condition
Usable channel Channel 5
Serial communication mode Asynchronous
Transfer speed*’ RX140

e System clock (HOCO) frequency is 48 MHz: Up to approx. 92 kbps
e System clock (HOCO) frequency is 32 MHz: Up to approx. 89 kbps
e System clock (HOCO) frequency is 24 MHz: Up to approx. 87 kbps

RX261

e System clock
e System clock
e System clock
e System clock

HOCO) frequency is 64 MHz: Up to approx. 83 kbps
HOCO) frequency is 48 MHz: Up to approx. 83 kbps
HOCO) frequency is 32 MHz: Up to approx. 81 kbps
HOCO) frequency is 24 MHz: Up to approx. 80 kbps

—_~ o~ o~ o~

Clock source HOCO
Other clocks LOCO, PLL, and main clock stopped
Other peripheral functions Use of CAC prohibited (Should be set to module stop state.)

Note: 1. The data sampling timing is extended to accommodate the transition to snooze mode and the need
for the oscillation stabilization time to elapse before reception operation starts. Therefore, the
transfer speed is limited.

When using FIT modules, it is necessary to careful when changing the system clock source and operating
frequency. If the clock source and operating frequency are changed while operation is in progress, normal
operation may not be possible if each module is unable to accommodate the change in the operating
frequency.

Therefore, when operating the SCI in snooze mode, either use the HOCO as the clock source from the start
or, when switching to the HOCO as the clock source, ensure that the system operating frequency remains
the same as before the switch.

For details of the SCI, refer to Serial Communications Interface chapter, in each RX Family User's Manual:
Hardware.

Sections 1.6.1.1, Operation Example 1, to 1.6.1.3, Operation Example 3, describe examples of SCI operation
in snooze mode.
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1.6.1.1 Operation Example 1
(Snooze Mode Cancellation by Receive Data Full or Receive Error)

After SCI reception is enabled, a WAIT instruction is issued and a transition to software standby mode takes
place. When a falling edge is detected on RXD5, a transition to snooze mode takes place and data reception
is performed. After data reception finishes, a snooze mode release interrupt with a receive data full interrupt

or receive error interrupt as the source triggers a return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt and a receive data full interrupt

or receive error interrupt are generated.

Operating mode

Normal operation

WAIT instruction issued

Software standby
mode

Snooze mode

b Transition to snooze mode

WAIT instruction issued

Software standby

e Snooze mode

Normal operation Normal operation

4 Snooze mode cancellation b Transition to snooze mode Snooze mode cancellation

RXD5 pin input

RXD?5 falling edge
detection (snooze
transition condition)

RXDS5 falling edge detection

T DATA

| P |SF’| | B | DATA

|p|sp|

RXDS5 falling edge detection l

Receive data full
(snooze cancellation
condition)

Receive data full

Receive error
(snooze cancellation
condition)

Receive error

Snooze mode
release interrupt
(receive data full or

receive error)

Snooze mode release interrupt and
receive data full interrupt generation

| |

Snooze mode release interrupt and
receive error interrupt generation

Figure 1.3 SCI Operation Example 1
(Snooze Mode Cancellation by Receive Data Full or Receive Error)

Table 1.5 SCI Operation Example 1 Setting Values

Setting

Register Bit Value Description

SNZCR SCISNZSEL 10b When a falling edge is detected on RXD5, a transition to
snooze mode takes place, and a return to software
standby mode occurs if the received data does not match
the SCI5.CDR register value.

SNZCR2 SCIERE 1b Selects the SCI5 receive error interrupt as the source for
the snooze mode release interrupt.

SCIRXE[1:0] 01b Selects the SCI5 receive data full interrupt as the source

for the snooze mode release interrupt.

IEROA IEN1 1b SNZI interrupt requests enabled.

IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt

RO1AN5914EJ0120 Rev.1.20
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1.6.1.2 Operation Example 2
(Snooze Mode End by Data Mismatch and Snooze Mode Cancellation by Receive
Data Full)

This operation example requires that the SCI's data match detection function be enabled.

After SCI reception is enabled, a WAIT instruction is issued and a transition to software standby mode takes
place. When a falling edge is detected on RXD5, a transition to snooze mode takes place and data reception
is performed. After data reception finishes, a data comparison is performed using the data match detection
function of the SCI. If the comparison result is “mismatch,” a transition to software standby mode takes place.
If the comparison result is “match,” a snooze mode release interrupt with a receive data full interrupt as the
source triggers a return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt and a receive data full interrupt
are generated.

WAIT instruction issued

Software standby

mode Snooze mode

Operating mode Normal operation Snooze mode Software standby mode Normal operation

RXD5 pin input

RXD5 falling edge
detection (snooze
transition condition)
SCI5 data mismatch
(snooze end
condition)

Receive data full

(snooze cancellation

condition)

Snooze mode
release interrupt
(receive data full or
receive error)

4
Transition to snooze mode

4
Snooze mode end

A
Transition to snooze mode

Snooze mode cancellation

RXDS5 falling edge detection

T DATA (mismatch) | P |sp| | Ei |

DATA (match) | P |SP|

RXDS falling edge detection l

Receive data mismatch v |

4
Receive data full |—

!

Snooze mode release interrupt and
receive data full interrupt generation

Figure 1.4 SCI Operation Example 2
(Snooze Mode End by Data Mismatch and Snooze Mode Cancellation by Receive Data Full)

Table 1.6 SCI Operation Example 2 Setting Values

Setting

Register Bit Value Description

SNZCR SCISNZSEL 10b When a falling edge is detected on RXD5, a transition to
snooze mode takes place, and a return to software
standby mode occurs if the received data does not match
the SCI5.CDR register value.

SNZCR2 SCIERE Ob SCI5 receive error not selected as condition for snooze
mode release interrupt.

SCIRXE[1:0] 01b Selects the SCI5 receive data full interrupt as the source

for the snooze mode release interrupt.

IEROA IEN1 1b SNZI interrupt requests enabled.

IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt
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1.6.1.3 Operation Example 3
(Snooze Mode End by DTC Transfer End and Snooze Mode Cancellation by
DTC Transfer End Interrupt)

After SCI reception is enabled, a WAIT instruction is issued and a transition to software standby mode takes
place. When a falling edge is detected on RXD5, a transition to snooze mode takes place and data reception
is performed. After data reception finishes, a DTC transfer takes place according to the transfer settings, and
a transition to software standby mode occurs after the transfer ends. After the final data is transferred, a
snooze mode release interrupt with a DTC transfer end event at receive data full as the source triggers a
return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt and a receive data full interrupt

are generated.

WAIT instruction issued

Normal
operation

Software standby

Operating mode mode

Transition to snooze mode

Snooze mode

Software standby
mode

Software standby

mode Snooze mode

Snooze mode Normal operation
Snooze mode
cancellation

4 - ™
Snooze mode end | Transition to snooze mode Snooze mode end | Transition to snooze mode

RXD5 pin input

RXDS falling edge detecti
RXDS falling edge aling edge detection |

detection (snooze |_|

P|sP]

RXD5lfal

DATA1 P|SP|

LT DATA1 P SF'| S|

RXD5|falling edge detection l

I

ing edge detection l

transition condition)

Receive data full
(DTC transfer source)

Receive data full

Receive data full Receive data full

DTC transfer end:
transfer count not reached
(snooze end condition)

DTC transfer {1+

|

DTC transfer |—

DTC transfer end:
last transfer (snooze
cancellation condition)

DTC transfer

Snooze mode
release interrupt
(DTC transfer end)

Figure 1.5

-
- —

Snooze mode release interrupt and
receive data full interrupt generation

SCI Operation Example 3

(Snooze Mode End by DTC Transfer End and Snooze Mode Cancellation by DTC Transfer End

Interrupt)

Table 1.7 SCI Operation Example 3 Setting Values

Setting
Register Bit Value Description
SNZCR SCISNZSEL 11b When a falling edge is detected on RXD5, a transition to
snooze mode takes place, and a return to software
standby mode occurs if the received data does not match
the SCI5.CDR register value or after DTC transfer of the
received data finishes.
SNZDTCE 1b DTC transfers enabled in snooze mode.
SNZCR2 SCIERE Ob SCI5 receive error not selected as condition for snooze
mode release interrupt.
SCIRXE[1:0] 1xb Selects a DTC transfer end event at SCI5 receive data
full as the source for the snooze mode release interrupt.
IEROA IEN1 1b SNZI interrupt requests enabled.
IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt
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1.6.2 12-Bit A/D Converter (S12AD) Operation Examples

Periodic A/D conversion operation can be implemented by using the LPT and ELC in combination. LPT
compare match 1 can be used as the trigger for transitioning to snooze mode, and A/D conversion can be
started on the S12AD via the ELC.

Table 1.8 lists the S12AD usage conditions in snooze mode.

Table 1.8 S12AD Usage Conditions in Snooze Mode

Item Condition

Operating mode Single scan mode

Conversion target Analog input (conversion of temperature sensor or internal reference
voltage prohibited)

For details of the LPT, ELC, and S12AD, refer to Event Link Controller chapter, Low-Power Timer chapter,
and 12-Bit A/D Converter chapter, in each RX Family User's Manual: Hardware.

Sections 1.6.2.1, Operation Example 1, and 1.6.2.2, Operation Example 2, describe examples of S12AD
operation in snooze mode.
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1.6.2.1 Operation Example 1 (Snooze Mode Cancellation by A/D Conversion End)

After count operation starts on the LPT, a WAIT instruction is issued and a transition to software standby
mode takes place. When an LPT compare match 1 occurs, a transition to snooze mode takes place and A/D
conversion starts via the ELC. After A/D conversion ends, a snooze mode release interrupt with a scan end
interrupt as the source triggers a return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt and a scan end interrupt are
generated.

WAIT instruction issued WAIT instruction issued

Software standby
mode

Software standby

Operating mode Normal operation et

Snooze mode Normal operation Snooze mode Normal operation
Transition to Snooze mode cancellation Transition to Snooze mode cancellation
LPCPRD snooze mode, sngoze made

LPT counter

LPCMRY =+ s vrermeoese s

LPT compare match 1 Compare match 1 l Compare match 1 l
(snooze transition
condition)

A/ID copversmn start A/D conversion start A/D conversion start
(event input from ELC)

A/D conversion end
(snooze cancellation

A/D conversion end A/D conversion end

condition)
Snooze mode f J,
release interrupt "|
(A/D conversion end)
Snooze mode release interrupt and Snooze mode release interrupt and
scan end interrupt generation scan end interrupt generation

Figure 1.6 S12AD Operation Example 1 (Snooze Mode Cancellation by A/D Conversion End)

Table 1.9 S12AD Operation Example 1 Setting Values

Setting
Register Bit Value Description
SNZCR ADCSNZSEL 10b Transition to snooze mode at LPT compare match 1, and
[1:0] no return to software standby mode.
SNZCR2 ADE[1:0] 01b Selects the S12AD conversion end interrupt as the
source for the snooze mode release interrupt.
IEROA IEN1 1b SNZI interrupt requests enabled.
IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt
RO1AN5914EJ0120 Rev.1.20 Page 15 of 72
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1.6.2.2 Operation Example 2
(Snooze Mode End by DTC Transfer End and Snooze Mode Cancellation by DTC
Transfer End Interrupt)

After count operation starts on the LPT, a WAIT instruction is issued and a transition to software standby
mode takes place. When an LPT compare match 1 occurs, a transition to snooze mode takes place and A/D
conversion starts via the ELC. After A/D conversion ends, a DTC transfer takes place according to the
transfer settings, and a transition to software standby mode occurs after the transfer ends. After the final data
is transferred, a snooze mode release interrupt with a DTC transfer end event at scan end as the source
triggers a return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt and a scan end interrupt are
generated.

WAIT instruction issued

Software standby

Operating mode Normal operation mode Snooze mode Software standby mode Snooze mode Software standby mode Snooze mode Normal operation
} Transition to snooze 4 Snooze mode end Transition to snooze Snooze mode end Transition to snooze Snooze mode cancellation

LPCPRD + + « v v v eeeeeennn

LPT counter
LPCMRT « + v veeeee e e e e

Compare match 1 Compare match 1 Compare match 1

LPT compare match 1

(snooze transition |_ |' |—
condition)
A/D conversion start AD ion start \| AD ion start \ \

AID conversion end _| AID conversion end AID conversionend |

(event input from ELC)

A/D conversion end
(DTC transfer source)
DTC transfer end: b
transfer count not reached DTC transfer DTC transfer
(snooze end condition)
DTC transfer end:

vy
last transfer (snooze DTC transfer
cancellation condition)

Snooze mode l
release interrupt
(DTC transfer end)

!

Snooze mode release interrupt and
scan end interrupt generation

Figure 1.7 S12AD Operation Example 2
(Snooze Mode End by DTC Transfer End and Snooze Mode Cancellation by DTC Transfer End
Interrupt)

Table 1.10 S12AD Operation Example 2 Setting Values

Setting
Register Bit Value Description
SNZCR ADCSNZSEL 11b Transition to snooze mode at LPT compare match 1, and
[1:0] return to software standby mode after one DTC transfer
ends with A/D conversion end as the source.
SNZDTCE 1b DTC transfers enabled in snooze mode.
SNZCR2 ADE[1:0] 1xb Selects a DTC transfer end event at S12AD conversion
as the source for the snooze mode release interrupt.
IEROA IEN1 1b SNZI interrupt requests enabled.
IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt
RO1AN5914EJ0120 Rev.1.20 Page 16 of 72
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1.6.3 Capacitive Touch Sensing Unit (CTSU) Operation Example

Periodic measurement operation can be implemented by using the LPT and ELC in combination. LPT
compare match 1 can be used as the trigger for transitioning to snooze mode, and measurement operation
can be started on the CTSU via the ELC. Note that generation of snooze end conditions is supported only on
products equipped with a capacitive touch sensing unit (CTSU2SL) with automatic judgment function and a
ROM capacity of at least 128 KB. On products equipped with the CTSUZ2L it is not possible to use a snooze
end condition to trigger transition to software standby mode.

Table 1.11 lists the CTSU usage conditions in snooze mode.

Table 1.11 CTSU Usage Conditions in Snooze Mode

Item Condition
Snooze end condition generation Product with CTSU2SL and ROM capacity of at least 128 KB

For details of the LPT, ELC, and CTSU, refer to Event Link Controller chapter, Low-Power Timer chapter,
and Capacitive Touch Sensing Unit chapter, in each RX Family User’s Manual: Hardware.

Section 1.6.3.1 describes an example of CTSU operation in snooze mode.
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1.6.3.1 Operation Example (Snooze Mode Cancellation by Measurement End)
This operation example applies to the CTSU2SL, which can generate snooze end conditions.

After count operation starts on the LPT, a WAIT instruction is issued and a transition to software standby
mode takes place. When an LPT compare match 1 occurs, a transition to snooze mode takes place and
measurement operation starts via the ELC. After measurement ends on one channel, a DTC transfer takes
place according to the transfer settings, and a transition to software standby mode occurs after the transfer
ends. After measurement finishes on all channels and the final data is transferred, a snooze mode release
interrupt with a measurement end interrupt as the source triggers a return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt, setting register write request
interrupt, measurement data transfer request interrupt, and measurement end interrupt are generated.

WAIT instruction issued

Operating mode Normal operation ~ S°™arestandby  gnooze mode  Softwarestandbymode  Snooze mode  Software standbymode  Snooze mode  Normal operation

Transition to snooze 4 Transition to snooze 4 A Transition to snooze

Snooze mode end Snooze mode end Snooze mode cancellation

LPCPRD

LPT counter

LPCMR1

Compare match 1 Compare match 1 Compare match 1

LPT compare match 1

(snooze transition |_| |_

condition)

Setting register write CTSU measurement start \ CTSU measurement start \ CTSU measurement start \

request interrupt | | | | | | | | | | | |
(DTC transfer source)

Measurement data DTC transfer DTC transfer DTC transfer

transfer request interrupt
(DTC transfer source) | | | | | | | | | | | |

CTSU snooze end
request

(snooze end condition) |_ |_
Snooze mode release

interrupt (CTSU
measurement end)

-«
-«

Snooze mode release interrupt,
setting register write request interrupt,
measurement data transfer request interrupt,
and measurement end interrupt generation

Figure 1.8 CTSU Operation Example (Snooze Mode Cancellation by Measurement End)

Table 1.12 Operation Example Setting Values

Setting
Register Bit Value Description
SNZCR CTSUSNZSEL | 10b Transition to snooze mode at LPT compare match 1, and
[1:0] return to software standby mode at snooze end request
from CTSU.
SNZDTCE 1b DTC transfers enabled in snooze mode.
SNZCR2 CTSUFNE 01b Selects the CTSU measurement end interrupt as the
[1:0] source for the snooze mode release interrupt.
IEROA IEN1 1b SNZI interrupt requests enabled.
IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt
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1.6.4 Low-Power Timer (LPT) Operation Example

LPT compare match 1 can be used as the trigger for transitioning to snooze mode, and a peripheral function
set as an ELC event link target can be operated via the ELC. (For details of the S12AD and CTSU, refer to
1.6.2, 12-Bit A/D Converter (S12AD) Operation Examples, and 1.6.3, Capacitive Touch Sensing Unit (CTSU)
Operation Example.)

For details of the LPT and ELC, refer to Low-Power Timer chapter, and Event Link Controller chapter, in
each RX Family User's Manual: Hardware.

Section 1.6.4.1 describes an example of LPT operation in snooze mode.

1.6.4.1 Operation Example 1
(PWM Waveform Output, Shooze Mode End at DTC Transfer End, and Snooze Mode
Cancellation by DTC Transfer End Interrupt)

In this operation example PWM waveforms are output, and the duty ratio of the waveforms is modified by
overwriting low-power timer compare register 0 (LPCMRO) using DTC transfers while in snooze mode.

After count operation starts on the LPT, a WAIT instruction is issued and a transition to software standby
mode takes place. When an LPT compare match 0 occurs, the output on the LPTO pin changes. After the
output on the LPTO pin changes and a transition to snooze mode takes place when an LPT compare match
1 occurs, a DTC transfer takes place according to the transfer settings, and the LPCMRO register is
overwritten. A transition to software standby mode occurs after the transfer ends. After the final data is
transferred, a snooze mode release interrupt with a DTC transfer end event at compare match 1 as the
source triggers a return to normal operation mode.

After the return to normal operation mode, a snooze mode release interrupt and compare match 1 interrupt
are generated.

WAIT instruction issued

Snooze Snooze Snooze Snooze
mode mode mode mode

Operating mode Normal operation Software standby mode Software standby mode Software standby mode Software standby mode Normal operation
Transition to snooze mode 4 4 Snooze mode end b T Snooze mode cancellation
LPCPRD/LPCMR1  « v v eveveieanegebonoenaoi oo SRk

LPTcounter e T)

LPCMRO

/ ........ L./ L

A
LPT compare match 1 l l l l l
(snooze transition condition Compare match 1 Compare match 1 Compare match 1 Compare match 1 Compare match 1
and DTC transfer source) |_| |_| |_| |_|
Compare match 0 ompare match 0 Compare match 0 | Compafe match 0 Compare matg¢h 0. Compare match 0
LPTO pin
(LPT PWM output) |_| | |
DTC transfer end:
transfer count not reached
(snooze end condition)
DTC transfer source P — o —
ata ata ata ata
—_ > >
data example (transfer (0x0300) (0x0400) (0x0200) (0x0100)

source: incremented)

DTC transfer\‘ DTC transfe\ DTC lransfe\ DTC transfer
oy
LPCMRO register
X 0x0300 X 0x0400 X 0x0200 X 0x0100

(transfer destination: fixed) 0x0100

DTC transfer end: l
last transfer (snooze
cancellation condition)

Snooze mode l
release interrupt
(DTC transfer end)

Snooze mode release interrupt and
compare match 1 interrupt generation

Figure 1.9 LPT Operation Example 1
(Snooze Mode End at DTC Transfer End and Snooze Mode Cancellation by DTC Transfer End
Interrupt)
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Table 1.13 LPT Operation Example 1 Setting Values

Setting
Register Bit Value Description
SNZCR LPTSNZSEL 11b Transition to snooze mode at LPT compare match 1, and
[1:0] return to software standby mode after one DTC transfer
ends at LPT compare match 1 as the source.
SNZDTCE 1b DTC transfers enabled in snooze mode.
SNZCR2 LPTCM1E 1xb Selects a DTC transfer end event at LPT compare match
[1:0] 1 as the source for the snooze mode release interrupt.
IEROA IEN1 1b SNZI interrupt requests enabled.
IPRO81 IPR[3:0] Other than 0 | Priority level of SNZI interrupt
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1.7 Snooze Mode Usage Notes

1.71

Duration of Transition from Software Standby Mode to Snooze Mode

When a snooze mode transition condition occurs, the oscillators and on-chip oscillators that were operating
before the transition to software standby mode are restarted, and the peripheral function starts operating
once oscillation has stabilized. Therefore, it is necessary to consider the duration of the transition from
software standby mode to snooze mode when designing software.

For details of the duration of the transition to snooze mode, refer to Timing of Recovery from Low Power
Consumption Modes chapter, in each RX Family User's Manual: Hardware.

1.7.2 Using the Data Transfer Controller (DTC)
When using the DTC, make sure to confirm the following settings as necessary.

Table 1.14 DTC Setting Values

Register Bit Setting Value Notes
MRA WBDIS 0: Write back transfer When a DTC transfer end event is selected as
information on completion | the source of the snooze mode release
of data transfer. interrupt, this bit must be cleared to 0 in order
1: Do not write back transfer | to update the transfer count.
information on completion
of data transfer.
MD[1:0] 0 0: Normal transfer mode It is not possible to use repeat transfer mode
0 1: Repeat transfer mode when a DTC transfer end event is selected as
1 0: Block transfer mode the source of the snooze mode release
interrupt and the value of MRB.DISEL is 0.
In repeat transfer mode the transfer count
never reaches 0, and no interrupt request to the
CPU is generated when transfer ends while the
value of MRB.DISEL is 0, preventing
generation of a snooze mode release interrupt.
MRB DISEL 0: Generate an interrupt Clear this bit to 0 in order to generate a snooze
request to the CPU on mode release interrupt after the specified
completion of the specified | number of transfers.
number of data transfers. When a DTC transfer end event is selected as
1: Generate an interrupt the source of the snooze mode release
request to the CPU for interrupt and MRB.DISEL is set to 1, a snooze
each data transfer. mode release interrupt is generated for each
transfer.
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2. Sample Programs

This application note is provided with the following sample programs utilizing snooze mode.

Table 2.1 Sample Programs

Project Name Description

snooze_sci5 rx140 Reception operation in asynchronous mode on the serial communications
snooze_sci5 rx140_rsk interface (SCI)

snooze_sci5_rx261

snooze_s12ad_rx140 Periodic A/D conversion operation using the low-power timer (LPT) and 12-bit
snooze_s12ad_rx140_rsk | A/D converter (S12AD)

snooze_s12ad_rx261

These sample programs support the following three boards: Target Board for RX140, Renesas Starter Kit for
RX140, and EK-RX261.

The integrated development environment used by the sample programs comprises e? studio and Smart
Configurator (SC). In addition, Firmware Integration Technology (FIT) modules are used to configure settings
and control the peripheral functions.

For details of the FIT modules and settings used, refer to 2.1.5, Structure of Sample Program, and 2.2.5,
Structure of Sample Program.
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2.1 Reception Operation in Asynchronous Mode on the Serial Communications
Interface (SCI)

2.1.1 Sample Program Specifications
21.1.1 Software

Reception operation in asynchronous mode is performed on SCI channel 5 while in snooze mode. The
operation of this sample program is described in 1.6.1.3, Operation Example 3 (Snooze Mode End by DTC
Transfer End and Snooze Mode Cancellation by DTC Transfer End Interrupt)).

After initial settings for the peripheral function are configured, a transition to software standby mode takes
place. A transition to snooze mode occurs when the falling edge of the start bit is detected on the RXD5 pin,
and reception operation starts. After one byte of data is received and transferred to the buffer by the DTC, a
transition to software standby mode takes place. Reception operation is repeated in like manner until all five
bytes of data have been received, at which point a return to normal operation mode is triggered by the
snooze mode release interrupt.

After the return to normal operation mode, the received data is displayed in Debug Virtual Console, and
about three seconds later a transition to software standby mode takes place.

Table 2.2 lists the peripheral functions used by the sample program.

Table 2.2 Descriptions of Peripheral Functions Used

Peripheral Function Description

Low power consumption functions Controls software standby mode and snooze mode.

SCI (channel 5) Performs serial communication in asynchronous mode.

DTC Transfers received data to the buffer via the SCI.

I/O ports Controls LED illumination. The LED turns on in normal operation
mode and turns off in low power consumption mode.

The peripheral function settings are listed below.

e Low power consumption function settings
— Low power consumption modes: Software standby mode, snooze mode
— Snooze mode transition condition: Falling edge detection on RXD5
— Snooze mode end condition: Mismatch between received data and value of comparison data register
(CDR) or after DTC transfer of received data
— Snooze mode release interrupt source: DTC transfer end event at SCI5 receive data full

e SCI (channel 5) settings
— Operating mode: Asynchronous mode
— Transfer speed (RX140): 90 kbps
— Transfer speed (RX261): 80 kbps
— Data length: 8 bits
— Stop bits: 1 bit
— Parity bits: None
— Flow control: None
— Data match detection function: Disabled
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e DTC settings (configured in SCI FIT module)
— Transfer mode: Normal transfer mode
— Transfer unit: 1 byte
— Transfer count: 5
— Transfer source: Receive data register 5 (RDR5)
— Transfer destination: Buffer variable (See 2.1.5.5, Variables.)
— Transfer source: SCI5 receive data full interrupt
— CPU interrupt timing: An interrupt request is issued to the CPU upon completion of the specified

number of data transfers.

— Write-back disable: Write-back of transfer information occurs upon completion of data transfer.

— Chain transfer: Disabled
— Sequence transfer: Disabled

e /O port settings*’

— Port 31: Initially low output, high (LED off) or low (LED on) output according to program state
— Port 21: Initially low output, high (LED off) or low (LED on) output according to program state
— Port J1: Initially high output, low (LED off) or high (LED on) output according to program state

Note: 1. When using the sample programs for the Target Board for RX140 board, use port 31. When using
the sample programs for the Renesas Starter Kit for RX140 board, use port 21. When using the
sample programs for the EK-RX261 board, use port J1.

2.1.1.2 Pins Used

Table 2.3 and Table 2.4 lists the pins and functions used by the sample program.

Table 2.3 Pins and Functions Used (RX140)

Pin Name 110 Description

P31 Output LEDO (normal operation mode: on, low power consumption mode: off)
P21

PC2/RXD5 Input SCI5 receive data input pin

PC3/TXD5 Output SCI5 transmit data input pin

Table 2.4 Pins and

Functions Used (RX261)

Pin Name I[o] Description

PJ1 Output LED1 (normal operation mode: on, low power consumption mode: off)
PC2/RXD5 Input SCI5 receive data input pin

PC3/TXD5 Output SCI5 transmit data input pin
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2.1.1.3 Outline Flowchart

Figure 2.1 is an outline flowchart of the sample program.

<SCI reception operation example>

Initializes the SCI and DTC and configures low power

Initialize peripheral functions h
consumption mode.

g

Run WAIT instruction Transitions to software standby mode.

Hardware processing

Internal operation in snooze mode

Detected

RXD falling edge

Transition to snooze mode

Reception operation

Transfer receive data to receive
buffer via DTC

Not detected

Finished
Specified number of

transfers finished?

Not finished

Transition to software standby mode

Interrupt handler (snooze

mode release interrupt and Configures settings after return from snooze mode.
receive data full interrupt)

Display in Debug Virtual Console| Displays received data.

Software wait (approx. 3 sec.) Wait to accommodate normal operation mode processing.

[

Prepare for transition to software
standby mode

Figure 2.1 Outline Flowchart of Reception Operation in SClI Asynchronous Mode

Reconfigures SCI, DTC, and low power consumption mode.
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2.1.2 Operation Confirmation Conditions
The operation of the sample program has been confirmed under the following conditions.

Table 2.5 Operation Confirmation Conditions (Reception Operation in SCI Asynchronous Mode)

Item

Description

MCU

R5F51403ADFM (RX140 Group)
R5F51406BDFN (RX140 Group)
R5F52618BGFP (RX261 Group)

Operating frequency

RX140

e HOCO clock: 48 MHz

e System clock (ICLK): 48 MHz (HOCO clock divided by 1)

¢ Peripheral module clock B (PCLKB): 24 MHz (HOCO clock divided by 2)
e Peripheral module clock D (PCLKD): 48 MHz (HOCO clock divided by 1)
e FlashIF clock (FCLK): 48 MHz (HOCO clock divided by 1)

RX261

e HOCO clock: 64 MHz

e System clock (ICLK): 64 MHz (HOCO clock divided by 1)

¢ Peripheral module clock B (PCLKB): 32 MHz (HOCO clock divided by 2)
¢ Peripheral module clock D (PCLKD): 64 MHz (HOCO clock divided by 1)
e FlashlIF clock (FCLK): 64 MHz (HOCO clock divided by 1)

Operating voltage

33V

Integrated development
environment

Renesas Electronics
e? studio Version 2024-07

C compiler

Renesas Electronics
C/C++ Compiler Package for RX Family V.3.06.00

Compiler options
-lang = c99

iodefine.h version

V1.10A (RX140)
V1.00 (RX261)

Endian order

Little endian or big endian

Operating mode

Single-chip mode

Processor mode

Supervisor mode

Emulator On-board emulator
E2 Lite emulator
Board used Target Board for RX140 (product No.: RTKSRX140xXXXXXXXX)

Renesas Starter Kit for RX140 (product No.: RTK551406XXXXXXXXX)
EK-RX261 (product No.: RTK5EK261xxXXXXXxXX)
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2.1.3 Confirming Operation of the Sample Program
How to confirm the operation of the sample program is described below.

2.1.3.1 Preparing Devices

To prepare to run the sample program, make connections as shown in Figure 2.2. Prepare a device to input
serial data on the PC2/RXD5 pin.

USB cable

(CN2-32)

PC Target Board for RX140

Figure 2.2 Target Board Connection Diagram

PC2/RXD5

(PMOD2-105) USB-serial

E2 Lite emulator

PC
Renesas Starter Kit for RX140
Figure 2.3 Renesas Starter Kit Connection Diagram
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PC2/RXD5
(PMPD1-103)

USB serial converter,
etc.

PC USB cable
EK-RX261

Figure 2.4 EK-RX261 Connection Diagram
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2.1.3.2 Running the Sample Program
The first step is to import the sample program project. Refer to section 3, Importing a Project, for instructions.

After importing the project, select the snooze_sci5_rx140 project under Project Explorer. After making the
selection, click the Build button and wait for the build process to complete. If build fails, it could be because
the compiler listed in 2.1.2, Operation Confirmation Conditions, is not installed. Check the toolchain setting in
the project properties if necessary reset it to match the installed compiler.

After build finishes, click the Launch in ‘Debug’ mode button to start the connection to the debugger.

File Edit Sourde Refactor Nav'lga*e Search Project Renesas Views Run Renesas Al Window Help

& - <‘_"§' (o) t;, - % -
9 Project Explorer X = Q«:D 8 § = O
=% snooze s12ad_rx140

=5 snooze sci5 rx140 [HardwareDebug] I
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Shortly after you start the connection to the debugger, the Confirm Perspective Switch window appears.

Click the Switch button.

ﬁ Confirm Perspective Switch =

This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective supports application debugging by providing views for
displaying the debug stack, variables and breakpoints.

Switch to this perspective?

[JRemember miy decisicn

Mo
After the switch to the Debug perspective, click the Resume button.
8 work - snooze sci5_rx140/src/smc_gen/r_bsp/meu/all/resetprg.c - e* studio — =] X
File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help
B4~ BB R H-QU-ik-ow-IERS Q | B He Ty
45 Debug X BE%|i+» 8§ =08 resetprg.c X = 0 |[@=v. X|%B..|B5r. 6LE.
v [£7] snooze_sci5_nx140.x [Renesas GDB Hardware Debug: 92 fffc1b98 - R_BSP_POR_FUNCTION(R_BSP_STARTUP_FUNCTION) ~
p ; 9
Vol > sci5_n140.x [1 0] . . N N
i snooze sci5 140 [1][cores: 0] % /* Stack pointers are setup prior to calling this functior Name Type
~ f® Thread #1 1 (single core) [core: 0] (Suspended
= PowerON Reset PC() at resetprg.c:192 Oxfff e /* You can use auto variables in this function but such v
vl rx-elf-gdb -rx-force-v2 (12.1) * will be unavailable after you change the stack from the
31 Renesas GDB server (Host) .
e /* The bss sections have not been cleared and the data sec
* and constructors of C++ objects have not been executed
©#if defined(__GNUC__
< #if BSP_CFG_USER_STACK_ENABLE == 1
INTERNAL_NOT_USED(ustack_area);
#endif
INTERNAL_NOT_USED(istack_area);
#endif
©#if defined(__CCRX__) || defined(__GNUC__)
10 /* Initialize the Interrupt Table Register */
fffclbaé R_BSP_SET_INTB(R_BSP_SECTOP_INTVECTTBL);
2
© #ifdef BSP_MCU_EXCEPTION_TABLE
* Initialize the Exception Table Register */
fffclbaf R_BSP_SET_EXTB(R_BSP_SECTOP_EXCEPTVECTTBL) ;
16 if v
< >
& Console X | i Registers [2] F#E| @ X¥-F- 7594~ & Debugger Console [ Memory BX%k EEREE -8
snooze_sci5_x140.x [Renesas GDB Hardware Debugging] [pid: 5]
Emulator Board Revision E2LITE Rev.@ ~
User Vcc 3.33545 V.
USB Bus Power 5.81284 V.
Finished target connection
GDB: 56382 v
< > < >

A break occurs at the start of the main function, and Renesas Debug Virtual Console opens. Select

Windows — Show View — Others... to open the Show View dialog box.

From here, select Debug — Renesas Debug Virtual Console and then click the Open button.

Window  Help &) Show View m] X
r New Window | 2-E-BIE Aiapnmds .
Editor > type filter text
Appearance > =
~ (= Debug ~
Show View o Breakpoints Alt+Shift+Q, B Breakpoints
EE oa CapTouch Main / Sensor Tuner (QF) Debug
Navigafon » & CGepTouch Main (QF) Debugger Console
B Console AltsShift+Q, € Debug Shell
Preferefces 45 Debug Debug Sources
o |+ the bee B DebuggerConsole Disassembly
+ and cont 5] Debug Shel Eventpoints
o vt defined(_ (o o oo Executables
= #if| BSP_CFG_US! ebug sources Expressions
INTERNAL MC 22 Dissssembly | | FR e
#erflif I 10 Registers
TreruaL_n ® EmorLeg Altsshift+Q, L Memory
#erflif 3 Executabl
N ;: ecutables Memory Browser
©#ifl defined( (¢ Dpresions B M
ieio 0 Memory | Modules
/* Initial:
F1bad R_BSP_SET : U Mg OS Rescurces
B\ Modules | Performance Analysis
= #ifHlef ?SP:ME:_ Sz Outline Alt+Shift+Q, O Profile
/ nitial:
Flba6 R_BSP_SET_ (4] Problems Alt+Shift+Q, X ¥ Real-time Chart
srergli =g Progress LE Registers
< iffief Bsp_mcy, Lo Project Explorer 15 =
o #ifflef _ FPU . 4 Registers Renesas Debug Virtual Console |
/* Tnitial: _ |—ry—
Fibb3 R_BSP_SET | &% Signals 2% Signai
#erfli @ Smrt Browser B Trace e
Hergiif L Smart Manual
= #itlef BSP_MCU [ Templates
¢ ()= Variables Alt+Shift+Q, V
o - I QOpen I Cancel
i1t Regis Other.. Alt=shift+Q, Q
%140 Hardh Debua IR
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After Renesas Debug Virtual Console opens, once again click the Resume button to run the program.

8 work - snooze_sci5_x140/src/main.c - € studio

File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help

[®-&~ sEloeze it b-bw-TERS
3§ Debug X =K 8 8 || g resetprg.c L& mainc X

v [ snooze_sci5_r140.x [Renesas GDB Hardware Debug)| | #1185 fffceddb
v & snooze sci5_rx140.x [1] [cores: 0]

init_pins();

/* Initialize LED */

~ 4 Thiead #1 1 (single core) [core: 0] (Suspended init 1ed();

= main( at main.c105 Oxfffc0d9b
i reeelf-gdb -nx-force-v2 (12.1)
+41 Renesas GDB server (Host)

108 fffcedoe
109
/* Initialize SCI */

110
111 fffcedal init_scis();
112

114 /* snooze mode setting */
115 fffcodad gs_snooze_mode. snooze_operation

117 £ffcodbo

118 fffcedaa gs_snooze_mode. snooze_interrupt.pcallback =

Ipc_err = R_LPC_SnoozeModeConfigure (&gs_snooze_ode);

21
122 while (LPC_SUCCESS |= lpc_err)
123

R_BSP_NOP();

127 /* Softuare standby mode setting */

=y

B Console 1! Registers (2] Mg & 23-+-757%- | G Debugger Console| [ Memory.
snooze sci5_x140.x [Renesas GDB Hardware Debugging] [pid: 8]

Emulator Board Revision LITE Rev.0

User Ve 3.33867 V

USB Bus Power 4.99995 V.
Finished target connection

GDB: 56547
< > <
0xfffcodob @ 300000 ns @ Emulator

=

= LPC_SNZ_SCI5_[
C_SNZ_SCI5_{

nooze_callb:

>

Ipc_err = R_LPC_LowPowertlodeConfigure(LPC_LP_SH_STANDBY);

Name
@i

- o X

Q 8| BsTRes
®=v. X[%B..|Bp. |¢E.|e%E. || = O
BE(rSet §
Type Value
uint8 ¢ <optimized out>

RBREEee-8-=0

When the program runs, the indication of the status bar in the lower left corner of the window changes to
Standby. After confirming that the status has changed to Standby, transmit serial data to the RXD5 pin.
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The example below illustrates using the terminal software Tera Term and a USB to serial converter module
to input serial data on the RXD5 pin. When 5 bytes (5 characters) of serial data are sent from the Tera Term
console, the indication of the status bar in the lower left corner of the window changes to Running, and the
input serial data is displayed in the Renesas Debug Virtual Console.

Then, after about three seconds elapse, the indication of the status bar in the lower left corner of the window
changes back to Standby, indicating that the program is ready to receive serial data.

M COM3 - Tera Term VT - O x
File Edit Setup Control Window Help

Tera Term: Serial port setup and connection *
Port COM o
MNew setting
Data: 8 bit ~ Cancel
Parity: none ~
Stop bits: 1 bit v Help
Flow control: none ~

Transmit delay

EI msec/char EI msec/line

Device Friendly Name: USB Serial Port (COM3)

Device Instance ID: FTDIBUS¥VID_0403+PID_6001+AR0MWTE5A¥00
Device Manufacturer: FTDI

Provider Name: FTDI

Driver Date: 8-16-2017

Driver Version: 2.12.28.0

< >

In addition, Local Echo is enabled in the terminal settings.

-----
m] x
# Renesas Debug Virtual Console X " BB |THEA ||t =B
Receive data is ‘'a'(@x6l) 's'(@x73) ‘d'(ex64) “f’'(@x66) ‘'g’'(8x67)
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2.1.4 lllustrations of Current Consumption
Figure 2.5 illustrates the current consumption while the sample program is operating.

After the reset and configuration of initial settings in normal operation mode, the current consumption drops
when the transition to software standby mode takes place. After the transition to snooze mode triggered by
the falling edge of the signal input on the RXD5 pin, during data reception and DTC transfer operation,
current consumption rises temporarily until the return to software standby mode. After the DTC transfer of the
fifth byte of receive data, current consumption rises again with the return to normal operation mode.

Return to normal operation

Current consumption (snooze mode cancellation)
A

Normal operation ---f——==-==-=======-=--------------l————————-——----

Transition to snooze mode,
reception operation, and DTC transfer|

Ny

(SCland DTC operation)_“ ______ T T~ T~ | T

Repeats
Software standby mode subsequently.

(SCl reception standby --4z==---L—H 4 4 L I_________- I,

operation S ! Time

Transition to software standby mode

Figure 2.5 lllustration of Current Consumption during Reception Operation
in SCI Asynchronous Mode

To perform SCI or DTC on earlier MCUs using low power consumption modes it was necessary use sleep
mode or deep sleep mode (DTC halted). With the ability to use snooze mode on the target devices for this
application note, it is now possible to reduce current consumption during periods when peripheral functions
are not operating. Figure 2.6 illustrates the current consumption while the sample program is operating in
sleep mode.

Return to normal operation

Current consumption (sleep mode cancellation)
A

Normal operation ---f———~=----==-----===-----------[———7-------

Reception operation and
DTC transfer

SCl and DTC operation ---f-----q----q---- JESER AR AR 4 s S
Sleep mode H ” -H ” ’> Reg)eats "
(SClI reception standby -- subsequently.

operation)

| -

Transition to sleep mode Transition to sleep mode

Figure 2.6 lllustration of Current Consumption during Reception Operation
in SCI Asynchronous Mode (Sleep Mode)
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2.1.5 Structure of Sample Program

2.1.5.1 FIT Modules Used
Table 2.6 lists the FIT modules used by the sample program.

Table 2.6 FIT Modules Used

Module Document Title Document No.

BSP RX Family Board Support Package Module Using Firmware RO1AN1685
Integration Technology

LPC RX Family LPC Module Using Firmware Integration Technology | RO1AN2769

SCI RX Family SCI Module Using Firmware Integration Technology RO1AN1815

BYTEQ RX Family BYTEQ Module Using Firmware Integration RO1AN1683
Technology

DTC RX Family DTC Module Using Firmware Integration Technology | RO1AN1819
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2.1.5.2 FIT Module Settings

The FIT module and e? studio SC settings used in the sample program are listed below. For SC settings, the
items and setting details match those displayed on the setting menu. For details of the FIT modules, refer to

the associated FIT module documents.

Table 2.7 BSP Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >>r_bsp

Other than the changes listed below, properties
are left in the default settings.

Heap size

(BSP_CFG_HEAP_BYTES)

Changed to 0x1000.

Smart Configurator >> Clock

The following settings are made on the “Clocks
tab and reflected in r_bsp_config.h.

VCC setting 3.3 (V)

Using RX140(Target Board and Renesas Starter Kit)

Main clock settings Stopped: Unchecked.
PLL circuit setting Disabled

Sub-clock oscillator setting

Stopped: Unchecked.

HOCO clock settings

Operation: Checked.
Frequency: 48 (MHz)
HOCO oscillation enabled after reset: Checked.

LOCO clock settings

Stopped: Unchecked.

System clock settings

Clock source: HOCO

System clock (ICLK): x1 48 (MHz)
Peripheral module clock (PCLKB): x1/2 24 (MHz)
Peripheral module clock (PCLKD): x1 48 (MHz)
FlashIF clock (FCLK): x1 48 (MHz)

IWDT dedicated clock settings

Stopped: Unchecked.

Using EK-RX261

Main clock settings

Stopped: Unchecked.

PLL circuit setting

Disabled

Sub-clock oscillator setting

Stopped: Unchecked.

HOCO clock settings

Operation: Checked.
Frequency: 64 (MHZz)
HOCO oscillation enabled after reset: Checked.

LOCO clock settings

Stopped: Unchecked.

System clock settings

Clock source: HOCO

System clock (ICLK):  x1 64 (MHz)
Peripheral module clock (PCLKB): x1/2 32 (MHz)
Peripheral module clock (PCLKD): x1 64 (MHz)
FlashlF clock (FCLK): x1 64 (MHz)

IWDT dedicated clock settings

Stopped: Unchecked.

RO1AN5914EJ0120 Rev.1.20
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Table 2.8 LPC Module Settings

Category | Item Setting/Description

Smart Configurator >> Components >>r_Ipc_rx Default settings are used (no changes).

Table 2.9 SCI Module Settings

Category | Item Setting/Description
Smart Configurator >> Components >>r_sci_rx Other than the changes listed below, default
settings are used.
Include software support for channel 1 Changed to Not (0) (channel 1 not used).
(SCI_CFG_CH1_INCLUDED)
Include software support for channel 5 Changed to Include (1) (use channel 5).
(SCI_CFG_CH5_INCLUDED)
Use DTC/DMAC for transmit (SCI5) Changed to 1 (use DTC).
(SCI_CFG_CH5_TX_DTC_DMACA_ENA
BLE)
Use DTC/DMAC for receive (SCI5) Changed to 1 (use DTC).
(SCI_CFG_CH5_RX_DTC_DMACA_ENA
BLE)
Resource >> SCI
SCI5 Checked.
RXD5/SMISO5/SSCLS5 pin Use: Checked.
TXD5/SMOSI5/SSDAS pin Use: Checked.
Smart Configurator >> Pins >> Serial Communications | All unchecked except for the following settings.
Interface >> SCI5
RXD5 Use: Checked.
Pin assignment: Set to PC2.
TXD5 Use: Checked.
Pin assignment: Set to PC3.
Table 2.10 BYTEQ Module Settings
Category | Item Setting/Description
Smart Configurator >> Components >> r_byteq Default settings are used (no changes).

Table 2.11 DTC Module Settings

Category | Item Setting/Description
Smart Configurator >> Components >>r_dtc_rx Other than the changes listed below, default
settings are used.
DMAC FIT check Changed to DMAC FIT module is not used with
(DTC_CFG_USE_DMAC_FIT_MODULE) | DTC FIT module (DTC_DISABLE)
(not used together with DMAC FIT module).

RO1AN5914EJ0120 Rev.1.20 Page 36 of 72
Oct.15.24 RENESAS



RX Family Snooze Mode Usage Examples

2.1.5.3 File Structure

Table 2.12 lists the files used by the sample program. Note that files belonging to FIT modules or generated
automatically by SC are omitted.

Table 2.12 Files Used by Sample Program

File Name Description Remarks
main.c This is the main processing routine of the sample -
program. It initializes and controls the peripheral
functions, transitions to low power consumption mode,
and controls operation after return.

2.1.5.4 Option-Setting Memory

Table 2.13 lists the option-setting memory settings used by the sample program. If necessary, modify the
setting values to match your system.

Table 2.13 Option-Setting Memory Settings Used by Sample Program

Symbol Address Setting Value | Description

OFS0 FFFF FF8Ch to FFFF FF8Fh FFFF FFFFh The IWDT is halted after a reset.

OFS1 FFFF FF88h to FFFF FF8Bh FFFF DEFFh Using RX140
Fast startup time disabled.
Voltage monitoring 0 reset after a reset
disabled.

HOCO oscillation after a reset enabled.
The HOCO frequency is set to 48 MHz.

FFFF CEFFh Using RX261

Fast startup time disabled.

Voltage monitoring 0 reset after a reset
disabled.

HOCO oscillation after a reset enabled.
The HOCO frequency is set to 64 MHz.

MDE FFFF FF80h to FFFF FF83h FFFF FFFFh Little endian

2.1.5.5 Variables

Table 2.14 lists the variables used by the sample program.

Table 2.14 Variables Used by Sample Program

Variable Name Type Description

gs_snhooze_mode static Ipc_snooze _mode t Snooze mode setting information
gs_sci_handle static sci_hdl_t SCI setting information
gs_receive_data static uint8_t Receive data storage buffer
[DATA_LENGTH]
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2.1.5.6 Constants

Table 2.15 and Table 2.16 lists the constants used by the sample program.

Table 2.15 Constants Used by Sample Program (RX140)

Constant Name

Setting Value

Description

LEDO Target Board LEDO port output data storage bit
PORT3.PODR.BIT.B1
Renesas Starter Kit
PORT2.PODR.BIT.B1

LEDO_PDR Target Board LEDO port direction control bit
PORT3.PDR.BIT.B1
Renesas Starter Kit
PORT2.PDR.BIT.B1

LED_ON (0) LEDO on

LED_OFF (1) LEDO off

DATA_LENGTH

®)

Reception and DTC transfer count

Table 2.16 Constants Used by Sample Program (RX261)

Constant Name

Setting Value

Description

LED1 PORTJ.PODR.BIT.B1 LED1 port output data storage bit
LED1_PDR PORTJ.PDR.BIT.B1 LED1 port direction control bit
LED_ON (1) LED1 on

LED OFF (0) LED1 off

DATA_LENGTH

®)

Reception and DTC transfer count
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2.1.5.7 Functions

Table 2.17 lists the functions used by the sample program.

Table 2.17 Functions Used by Sample Program

Function Name Description

main Main processing

init_pins Initialization of unused pins

init_led LED initialization

init_sci5 SCI (channel 5) and DTC initialization

activate_standby_callback | Callback function for processing immediately before transition to software

standby mode

[Processing details]

e Enables reception and configures DTC transfer settings (runs
R_SCI_Receive function).

e Turns LED off.

snooze_callback Snooze mode release interrupt callback function

[Processing details]

e Turns LED on.

o Disables snooze mode release interrupt (runs
R_LPC_SnoozeModeConfigure function).

sci_callback SCI FIT module callback function
[Processing details]
¢ Runs NOP instruction.
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2.1.5.8 Function Specifications

The functions of the sample programs are listed below.

main

Outline Main processing

Header None

Declaration void main (void)

Description Initializes peripheral functions, transitions to low power consumption mode,
configures settings after return, and displays receive data on the Debug Virtual
Console.

Arguments None

Return Value None

init_pins

Outline Initialization of unused pins

Header None

Declaration static void init_pins(void)

Description Initializes unused pins. It is necessary to deal with each pins appropriately. Failure
to do this can increase the current consumption.

Arguments None

Return Value None

init_led

Outline LED initialization

Header None

Declaration static void init_led(void)
Description Specifies the port assigned to LED.
Arguments None

Return Value None

init_scib

Outline SCI (channel 5) and DTC initialization

Header None

Declaration static void init_sci5(void)

Description Uses FIT module API functions to initialize the SCI and DTC.

Arguments None

Return Value None

Remarks To link operation of the SCI FIT module and DTC FIT module, it is necessary to call

the R_DTC_Open function from the user program before starting communication.
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activate_standby_callback

Outline

Header
Declaration
Description

Arguments
Return Value

Callback function for processing immediately before transition to software standby
mode

None

static void activate_standby_callback(void *p_data)

This callback function is called by the LPC FIT module immediately before the
transition to software standby mode.

This function enables reception on the SCI, configures DTC transfer settings (by
running the R_SCI_Receive function), and turns off LED.

void *p_data (Not used.)

None

snooze_callback

Outline Snooze mode release interrupt callback function

Header None

Declaration static void snooze_callback(void *p_data)

Description This callback function is called by the LPC FIT module when a snooze mode
release interrupt occurs.
This function turns on LED and disables the snooze mode release interrupt (by
running the R_LPC_SnoozeModeConfigure function).

Arguments void *p_data (Not used.)

Return Value None

Remarks A snooze mode release interrupt is also generated in normal operation mode when
the selected source occurs. To prevent snooze mode release interrupts from being
generated in normal operation mode, disable the corresponding sources
immediately after returning to normal operation mode.

sci_callback

Outline SCI FIT module callback function

Header None

Declaration static void sci_callback(void *p_data)

Description This callback function is called by the SCI FIT module when an SCI interrupt
occurs.
This function executes a NOP instruction, but appropriate processing should be
provided if necessary.

Arguments void *p_data SCI callback event

Return Value None
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2.2 Periodic A/D Conversion Operation Using the Low-Power Timer (LPT) and
12-Bit A/D Converter (S12AD)

2.2.1 Sample Program Specifications
2.21.1 Software

The LPT and S12AD are used to perform periodic A/D conversion operation in snooze mode. The operation
of this sample program is described in 1.6.2.2, Operation Example 2 (Snooze Mode End by DTC Transfer
End and Snooze Mode Cancellation by DTC Transfer End Interrupt).

After initial settings for the peripheral functions are configured, LPT count operation starts and a transition to
software standby mode takes place. One second later a transition to snooze mode occurs when an LPT
compare match 1 occurs, and A/D conversion starts. After conversion ends and the data is transferred to the
buffer by the DTC, a transition to software standby mode takes place. A/D conversion operation is repeated
in like manner in one-second cycles until all five units of data have been converted, at which point a return to
normal operation mode is triggered by the snooze mode release interrupt.

After the return to normal operation mode, the A/D-converted data is displayed in the Debug Virtual Console
and approximately three seconds later a transition to software standby mode takes place.

Table 2.18 lists the peripheral functions used by the sample program.

Table 2.18 Descriptions of Peripheral Functions Used

Peripheral Function Description

Low power consumption functions Controls software standby mode and snooze mode.

S12AD Performs A/D conversion.

LPT Operates as a cycle timer while in software standby mode. Used as
a snooze mode transition condition and A/D conversion start
condition.

ELC Uses LPT compare match 1 event as S12AD synchronous trigger.

DTC Transfers A/D conversion results to the buffer.

I/O ports Controls LED illumination. The LED turns on in normal operation
mode and turns off in low power consumption mode.

The peripheral function settings are listed below.

o Low power consumption function settings
— Low power consumption modes: Software standby mode, snooze mode
— Snooze mode transition condition: LPT compare match 1
— Snooze mode end condition: After DTC transfer with A/D conversion end as source
— Snooze mode release interrupt source: DTC transfer end event at A/D conversion end interrupt

e S12AD settings
¢ RX140
— A/D conversion clock (ADCLK): 48 MHz (= PCLKD)
— Operating mode: Single scan mode
— Conversion target: AN00O pin
— AJD conversion start condition: Synchronous trigger (event from ELC)
— Scan conversion time: 1.23 ys
(conversion cycles: 32 cycles (initial register value), sampling states: 13 states (initial register value))
e RX261
— A/D conversion clock (ADCLK): 64 MHz (= PCLKD)
— Operating mode: Single scan mode
— Conversion target: AN0OO pin
— A/D conversion start condition: Synchronous trigger (event from ELC)
— Scan conversion time: 0.92 ys
(conversion cycles: 32 cycles (initial register value), sampling states: 13 states (initial register value))
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Note: 1. When using the sample programs for the Target Board for RX140 board, use port 31. When using
the sample programs for the Renesas Starter Kit for RX140 board, use port 21. When using the

LPT settings

— Clock source: IWDT-dedicated LOCO (15 kHz)

— Timer cycle: 1 second (no division, cycle setting: 14999 + 1)

— Compare match: Compare match 0 disabled, compare match 1 enabled
— PWM output: Disabled

ELC settings
— Link source and event signal: LPT compare match 1
— Link destination and operation: S12AD A/D conversion start

DTC settings

— Transfer mode: Normal transfer mode

— Transfer unit: 2 bytes

— Transfer count: 5

— Transfer source: A/D data register 0 (ADDRO)

— Transfer destination: Buffer variable (See 2.2.5.5, Variables.)

— Transfer source: Scan end interrupt

— CPU interrupt timing: An interrupt request is issued to the CPU upon completion of the specified
number of data transfers.

— Write-back disable: Write-back of transfer information occurs upon completion of data transfer.

— Chain transfer: Disabled

— Sequence transfer: Disabled

I/O port settings*!

— Port 31: Initially low output, high (LED off) or low (LED on) output according to program state
— Port 21: Initially low output, high (LED off) or low (LED on) output according to program state
— Port J1: Initially high output, low (LED off) or high (LED on) output according to program state

sample programs for the EK-RX261 board, use port J1.

2.21.2 Pins Used
Table 2.19 and Table 2.20 lists the pins and functions used by the sample program.

Table 2.19 Pins and Functions Used (RX140)

Snooze Mode Usage Examples

Pin Name 110 Description

P31 Output LEDO (normal operation mode: on, low power consumption mode: off)
P21

P40/ANOOO Input Analog input pin

Table 2.20 Pins and Functions Used (RX261)

Pin Name 110 Description
PJ1 Output LED1 (normal operation mode: on, low power consumption mode: off)
P40/ANOOO Input Analog input pin
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2.2.1.3 Outline Flowchart

Figure 2.7 is an outline flowchart of the sample program.

@D conversion operation examp@

Initialize peripheral functions

>

Run WAIT instruction

LPT compare match 1

Not generated

Generated

Initializes the LPT, ELC, and S12AD and configures
low power consumption mode.

Transitions to software standby mode.

Hardware processing

Internal operation in snooze mode

Transition to snooze mode

AD conversion

Transfer converted data to buffer

using DTC

Specified number of

Not finished

Finished

transfers finished?

Transition to software standby mode

Interrupt handler (snooze
mode release interrupt and
scan end interrupt)

l

Display in Debug Virtual Console

Software wait (approx. 3 sec.)

[

Prepare for transition to software

standby mode
|

Configures settings after return from snooze mode.

Displays AD conversion result.

Wait to accommodate normal operation mode processing.

Reconfigures LPT, DTC, and low power consumption mode.

Figure 2.7 Outline Flowchart of Periodic A/D Conversion Operation Using LPT and S12AD
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2.2.2 Operation Confirmation Conditions
The operation of the sample program has been confirmed under the following conditions.

Table 2.21 Operation Confirmation Conditions
(Periodic A/D Conversion Operation Using LPT and S12AD)

Item

Description

MCU

R5F51403ADFM (RX140 Group)
R5F51406BDFN (RX140 Group)
R5F52618BGFP (RX261 Group)

Operating frequency

Target Board for RX140

e HOCO clock: 48 MHz

e System clock (ICLK): 48 MHz (HOCO clock divided by 1)

¢ Peripheral module clock B (PCLKB): 24 MHz (HOCO clock divided by 2)
e Peripheral module clock D (PCLKD): 48 MHz (HOCO clock divided by 1)
e FlashlIF clock (FCLK): 48 MHz (HOCO clock divided by 1)

Renesas Starter Kit for RX140

Main clock: 8 MHz

PLL: 48 MHz (6 x main clock divided by 1)

System clock (ICLK): 48 MHz (PLL clock divided by 1)

Peripheral module clock B (PCLKB): 24 MHz (PLL clock divided by 2)
Peripheral module clock D (PCLKD): 48 MHz (PLL clock divided by 1)
e FlashlF clock (FCLK): 48 MHz (PLL clock divided by 1)

EK-RX261

¢ Main clock: 8 MHz

PLL: 64 MHz (8 x main clock divided by 1)

System clock (ICLK): 64 MHz (PLL clock divided by 1)

Peripheral module clock B (PCLKB): 32 MHz (PLL clock divided by 2)
Peripheral module clock D (PCLKD): 64 MHz (PLL clock divided by 1)
FlashlF clock (FCLK): 64 MHz (PLL clock divided by 1)

Operating voltage

33V

Integrated development
environment

Renesas Electronics
e? studio Version 2024-07

C compiler

Renesas Electronics
C/C++ Compiler Package for RX Family V.3.06.00

Compiler options
-lang = c99

iodefine.h version

V1.10A (RX140)
V1.00 (RX261)

Endian order

Little endian or big endian

Operating mode

Single-chip mode

Processor mode

Supervisor mode

Emulator On-board emulator
E2 Lite emulator
Board used Target Board for RX140 (product No.: RTKSRX140xXXXXXXXX)

Renesas Starter Kit for RX140 (product No.: RTK551406XxXXXXXXXX)
EK-RX261 (product No.: RTK5EK261xxXXXXXXX)
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2.2.3 Confirming Operation of the Sample Program

2.2.3.1 Preparing Devices

To prepare to run the sample program, make connections as shown in Figure 2.8. When using the Target
Board, adjust the input voltage for A/D conversion by connecting the appropriate resistor (or the like) to the
P40 or ANOOO pin. When using the Renesas Starter Kit board, you can use an on-board single-turn
potentiometer to vary the analog input voltage between Board VCC and AVSSO0. For the specifications of
the potentiometer, see the information provided on the manufacturer's website (manufacturer: VISHAY,
model: TS53 series).

VCC
GND P40/AN00O
(CN3-60)

USB cable

PC Target Board for RX140

Figure 2.8 Target Board Connection Diagram

E2 Lite emulator

|
g

Single-turn
potentiometer

Renesas Starter Kit for RX140 PC

Figure 2.9 Renesas Starter Kit Connection Diagram
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GND P40/AN00O
(J9-01)

PC USB cable EK-RX261
Figure 2.10 EK-RX261 Connection Diagram
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2.2.3.2 Running the Sample Program
The first step is to import the sample program project. Refer to section 3, Importing a Project, for instructions.

After importing the project, select the snooze_s12ad_rx140 project under Project Explorer. After making
the selection, click the Build button and wait for the build process to complete. If build fails, it could be
because the compiler listed in 2.2.2, Operation Confirmation Conditions, is not installed. Check the toolchain
setting in the project properties if necessary reset it to match the installed compiler.

After build finishes, click the Launch in ‘Debug’ mode button to start the connection to the debugger.

File Edit Soulce Refactor Naviga&e Search Project Renesas Views Run Renesas Al Window Help

5 Project Explorer X R®Y § © O
=5 snooze_s12ad_rx140 [HardwareDebug] I

= snooze_sci5_rx140
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Shortly after you start the connection to the debugger, the Confirm Perspective Switch window appears.
Click the Switch button.

&) Confirm Perspective Switch

[] Remember my decisicn

Switch to this perspective?

This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective supports application debugging by providing views for
displaying the debug stack, variables and breakpoints.

After the switch to the Debug perspective, click the Resume button.

8 work - snooze sci5_x140/src/sme_genfr_bsp/mau/allfresetprg.c - € studio

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

X

O Console X 1! Registers [2] RS @ Y-k 7574 G Debugger Console [ Memory ]

<

snooze sci5_n140.x [Renesas GDB Hardware Debugging] [pid: 12]

Emulator Board Revision

User Vee

USB Bus Power

E2LITE Rev.®
3.34028 V
5.60801 V

Finished target connection

GDB: 57388
RS

|®- &~ wfplimzeciige-Qrit-n-oERS Q B @oc BT
5 Debug X %[i® § = O[3 resetprgc X = 0wV X|%8. E5e [¢c. e [FL] = O
v [ snooze sciS_x140.x [Renesas GDB Hardhware Debug, 1192 fffc1b98 = R_BSP_POR_FUNCTION(R_BSP_STARTUP_FUNCTION) - Bo|riee g
g fos
v i snooze sci5_nc140x 1] [cores: O X s ; . : ame e alue
-sci5_x140x [1] ! ™ /* Stack pointers are setup prior to calling this functior N T Vol
~ of® Thread #1 1 (single core) [core: 0 (Suspended | oo
= PowerON Reset PC{ ot resetprg.:192 0xff || 195 ©  /* You can use auto variables in this function but such vi
441 neelf-gdb -ncforcev2 (12.1) o7 * will be unavailable after you change the stack from the
»4 Renesas GDB server (Host) 198
199 ©  /* The bss sections have not been cleared and the data sec
200 * and constructors of Ct+ objects have not been executed
f 201 #if defined(__GNUC__)
=:ez ©#if BSP_CFG_USER_STACK_ENABLE == 1
i3 INTERNAL_NOT_USED(ustack_area) ;
L 20a #endif
205 INTERNAL_NOT_USED(istack_area);
205 #endif
207
08 #if defined(__CCRX_) || defined(__GNUC_)
209
210 /* Initialize the Interrupt Table Register */
$11 eecibas R_BSP_SET_INTB(R_BSP_SECTOP_INTVECTTBL);
=
13 < #ifdef BSP_NMCU_EXCEPTION_TABLE
. /* Initialize the Exception Table Register */
B21s Frecibar R_BSP_SET_EXTB(R_BSP_SECTOP_EXCEPTVECTTBL) ;
L6 #rendif v

% BEFEErE---0

A break occurs at the start of the main function, and Renesas Debug Virtual Console opens. Select
Windows — Show View — Others... to open the Show View dialog box.

From here, select Debug — Renesas Debug Virtual Console and then click the Open button.

) show View a 'Y

type filter text

Window | Help
RN NWE o |B-&-@H L o|lriere
Editor >
Appearance
Show View Breakpoints Alt=Shift+0), B
EE o CapTouch Main / Sensor Tuner (QF)
Navigaon , & CapTouch Main (QF)
B Console Alt=Shift+Q, C
Preferefces %5 Debug
o /* The bss B DebuggerConsole
“ and con [§] Debug Shell
= #if] defined( <
= #if] BSP_CFG_USE € Debug Sources
INTERNAL_NC 2 Disassembly
serflif
3
SR '; Error Log AltsShift+Q, L
stenflif O Executables
&7
= #id defined(_ Erpressions
0 Memoy
/* Initial:
F1bad R_BSP_SET_: U sy e
B Modules
= #ifflef BSP_MCU. 0x  Qutline Alt+Shift=Q, O
/* Initial:
Flbab R_BSP_SET ¢ [2] Problems Alt=Shift+Q, X
#erflif 5 Progress
= piffief psp_mcy 3 Project Explorer
S#ifflef _FPU 0 Registers
/= Tnitiali _
F1bb3 R_BSP_SET f ©% Signals
serflif @ Smart Browser
= £
T & Smart Manusl
= #ifflef BSP_MCU. (&) Templates
< (9= Variables Alt=Shift+Q, V
HH Registhg D Other... Alt+Shift+Q, Q
140 HardwareDebua IR

~ (= Debug ~

Debug
Debugger Console

Debug Shell
Debug Sources
V Disassembly
Eventpoints
Executables
Expres:
10 Registers

Memory
Memaory Browser
MMU

| Modules

QS Resources
Performance Analysis
Profile

[ Real-time Chart

Registers

E L

I B Renesas Debug Virtual Censole I
e SIgnals
S Trace v

A 4

| Open |

Cancel
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After Renesas Debug Virtual Console opens, once again click the Resume button to run the program.

8 work - snooze sci5_rx140/sr¢/main.c - e studio

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

D

T Debug X | B

B snooze sciS_rx140.x [1] [cores: ]

main at main.c105 Oxfffc0dgb
4 ncelf-gdb -nx-force-v2 (12.1)
+£] Renesas GDB server (Host)

>
Oxfffc0d9b.

%|i» § = 8
~ [ snooze_sci5_x140.x Renesas GDB Hardwiare Debug!

Thread #1 1 (single core) [core: 0] (Suspended

X

B QUi S Q B[ BT
[ resetprg.c lel mainc X = B|[w=v.. X|%B. EyPr. |¢€E.|e®E. |1 =8
105 Fffcodsh init_pins(); ~ HE(rS o §
106
o7 /* Initialize LED */ Name Trpe Value
108 Fffcodse init_led(); i uint_t <optimized out>
/* Initialize sCI */
init_scis();
/* Snooze mode setting */
gs_snooze_node. snooze_operation = LPC_SNZ_SCI5
gs_snooze_node. snooze_release LPC_SNZ_SCI5_{
gs_snooze_node. snooze_interrupt.priority = 5;
gs_snooze_node. snooze_interrupt.pcallback = &snooze_callb:
1pc_err = R_LPC_SnoozeModeConfigure(ags_snooze_mode) ;
e while (LPC_SUCCESS = lpc_err)
R_BSP_NOP();
. /* Software standby mode settin
. 1pc_err = R_LPC_LowPouertodeConfigure(LPC_LP_SH_STANDBY);
.
< >
B Console < | ! Registers 21 P3| @ 2v—+-759%"~| @ Debugger Console| @ Memory X% EBRERES B850
snooze sciS 140 [Renesas GDB Hardware Debugging] [pid: 12]
Emulator Board Revision Rev.@ ~
User Vee 3.34028 V
USB Bus Pover 5.00861 V
Finished target connection
GDB: 57388 v
< >
@ 300000 ns @ Emulator
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When the program runs, the indication of the status bar in the lower left corner of the window changes to
Standby. After about five seconds, the status bar indication changes to Running, and five cycles’ worth of
A/D conversion results are displayed in the Renesas Debug Virtual Console.

Then, after about three seconds elapse, the indication of the status bar in the lower left corner of the window
changes back to Standby. After this the operation repeats.

<

-----

et o X
gl A=l =

fa |
=R |58

ADvalue is @xPacc @xBacc BxPacc @xBacc BxPacc
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2.2.4 lllustrations of Current Consumption
Figure 2.11 illustrates the current consumption while the sample program is operating.

After the reset and configuration of initial settings in normal operation mode, the current consumption drops
when the transition to software standby mode takes place. After the transition to snooze mode triggered by
the LPT compare match 1, during A/D conversion and DTC transfer operation, current consumption rises
temporarily until the return to software standby mode. After the DTC transfer of the fifth A/D conversion
result, current consumption rises again with the return to normal operation mode.

. Return to normal operation
Current consumption (snooze mode cancellation)

A

Normal operation e e e e B
Transition to snooze mode,
A/D conversion, and DTC transfer

Ll

(S12AD, DTC,and  -=-[-—~-1 iniutuind | ininied | it """ """"7 i it
LPT operation)

Repeats
subsequently.

Software standby mode __|

(LPT operation) >
T T [

Transition to software standby mode

Figure 2.11 lllustration of Current Consumption during Periodic A/D Conversion Operation
Using LPT and S12AD

To perform S12AD or DTC on earlier MCUs using low power consumption modes it was necessary use
sleep mode or deep sleep mode (DTC halted). With the ability to use snooze mode on the target devices for
this application note, it is now possible to reduce current consumption during periods when peripheral
functions are not operating. Figure 2.12 illustrates the current consumption while the sample program is
operating in sleep mode.

X Return to normal operation
Current consumption (sleep mode cancellation)

A

Normal operation ---f———==----====----=-=-----—---—--[———————-——-----

Transition to A/D conversion and
DTC transfer

S812AD, DTC,and __ | | ____l ___l ___l___l _____ l _________________
LPT operation

Repeats
Sleep mode subsequently.

(LPT operationy  ~"{~"~"~"~ —— — — __TTTTTT/TTTT

T T

Transition to sleep mode Transition to sleep mode

Figure 2.12 lllustration of Current Consumption during Periodic A/D Conversion Operation
Using LPT and S12AD (Sleep Mode)
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2.2.5 Structure of Sample Program
2.2.5.1 FIT Modules Used

Table 2.22 lists the FIT modules used by the sample program.

Table 2.22 FIT Modules Used

Module Document Title Document No.
BSP RX Family Board Support Package Module Using Firmware RO1AN1685
Integration Technology
LPC RX Family LPC Module Using Firmware Integration Technology | RO1AN2769
S12AD RX Family ADC Module Using Firmware Integration Technology | RO1AN1666
LPT RX Family LPT Module Using Firmware Integration Technology RO1AN2571
ELC RX Family ELC Module Using Firmware Integration Technology | RO1AN3066
DTC RX Family DTC Module Using Firmware Integration Technology | RO1AN1819
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2.2.5.2 FIT Module Settings

The FIT module and e? studio SC settings used in the sample program are listed below. For SC settings, the
items and setting details match those displayed on the setting menu. For details of the FIT modules, refer to

the associated FIT module documents.

Table 2.23 BSP Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >>r_bsp

Other than the changes listed below, properties
are left in the default settings.

Heap size
(BSP_CFG_HEAP_BYTES)

Changed to 0x1000.

Smart Configurator >> Clock

The following settings are made on the “Clocks”
tab and reflected in r_bsp_config.h.

VCC setting

3.3 (V)

Using Target Board for RX140

Main clock settings

Stopped: Unchecked.

PLL circuit setting

Disabled

Sub-clock oscillator setting

Stopped: Unchecked.

HOCO clock settings

Operation: Checked.
Frequency: 48 (MHz)
HOCO oscillation enabled after reset: Checked.

LOCO clock settings

Stopped: Unchecked.

System clock settings

Clock source: HOCO
System clock (ICLK): x1 48 (MHz)
Peripheral module clock (PCLKB): x1/2 24 (MHz)

Peripheral module clock (PCLKD): x1 48 (MHz)
FlashIF clock (FCLK): x1 48 (MHz)
Using Renesas Starter Kit for RX140
Main clock settings Operation: Checked.
Oscillation source: Resonator
Frequency: 8 (MHz)
Wait time: 8192 (2048us)
PLL circuit setting Frequency Division: x1
Frequency Multiplication: x6
Sub-clock oscillator setting Stopped: Unchecked.
HOCO clock settings Stopped: Unchecked.
LOCO clock settings Stopped: Unchecked.
System clock settings Clock source: PLL
System clock (ICLK): x1 48 (MHz)

Peripheral module clock (PCLKB): x1/2 24 (MHz)

Peripheral module clock (PCLKD): x1 48 (MHz)
FlashlIF clock (FCLK): x1 48 (MHz)
IWDT dedicated clock settings Operation: Checked.
Low-power timer clock (LPTCLK) IWDT-dedicated clock selected
settings
Using EK-RX261
Main clock settings Operation: Checked.
Oscillation source: Resonator
Frequency: 8 (MHz)
Wait time: 8192 (2048us)
PLL circuit setting Frequency Division: x1
Frequency Multiplication: x8
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Category | Item

Setting/Description

Sub-clock oscillator setting

Stopped: Unchecked.

HOCO clock settings

Stopped: Unchecked.

LOCO clock settings

Stopped: Unchecked.

System clock settings

Clock source: PLL

System clock (ICLK): x1 64 (MHz)
Peripheral module clock (PCLKB): x1/2 32 (MHz)
Peripheral module clock (PCLKD): x1 64 (MHz)
FlashlIF clock (FCLK): x1 64 (MHz)

IWDT dedicated clock settings

Operation: Checked.

Low-power timer clock (LPTCLK)
settings

IWDT-dedicated clock selected

Table 2.24 LPC Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >>r_Ipc_rx

Default settings are used (no changes).

Table 2.25 S12AD Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >>r_s12ad_rx

Other than the changes listed below, default
settings are used.

Resource >> S12AD

S12AD0

Checked.

ANOOO pin

Use: Checked.

Table 2.26 LPT Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >> r_Ipt_rx

Default settings are used (no changes).

Table 2.27 ELC Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >>r_elc_rx

Default settings are used (no changes).

Table 2.28 DTC Module Settings

Category | Item

Setting/Description

Smart Configurator >> Components >>r_dtc_rx

Other than the changes listed below, default
settings are used.

DTC_CFG_USE_DMAC_FIT_MODULE

Changed to DMAC FIT module is not used with
DTC FIT module (DTC_DISABLE)
(not used together with DMAC FIT module).
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2.2.5.3 File Structure

Table 2.29 lists the files used by the sample program. Note that files belonging to FIT modules or generated
automatically by SC are omitted.

Table 2.29 Files Used by Sample Program

File Name Description Remarks
main.c This is the main processing routine of the sample
program. It initializes and controls the peripheral
functions, transitions to low power consumption mode,
and controls operation after return.

2.2.5.4 Option-Setting Memory

Table 2.30 lists the option-setting memory settings used by the sample program. If necessary, modify the
setting values to match your system.

Table 2.30 Option-Setting Memory Settings Used by Sample Program

Symbol Address Setting Value | Description

OFS0 FFFF FF8Ch to FFFF FF8Fh FFFF FFFFh The IWDT is halted after a reset.

OFS1 FFFF FF88h to FFFF FF8Bh FFFF DEFFh Using Target Board for RX140:
Fast startup time disabled.
Voltage monitoring 0 reset after a reset
disabled.

HOCO oscillation after a reset enabled.
The HOCO frequency is set to 48 MHz.

FFFF DFFFh Using Renesas Starter Kit for RX140:
Fast startup time disabled.

Voltage monitoring 0 reset after a reset
disabled.

HOCO oscillation after a reset disabled.
The HOCO frequency is set to 48 MHz

FFFF CFFFh EK-RX261:

Fast startup time disabled.

Voltage monitoring 0 reset after a reset
disabled.

HOCO oscillation after a reset disabled.
The HOCO frequency is set to 64 MHz

MDE FFFF FF80h to FFFF FF83h FFFF FFFFh Little endian

2.2.5.5 Variables

Table 2.28 lists the variables used by the sample program.

Table 2.31 Variables Used by Sample Program

Variable Name Type Description
gs_snhooze_mode static Ipc_snooze _mode t Snooze mode setting information
gs_ad_data static uint16_t A/D conversion result storage buffer
[DATA_LENGTH]
gs_transfer_data static dtc_transfer_data_t Sets DTC transfer information
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2.2.5.6 Constants

Table 2.32 and Table 2.33 lists the constants used by the sample program.

Table 2.32 Constants Used by Sample Program (RX140)

Constant Name

Setting Value

Description

LEDO Target Board LEDO port output data storage bit
PORT3.PODR.BIT.B1
Renesas Starter Kit
PORT2.PODR.BIT.B1
LEDO_PDR Target Board LEDO port direction control bit
PORT3.PDR.BIT.B1
Renesas Starter Kit
PORT2.PDR.BIT.B1
LED_ON (0) LEDO on
LED_OFF (1) LEDO off
DATA_LENGTH (5) A/D conversion and DTC transfer count
LPT_PERIOD (1000000) Sets LPT cycle to 1 second

Table 2.33 Constants Used by Sample Program (RX261)

Constant Name

Setting Value

Description

LED1 PORTJ.PODR.BIT.B1 LED1 port output data storage bit
LED1_PDR PORTJ.PDR.BIT.B1 LED1 port direction control bit
LED_ON (1) LED1 on

LED_OFF (0) LED1 off

DATA_LENGTH (5) A/D conversion and DTC transfer count
LPT_PERIOD (1000000) Sets LPT cycle to 1 second
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2.2.5.7 Functions

Table 2.34 lists the functions used by the sample program.

Table 2.34 Functions Used by Sample Program

Function Name

Description

main Main processing

init_pins Initialization of unused pins
init_led LED initialization
init_s12ad S12AD initialization
init_elc_Ipt ELC and LPT initialization
init_dtc DTC initialization

activate_standby_callback

Callback function for processing immediately before transition to software
standby mode

[Processing details]

e Starts LPT count operation (run R_LPT_Control function).

e Turns LED off.

snooze_callback

Snooze mode release interrupt callback function

[Processing details]

e Turns LED on.

e Stops LPT count operation and clears counter (runs R_LPT_Control
function).

e Disables snooze mode release interrupt (runs
R_LPC_SnoozeModeConfigure function).

s12ad_callback

AD FIT module callback function
[Processing details]
e Runs NOP instruction.
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2.2.5.8 Function Specifications

The functions of the sample programs are listed below.

main

Outline Main processing

Header None

Declaration void main (void)

Description Initializes peripheral functions, transitions to low power consumption mode,
configures settings after return, and displays A/D conversion results on the Debug
Virtual Console.

Arguments None

Return Value None

init_pins

Outline Initialization of unused pins

Header None

Declaration static void init_pins(void)

Description Initializes unused pins. It is necessary to deal with each pins appropriately. Failure
to do this can increase the current consumption.

Arguments None

Return Value None

init_led

Outline LED initialization

Header None

Declaration static void init_led(void)
Description Specifies the port assigned to LED.
Arguments None

Return Value None

init_s12ad

Outline S12AD initialization

Header None

Declaration static void init_s12ad (void)

Description Uses a FIT module API function to initialize the S12AD.
Arguments None

Return Value None

init_elc_Ipt

Outline ELC and LPT initialization

Header None

Declaration static void init_elc_Ipt (void)

Description Uses FIT module API functions to initialize the ELC and LPT.
Arguments None

Return Value None
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init_dtc

Outline DTC initialization

Header None

Declaration static void init_dtc (void)

Description Uses FIT module API functions to initialize the DTC.
Arguments None

Return Value None

activate_standby_callback

Outline

Header
Declaration
Description

Arguments
Return Value

Callback function for processing immediately before transition to software standby
mode

None

static void activate_standby_callback(void *p_data)

This callback function is called by the LPC FIT module immediately before the
transition to software standby mode.

This function starts LPT count operation (by running the R_LPT_Control function),
and turns off LED.

void *p_data (Not used.)

None

snooze_callback

Outline
Header
Declaration
Description

Arguments
Return Value
Remarks

Snooze mode release interrupt callback function

None

static void snooze_callback(void *p_data)

This callback function is called by the LPC FIT module when a snooze mode
release interrupt occurs.

This function turns on LED, stops LPT count operation and clears the counter (by
running the R_LPT_Control function), and disables the snooze mode release
interrupt (by running the R_LPC_SnoozeModeConfigure function).

void *p_data (Not used.)

None

A snooze mode release interrupt is also generated in normal operation mode when
the selected source occurs. To prevent snooze mode release interrupts from being
generated in normal operation mode, disable the corresponding sources
immediately after returning to normal operation mode.

s12ad_callback

Outline AD FIT module callback function
Header None
Declaration static void s12ad_callback(void *p_data)
Description This callback function is called by the AD FIT module when an S12AD scan end
interrupt occurs.
This function executes a NOP instruction, but appropriate processing should be
provided if necessary.
Arguments void *p_data S12AD callback event
Return Value None
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3. Importing a Project

The sample programs are distributed in e? studio project format. This section shows how to import a project
into e? studio or CS+. After importing a project, check the build and debug settings.

3.1 Procedure in €2 studio

To use sample programs in e? studio, follow the steps below to import them into e? studio. In projects
managed by e2 studio, do not use space codes, multibyte characters, and symbols such as "$", "#", "%" in
folder names or paths to them.

(Note that depending on the version of e? studio you are using, the interface may appear somewhat different
from the screenshots below.)

& work - ¢° studic

Ed\t Source Refactor Mavigate Search Project RenesasViews Rul

New Alt+Shift+N > | Configurations
Open File... . "
3 Open Projects from File System. dis & import o %
Recent Files >
Select \
Ctrl+W ) ) |
Ci fi hive fil d .
i 5 - reate new projects from an archive file or directory E 5
start Start the e“ studio and
.. |select the File >> [Import ...]. lﬁf‘m""“PD"W‘Wd- |
type filter text

Ctrl+5hift+S

v (= General ~

s Archive File
Move... tl[L‘E Existing Projects into Workspace I
) e System
[T} Preferences
(3 Projects from Al

> & rename & mibr| O€lE€CH [EXiSting Projects
& Renesas CCRX gr

Rename...
§7 Refresh

Convert Line Delimiters jo

Ctri+P
& Renesas CS+ Pioj
a# Renesas CS+ Poject for CC-RX and CC-RL
5 Export.. la# Renesas GitHulp FreeRTOS (with loT libraries) Project
@ Sample Projectf on Renesas Website
Properties Alt+Enter = C/Cas
Switch Workspace > {é" ‘C"‘fe‘lﬁe”e’“"’ "
Restart
Exit
I
¥
@ < Back | Next > | Einish Cancel
& import m} X
Import Projects 1 . .
- Select [Select root directory:].
Select a directory to search for existing Eclipse projects, / =
em roat directory: | C¥application note¥sample project || Browse. l
(O Select archive file: Browse...
Projects:
[ sample_project (C:¥application_note¥sample_project) Select Al Select [Select root directory'] and
1 oA
Deselect All H H H
== directory which stored the project
Refresh (sample_project)
Earh annlinatinn nata hac ite Anwmn
Options

[ Search for nifted projects

[1iCopy projects into workspace)

T Close newly imported projects upen completion

[ Hide projects that already exist in the workspace

Werking sets

[ ] Add project to working sets New...

)

@ < Back Next | Einish | Cancel

Figure 3.1 Importing a Project into e? studio
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3.2 Procedure in CS+

To use sample programs in CS+, follow the steps below to import them into CS+. In projects managed by CS
+, do not use space codes, multibyte characters, and symbols such as "$", "#", "%" in folder names or paths

to them.

(Note that depending on the version of CS+ you are using, the interface may appear somewhat different
from the screenshots below.)

@ €5+ for CC - [Start]

File Edit View Project Build Debug Tool Window Help

Drop here to open the project
fie("mip]

Learn About CS+

‘We recommend reading the tutorial to find outwhat can be done in CS+.
J The tutorial contains the information on how to effectively use CS+.

Start the CS+, and select

Workshop / PM+ Project]

[Open Existing MCU Simulator / 2 studio /
CubeSuite / High-performance Embedded

ion registered to an existing project.

Gt JIH@ X @0 o Bd & - & & 4 BRN @GOG @ =022
ORP3Q &

Project|Tree a4 ox Q& Start

s da@

Open Exisling Project

Open Existing MCU Simulator Onli

The project created with the MC|

Support version

MCU Simulator Online
Open Sample Project

Many sample projects that can

outpL bythe MCU
() Build options’ wlator of
RHB5D RL78 RX

e X
M« Windows (C) » application_note > sample_project v & | Search sample_project »
Organize ~ Mew folder s @
I ThispC A Name - Date modified Type Size
B 3D Objects settings 7
I Desktop HardwareDebug 1
[£| Documents e B
iiah 1 ETOVIET A,
oads .
[ L sample_project.repc 11/24/2021 549 PM_ RCPC File 31K8)
b Music
fideos
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a-L4 (D)

—
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| [Project Fie for MCU Simulatgs
e
T

Project Convert Settings

for e2 studio (*.r

X
Project
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@) Degfription: T
——— | roieat
severd| o (@ Deschiption__ Project settings
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when - -
place: Tl Micracongoller RX -
[Noli
e Update...

W RSF5T2NNHxF B 144pirt
i RSFST2NNHXFB_DUAL(Tisg

W REF572NNHxFC(178pin)

| | Product Name R5F572NNHED

On-chip ROM size[KBytes] 4096

On-chip RAM size[Bytes]: 1048576

Additional Information:Pack age =PLBG224GA-A

[Kind of project:],

and select whether to backup.

Select [Empty Application(CC-RX)] in

and specify the project name and place,

New project
Kind of project Empty Application(CC-RX)
Prject name: sample_project

[ Create on a different place from the source project

Copy all files in the folder of 1

Backup the project compasition files after conversion

o ]
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Figure 3.2 Importing a Project into CS+
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4. Reference

4.1 Current Measurement Method

41.1 Using Target Board for RX140

In order to measure current consumption on the Target Board for RX140, it is necessary to make some
modifications to the board. Table 4.1 lists the locations requiring modification.

Table 4.1 Modifications Required for the Target Board for RX140

Item

Modifications

Description

Current measurement

J4: Mount header component.
SS6: Cut pattern trace.

To enable measurement of the current
consumption, cut the pattern trace at SS6
and connect an ammeter to header J4.

External power supply

J2, J3: Mount header component.
SS3: Cut pattern trace.

Cut the pattern trace at SS3 and connect an
external power supply to header J3.

To return to USB power supply, short-circuit
pins 1 and 2 of header J2.

Emulator reset

J5: Mount header component.

Short-circuit header J5 to force a reset of
the on-board emulator. This allows the MCU
to operate alone.

For details, refer to 5.6, External Power-Supply Header, 5.8, Current Measurement Headers, and 5.13,
Emulator Reset Header, in RX140 Group Target Board for RX140 User’'s Manual (R20UT4893).

4.1.2 Using the Renesas Starter Kit for RX140

In order to measure the current consumption on the Renesas Starter Kit for RX140, it is necessary to make
some modifications to the board. Table 4.2 lists the locations requiring modification.

Table 4.2 Modifications Required for the Renesas Starter Kit for RX140

Item

Modifications

Description

Current measurement

J9: Mount header component.
R268: Cut pattern trace.

To enable measurement of the current
consumption, cut the pattern trace at R268
and connect an ammeter to header J9.

For details, refer to 6.4, Power Supply Configuration in the RX140 Group Renesas Starter Kit for RX140
User's Manual (R20UT5026).
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4.1.3 Using EK-RX261
In order to measure current consumption on the EK-RX261, it is necessary to make some modifications to
the board. Table 4.3 lists the locations requiring modification.

Table 4.3 Modifications Required for the EK-RX261

Item Modifications Description
Current measurement | J5: Remove header component. To enable measurement of the current
J6: Remove header component. consumption, remove the header J5 and J6
and connect an ammeter to TP1 and TP2.
Emulator reset J24: Mount header component. Short-circuit header J24 to force a reset of
the on-board emulator. This allows the MCU
to operate alone.

For details, refer to 7.2, MCU Current Measurement, and 7.3, MCU Operating Modes, in RX261 Group
Evaluation Kit for RX261 Microcontroller Group EK-RX261 User’'s Manual (R20UT5351).
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4.2 Notes on Low-Power Timer (LPT)

The LPT is the peripheral function most commonly used in snooze mode. The following notes apply
whenever it is used, and they should be kept in mind when using the LPT as a cycle timer or PWM output
timer.

e The LPT registers are covered by the register write protection setting. Therefore, it is necessary to cancel
write protection by means of the PRC2 bit in the protect register (PRCR) before writing to the LPCMRO
register with a DTC transfer. In addition, when using FIT modules, the R_BSP_RegisterProtectDisable
and R_BSP_RegisterProtectEnable API functions of the BSP FIT module should be used to disable and
enable write protection, respectively. This will prevent the protect setting from being overwritten by an API
function call to the LPT FIT module.

e In order to generate the LPT compare match 1 interrupt, it is necessary to enable interrupts in the
interrupt controller and also to clear the ELC’s module stop setting bit (MSTPCRB.MSTPB9) to 0 (module
stop state disabled).

e The LPT FIT module does not set the IEN bit for compare match 1. It is therefore necessary to set the
IEN bit by means of a user program in order to use LPT compare match 1 to trigger DTC transfers or
interrupts.
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4.3 Sample Program Consumption Current

4.3.1 Hardware and Software Used for Measurement

Table 4.4 lists the hardware and software items that were used to measure the consumption current of the
sample program.

Table 4.4 List of Hardware and Software Items Used

Category Item Description
Digital multimeter Manufacturer: Keithley Measures the consumption
Model: DMM7510 current.
Stabilized power supply x 2 Manufacturer: KENWOOD Supplies power to the board.
Model: PA18-3A
Software Manufacturer: Keithley Obtains the consumption current
Model: KickStart measurement results from the
DMM7510 and outputs them to a
log file.

4.3.2 Measurement Settings

Figure 4.1 shows the settings specified in Keithley KickStart.

Measurement Settings

Function

Range

[] Rel
Rel Value

[1Math

Trigger

|D|g|1|?e Current v

Trigger Mode ‘Irrrnndu]m v

| 100 mA v

Acquisition

Sample Rate ‘ 1,000,000 :|

: | ] Measure Count Infinite

| Sample Count ‘ 5,000,000 | |

Start at HH:MM ‘ 6/ 22 7:56 | Sus

]

O

(] Limit 1

&
ot
L

a k||la »

] Limit 2
M

d e||la w

Figure 4.1 Consumption Current Measurement Settings in Keithley KickStart
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4.3.3 Measurement Environment
Figure 4.2 shows the consumption current measurement environment.

Velo 5V

GND

g

Stabilized
power supply 1 GND

33V

Stabilized
power supply 2

Digital multimeter

Figure 4.2 Consumption Current Measurement Environment for the Renesas Starter Kit
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4.3.4 Consumption Current Measurement Results

This section shows the actual consumption current measurement results of the sample program for
reference. The current values shown in this section are not nominal values. The information in this section
does not guarantee the values of currents consumed during operation in snooze mode.

Figure 4.3 shows the consumption current waveform for a sequence of operations in transition from software
standby mode to snooze mode (for SCI operations). Figure 4.4 shows a magnified image of the consumption
current waveform for the first reception operation. Figure 4.5 shows the waveform in sleep mode (for SCI
operations).

®DMM-1

0A

Os 500 ms 1s 15s 25

Figure 4.3 Current Value in Software Standby Mode and Snooze Mode (for SCI Operations)

®DMM-1

1.5mA

500 pA

592.5ms 593 ms 593.5ms 594 ms 594.5ms 595 ms

Figure 4.4 Current Value in Snooze Mode (for SCI Operations) (Magnified Image for the 1st
Reception Operation)
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9ma ®DMM-1

0A
Os 500 ms 1s 15s 2s

Figure 4.5 Sleep Mode (for SCI Operations)

Table 4.5 shows the actual consumption current measurement results of the sample program that uses the
SCI. See also Table 4.6 to compare these results with the actual consumption current measurement results
in sleep mode.

Table 4.5 Current Value for snooze_sci5_rx140

Operation Mode Actual Measured Value Measurement Period
(Average)

Software standby mode About 0.25 pA/ms Time period during which the board is in
software standby mode

Snooze mode (when the SClis | About 84 nA/ms Approximately 2.5 ms time period before

operating) (About 1.7 mA, max.) the current value becomes stable after the
operation mode changes from snooze
mode back to software standby mode

Table 4.6 Current Value of a Reception Operation in Sleep Mode and Asynchronous Mode on the
Serial Communications Interface (SCI)

Operation Mode Actual Measured Value Measurement Period
(Average)
Sleep mode About 2.15 mA/ms Time period during which the board is in
sleep mode

In sleep mode, because the peripheral functions are already operating, the board is continuously operating
at a current of about 2.15 mA with little variation. If snooze mode is used, when the SCI begins to operate
and the operation mode changes from software standby mode to snooze mode, the consumption current
temporarily rises from 0.25 pA to a maximum of about 1.7 mA. The operation mode then changes back to
software standby mode.
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The sample program allows the user to receive data at any time. The following figure shows the average
current consumed when the SCI performs a reception operation at 100 ms intervals.

il 2.5ms

R N\
} | ; ! \\

55555

Figure 4.6 Example of Periodic Reception Operations by the SCI

Table 4.7 Average Consumption Current for Periodic Reception Operations by the SCI

Operation Mode Period Consumption Current

Software standby mode 100-2.5=97.5ms 0.25 pA/ms x 97.5 ~ 24.375 pPA
Snooze mode (when the SCl is 2.5ms 84 pyA/ms x 2.5~ 210 pA
operating)

Total 100 ms 234.375 pA

Average consumption value for periodic reception operations (100 ms) = 234.375 yA/ 100 ms ~ 2.34 pA
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5. Obtaining the Development Environment

5.1 e?studio

Visit the following URL and download e? studio.
https://www.renesas.com/jp/en/software-tool/e-studio

This document assumes that version 2022-04 or later of 2 studio is used. If a version earlier than 2022-04 is
used, some e? studio functions may not be supported. Make sure to download the latest version of e? studio
on the website.

5.2 Compiler Package
Visit the following URL and download the RX Family C/C++ Compiler Package.

https://www.renesas.com/jp/en/software-tool/cc-compiler-package-rx-family

6. Additional Information

6.1 Notes on Using the Evaluation Version of C/C++ Compiler Package for
RX Family

The evaluation version of C/C++ Compiler Package for RX Family can only be used for a limited duration
and other usage limitations apply. When the evaluation period expires, the size of linkable objects is reduced
to 128 KB or less, which may cause incorrect generation of the load module.

For details, refer to the following software tool page for evaluation versions on the Renesas website:

https://www.renesas.com/jp/en/software-tool/evaluation-software-tools

7. Reference Documents

o RX140 Group: User’'s Manual: Hardware (R0O1UH0905)

e RX261 Group: User's Manual: Hardware (R0O1UH1045)

o RX Family: Board Support Package Module Using Firmware Integration Technology (RO1AN1685)
e RX Family: LPC Module Using Firmware Integration Technology (R0O1AN2769)

o RX Family: ADC Module Using Firmware Integration Technology (RO1AN1666)

o RX Family: LPT Module Using Firmware Integration Technology (RO1AN2571)

o RX Family: ELC Module Using Firmware Integration Technology (RO1AN3066)

o RX Family: DTC Module Using Firmware Integration Technology (RO1AN1819)

o RX Family: SCI Module Using Firmware Integration Technology (RO1AN1815)

o RX Family: BYTEQ Module Using Firmware Integration Technology (RO1AN1683)

e RX Smart Configurator: User’s Guide: e? studio (R20AN0451)

e Target Board for RX140 User’'s Manual (R20UT4893)

e Target Board for RX140 Schematic (R20UT4897)

e Renesas Starter Kit for RX140 User's Manual (R20UT5026)

e Renesas Starter Kit for RX140 CPU Board Schematics (R20UT5025)

e Evaluation Kit for RX261 Microcontroller Group EK-RX261 User's Manual(R20UT5351)
o EK-RX261 - Design Package

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 LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/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 V.
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Vix (Min.).
7. Pronhibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
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
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