REN ESAS Application Note

Renesas RA Family

Getting Started with Low Power Applications for RA6 and
RA4 Groups

Introduction

This Application Note describes how you can reduce the adequate power consumption of the RA
Microcontroller using Low Power Modes (LPMs). Two accompanying application projects show typical use
cases of entering Low Power Modes and configuring the various peripherals to exit the entered mode. Upon
completing this guide, you can add an LPM module to your design, configure it correctly for the target
application, and write code using the included application project as a reference and efficient starting point.

e This application note describes LPM module usage in different modes and supported peripherals.
e Application overview for the different use cases.

e FSP configuration steps for LPM.

e Application design highlights.

¢ Importing, loading, and running the application project.

e Project migration steps to other RA Kits.

Required Resources

e e?studio IDE v2024-01.1
o Flexible Software Package (FSP) v5.2.0
o J-Link RTT viewer V7.94¢g

Primary Target Devices

o EK-RAG6M3 kit
e FPB-RAGE1 board
¢ FPB-RA4E1 board

Table 1. RA Kits Tested with LPM Application

Kit Operable Long Timer in LPM | LPM Transition and Clock Changing at Run-Time
EK-RA6M3 Yes Yes
FPB-RAGE1 Yes Yes
FPB-RA4E1 Yes Yes
EK-RAG6M2 Yes Yes
EK-RA6M1 Yes Yes
EK-RA4M1 Yes Yes
EK-RA2A1 Yes Yes
EK-RA2L1 Yes Yes
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1. Application Overview

Application projects accompanying this document serve as references to operate the microcontroller (MCU) in
various Low Power Modes demonstrating different levels of power consumption often required to maximize
battery life.

For ease of understanding the LPM, these application projects cover the different Low Power Modes with
varying settings of clock to showcase each mode, operation of different peripherals in an LPM, required pin
configurations, trigger/end source configuration, and a user interface to initiate transition to different LPM states
and switch back to Normal mode. The configuration for each mode is maintained as an independent instance.
Users can use these example configurations and change settings to trigger/end operation as desired.

In addition to the LPM, the application also supports changing the source clock of the MCU dynamically and
running LPM for these clocks.

11 Low Power Modes
RA MCUs support four different types of LPM depending on the MCU family. These are:

e Sleep mode

e Software Standby mode

e Snooze mode

e Deep Software Standby mode

Low power mode transition and triggering sources for RA MCUs are illustrated in Figure 1. See the User’s
Manual for the specific MCU for more details on these transitions.

SBYCR.SSBY =0

Reset state
. — Sleep mode
WFI instruction”’ —
RES pin = high”
All interrupts SNZCR.SNZE = 1
- Snooze mode
Interrupt
Snooze requests 1| snooze end condition

Normal mode
{program execution state)”

WFI instruction”
DPSBYCR.DPSBY =0
\ SBYCR.SSBY =1 | ¢ ,r)
—

Interrupt Software Standby mode

DPSBYCR.DPSBY =1
¥

Internal re@: nt : Deep Software Standby mode
nterrup

Low-power mode (program stopped state)

MNote 1. When an interrupt that acts as a trigger for cancel is received during a transition to the program stopped state after the execution of a WFI
instruction, the MCU executes interrupt exception handling instead of transitioning to low power mode.

Note 2. The MOCO clock is the source of the operating clock following a transition from the reset state to Normal mode.

MNote 3. The transition to Normal mode is made because of an interrupt from Sleep, Snooze, or Software Standby mode. The clock source is the
same as before entering the low power mode.

Note 4. When an available interrupt request is generated, an internal reset (Deep Software Standby reset) is generated over a fixed period.
Canceling of Deep Software Standby mode accompanies release from the internal reset state, and then the MCU transitions to Normal
mode and execute a reset exception processing with the MOCO clock as the source of the operating clock.

Figure 1. LPM Transition Diagram for RA6M3
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In LPM, the CPU stops, but on-chip peripherals and oscillator states may be operational depending on the
LPM selected. Therefore, their effects on MCU power consumption are very different. The typical current
consumption when the MCU is in a Low Power Mode is found in the MCU Hardware User’'s Manual section on
Operating and Standby Current. Figure 2 shows the typical power consumption when the MCU is in a Low
Power Mode vs throughput.

Power Consumption

Throughput

Figure 2. Power Consumption and Throughput of the LPM

In order for the MCU to enter or exit the LPM, associated special function registers need to be configured. This
application note does not focus on the bit-level configuration details since the bits can be configured using the
API provided by the FSP. The API provided by the FSP is documented in the FSP User’s Manual. To explore
the LPM and its supported list of peripherals and interrupts, refer to the Low Power Modes section in the RA
MCU Datasheet. Low Power Modes commonly available with RA MCUs are described next.

1.1.1 Sleep Mode

An operational CPU is typically the primary cause of power consumption. In Sleep mode, the CPU stops
operating, but the contents of its internal registers are retained. Other peripheral functions in the MCU do not
stop. Available resets or interrupts in Sleep mode can cause the MCU to cancel Sleep mode. All interrupt
sources are available in this mode to cancel the Sleep mode. When using an interrupt to cancel Sleep mode
successfully, you must set the associated IELSRn register before executing a WFI instruction.

1.1.2 Software Standby Mode

In Software Standby mode, the CPU, most of the on-chip peripheral functions, and the oscillators stop
operation. However, the contents of the CPU internal registers and the SRAM data, the states of the on-chip
peripheral functions, and the I/O port states are retained. Software Standby mode significantly reduces power
consumption since most of the oscillators stop in this mode.

1.1.3 Snooze Mode

The Snooze feature provides operational flexibility to reduce current consumption dramatically. Snooze is an
extension to the Software Standby mode, where limited peripheral modules can operate without waking up the
CPU. The Snooze mode can be entered through the Software Standby mode via configured interrupt sources,
and similarly, it is woken up from Snooze mode by interrupts supported in the Snooze mode.

1.1.4 Deep Software Standby Mode

In Deep Software Standby mode, the CPU and on-chip peripheral functions are stopped except for some
internal modules. Current consumption is reduced since the internal power supply to these modules is stopped
before entering Deep Software Standby mode. The contents of all the CPU registers and internal peripheral
modules, except for the RTC alarm, RTC interval, and USB suspend/resume detecting unit, become undefined.
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1.2 Activation and Cancel Sources

Low power modes are canceled by various interrupt sources such as RES pin reset, power-on reset, voltage
monitor reset, and peripheral interrupts. Refer to the Low Power Modes section in Renesas RA MCU User’s
Manual for a list of interrupt sources for different LPMs.

For Deep Software Standby mode, the reset cause can be identified via the DPSRSTF flag bit in the Reset
Status Register0 (RSTSRO).

Only Snooze mode is triggered by a Snooze request to enter Snooze mode from Software Standby mode. The
transitions to other LPMs are done by executing a WFI instruction with appropriate settings in the Standby
Control register (SBYCR).

1.3 Peripheral Operation in LPM

Not all the MCU peripherals are available in different LPMs. MCU peripherals also have different setting
retention capabilities during the different LPMs. For example, the contents of the internal registers may be
retained in some LPMs, but the contents may be undefined in other modes. Depending upon the application,
users must choose the peripherals and LPM settings for maximum power savings. Users must also turn
off/disable oscillators and on-chip peripherals that are not clock-gated or powered off to maximize power
savings. Refer to the Low Power Modes section in each RA MCU User’s Manual: Hardware to understand
different oscillators and peripherals available in a specific LPM.

The following sections will discuss the use case scenarios for the different LPMs with different clock settings
and peripherals.

1.4 Use Case: Changing Clocks at Run-Time

This application use case describes how to dynamically change the RA MCU clock and set it to different clock
settings supported by the RA MCU using the FSP CGC HAL driver APIs. While the user can configure the
Clock Generation Circuits (CGC) within the MCU using the RA FSP Clock Configurator, in many applications
where a battery eventually powers the MCU, there is an inherent requirement to change the clock configuration
settings as the MCU is running. Based on the desired set of clock sources, the MCU changes to a different
clock source and operates normally without rebooting.

Changing the system clock affects the peripherals, which use derivatives of the system clock as a source and
other clocks in the system. Users are advised to select the dividers that apply to the system. When changing
the clock, make sure that stabilization with the proper settling time is in place. This stabilization time is designed
for the CGC HAL Diriver.

This application uses the user switch input to change the MCU clock mode from the previously running clock
to the desired clock. The new clock settings are applied and displayed via the RTT interface for the user
notification.

Table 2 shows the available user-selectable clock settings in the application.
Table 2. User Selectable Clock

Clock Source | Description

MOSC Main Oscillator Clock

HOCO High speed on-chip Oscillator
MOCO Medium Speed on-chip Oscillator
LOCO Low Speed on-chip Oscillator
SOSC Sub Oscillator Clock

Note: By default, MOSC and SOSC are not supported on FPB-RAGE1 and FPB-RA4E1.

The sequence of the clocks being configured is MOSC—-HOCO—-MOCO—-LOCO—-SOSC—MOSC. The
objective of this use case is to show the different clock sources that can be changed during run time without
halting the MCU. Changing the clock dynamically is accomplished using the RA CGC HAL driver API
R CGC ClocksCfg. For more details on CGC HAL driver API, refer to the FSP User’s Manual.
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1.5 Use Case: LPM Transition at Run-Time
This use case shows the different LPMs supported by the MCU for the other clock settings.

The application requires the user to push the button switch input to change the LPM available for the MCU and
perform transitions as programmed. The supported LPM and its transitions to the different LPMs are displayed
using the RTT interface for notifying the user. The application also showcases the use of a few peripherals,
like the AGT timer and RTC operating in different LPMs, and regularly displays the RTC time information when
MCU transitions to the normal mode from the LPM. The AGT1 Timer is used in the Snooze mode to alternate
between Software Standby and Snooze modes. RTC Alarm interrupt is used to cancel the Software Standby
mode and enter normal mode. IRQn (User Switch Interrupt) cancels the Sleep and Deep Software Standby
modes.

The visual indication of the LPM transition can also be seen with the User LED on the board. When the LED
blinks approximately every 1 second, it runs in Normal mode. If the LED is turned OFF, it is in an LPM.

Note: More details on the application are explained in the architecture section 4.1 .The peripherals used in
the application are just a few available for the MCU. For the complete list of peripherals supported in
the LPM, refer to the LPM section of the MCU datasheet.

Different clock sources and LPMs supported for the RA MCUs are shown in Table 3.
Table 3. Clock Sources and Supported LPM for RA MCUs

Clock LPM Supported | LPM Supported

Source MCU

Supported RA6M3, RA6M2, RAGE1, RA4E1 RA2A1

MOSC SLEEP, SW_STNDBY, SNOOZE, DEEP_SW_STANDBY SLEEP, SW_STNDBY, SNOOZE
HOCO SLEEP, SW_STNDBY, SNOOZE, DEEP_SW_STANDBY SLEEP, SW_STNDBY, SNOOZE
MOCO SLEEP, SW_STNDBY, SNOOZE, DEEP_SW_STANDBY SLEEP, SW_STNDBY, SNOOZE
LOCO SLEEP, SW_STNDBY, SNOOZE, DEEP_SW_STANDBY SLEEP, SW_STNDBY, SNOOZE
SOSC SLEEP, SW_STNDBY, SNOOZE, DEEP_SW_STANDBY SLEEP, SW_STNDBY, SNOOZE

Note: By default, MOSC and SOSC are not supported on FPB-RAGE1 and FPB-RA4E1.

Transitioning to the different LPMs is accomplished by using the RA LPM HAL driver API
R LPM LowPowerModeEnter. More details of this API can be found in the FSP User’s Manual.

1.6 Use Case: Operable Long Timer in Software Standby and Deep Software
Standby Modes

The Operable Long Timer in Software Standby and Deep Software Standby modes require a timer that can
operate in a Low Power mode. The count source of the timer is another element that should be considered
carefully. In Renesas RA MCUs, the 16-bit Asynchronous General-Purpose Timer channel 0 (AGTO0) and 16-
bit channel 1 (AGT1) can be used in cascade mode to create a 32-bit timer. In cascade mode, AGTO Underflow
Interrupt will trigger the counter of AGT1. The AGTO count source can be the sub-clock oscillator or LOCO
clock, available in both Software Standby and Deep Software Standby modes. The AGT1 Underflow Interrupt
is used to wake the MCU up from LPM.

The maximum period of the 16-bit AGT timer channel 0 with the sub-clock count source running at 32.768 kHz
is approximately 2.0 seconds. The Operable Long Timer with two AGT timer channels in cascade mode will
have a maximum period of approximately 2184.5 hours with a timer resolution of 30.517 ps.

Note: If a longer wakeup time is required, the RTC can be used via the RTC alarm, but here, the resolution
of the timer is limited to 1 second.
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2. LPM HAL Module

The LPM HAL module in FSP provides a method to include the LPM driver into the application and to configure
them for different modes. It also configures different trigger/cancel signals required for LPM
activation/cancellation. FSP also provides essential APIs to configure and place the MCU in Low Power modes.
It supports the following Low Power modes:

o Deep Software Standby mode (on supported MCUs)
e Software Standby mode

e Sleep mode

e Snooze mode

It also supports reducing power consumption in Deep Software Standby mode through internal power supply
control and resetting the states of 1/0O ports.

3. FSP Configuration

When developing an FSP application in e? studio, first configure the FSP using the RA Configurator. To
properly configure the FSP, you must have detailed knowledge of both the software design you will be
implementing and the specific hardware it will be running on. This includes the peripherals used on the
hardware and the pins they are mapped to, internal or external to the MCU. From the software perspective,
you need to add the HAL modules for the peripherals you use and decide how many threads will be used and
what additional software objects like semaphores, queues, and so on each thread will require. Once you have
this information, you will be ready to successfully configure the FSP for your specific application needs.

In an application using FSP, the FSP configuration is stored in a file named configuration.xml. Double-
clicking on this file opens the RA Configuration tab for the project.

v S OLT_Timer_App_EK_RABM3 [Debug]
! Includes
3 src
= script
CM_low_power_debug.JLinkScript

R

configuration.xml

ILinklLog.log

OLT_Timer_App_EK_RA&M3 Debug.jlink
X OLT_Timer_App_EK_RABM3 Debug.launch
= R7TFABM3AH3CFC.pincfg

= ra_cfg.txt

= RABM3-EK.pincfg

= RABM3-EK-LPM.pincfg

(?) Developer Assistance

Figure 3. configuration.xml on the Project Plane

When a project is built from scratch, this configuration tab is where you will perform the initial configuration of
the FSP. As shown in Figure 4The RA Configuration pane contains a Summary screen highlighting the items
you may configure, along with a scrolling window listing all the software components currently selected for this
project. Below this scrolling window are tabs that allow you to tailor the FSP to the needs of your specific
application. The FSP user's manual provides more details on using the FSP configurator.

For the purposes of this application note, we will highlight a few of the details of the FSP properties, such as
the r_Ipm driver, r_rtc driver, and r_agt driver modules, as they are key components operated in the use cases
provided in the application.

When you have configured the project appropriately, click Generate Project Content, the green arrow button
above the summary screen, to build all the auto-generated files necessary to implement the components you
defined.
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Summary Generate Pgect Content
Project Summary ~
RENESAS
Board: EK-RAGM3
Device: R7FABM3AH3CFC
Toelchain: GCC ARM Embedded
Toolchain Version: 13.2.1.arm-13-7
FSP Version: 5.2.0
Project Type: Flat
Location: C:/Update_ws/RAB-RA4 Application Projects/OLT_Timer_App_EK_RASM3 =+
Selected software components
Board support package for RFTFABM3AH3CFC v5.2.0
Board support package for RAGM3 vH.20
Board support package for RA6M3 - FSP Data v5.2.0
Arm CMSIS Version 5 - Core (M) v5 9 0+renesas. 1fsp 520
RABM3-EK Board Support Files vh20
Board Support Package Common Files v5.2.0
Asynchronous General Purpose Timer v520
Clock Generation Circuit v5.2.0
General PWM Timer v5.2.0
External Interrupt v5.2.0
1/0 Port v520 (V]
I ~ws Doasrar Mnodac whR 2N

Figure 4. Summary of the Operable Long Timer Configuration

3.1 BSPTab

For the Operable Long Timer Application, as you can see in Figure 5, the RA Configuration pane contains a
Summary screen highlighting the items you may configure in the BSP tab, Properties > RA Common >
Subclock Populated should be selected as Not Populated.

I{) Project Explorer [ Properties X 4 [ Y | & v £ = 8 £} [OLT_Timer_App_EK_RAGM3] FSP Configuration X = 8
EK-RA6M3 Board Support Package Configuration Generate Broject Cantent
. Propel Value
Settings :'IEAyGMSAHSCFC 3 Restore Defaults
RAEM3
~ RABM3 Family Device Selection
oo
valuation kit for RA6GM3 MCU Group

MPU Board: EK-RAGM3 ~ ™ . )

Clocks VISIF https://s 'renesas.(o'ﬂ,’ra,’ek-rae”n? to get kit

Enable inline BSP IRQ functions Enabled Device: RFFAGM3AHICFC [E ::il:;n:r;i:;éﬂc;:;ja;tgglulec:: ermata, design

Main Oscillator Wait Time 8163 cycles Core: CM4

1D Code Mode Unlocked (Ignore ID)

ID Code (32 Hex Characters) FEFFFFFFFFFFFFFFFFFFFFF. | RO LI

~ RA Common

Main stack size (bytes) 0x400

Heap size (bytes) 0

MCU Vee (mV) 3300

Parameter checking Disabled

Assert Failures Return FSP_ERR_ASSERTI...

Error Log No Error Log

Clock Registers not Reset Values during Startup Disabled

Main Oscillator Populated Populated

PFS Protect Enabled

C Runtime Initialization Enabled

Early BSP Initialization Disabled

or Clock Source (o
Subclock Populated Mot Populated

Subclock Drive (Drive capacitance availabmty varies Standard/Normal mode
Subclock Stabilization Time (ms) 1000 < >
Summary | BSP| Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 5. BSP Settings of the Operable Long Timer

Note: This setting is required only for the Operable Long Timer Application.

3.2 Components Tab

Even though the Components tab is the last tab showing, it is important to visit and verify that the configured
components are checked against the desired FSP version. Components are automatically selected when the
modules are added in the Stack tab specific to the application. As the final step to verify the chosen
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components, it is a good practice to confirm these selections are checked in the Components tab. One of the
advantages of the FSP is that it will only compile the components you choose, thereby reducing the size of
your overall application. As shown in Figure 6, components are broken down into seven categories.

{5k [OLT_Timer_App_EK_RAGM3] FSP Configuration < = 0
. . (%]
Components Configuration Generate Project Content
=N Group by: Vendor ~ | Filter: |All £
Component Version Description Variant A
oo Arm
= AWS
0 Intel
o Linaro
oo Microsoft
~ iy Renesas
% BSP
s Common
~ % HAL Drivers
v @ oall
[7] r_acmphs 520 High Speed Analog Comparator
[[] r_acmplp 520 Low Power Analog Comparator
[7] r_adc 52.0 A/D Converter
[] radc b 520 A/D Converter
"] radcd 520 A/D Converter
r_agt 520 Asynchronous General Purpose Timer
[T] r_ble_all 520 BLE Library
] r_ble_all_freertos 520 Renesas BLE Library
[T] r_ble_balance 520 BLE Library
[] r_ble_balance_freertos 520 Renesas BLE Library
"] r_ble_balance_threadx 520 Renesas BLE Library Balance Configuration
[[] r_ble_compact 520 BLE Library
[7] r_ble_compact_freertos 520 Renesas BLE Library
[[] r_ble_compact_threadx 520 Renesas BLE Library Compact Configuration

[7] r_ble_extended_threadx 5.2.0 Renesas BLE Library Extended Configuration

=

Summary  BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 6. Components Tab Categories

You may expand any categories by clicking the arrow to the left of the category name. The following table
highlights the selections used for the LPM applications.

Table 4. Components Used in the LPM Applications

Category Component Version Description
BSP ra6m3 ek 5.2.0 RA6M3-EK Board Support Package Files
CMSIS CoreM 5.9.0+renesas.1.fsp.5.2.0 Arm CMSIS Version5 - Core (M)
Common fsp _common | 5.2.0 Board Support Package Common Files
HAL Drivers | r cgc 5.2.0 Clock Generation Circuit

r ioport 5.2.0 I/O Port

r lpm 5.2.0 Low Power Modes

r icu 5.2.0 External Interrupt

r gpt 5.2.0 General PWM Timer

r agt 5.2.0 Asynchronous General-Purpose Timer

r rtc 5.2.0 Real Time Clock

3.3 Stacks Tab
The Stacks tab allows you to add and configure the threads that the FSP automatically creates for your
application. You define a new thread by clicking the € button and then entering a unique name for your new

thread. Once you add a new thread, you must define the modules that the thread will use along with any thread
objects used by your application thread.
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As an example, if you click the Stacks tab and then single-click on the HAL/Common thread, you should see
something like the screen capture shown in Figure 7. This shows that the application requires multiple drivers.
For example, the r_lpm driver is the driver for Low Power Modes of a Renesas RA MCU. The LPM applications
do not use RTOS, hence there is only one HAL/Common thread is available in this type of application.

m' [OLT_Timer_App_EK_RA6M3] FSP Configuration X =g

Stacks Configuration Generate Project Content

Threads — HAL/Common Stacks % | New Stack >

~ ot
= :gAU?ommon & g_ioport I/0 Port % g_lpm_deep_sw_standb & g_cgel Clock ¢ agt1_timer_cascade_lp & g_external_irg_user_sw
) g-loport I/ Port (r_ioport) (r_ioport) y Low Power Modes Generation Circuit m_trigger Timer, External IRQ (r_icu)
@ g_lpm_deep_sw_standby Low Power Modes (r_lpm) (r_lpm) (r_cgc) Low-Power (r_agt)
& g_cgc0 Clock Generation Circuit (r_cgc) @ @ @ @ @

& agtl_timer_cascade_Ipm_trigger Timer, Low-Power (r_agt)

& g_external_irg_user_sw External IRQ (r_icu)

@ agt0_timer_cascade_trigger Timer, Low-Power (r_agt)

@ g_lpm_sw_standby Low Power Modes (r_lpm)

@ gpt0_timer_sw_debounce_filter Timer, General PWM (r_gpt)

Objects

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 7. Drivers Usage in LPM Application

You can add additional modules to a thread by clicking the “ button. As an example, Figure 8This shows
you how to add an AGT timer. You add the timer by choosing (+) New Stack > Timers > Timer, Low-Power

(r_agt).
If you pick a module you have not preselected, the appropriate component for the module will be automatically

selected by FSP for you. If the configurator tool detects errors due to incorrect settings with the module addition,
it presents the module with a mistake. You may examine the errors by hovering over the module name.

m’ [OLT_Timer_App_EK_RAGM3] FSP Configuration X =

Stacks Configuration Generate Project Content

Threads -] HAL/Common Stacks % | New Sta Al

>
=3 Analog >
v =" HAL/Common N " )
o . . 47 g_ioport 1/0 Port 4 g_lpm_deep_sw_standb 47 g_cged Clock 4 agtl_timer_cascade_Ip Audio > Lsw
47 g_ioport 1/0 Port (r_ioport) . y - -
(r_ioport) y Low Power Modes Generation Circuit m_trigger Timer, Bootloader N
4 g_lpm_deep_sw_standby Low Power Modes (r_Ipm) (r_lpm) (r_cge) Low-Power (r_agt)
£ g_cgcl Clock Generation Circuit (r_cgc) @ @ @ @ Caplauch 4
- 5
% agtl_timer_cascade_Ipm_trigger Timer, Low-Power (| ;Zr;nectlvlty
>
¥ g_external_irg_user_sw External IRQ (r_icu) R N
raphics
& agt0_timer_cascade_trigger Timer, Low-Power (r_agt| | pt 5
npu
& g_lpm_sw_standby Low Power Modes (r_Ipm) Mgnitoring 5
4 gpt0_timer_sw_debounce_filter Timer, General PWM Motor 5
Networking >
Power >
Security >
Sensor >
3 2 Storage >
System >
Objects S _
4 port Output Enable for GPT (r_poeg) Timers. >
4 Realtime Clock (r_rtc) Transfer 4
@ Three-Phase PWM (r_gpt_three_phase) ¥ Search..
@ Timer, General PWM (r_gpt)
‘i& Timer, Low-Power (r_agt)
< >

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 8. Adding r_agt Driver to HAL/Common Thread
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3.4 Module Configuration

Once you have added a module to your project, you must configure its properties. The properties are
dependent on the module(s) that you have added. Use the Properties tab to configure them.

3.4.1 LPM Configuration

The LPM applications add the r_Ipm driver module as the main component to configure the Renesas RA MCUs
in Low Power Modes, for Sleep, Software Standby, Snooze, and Deep Software Standby. The main settings
of Low Power Modes configures the trigger/cancel sources, and internal power supply conditions for Deep
Software Standby mode.

3.4.1.1 Activation and Cancelation Sources

The cancelation source of an LPM will wake up the MCU from the specific LPM. The request for Snooze mode
puts the MCU into Snooze mode from Software Standby mode. These sources are interrupt sources. Refer to
the Low Power Modes section in Renesas RA MCU Hardware User’s Manual for more details on what
interruptions are available in the LPM.

Table 5 shows the activation and cancelation sources used in the LPM applications.

Table 5. Activation and Cancelation Source Configuration

Category Interrupt Source | Application Description
Request Source | AGT1 AGTI Clock Changing and LPM Transition AGT Channel 1
Underflow Interrupt
End Source AGT1 AGTI Clock Changing and LPM Transition AGT Channel 1
Underflow Interrupt
Wake/Cancel AGT1 AGTI Operable Long Timer AGT Channel 1
Source Underflow Interrupt
PORT IRQ13-DS | Clock Changing and LPM Transition External Interrupt 13-DS
PORT IRQ1-DS Clock Changing and LPM Transition External Interrupt 1-DS
RTC_ALM Clock Changing and LPM Transition RTC Alarm Interrupt

3.4.1.2 Sleep Mode Configuration

Since Sleep mode is canceled by any interrupts, there is no need to set up a cancel source for this mode in
driver r_Ipm configuration, as long as there is at least one source of interrupt active in the system. If the LPM
application uses RTOS, the Systick timer must be stopped before entering the Sleep mode because the Systick
interrupt will wake up the MCU. When you are using the RTOS, if the Systick timer is stopped, it must be
restarted after waking up for the proper RTOS kernel operation.

3.4.1.3 Software Standby Mode Configuration

Figure 9 shows how the LPM may be configured to exit Software Standby mode with AGT1 underflow interrupt
as the wake source.
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{8} [OLT_Timer_App_EK_RAGM3] FSP Configuration X

Stacks Configuration Generate Project Content

Threads HAL/Common Stacks &) New Stack > i) Remove
v & HAL/Common Al == — - A

el S . b |48 gcgcdClock & agtl_timer_cascade lp | 9 g_external_irq_usersw | | 4 agt0_timer_cascade_trig | =g ipmisw standbylow | | 4 gpt0_timer_sw_debounc

W Jopart L0 fort U Jogcr Generation Circuit m_trigger Timer, External IRQ {r_icu) ger Timer, Low-Power Power Modes (r_lpm) & _filter Timer, General

& o lom deeo sw standby Low Power Modes (¢ lom) 2] r_cge) Low-Power (r_agt) (r_agt) . PWM (r_gpt)

® ® ) ®
o o ® ® ® o ® 3
< >

Summary |BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Companents
B Console [T Properties X
g_lpm_sw_standby Low Power Modes (r_lpm)

Settings  ProPerty Value 22
e v Deep Sleep and Standby Options
~ Wake Sources
1RQO
IRQ1
IRQ2
IRQ3
IRQ4
IRQS
RS
IRQ7
IRQ8
1RQ9
IRQ10
IRQ11
IRQ12
IRQ13
IRQ14
IRQ15
IWDT
Key Interrupt
LVD1 Interrupt
LVD2 Interrupt
Analog Comparator High-speed 0 Interrupt
RIC Alarm
RIC Period
USB High-speed
USB Full-speed
AGT1 Underflow
AGT1 Compare Match A
AGT1 Compare Match B
2co

00000000000 O0O0OD0O0OODOOOOOOOO0O0

ooogo

Figure 9. Software Standby Properties Configuration using the Properties Tab
3.4.1.4 Snooze Mode Configuration

The Snooze Request source triggers a transition from Software Standby mode to Snooze mode. The Snooze
End source cancels Snooze Mode and transitions the MCU back to Software Standby mode.

The wake source of Software Standby mode will wake up the MCU from both Software Standby and Snooze
modes.

Figure 10 shows how to configure Snooze mode with AGT1 Underflow as both Snooze Request and End
sources for Clock change and LPM application.
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42 [clock_change_and_lpm_ek_ra6m3] FSP Configuration X
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APl Info
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& g_extemal_irq_user_sw
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% g_lpm_sw_standby Low
Power Modes (r_lpm)
@©
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@ g lpm deep_sw_standb
y Low Power Modes
(r_lpm)

®

@ g_rtc Realtime Clock
(r_rtc)

®
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Default (BSP)
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~ Module g_lpm_sw_standby_with_snooze Low Power Modes (r_ipm)

General
~ Deep Sleep and Standby Options
Wake Sources
~ Snooze Options (Not available on every MCU)
w Snooze End Sources
AGT1 Underflow
DTC Transfer Completion
DIC Transfer Completion Negated signal
ADCO Compare Match
ADCO Compare Mismatch
ADC1 Compare Match
ADC1 Compare Mismatch
SCI0 Address Match
Snooze Request Source
DTC state in Snooze Mode
Snooze Cancel Source
RAM Retention Control (Nt available on every MCU)
Oscillator LDO Control (Not available on every MCU)
Deep Standby Options

oooooooE

AGT1 Underflow
Disabled
None

Figure 10. Snooze Properties Configuration using the Properties Tab

3.4.1.5 Deep Software Standby Configuration

Figure 11 shows Deep Software Standby Mode with AGT1 underflow interrupt as cancel source.

40 [OUT_Timer_App_EK_RABM3] FSP Configuration X

Stacks Configuration

Threads 3 "

- HAL/Common Stacks

~ m¢ HAL/Commen
4 g_ioport I/0 Port (r_ioport)
@ g_Ipm_deep_sw_standby Low Power Modes (r_lpm)

Objects

Summary | BSP | Clocks Pins Interrupts | Event Links Stacks Components
[ Properties X
g lpm _deep sw standby Low Power Modes (r lpm)

Property
Deep Sleep and Standby Options
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Oscillator LDO Control (Not available on every MCU)
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~ Cancel Sources
IRQ0
IRQ1
IRQ2
IRQ3
R4
IRQS
IRQ6
IRQ7
IRQ8
IRQ8
IRQ10
IRQ11
IRQ12
1RQ13
IRQ14
o1
VD2
RIC Interval
RIC Alarm
NMI
USBFS
USBHS
AGT1 Underflow
Cancel Edges
I/0 Port Retention
Power-Supply Control

Settings

AP! Info

4| New Stack >

Generate Project Content

® | Remove

& g_ioport I/O Port
(r_ioport)

4 g_cged Clock
Generation Circuit
(r_cgc)

i @

@ agt1_timer_cascade_lp
m_trigger Timer,
Low-Power (1_agt)

&)

@ g_external_irq_user_sw
External IRQ (r_icu)

@

~

# agt0_timer_cascade._tr
ger Timer, Low-Power
(r_agt)

o

Value

Fe0ooDooooOoO0nDOoOoOoOoOoOooooooao

Maintain the 10 port states
Supply power to the Standby RAM, low-speed on-chip oscillator, AGTn and USBFS resume detecting unit

Figure 11.

Deep Software Standby Properties Configuration using the Properties Tab

If IRQ is used to cancel the Deep Software Standby mode, you must use the IRQn-DS interrupts.
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In Deep Software Standby mode, the Power-Supply Control provides an option to maintain the internal power
supply to the peripherals or cut down the internal power supply to most of the internal peripherals. For example,
Supply power to the Standby RAM, low-speed on-chip oscillator, AGTn, and USBFS resume detecting
unit is needed to keep the AGT timer running in the Operable Long Timer application, as shown in Figure 12.

This is the option used in this application example. For other available options, refer to the FSP User’s manual
and MCU Hardware User’'s manual.

g _lpm_deep sw standby Low Power Modes (r_lpm)

Property Value
Commaon
~ Module g_lpm_deep_sw_standby Low Power Modes (r_lpm)
General
Deep Sleep and Standby Options
RAM Retention Control (Not available on every MCU)
Oscillator LDO Control (Not available on every MCU)
~ Deep Standby Options
Cancel Sources
Cancel Edges

/i ntion
Power-Supply Control

Settings

APl Info

Maintain the 10 port states

Supply power to the Standby RAM, low-speed on-chip oscillator, AGTn and USBFS resume detecting unit I

Figure 12. Power Supply Selection in Deep Software Standby Mode

3.4.2 Timer Configuration
3.4.2.1 RTC Configuration

The Real-Time Clock (RTC) is one of the peripherals that can operate in all the Low Power Modes. It is primarily
used for timekeeping, updating the time independent of the MCU in LPM. In this application, the RTC is used
to keep track of the time in the Clock Changing and LPM Transition application and to wake up from Software
Standby mode via the RTC alarm interrupt. The RTC uses the LOCO as the clock source in the application.

The application displays the RTC time when the MCU transitions from LPM to Normal mode. This gives an
indication of how long the MCU was in LPM and provides the latest time information.

The following Figure 13 shows the configurations of RTC for Time and Alarm. Alarm is used as trigger in the
LPM. The clock source of RTC is LOCO, which is available in Low Power Modes.

\r' [clock_change_and_lpm_ek_rabm3] FSP Configuration X

Stacks Configuration

Threads = HAL/Common Stacks

Generate Project Content

% | New Stack > %] Remove

v ': HAL/Common 2
42 inmart 1A Dt fe et © 9_lpm_sleep Low Power
< > Modes (r_lpm)
Objects

<

r
Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components
[T] Properties X

g_rtc Realtime Clock (r_rtc)
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Parameter Checking

Settings
APl Info

& g_lpm_sw_standby Low

@

-9 g_rtc Realtime Clock
(r_rtc)

¢ g_lpm_deep_sw_standb
y Low Power Modes
(r_lpm)

@

% g_lpm_sw_standby_with
_snooze Low Power
Modes (r_lpm)

O]

Power Modes (r_Ipm)

(i}

§ = O

3
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Default (BSP)

Set Source Clock in Open Enabled

v Module g_rtc Realtime Clock (r_rtc)
Name g rtc

[clock source L0CO |

Frequency Comparision Value (LOCO) 255
Automatic Adjustment Mode Disabled
Automatic Adjustment Period 10 Seconds
Adjustment Type (Plus-Minus) NONE
Eroc Adiuctment \ally 0
Callback rtc_callback
Alarm Interrupt Priority Priority 1
Period Interrupt Priority Disabled

Carry Interrupt Priority
~ Pins

RTCOUT

RTCICO

RTCIC1

RTCIC2

Priority O (highest)

<unavailable>
<unavailable >
<unavailable>
<unavailable>

Figure 13. RTC Properties Configuration using the Properties Tab

3.4.2.2 AGT Timer Configuration
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As mentioned earlier, the Operable Long Timer application in LPM uses AGT timer channel 0 (AGTO0) and AGT
timer channel 1 (AGT1) in cascade mode to create a 10-second operable long timer. In this mode, the AGTO
Underflow Interrupt will trigger the AGT1 counter.

The following figures show the configurations of AGT0 and AGT1. The count source of AGTO is the Sub-Clock,
which is available in Low Power modes, and the count source for AGT1 is the AGTO Underflow Interrupt.

Figure 14 shows AGTO configured in a periodic mode that generates an underflow interrupt every second.
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Figure 14. AGTO Properties Configuration using the Properties Tab

AGT1 is also configured in a periodic mode with raw count as the period unit shown in Figure 15.
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Figure 15. AGT1 Properties Configuration using the Properties Tab

3.5 Pin Configuration

The FSP application can support multiple pin configurations. In this application, we use two different pin
configurations, one for an active mode of operation and the other for the power-saving mode of operation. For
instructions on configuring the FSP pin configuration, refer to the Renesas Flexible Software Package (FSP)
User’'s Manual.

3.5.1 Pin Configuration in Normal Mode

The pin configuration in normal mode refers to the MCU pin functions that you want to use in normal operating
conditions. Figure 16 shows the pin configuration of the EK-RA6M3 kit used in normal mode.

,rf [OLT _Timer_App_EK_RABM3] FSP Configuration X

Pin Configuration Generate Project Content

Select Pin Configuration [ Export to CSV file (5] Configure Pin Driver Warnings
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InputKINT Usage: For ETHERC, use same Pin Group for signals
GraphicsGLCDC -Please refer to the MCU User's Manual
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Pin Function | Pin Number

Summary | BSP Clocks Pins| Interrupts  Event Links | Stacks Components’

Figure 16. Pin Configuration of EK-RA6M3 Kit in Normal Mode
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3.5.2 Pin Configuration in LPM

Use the pin configuration in Low Power Modes to reduce power consumption by disabling unused pins, which
puts them in the input mode. Refer to the “Handling of Unused Pins” section of the MCU Hardware User’s
manual for more details.

Figure 17 shows the pin configuration of the EK-RA6M3 kit in LPM named RA6M3-EK-LPM.pincfg with
unused pins disabled. You may observe that most pins are disabled, except for the IRQ pins, and CGC pins,
which are used to wake up the MCU and provide clock input through the XTAL and EXTAL pins.
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Summary | BSP | Clacks | Pins | Interrupts | Event Links | Stacks | Components

Figure 17. Pin Configuration of EK-RA6M3 Kit, operating in LPM
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4. Application Architectures

Figure 18 shows the transitions between LPM and Normal mode in LPM applications. The WFI instructions
activate LPM, and the configured interrupt, such as AGT1 underflow interrupt or external interrupt IRQ13-DS,
cancels LPM and wakes up the MCU.

Note: The transition from the Normal Mode to the Deep Software Standby mode is handled internally by the
LPM driver via the Software Standby mode with the DPSBYCR. The DPSBY bit is set to 1.

Sleep Mode

Power Consumption

Wl Instructic r'/,f

e
.ff//
&
///
///
e
-~
///
/f//
-7 Any Interrupts = Snooze Mode
Normal Mode "
F
{Program Execution State) RTC_ALM AGT1IAGTI
-‘--"'--.
RTC ALy —— WFI Instruction
AGT1 AGTI
T Software Standby Mode

AGT1_AGTI
Internal Reset State 4 Deep Software Standby Mode
IRQ13-DS

Low Power Mode (Program Stopped State)

Figure 18. Transition Between LPM and Normal Mode
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4.1 Clock Changing and LPM Transition

This application demonstrates the use case where the clock source to the CPU is changed at runtime. It also
demonstrates entering and exiting the different LPM using the API provided by the FSP. Without the availability
of the APIs, a developer would need to manually configure the registers related to LPM and CGC, thereby
adding to the development timeline.

The following Figure 19 This shows the different clock sources and the associated LPM used in the application
and different transition states. The application is implemented using an event-driven mechanism. In this event-
driven system, events can be user-driven or system-generated and are used as input to the finite state machine.
Two separate state transition tables are used here in the application.

¢ Clock transition table (clock transition table)
e LPM Transition table (1pm_transition table).

The transition table has a list of actions to be performed based on the events received. For instance, when
user event “Button Press—Long” is received upon power-on reset, the finite state machine will start running
and change the clock to HOCO. If user event “Button Press—Short” is received, the finite state machine will
switch to the LPM state machine and start the LPM operation.

(A) Internal Reset State LP) — Long Press Event

(
(SP) — Short Press Event
Power On
Reset @ (RTC) = RTC Event
(Timer) — Timer Event

Low Power Mode

(a)

(B)

Loco (SP)
Standby Mode

(8a) l(LP)/(SP)

Normal Mode . (LP) ———
£ pU: Clock Source y
° (SP) | ! )
Orwe) .
() L
Normal Mode “ (LP) i I (1) (SP)
ock So ) ) L Sleep Mode
0co ) {1+ N7 (@) (up)/(sP)
| o0 |
(@ | P P
(D) v M ® (RTC) Snooze Mode
[ I
. w | LT
CPU : Clock Source R ! (5b) lT (5a)
Moco (SPy | | ! 3) (sP) (Timer) (Timer)
: — Software Standby
(d) i
o i = Mode
o L0 @) RTO)
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Figure 19. Clock Changing and LPM Transition
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In Figure 19The blue oval-shaped blocks (B) through (F) represent the different clock states used in the
application, and the labeled arrows (b) through (f) indicate the different transition paths it takes when changing
the clock.

The yellow blocks are the different LPM states as applicable to the MCU, and the (1) through (8) numbered
arrows represent the transition path at the different Low Power Modes.

Note: The dotted block represents the Clock Change Mode transition on the left and the LPM Transition on
the right as shown in Figure 19.

Note: The Deep Software Standby Mode and Snooze Mode are entered via Software Standby mode. For
Snooze and Deep Software Standby mode from the application perspective, the MCU and LPM drivers
handle the Software Standby mode internally, while it is configured for the Snooze or Deep Software
Standby Mode.

Note: The clock can only be changed in Normal Mode. Changing clock in the LPM mode is not allowed.
Note: For FPB-RAG6E1 and FPB-RA4E1 boards.
Events used in this application are as listed in the Table 6.

Table 6. Events used for the Clock and LPM transitions

List of Event Description

EV_PB_SHORT_PR User push button event — “Short Press” — held for 1-2 seconds
EV_PB _LONG_PR User push button event — “Long Press”— held for 4-6 seconds
EV_PERIODIC_TIMER AGT1 timer event generated by timer overflow
EV_RTC_ALARM RTC Alarm Interrupt generated based on the configured time.
EV_POWER_ON_RESET Power on Reset event

EV_POWER_ON_RESET_DSSBY Reset from Deep Software Standby mode

4.2 RTC Timer Operation in LPM

An additional clock-changing and LPM transition application feature showcases the running RTC peripheral
during the LPM. Even when the CPU and most components in the MCU enter Low Power Modes and cease
operation, the RTC clock and its timer operate independently. Updated RTC time information is displayed on
the RTT when transitioning back to the Normal mode.

RTC Periodic/Alarm Interrupts can be used as signals to transition to different LPMs. In this LPM application
project, the RTC Alarm interrupt cancels Snooze/Software Standby mode and reverts to Normal mode.

Note: The RTC Periodic interrupt can also be used for this event. The RTC Periodic interrupt has a maximum
period of 2 seconds. For demo purposes, we avoid this to showcase the step-by-step transition and not
be limited to 2 seconds. However, the RTC alarm can be configured to the desired seconds.
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4.3 Operable Long Timer in Software Standby and Deep Software Standby Modes

The Operable Long Timer Application uses LPM configurations in Software Standby and Deep Software
Standby modes. It disables unused clock and 10 ports before entering LPM with the WFI instruction, then
places IO ports back to normal operating condition after waking up as shown in Figure 20.

LPM is canceled by the Operable Long Timer underflow interrupt, which is created by using AGT0 and AGT1
in cascade mode.

LPM Configurations, 1O
Port Configurations
Start AGT Timers
(Operable Long Timer)

Disable Unused Intermal
Modules

Open AGT Timers
{Cperable Long Timer)

Open and Enter LPM
Modes with WFI

Operable Long Timer
Expired

Cancel LPM Mode/
Internal Reset

Software Process

Place 1O Port, intemal
Modules in Mormal
Operation

Hardware Process

Figure 20. Operable Long Timer Process
5. Application Code Highlights

5.1 Clock Source Setup

5.1.1 Handle On-Chip Modules in LPM to Reduce Power Consumption

Oscillators and on-chip modules may be started automatically after the MCU reset and still be running in LPM
modes. Therefore, you should disable these modules before entering LPM to reduce MCU power consumption.

Unused 10 ports in LPM other than in Deep Software Standby mode should be put into input mode before
entering the LPM by using the g bsp pin lpm cfg, which is generated from the RA6M3-EK-LPM.pincfg.

R11AN0471EU0106 Rev.1.06 Page 22 of 39
Jul.21.24 RENESAS




Renesas RA Family Getting Started with Low Power Applications for RA6 and RA4 Groups

The following code fragments highlight the steps in the application to reduce MCU power consumption before
placing the MCU in LPM and restoring the 10 port settings after waking it up.

'* Disable IO port if it's not in Deep SW Standby mode */
if(APP _LPM DEEF SW STANDEY STATE != g lpm transition sequence[g lpm transition pos])

1
'* Disable IO port before going to LPM mode®/
err = R_IOPORT_PinsCfg(&g icport_ctrl, &g bsp pin_lpm _cfg);
* Handle error */
if(FSP_SUCCESS != err)
1
APP_ERR_TRAP(err);
}
t

Figure 21. Put Unused 10 ports in Input Mode
Open and configure the LPM.

/* Open LPM instance*/

err = R_LPM_Open(&g_lpm ctrl_instance_ctrls[g lpm transition_pos], &g lpm_ctrl instance_cfgs[g_lpm_transition_pos]);
* Handle error */

if (FSP_SUCCESS != err)

APP_ERR_TRAP(err);

}

Figure 22. Open and Configure the LPM
Place the MCU in the LPM.

'* Enter LPM mode */

err = lpm_mode_enter{g_lpm_transiticn_sequence[g_lpm_transiticn_pos]);
/* Handle error */

if (FSP_SUCCESS != err)

1
'* Turn on user LED to indicate error occurred*/
R_IOPORT_PinWrite(&g ioport_ctrl, leds.p_leds[LED_NO @], BSP_I0 LEVEL HIGH);
APP_ERR_TRAP(err);

}

Figure 23. Place the MCU in the LPM

Put 10 port in normal mode by configuring them using the g bsp pin cfg generated from the RA6M3-
EK.pincfqg after exiting from LPM.

/* Put I0 port configuration back to user's selections */
err = R_IOPORT_PinsCfg{&g_ ioport_ctrl, &g bsp pin_cfg);

'* Handle error */

if(FSP_SUCCESS != err)

1
b

APP_ERR_TRAP(err);

Figure 24. Place 10 Ports in Normal Mode

In this application example, for the Deep Software Standby mode, the 10 port must be released from the
IOKEEP state after the MCU reset.
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'* Release IO from IOKEEP state if reset from Deep SW Standby mode */
if(1 == R_SYSTEM->RSTSR@ h.DPSRSTF)
t .
* Input parameter is unused */
R_LPM ToKeepClear(MULL);

'* Restart LPM sequence */
g_lpm_transition_pos = 8;

* Clear DPSRSTF flag */
R_SYSTEM—>RSTSRB_E.DPSRSTF = @;

Figure 25. Release 10 from IOKEEP State MCU Reset

The following code stops the LOCO clock when it is not used as count source for AGTO as shown in Figure
26.

/* Stop LOCO clock if it's unused (not use as AGT1 count source)®/
if(AGT_CLOCK_LOCO '= p_agt@_extend->rcount_scource)

1
h

err = R_CGC_ClockStop(&g_cge®_ctrl, C6C_CLOCK _LOCO);

Figure 26. Stop LOCO Clock when It is Unused

5.1.2 Change System Clock at Run-Time

When the MCU powers up, the default clock will be the configured clock as part of the BSP. Selecting the clock
for the application is done through the FSP configurator using the clock tree, which is available in the Clocks
tab.

In the changing clock use case application, the current running system clock is read via the
R_CGC_SystemClockGet API and a new system clock source is configured. The following code is used for
reading the currently running system clock shown in Figure 27.

err = R_CGC_SystemClockGet(&g cgc® ctrl, &sys clock_source, &sys divider cf);
if (FSP_SUCCESS != err)
{

¥

APP_ERR_TRAP(err);

Figure 27. Read the running System Clock

In order to configure the new source for the system clock, proper divisors are required so that the peripherals
get the permitted range of frequencies. Users need to calculate this based on the peripherals used in the
application. The new system clock is configured via the API R_CGC_ClocksCfg.

Also, the clock sources need to be started if they are not already running. This is done using the API
R_CGC_ClockStart as shown in the Figure 28.

if (CGC_CLOCK SUBCLOCK == sys_clock source)

{
new_clk.source_clock = CGC_CLOCK_SUBCLOCK;
err = R_CGC_ClockStart(8g cgc® ctrl, CGC_CLOCK SUBCLOCK, &new clk);
if (FSP_SUCCESS != err)
{
APP_ERR_TRAP(err);
¥
¥
Figure 28. Starting the Clock Source
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6.

Importing and Building the Project

To bring the applications into the e? studio IDE, follow these steps:

© 0N ORAWN =

7.

Launch e? studio IDE.

In the workspace launcher, browse to the workspace location of your choice.
Close the Welcome window.

In the IDE go to File > Import.

In the Import dialog box pick Existing Projects into Workspace.

Select the Root directory of your workspace (where you placed the project).
Select the project you wish to import and click Finish.

Click on Generate Project Content on the FSP configurator window.

Now build the project.

Running Applications

To connect and run the code, follow the steps in the following sections.

71

Board Setups

The EK-RABMS3 kit contains a few switch settings that must be configured prior to running the application
associated with this application note. In addition to these switch settings, it has a USB debug port and
connectors to access the J-Link® programming interface.

Table 7. Switch settings for EK-RA6M3

Switch Setting

J8

Jumper on pins 1-2

J9

Open

Figure 29. EK-RAG6M3 Kit

There is no jumper setting needed for FPB-RAGE1 and FPB-RA4E1.
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7.2 Downloading the Executables
The executable file may be programmed into the target MCU through any one of three means.

7.2.1 Using a debugging interface with e? studio

Instructions to program the executable binary are found in the latest RA FSP User's Manual. See Section
Starting Development > e? studio ISDE User Guide > Tutorial: Your First RA MCU Project > Debug the Blinky
Project.

This is the preferred method for programming as it allows for additional debugging functionality available
through the on-chip debugger.

7.2.2 Using J-Link tools

SEGGER J-Link Tools such as J-Flash, J-Flash Lite, and J-Link Commander can be used to program the
executable binary into the target MCU. For more information, refer to User Manuals UM08001 and UM08003
on www.segger.com.

7.2.3 Using Renesas Flash Programmer

The Renesas Flash Programmer provides usable and functional support for programming the on-chip flash
memory of Renesas microcontrollers in each development and mass production phase. The software supports
all RA MCUs. The software user’'s manual is available on renesas.com.

7.3 User Interface

The user interface to interact with the application is shown below. The Operable Long Timer application uses
the LED and user push button switch. Whereas the Clock Changing and LPM Transition application uses the
RTT interface in addition to the LED and push button switch.

7.3.1 LED Indication

7.3.1.1 Clock Changing and LPM Transition

The Clock Changing and LPM Transition application uses LED1 to indicate the board initialization status, error
condition, and normal mode operation. In the Sleep, Software Standby, Snooze, and Deep Software Standby

modes, LED1 will be turned off. In the Normal mode, this LED1 will blink every second. If any error condition
occurs, LED1 will be turned ON.

7.3.1.2 Operable Long Timer

The Operable Long Timer application uses LED1 to indicate the normal mode. In the normal mode, this LED1
will blink. In the Software Standby and Deep Software Standby modes, LED1 will be turned off.

7.3.2 User Push Button Input

7.3.2.1 Clock Changing and LPM Transition

Push button switch S1 input is mainly used for transition to different MCU clocks and transition to different
LPM. For the Clock Changing and LPM Transition application, the same switch has dual functions. If the switch
is held under 1-2 seconds, it is considered a short press. It is considered a long press if the switch is held for

3-6 seconds. A long press event is used to change the clock source dynamically, and a short press event is
used to transition the LPM mode.

Note: A long press event during the LPM will not change the system clock source to a different clock, but
instead has a different role: to exit the LPM and go back to the normal mode.

7.3.2.2 Operable Long Timer

In the application, pressing the push button switch S1 will set the Software Standby and Deep Software
Standby modes. The AGT1 Underflow Interrupt will cancel the LPM in 10 seconds.

7.3.3 RTT Console

The RTT console is handy for viewing the application messages while running/debugging the application.
While you are using the RTT console, the debugger script for the LPM must be selected as shown in Figure
30.
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=

All Terminals Terminal 0

B J-Link RTT Viewer V7.94g | Configuration

Connection to J-Link

@ usB [ serial no
O TcrP

(O Existing Session

Specify Target Device

[R7FA6M3AH

[] Force go on connect

Script file (optional)

IamjflpmfekjaﬁmZICManipnwerfdehug.JLmkScrip‘|

Target Interface & Speed

SWD > 4000 kHz -
RTT Control Block

@ Auto Detection () Address () search Range
J-Link automatically detects the RTT control block.

| Enter Clear

Figure 30. RTT Console for User Print Messages

Note: While invoking the RTT console for FPB-RAGE1 and FPB-RA4E1 kits, the target device, RTT control
block needs to be selected along with the debugger script for the LPM as shown in Figure 31.

'

All Terminals Terminal 0

ﬂ J-Link RTT Viewer V7.94g | Configuration

Connection to J-Link
@ uss [ serial Ho
O TeriP

( ‘ Existing Session

Specify Target Device

r7raceior |

[] Force go on connect

Script file (optional)

landjpmjp b_ragel/CM_low_p Uwerfdebug.JLmkScriptI

Target Interface & Speed

SWD > 4000 kHz ~
RTT Control Block

() Auto Detection (@ Address () Search Range

Enter the address of the RTT Control block.
Example: 0x20000000

Jox20000884 |

| | Enter Clear

Figure 31. RTT Console for (Cortex M33 Devices) User Print Messages
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7.4 Debugging Low Power Modes

By default, it is not possible to debug the low power modes of an RA device. If an application tries to enter
Sleep mode, pending a peripheral interrupt to wake it, this will not happen as it will be woken almost
immediately by a debug interrupt.

If the application tries to enter Software or Deep Software Standby modes, then the connection between the
CPU and the IDE will be lost, closing the debug session within the IDE.

However, if the supplied debug script is specified then it will be possible to debug the low power modes.

For demonstrating the LPM, these scripts are used. Note that even though this will allow you to develop your
application, it will not allow you to measure accurate Icc figures, as you will be measuring the Icc of the on-
chip debug circuit. Once you have created your low power application, accurate Icc figures can be measured
with the OCD disabled.

The low power script also allows for the RTT application to be used. While debugging the application, configure
the debugger as shown in Figure 32. With these modifications one can use the RTT without getting
disconnected during the LPM.

Note: The script is attached as part of this project and the debugger is pointing to the same location.

Q Debug Configurations O K
Create, manage, and run configurations _‘§\
] -

L4} b ‘ = M Name: | clock_change_and_lpm_ek_raém3.elf |

H | |=] Main}| %% Debugger| B» Startup f:_ Source| [] Common

[€] ¢/C++ Application

[£] ¢/C+ + Remote Application Debug hardware: |J-Link ARM ~  Target Device: R7FA6M3AH

EASE Script

[©] GDB Hardware Debugging GDB SEttihgsEbug Tool Settings

[t] GDB OpenOCD Debugging ~ J-Link ~
[€] GDB PyOCD Debugging Type usB ¥
[€] GDB SEGGER J-Link Debugging J-Link Serial (Auto)

[£”] GDB Simulator Debugging (RH850) Settings File ${workspace_locy/${ProjNamel}l/$(LaunchConfigNamejlink

@' IronPython Run I Script File S{workspace_loc;/${ProjName}}/CM_low_power_debug.JLinkScript

& IronPython unittest 4 Log File S{waorkspace_loc:

¥ Java Applet Low Power Handling Yes v

[T] Java Application ~ IP Connection

@ Jython run Connection Method Pvia LAN

a Jython unittest Host Name/IP Address[:port number]

@ Launch Group Identifier

Eﬂ PyDev Django Tunnel Server

5 PyDev Google App Run Port Number

ep Python Run Password

é‘r Python unittest v Interface

T Remote Java Application Type SWD b
v [ Renesas GDB Hardware Debugging Speed (kHz) 4000 e

1 c " clock_change_and_lpm_ek_rabm3.elf | ~ ITAR Sran Chain v

|t ] Renesas Simulator Debugging (RX, RL78)

Filter matched 23 of 25 items

? :

Figure 32. Debugger Settings for LPM Application Debugging

7.5 Steps to Run the Application

The following table shows the steps to run the Clock-Changing and LPM Transition application. On power up,
when the board is connected to RTT, it will display the welcome message. To change the clock/LPM and run
through the different use cases in this application, use the following tables as a reference. These tables have
the list of events, current mode, the new transition states, and the expected outcome.

7.5.1 Clock Changing

The user button has two functions, based on how long you press and hold it. In the clock changing mode, the
user button pressed and held for 3-6 seconds selects the different system clocks for the MCU. Whereas the
user button pressed and held for 1-2 seconds exits the clock changing mode and enters LPM for the configured
clock. The details are as shown in Table 8.
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Table 8. Clock Mode Transition Table

Events

System Clock User Button — Long Press User Button — Short Press

MOSC Changes the System Clock to HOCO | Exits the Clock State Machine and enters

(Main Oscillator) the LPM State Machine for the configured
clock MOSC.

HOCO Changes the System Clock to MOCO | Exits the Clock State Machine and enters

(High speed on- the LPM State Machine for the configured

chip oscillator) clock HOCO.

MOCO Changes the System Clock to LOCO | Exits the Clock State Machine and enters

(Medium speed on- the LPM State Machine for the configured

chip oscillator) clock MOCO.

LOCO Changes the System Clock to SOSC | Exits the Clock State Machine and enters

(Low speed on-chip the LPM State Machine for the configured

oscillator) clock LOCO.

SOSC Changes the System Clock to MOSC | Exits the Clock State Machine and enters

(Sub Oscillator) the LPM State Machine for the configured
clock SOSC.

Note: By default, MOSC and SOSC are not supported on FPB-RAGE1 and FPB-RA4E1.

7.5.2 LPM Transition

In the LPM application, the user switch has two functions based on how long you press, hold, and release it.
If the MCU is in the LPM modes (Sleep or Deep Software Standby) and the user button is pressed, held, and

released, the MCU exits the LPM mode and enters the Normal mode, whether it is a short or long press. The
behavior is different when the MCU is in Normal mode.

When the MCU is in Normal mode, if the user button is pressed, held, and released for 1-2 seconds, the MCU
exits Normal mode and enters Sleep, Software Standby, Snooze, or Deep Software Standby modes,
depending on the previous transition states.

If the switch is pressed, held, and released for 3-6 seconds, the MCU exits the LPM transition setting mode
and enters the Clock setting mode. The user switch has no effect during the LPM modes (Software Standby
or Snooze).

Timer events cancel the Software Standby and Snooze modes and return the MCU to Normal mode.

The details of the switch events and timer events are shown in Table 9.
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Table 9. LPM Transition Table

Events

Low Power Modes

User Button — Long
Press

User Button — Short
Press

Timer Event

Normal Exits the LPM transition | Enters the Sleep mode | Not Applicable
State Machine and
enters the Clock Mode
State Machine

Sleep Exits the Sleep mode Exits the Sleep mode Not Applicable
and enters the Normal and enters the Normal
mode mode

Normal Exits the LPM transition | Exits the Normal mode | Not Applicable

(From Sleep)

State Machine and
enters the Clock Mode
State Machine

and enters the
Software Standby
mode

Software Standby

Not Applicable

Not Applicable

Exits the Software Standby
mode and Enters the Normal
mode

Normal
(From Software
Standby)

Exits the LPM transition
State Machine and
enters the Clock Mode
State Machine

Exits the Normal mode
and enters the Snooze
with Software Standby
mode

Not Applicable

Snooze with Software
Standby

Not Applicable

Not Applicable

Exits the Snooze with
Software Standby mode and
Enters the Normal mode

Normal
(From Snooze)

Exits the LPM transition
State Machine and
enters the Clock Mode
State Machine

Exits the Normal mode
and enters the Deep
Software Standby
mode

Not Applicable

Deep Software
Standby

Exits the Deep
Software Standby
mode and resets the
MCU

Exits the Deep
Software Standby
mode and resets the
MCU

Not Applicable

7.5.3 Operable Long Timer

In the Operable Long Timer application, the user button enters Software Standby and Deep Software Standby
modes from normal mode. AGT1 underflow interrupt is used to exit the LPM modes.

Table 10 shows the transition sequence and associated events used in the Operable Long Timer application.

Table 10. LPM Transition Table in Operable Long Timer Application

Events

User Button — Press

Enters Software Standby Mode
Not Applicable

Low Power Modes
Normal
Software Standby

Timer Event — AGT1_AGTI
Not Applicable

Exits the Software Standby mode and
enters the Normal Mode

Not Applicable

Normal
(From Software Standby)
Deep Software Standby

Enters Deep Software Standby
Mode

Not Applicable

Exits the Deep Software Standby Mode
and resets the MCU
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7.6 Measure MCU Current

The following steps are required to measure MCU current on EK-RA6M3, which is supported by the LPM
applications:

¢ Remove the R2 (resistor).
o Measure the voltage drops across R3 and calculate MCU current (lcc); replace R3 with a bigger resistor if
needed.

To measure the MCU current (lcc) directly, connect a multimeter between the +3V3 and +3V3_MCU pins on
the kit connectors after removing the R3 resistor.

To measure MCU current (Icc) on FPB-RAGE1 and FPB-RA4E1, replace R3 with a bigger resistor, measure
the voltage drops across R3, and calculate MCU current (lcc).

8. Migrating LPM Applications to Different MCU/Kit

Even though the LPM applications are created for the EK-RABM3 kit, they are designed to easily migrate to
other Renesas RA Kits. Refer to Table 1 of this document for more details about the supported Renesas RA
kits. The following steps are the basic procedures to port the project to support Renesas RA Kkits.

Rename and import the projects to e? studio, for example, changing OLT_Timer_App_EK_RA6M3 to
OLT_Timer_App_EK_RA6M2.

Choose File > Import > General > Rename and Import and Existing C/C++ Project into the workspace
then a pop-up appears, indicate the Project name and select archive file as shows in Figure 33.

-

Rename & Import Project ——]

Select a directory to search for existing Eclipse projects. 4

Project name: IOIT_Tm"er_App_EK_RA&Mz‘ I |

[] Use default location

Import from:

(O Select root directory:

IIQ‘ Select archive file: 1 Projects\OLT_Timer_App_EK_RA6M3.zip - Browse... I

Projects:

| OLT_Timer_App_EK_RAGM3 (OLT_Timer_App_EK_RAGM3/) | |

Options
I Keep build configuration output folders

Figure 33. Rename and Import Project into e? studio
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Open the project configuration and change the board BSP from EK-RA6M3 to EK-RAB6M2 in the BSP tab.

{8 [OLT_Timer_App_EK_RA6M2] FSP Configuration X

Board Support Package Configuration

Device Selection

(V]

Generate Project Content

% Restore Defaults

Board Details

Evaluation kit for RAGM3 MCU Group

FSP version: |5.2.0

Board: [EK-RAGMS3] 2 Do s

[www.renesas.com/ra/ek-rabm3 to get kit user's manual, quick start guide, errata, design package, example projects, etc.

EK-RA2A2 A
EK-RAZE1

EK-RA2E2

EK-RA2LT

RTOS: EK-RA4E2

EK-RA4M1

EK-RA4M2

EK-RA4M3

EK-RA4W1

EK-RABGE2

EK-RAGM1

EK-RAGM3

EK-RAGM3G

EK-RAGM4

EK-RAGMS

EK-RABD1

EK-RABM1

FPB-RADE1

FPB-RAZE1

FPB-RA2E2 hd
Summary | BSP| CTGTRET PTG | INterTupte | Event Links | stacks | Components

Device:

Core:

Figure 34. Change Board BSP

Click the Pins tab, uncheck Generate data for RA6M3-EK.pincfg. Select RA6M2-EK.pincfg, check
Generate data and then Generate Project Content.

‘_‘_ [OLT_Timer_App_EK_RABMZ] FSP Configuration >

Pin Configuration

Select Pin Configuration

]

Generate Project Content

_:h-'| Export to CSV file -] Configure Pin Driver Warnings

I RAGM2-EK.pincfg I Generate data: | g_bsp_pin_cfg I
Pin Selection EREBE _az Pin Configuration =3 Cycle Pin Group
Type filter text Name Value Link
v Ports
¥ Peripherals
¥ Qther Pins

Pin Function | Pin Number

Summary | BSP Clocks | Pins | Interrupts | Event Links Stacks Components

Figure 35.

Select Default Pin Configuration
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Create a new pin configuration file named RA6M2-EK-LPM. pincfg in the same project folder by using
Manage configuration, duplicating RA6M2-EK.pincfg, and renaming it to RA6M2-EK-LPM.pincfg.

{8} [OLT_Timer_App_EK_RA6M2] FSP Configuration X
Pin (onflguratlon Generate Project Content
Select Pin Configuration Q O . Jwer Warnings
RABM2-EK pincfg v Manal Multiple Pin Configuration Management
Modify pin configuration list or import/export external file
Pin Selection ERB R =) Cycle Pin Group
o e 1t RAGM3-EK pincfg Add..
Al RAGM3-EK-LPM.pincfg
¢ Ports R7FAGM3AH3CFC. pincfg Remove
¢ Peripherals RAGM2-EK. pincfg (Current)
RAGM2-EK pincfg_0 -
| I Duplicate I
ﬁ Configuration Name X ‘ Merge to..
New name: | .RA(;_MZ EK-LPM pincfg ]
Import...
Export..
I
Pin Function | Pin Number
Summary BSP Clocks Pins| Interrupts | Event Links Stacks Components

Figure 36. Create a New Pin Configuration

Select the RA6M3-EK-LPM.pincfg and uncheck the Generate Data box to deselect the old pin configuration.

e *[OLT_Timer_App_EK_RA&MZ2] FSP Configuration >

Pin Configuration

(V]

Generate Project Content
Select Pin Configuration

-k‘ Export to CSV file -] Configure Pin Driver Wamings
| RAGM3-EK-LPM.pincfg

v I;‘.:,J_-‘_;,g;‘_ configurations.

II:‘ Generate data: g_bsp_pin_lpm_cfg I

Pin Selection + = ,ﬂz Pin Configuration ’J Cycle Pin Group
Type filter text Narme Value Link
¥ Ports

+ Peripherals
¥ Other Pins

Pin Function ' Pin Number

Summary BSP Clocks Pins Interrupts Event Links Stacks | Components

Figure 37. Deselect the Old LPM Pin Configuration

Select the newly created RA6M2-EK-LPM.pincfg, check the Generate Data box, and rename it to

“g_bsp_pin_Ipm_cfg”. You can disable unused pins and peripherals and generate the pin configuration for
LPM, for example, disabling SCI7 as shown in Figure 38.
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gr *[OLT_Timer_App_EK_RA6MZ2] FSP Configuration X

Pin Configuration Generate Project Content

Select Pin Configuration J-i Export to CSV file 3| Configure Pin Driver Wamnings
IRAGMZAEK— LPM.pincfg ~I Manage configurations... Generate data: | g_bsp_pin_lpm_cfg
Pin Selection ERE _ﬂz Pin Configuration =} Cycle Pin Group
[Type filter text Name Value lock Link
Pin Group Selection Mixed
e i Operation Mode Asynchronous UART ~
Manitoring:CAC
: - v Input/Output
v znalog:ADC TXD_MOs! B =Y
nalogiA(MP RXD_MISO & &
e
ivity:
Connectivity.ETHERC S o Synchranous UART
SDA Smart Card
Connectivity-lIC scL v
w ¥ Connectivity:SCl
ali]
sn
sc12
sq3
sCl4
sCiI5
SCG Module name:  SCI7
v sa7 y _ ;
scis Usage: When using Simple 12C mode, ensure port pins output type is n-ch open drain.
cchs G When switching between 12C and other modes, first disable.

Pin Function | Pin Number

Summary | BSP |Clocks | Pins | Interrupts | Event Links | Stacks| Components

Figure 38. Select the New Pin Configuration and Disable Unused Peripherals

Figure 39 shows an example of placing P106 into input mode.

‘_:,"- *[OLT_Timer_App_EK_RAG&MZ] FSP Configuration X

: . ) (5]
Pin Conflguratlon Generate Project Content
Select Pin Configuration _ﬁ Export to CSV file 3| Configure Pin Driver Warnings
RABM2Z-EK-LPM.pincfg ¥ Manage configurations.. Generate data: | g_bsp_pin_lpm_cfg
Pin Selection E FFE _az Pin Configuration “J Cycle Pin Group
Type filter text Name Value Link
Symbolic Name
7 PO ~
Comment
v ¥ P1
Mode Output mode (Initial Loy v
¥ P100
Pull up
¢ P101 - =
Drive Capacity Inputmode
¥ P102 Output type Output mode (Initial Low)
¥ P103 Output mode (Initial High)
P4 ~ Input/Qutput
P106 GPIO
< P105
|
P07
v P108
¢ P109
< P110
Mmn
P112 1
e Module name: P106 e
P14 Lt
P115 Port Capabilities: AGT(: AGTOB
BUSD: D6_DQ6
ke » GLCDCO: LCD_DATAGO v

Pin Function | Pin Number

Summary BSP Clocks Pins | Interrupts Event Links | Stacks | Components

Figure 39. Place Unused in Input Mode

Change the r_icu driver configuration and other peripheral configurations if needed. This is necessary since
the user push-button S1 used in the applications may be different from board to board. Check the Board
Schematic documentation for more details.
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USER PUSH-BUTTON
+3VIMOU
P105 o

IRO0 4TKL
(IRC0) USER SW TED
P05 Ed -

-

Jumper Trace Cat

#I—s..
f

Figure 40. EK-RA6M2 USER PUSH-BUTTON Schematic

EK-RABM2 user push-button connects to P105 channel 0. In this case, P105 is already in use as input mode,
so it needs to be disabled before being used as an IRQ.

A2 *[OLT_Timer_App_EK_RAGMZ] FSP Configuration

Stacks Configuration Generate Project Content

Threads * ® | Remove |- g_external_irq_user_sw External IRQ (r_icu) Stacks & | New Stack > == Extend Stack > | Remove
v m' HAL/Common ~ =5 T
" 'me,w
4 g_ioport /0 Port (r_ioport) T g_exterma) o users

@ g_lpm_deep_sw_standby Low Power Modes (r_Ipm)
4 g_cgcd Clock Generation Circuit (r_cgc) o

@ agt1_timer_cascade_lpm_trigger Timer, Low-Power (

+4¥ g_external_irq_user_sw External IRQ (r_icu)

& agt0_timer_cascade_trigger Timer, Low-Power (r_agl

@ g_lpm_sw_standby Low Power Modes (r_lpm)

B oo s o doboiines Slso: Timor Fonoead AN

<

Objects

Summary | BSP | Clocks Pins  Interrupts  Event Links Stacks Components
& Console [T Properties e

g_external_irq user sw External IRQ (r_icu)

Settings Property Value
AP o) | BRI
~ Module g_external_irq_user_sw External IRQ (r_icu)
Name g_external_irq_user_sw
| Channel 0;
figger Taning
Digital Filtering Enabled
Digital Filtering Sample Clock (Only valid when Digital Filtering is Enabled)  PCLK /64
Callback external_irg_user_sw_cb
Pin Interrupt Priority Priority 3
~ Pigg
| ra00 p105 |

Figure 41. Change Peripheral Configuration

When migrating the projects to a new board that is not listed in Table 1, you must modify the code to add a
board definition for the new board type. Similarly, add the new board type in other application parts as required.
The sample code fragment of the board type being used in the application is shown below in Figure 42.
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S R R A A B B R K R
/

* File Name : lpm_app_transition_sequence_config.h
* Description : Contains declarations of data structures and functions used in hal_entry.c.

T T /

# * DISCLAIMER[]

= #ifndef LPM_APP_TRANSITION_SEQUENCE_CONFIG_H_
#define LPM_APP_TRANSITION_SEQUENCE_CONFIG_H_

S R AR AR AR AR AR AR R E AR AR AR AR R TR AR RRE

. Pre-defined LPM Transition Sequence
* There are 2 kinds of sequence, one supports RA6Mx device and the other supports other RA devices

- #if defined (BOARD RAGM3 EK) || defined (BOARD_RAG6M3G_EK) || defined (BOARD RAG6M2 EK) || defined (BOARD RAGM1 EK) || defined (BOARD RAGE1 FPB) || defined (BOARDJCMEIJ‘PB)I
aDP_1pm_stales_ T E_Ipm_transition_sequencel] = 1

APP_LPM_SW_STANDBY STATE, {/{< SW Standby mode
APP_LPM_DEEP_SW_STANDBY_STATE, ///< Deep SW Standby mode
APP_LPM_NORMAL_STATE ///< Normal mode

- #elif defined (BOARD_RAAM1_EK) || defined (BOARD_RAZAL_EK)

app_lpm_states_t g lpm_transition_sequencel] =
APP_LPM_SW_STANDBY_STATE, ///< SW Standby mode

APP_LPM_MORMAL_STATE ///< Normal mode
Y
#endif

#endif /* LPM APP TRANSITION SEQUENCE CONFIG H

Figure 42. Board Types Used in the LPM Application

Change Debug Configuration Target Device as shown in Figure 43.

| & Debug Configurations O X

| Create, manage, and run configurations

FoEX B YV~ Name:|OI.T_Timer_App_EK_RA6M2 Debug

type filter text [} Mainf 5 Debugger| B Startup % Source’ ("] Common

[€] ¢/C++ Application
[l [E]c/ce+ Remote Application Debug hardware: J-LinkARM v | [Target Device: R7FAGM3AH - |
L EASE Script |
[€] GDB Hardware Debugging GDB setti{ & O e
[€] GDB Open0OCD Debugain
|| [E]cpeeyocD Debuggr:g : GDB Cof pevice Selection
| (€] GDB SEGGER J-Link Debugging ©® Autg You can filter devices by regular expression
|£"] GDB Simulator Debugging (RH850) O Con
© 1R C-5PY Application e
@' IronPython Run ;
o"‘ IronPython unittest Device ~
¥ Java Applet GDB v RA
: [T] Java Application GDB Co RA/RAD
@ Jython run » RA/RA2
[l @ ython unittest []step RA/RA4
| # Launch Group v RA/RAG
| [ pyDev Django RTFAGE10D
43 PyDev Google App Run RTFAGE10F
@’ Python Run RTFAGE2B9
i RTFAGE2BB
' f ;ﬁhon i T Additiond R
| Y. Remote Java Application
||~ [7] Renesas GDB Hardware Debugging RIEAOMZAD
[7 clock_change_and_lpm_ek_ra6m3.elf
[€7] clock_change_and_Ipm_fpb_radel elf R7TFAGM3AF
[€7] clock_change_and_lpm_fpb_rabel.elf R7TFAGM3AH
T OLT_Timer_App_EK_RA6M2 Debug RTFAGM4AD
[£7] OLT_Timer_App_EK_RA6M3 Debug R7TFABMAAE
[£7 OLT_Timer_App_FPB_RA4E1 Debug RTFAEMAAF
[£7] OLT_Timer_App_FPB_RAGE1 Debug R7TFABMSAG
[€7] Renesas Simulator Debugging (RX, RL78) | RTFAGMSAH
R7TFABMSEF W
| Filter matched 30 of 32 items < >
':.?.. \ ? Cancel

Figure 43. Change Debug Configuration Target Device

Build, run, and clean up the migrated project.
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9.

References

Renesas FSP User's Manual: https://renesas.qgithub.io/fsp

Renesas RA MCU Datasheets, User's Manuals: See http://renesas.com/ra and select the relevant MCU.

LPM Example Projects on Renesas RA GitHub: https://github.com/renesas/ra-fsp-examples
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Website and Support

Visit the following vanity URLs to learn about key elements of the RA family, download components and related
documentation, and get support.

RA Product Information www.renesas.com/ra
RA Product Support Forum www.renesas.com/ra/forum
RA Flexible Software Package www.renesas.com/FSP
Renesas Support www.renesas.com/support
R11AN0471EU0106 Rev.1.06 Page 38 of 39

Jul.21.24 RENESAS


http://www.renesas.com/ra
https://www.renesas.com/ra/forum
http://www.renesas.com/FSP
https://www.renesas.com/support

Renesas RA Family Getting Started with Low Power Applications for RA6 and RA4 Groups

Revision History

Description
Rev. Date Page Summary
1.00 Sep.29.20 - Initial version
1.01 Dec.02.20 - Updated for RA6M3
1.02 Jan.26.21 - General updates
1.03 Sep.24.21 - Changed document name, updated for RAGE1, RA4E1
1.04 Oct.01.21 - Changed document name to reflect RAGE1
1.05 Jun.29.23 - Document updated as per FSP v4.4.0
1.06 Jul.21.24 - Document updated as per FSP v5.2.0
R11AN0471EU0106 Rev.1.06 Page 39 of 39

Jul.21.24 RENESAS



General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the

products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

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

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

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vix (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

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

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

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

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

evaluation test for the given product.
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(Note2)

Corporate Headquarters

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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