LENESAS Application note

RAO Series
Migration Guide from Microchip PIC®16(L)F1 to RAO

Overview

This application note describes development and tool ecosystem, core architecture, peripheral
considerations, and software development kit for when migrating from Microchip PIC16(L)F1 Family to RAO
series.

The intent of this document is to highlight the differences between the two products and to leverage existing
knowledge of the PIC16(L)F1 Family development environment to quickly ramp up with the RAQ series
Group of MCUs.

All trademarks and registered trademarks, including company names and product names mentioned in this
document belong to their respective owners. Note that the TM and ® marks have been omitted in the main
text.

Device to Be Migrated
Microchip Technology.inc PIC16(L)F1 family

Target Device
RAO Group

Reference Documents

[1] RAOE1 Group User’s Manual: Hardware (RO1UH1040)

[2] RAOE2 Group User’s Manual: Hardware (RO1UH1090)

[3] RAOE3 Group User’s Manual: Hardware (RO1UH1165)

[4] RAOL1 Group User’s Manual: Hardware (RO1UH1143)

[5] Renesas e? studio 2023 -10 or Higher Quick Start Guide User's Manual RA Family Renesas MCU
(R20UT5210)

[6] Renesas Flexible Software Package (FSP) v6.1.0 User's Manual(R11UMO0155)
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1. RAO Portfolio Overview

1.1 Introduction

The RAO series (hereafter "RAQ0") is equipped with an Arm® Cortex®-M23 core and delivers industry-leading
low power consumption in the 32-bit general-purpose microcontroller class. It features extremely low
operating current and standby power consumption, making it ideal for battery-powered devices and
applications where low power consumption is crucial.

The RAO is ideal for applications in areas such as consumer electronics, small home appliances, industrial
automation, and building automation, where low power consumption and cost-efficiency are critical. With the
Renesas ecosystem, a wide variety of sample codes and application notes are available, enabling fast

product development.

Renesas RAO is the competitive alternative to Microchip Technology.inc’ PIC16(L)F1 family (hereafter
referred to as " PIC16(L)F1"). This application note assists in migration from PIC16(L)F1 to RAO by

comparing device features and ecosystems.

1.2 Portfolio Comparison of PIC16(L)F1 and Renesas
Table 1-1 Comparison of Microchip PIC16(L)F1 and Renesas (1/2)

Item Microchipl! Microchip!® Microchipt Renesas
PIC16F180xx PIC16(L)F183xx | PIC16(L)F184xx | RAO
Core Enhanced Mid-Range CPU Arm Cortex-M23
Clock frequency Max 32MHz Max 32MHz Max 32MHz Max 32MHz
Minimum 0.125ps 0.125us 0.125ps 0.03125us
instruction
execution time
Power supply 1.8~5.5V 1.8~3.6V 1.8~3.6V 1.6~5.5V
voltage 2.3~55V 2.3~5.5V
Operating -40~+85°C -40~+85°C -40~+85°C -40~+125°C
temperature range | -40~+125°C -40~+125°C -40~+125°C
Code flash 3.5~28KB 3.5~28KB 7~28KB 16~128KB
Data Flash - - - 1KB
EEPROM 128~256B 256B 256B -
RAM 0.25~2KB 0.25~2KB 0.5~2KB 2~16KB
Interrupt | Internal | Max 30 Max 33 Max 45 Max 33
External | 1+10C Max25 1+10C Max18 1+10C Max25 Max 6
I/0O port Max 35 Max 18 Max 26 Max 60
Analog | ADC 10bit ADC 10bit ADC 12bit ADC 12bit ADC
(Max 35ch) (Max 17¢ch) (Max 24ch) (Max 15ch)
DAC 8bit DAC (1ch) 5bit DAC (1ch) 5bit DAC (1ch) -
COMP 1ch Max 2ch Max 2ch -
Serial UART Max 2ch 1ch Max 2ch Max 5ch
interface | 12C Max 2ch Max 2ch Max 2ch Max 4ch
(Max) | spi Max 2ch Max 2ch Max 2ch Max 6¢h
Timer 8bit : 4ch 8bit : Max 4ch 8bit : 4ch 16bit : 8ch
16bit : 3ch 16bit : Max 4ch 16bit : 4ch 32bit : 1ch
(or 16bit : 2ch
or 8bit : 4ch)
RO1AN8147EJ0110 Rev.1.10 Page 4 of 61

Feb.24.26

RENESAS




RAO Series
Migration Guide from Microchip PIC®16(L)F1 to RA0

Table 1-2 Comparison of Microchip PIC16(L)F1 and Renesas (2/2)

Item Microchip Microchip Microchip Renesas
PIC16F180xx | PIC16(L)F183xx | PIC16(L)F184xx | RAO
Other key peripherals / | ZCD Temp. Indicator ZCD Temperature Sensor,
features Temp. PPS Temp. Indicator Event Link Controller
Indicator PMD HCVD Capacitive touch
HCVD PPS (RAOL1)
PPS PMD
Number of pins 8~44 8~20 14~28 16~64
Low Normal 4.5mA@32MH | 2.2mA@32MHz, 3.9mMA@32MHz, |2.7mA@32MHz, 3.3V,
powerNhote operation | z, 3V, typical 3V, typical 3V, typical typical
Standby - DOZE mode DOZE mode Sleep mode
863uA@16MHz, 1.5mA@16MHz, 820umA@32MHz,
3V, typical 3V, typical 3.3V, typical
IDLE mode IDLE mode
804uA@16MHz, 1.5mA@16MHz,
3V, typical 3V, typical
SLEEP mode SLEEP mode SLEEP mode Software Standby
900nA@3V, 950nA@3V, 880nA@3V, mode
typical typical typical 200nA@3.3V,
typical

Note The RAO software standby mode corresponds to the PIC16(L)F1's SLEEP mode, and the sleep mode
corresponds to either DOZE mode or IDLE mode.
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2. Ecosystem and Migration

The RAO ecosystem provides a wide range of support from hardware and software to debugging tools,
libraries, and a support community to assist flexible and efficient development for a variety of applications.
Developers can use this ecosystem to advance their product development quickly and effectively.

2.1 Comparison of Ecosystem
Table 2-1 Comparison of Ecosystem

Item PIC16(L)F1 RAO

Code source Driver Flexible Software Package — FSP
Library (Middleware, Driver, RTOS)
Middleware Smart Browser (sample code,
RTOS document references)
Code example

IDE MPLAB X IDE e? studio

MPLAB Xpress Cloud-Based IDE

IAR Embedded Workbench
Arm Keil MDK IDE

Software configuration

MPLAB Code Configurator (MCC)

FSP Configuration
RA Smart Configurator (RASC)

Software programming tool

MPLAB X IDE
MPLAB Xpress Cloud-Based IDE

Renesas Flash Programmer

Hardware programming tool MPLAB PICkit 5 PG-FP6
MPLAB ICD 5
MPLAB ICE 4
Debugger MPLAB PICkit 5 E2 Emulator
MPLAB ICD 5 E2 Emulator Lite
MPLAB ICE 4 J-Link
ULINKplus

Evaluation Board

MPLAB Xpress Evaluation Board
PIC16F 18446 Curiosity Nano
PIC16F18076 Curiosity Nano
Evaluation Kit

RAOxx Fast Prototyping Board

RO1AN8147EJ0110 Rev.1.10
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Figure 2-1 shows the overview of the RAO Ecosystem.

On-Chip Debug _ Support Tools Kits and Boards

= Renesas E2 & E2Lite = Renesas e?studio . GNU = FSP driver selection = Fast Prototyping Board
and configuration

= \_\ e2 S‘t:ldlg ‘ O =

m = Keil MDK = Arm Compiler V6

-~
= Segger J-Link DZHQ(dsEbylh @551& * QE for capacitive + RSSK for capacitive
* IAR Embedded Y touch touch

Workbench * |AR ARM Compiler il

LA || AT

Figure 2-1 Overview of RA0 Ecosystem
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2.1.1 Smart Browser

The Smart Browser enables the user to easily search and view the latest hardware manual, technical
updates, and application notes for Renesas devices. It also allows the user to download sample codes and
import sample codes that include the project.

8 workspace - tau_fpb_rale]_ep/srchal_entry.c - €° studio - o X W
File Edit Source Refactor Navigate Search Project RenesasViews Run RenesasAl Window Help
| B~ &K -inidr @ QS| R C/Ce+ | FSP Configuration
Project Explorer X S Y § = 8O & tau_fpb_ra0e1_ep] FSP Configuration [ hal_entrye X = B Outline X B R ek i =0
> TS newpraject N o fraes W el detah
v 15 tau_fpb_ra0e1_ep (in e2studio) [Debug] 2 | File Name i halentry.c o U tauh
> 5 Binaries 2 Description : Contains data structures and functions used in hal_entry.c. T+ RLBSP. WarmStari(bsp_warmstart event 8): vd
> &l Includes - o e © halentry(void) : void
>B 6 “ Copyright (c) 2024 Renesas Electronics Corporation and/or its affiliates © RBSP_Warm rm_start_event ) : vo
5 [ ra_gen 7 g % template_non: oid
5 @8 src 8 SPDX-License-Identifier: BSD-3-Clause & template_non )
9
> @ Debug o #include "hal_data.h”
> & racfg 11 #include "tau.h”
> & script 12
4 configurationxmi 13 FSP_CPP_HEADER
=| FPB-RAQET.pincfg 14 void R_BSP_WarmStart(bsp_warm_start_event_t event);
=] RIFAOEIO73CF).pincig 15 FSP_CPP_FOOTER
=| ra_cfg.ot 18 ® * main() is generated by the RA Configuration editor and is used to generate threads if an RTOS is used.
=] tau_fpb_radel_ep.hex 21 S void hal_entry(void)
=] tau_fpb_radel_ep Debug_Flatjlink 22
X tau_fpb_rael_ep Debug Flataunch 23 tau_entry();
> (@) Developer Assistance
Problems Cansale Pmper“ Smart Browser X ’wartManua\ $FSBH| =0
Device: RTFAOE1073CFJ(RAQET) Last updated: 2025/09/08 at 09:58:53 JST
Context Help | User's Manual | Technical Updatll| Application Notes| ool News | Notifications
17 matches
Title Document .. Rev. Issue Date Sample Co... Remarks
NE! LoRaWAN ® Stack Reference Guide RITAND2Z.. Rev.d.80 2025/08/21
NE| Radio Driver Reference Guide RITAND2Z.. Revd.80 2025/08/21
T FPB-RAOET Example Project Bundie RI0AND7A,,  Rev.1.13 202570802 available o
Low-speed On-chip Oscillztor (LOCO) and Middle-speed On-chip Oscil... ROTANTEG.. Rev.1.00 2025/06/30 available E=
Third-Party Pragram Protection for RAD MCUs ROTANT46..  Revl.10 2025/04/22 Sample Code (download
RAD Quick Design Guide ROTANT30.. Rev1.10 2025/04/21 Sample Code (import projects)
RAZE1, RA2L1, RADET, RADE2 LoRa ® -based Wireless Software Package  RITANDSS.. Revd.70 2025/04/18 available Trorery
RAZE1, RAZL1, RADET, RAOE2 LoRaWAN € Sensor Demo RITANDSS... Rev2.70 2025/04/18 available
Low-Level Register Programming Guide for RA MCUs 130an0460... - 2025/03/26 available
FPB-RADET Example Project Bundle ‘

Figure 2-2 Smart Browser

The Smart Browser is included in the e? studio and can be used by installing the e? studio. The Smart
Browser has multiple tabs so that developers can quickly access the information necessary for their project.

The "User’s Manual" tab provides access to various development tools and official documents regarding
devices.

The "Technical Update" tab provides information related to technical updates, new functions, and device
updates, allowing developers to check up on the latest technical updates regarding the device and tools
used for the project.

The "Application Notes" tab provides technical information useful to application development, including
documents that describe how to use specific peripheral functions and software designs.

Table 2-2 Comparison of Software Ecosystem

Item PIC16(L)F1 RAO

Driver library Available Available
Middleware Available Available
Self-programming Available Available
Sample program Available Available
Free RTOS Available Available

The RAO sample programs are designed to allow easy initialization and configuration of common hardware
functions. For example, it includes all necessary code and initialization procedures for major peripheral
functions such as PORT (I/O ports), timers, UART, I2C, and SPI. Most of the RAO sample programs support
the FSP Configurator for accelerating software developments.

RO1AN8147EJ0110 Rev.1.10
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2.1.2 IDE Supported by RAO

An Integrated Development Environment (IDE) is a software application that normally includes an editor,
compiler, and debugger to help users develop software code efficiently.

The typical IDE supported by PIC16(L)F1 is MPLAB X IDE which consists of a set of tools used to develop

and debug embedded applications, including optimizing C/C++ compiler, source code editor, project build
environment, debugger, profiler, and many other functions.

RAOQ’s IDE, e? studio, also consists of a completed set of tools with many features for developing and
debugging embedded applications. In addition, the e? studio is free to use and integrates automatic code
generation from the FSP Configurator, integration and management of software modules with the FSP, and
provision of RAO sample code and technical documentation through the Smart Browser.

Table 2-3 Comparison of MPLAB X IDE and e? studio

Executable and Linkable Format
Common Object File Format

IDE MPLAB X IDE e? studio
License Free Free
Compiler MPLAB XC Compilers/GCC GCC /LLVM / Arm Compiler / IAR
Arm Compiler
Peripheral API function Not supported Supported
support
Display languages English (default) English
Japanese Japanese
Chinese Chinese
German
French
Spanish
Italian
Korean
Executable file output format | Hex file Hex file
Binary file Binary file

Motorola S-record file

Code generation GUI

MPLAB Code Configurator

FSP Configurator
RA Smart Configurator (RASC)

RO1AN8147EJ0110 Rev.1.10
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In addition to e? studio, RAO also supports the industry-standard IDEs listed in Table 2-4.

Table 2-4 Overview of RAO supported IDEs

IDE e? studio Arm Keil MDK IDE IAR Embedded
Workbench
License Free Paid Paid
Compiler GCC/LLVM/ Arm Compiler IAR C/C++ Compiler for
Arm Compiler / Renesas Arm
IAR Arm Compiler
Disk Size 2G or mode 2G or mode 6.33G(Arm 8.50.4)
E2 Emulator Supported Not supported Supported
E2 Emulator Lite Supported Not supported Supported
J-Link Supported Supported Supported
ULINKplus Not supported Supported Not supported
Renesas QE low power | Supported Not supported Not supported
consumption debugging
MISRA-C Not supported Not supported Supported

For e? studio usage and function descriptions, refer to 2.2.2.2 How to Use e? studio.

2.1.3 FSP Configurator

The FSP Configurator is integrated into e? studio. Like MPLAB Code Configurator, the FSP Configurator can
quickly and smartly achieve suitable software combination and configurations according to the user’s
development needs, such as pin settings for MCU peripherals, and the embedding of middleware and

drivers.

With the FSP Configurator, the user can visually resolve conflicts between pin settings or peripheral
functions, while customizing settings suitable for the project itself.

The FSP Configurator is also available as a standalone version RA Smart Configurator (RASC) that can be
run without an IDE. The standalone version can be used in combination with the IAR Embedded Workbench

and Arm Keil MDK IDE.

|8~ &~ - Q-

© summary

| Project Summary

FPB-RADE1
cM23
ion:  13.2.1.arm-13-7

6.1.0
Flat

Selected software components

Arm CMSIS Version 6 - Core (M)
RAOE1-FPB Board Support Files
Board support package for RAGE

RTFAQE1073CFJ

GCC ARM Embedded

C:fworklmigration_guidefworkspace

[s workspace - tau_fpb_ra0el_ep/configurationam| - e* studio
Ime Edit Navigate Search Project RenesasViews Run RenesasAl Window Help

5 48 [tau_fpb_ra0e1_ep] FSP Configuration X [g hal_entry.c

= O  FSPVisualization X

ENIFPE

Generate Project Content

RENESAS

Oetitaultau_fpb_rale1_eple2studio

v6.1.0+fsp.6.1.0
v6.1.0
v6.1.0

Value

¥ Legend

B Hishiightes pin in-used pin

- o x

Q[ | B C/C+ |{ FSP Configuration
=@

[l Pin Status ~ || (&) Assigned Function ~

Waming pin [l Conflct pin Read only pin

o

Figure 2-3 FSP Configurator
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The FSP Configurator, like MPLAB Code Configurator, provides the hardware circuit diagram display,
detailed descriptions of each peripheral function, and detailed functional descriptions of all GUI interface

configurations.

The Flexible Software Package (FSP) includes drivers and stacks for common functions such as
communications and security, provided by middleware stacks and RTOS-independent Hardware Abstraction
Layer (HAL) drivers for individual user applications.

Figure 2-4 compares categorized lists of peripheral functions and Figure 2-5 compares interrupt settings.

Interrupt and pin settings in MPLAB Code Configurator are configured individually for each component used,
while the FSP Configurator adds HAL driver modules (called stacks in FSP) as needed and configures them
individually on a per-module basis.

The FSP Configurator allows the user to focus on setting only the components implemented in the

application.

After all settings are complete, the FSP Configurator will update the generated codes all at once when the
user presses the "Generate Code" button.

FSP Configurator

MPLAB Code Configurator

Resource Management [MCC] x [A] Resource Management [MCC] X 5]
MCCv3.37 MCCv5.37

v System

O Interrupt Module
() Pin Module

) System Module

v Libraries
v Foundation Services
@ 3 ) RTCOUNTER
v Peripherals

@ B3 i exUNT

Device Resources

‘ (% Content Manager @O ™™RO

v Documents
PICIGFI885T Praduct Page
v Libraries
¥ &) Foundation Services
@0 O pear
@ 5 & 12csIveLE
@ B3  RICOUNTER
@ 8 & semasTeR
@ B 5 spistave
@ £3 © TIMEOUTDRIVER
@ 3= uart
v Peripherals
» & apcc
» A ccp
> 38 ac
» (¥ ClockReference
» lil Comparator
» @ cre
» 5w
> o DAC
» M\ psm
» = EUSART
» [ Gt interrupt
>~ PR
» B Memory
> 5 MSSP
» U NCO
» N pwim
b sMT
» &) Timer

[ ]

v System

O Interrupt Module
& PinModule

System Module

Device Resources

‘ (Z Centent Manager

¢

v & Foundation Senvices
@ O peay
@ 5 & csmpLe
@ [ & SPIMASTER
@ B3 & spisLave
@ B & TMEOUTDRIVER
@@= uarr

¥ Peripherals

» &y ADCC

» S Ccp

[ T

» (%) Clock Reference

» lnl Comparator

» © cre

» 3 Cwe

» . DAC

» W Dsm

» =) EUSART

» o~ PR

» & Memory

[

» L NCO

» 0 PwM

b O sMT

» O Timer

> % 70

Figure 2-4 Comparison of Peripheral Function Lists
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FSP Configurator

B workspace - tau_fpb_rale1_ep/configuration.am| - e* studio

T

() System Module

Clock Source:

TOCKI_PIN

¥ Peripherals

e ed

> O CCP

> 3= ac

» (3) Clock Reference

» lul Comparator

» @ cre

» 35 OWG

» o~ DAC

» M) Dsm

» (=] EUSART
Ext_interrupt

>~ PR

» & Memory

> B MSSP

» ML NCO

[ )

» (5 sMT

» (5 Timer

» &5 0

File Edt Source Refactor Navigate Sesrch Project RenesasViews Run RenesssAl Window Help
BrRv o H-Q- Q [ C/Co+ 8} FSP Configuration
Project Explorer X 7 § = O { [au_ipb_rale!_ep] FSP Configuration X [g] hal_entry.c o -
S newproject 3 A 3
~ 15 tau_fpb_rade_ep Siacles Configueation Generte Project Content
& Binaries
> i) Includes Theeads £ W = HAUG smi' Fom £ Edend Stack > %) Remove
~ & HAL/Common
4 g_ioport /0 Port g_delay_timer Times, ® gs
" gl mer Tme: ndependrt Chareel, 165t and . v Gpertomtcsno | ]| -0 indeendert Chaod, || s
® Operation (r_tau) @ 16
@ g_square_wave_output_sequence2 Timer, Independent Channel, 16-bit and 8-bit Timer -
@ g_divider_timer Timer, Independent Channel, 16-b#t and 8-bit jperation (r_tau)
", FPB-RACE! pinclg @ g_input_capture Times, Independent Channel, 16-bit and 8-bit Timer Operation (r_tau)
) RTFADEIOTC)pinclg @ g_edtemal_event_counter_timer Timer, Independent Channel, 16-bit and 8-bit Timer Oy
B ra.clgt # g_square_wave_output_sequence3 Timer, Independent Channel, 16-bit and &-bit Temer|
g tou_fpb.rade)_cphex @ g_messure low level pulse_ width Timer, Independent Channel, 16-bit and 8-bit Timer
5 tau_fpb_rabel_ep Debug_Flat jlink
X tau_fpb_raOel_ep Debug_Flatlsunch
(@) Developer Assistance Objects
Summary BSP Clocks Pins | Interrupts Event Links | Linker Sects
Problems Console Properties X Smart Browser Smart Manual M brdll =]
g_interval_timer Timer, Independent Channel, 16-bit and 8-bit Timer Operation (r_tau) | |
Settings  Property Value
APlinfo v Commen
Parametes Checking Default (BSP)
Intermupt Support Enabled
Pin Output Support Enabled
Pin Input Support Enabled
Bxtra Input Mode Support Disabled
8-Bit Mode Support Drsabled
~ Module g_interval_timer Timer, Independent Channel, 16-bit and 8-bit Timer Operati
Genersl
S Input
v Intestupts
Setting of starting count and interrupt ger igger is invalid d P
Callback tau_interval_timer_callback
Interrupt Priority Priority 2
Higher 8-bit Intesrupt Priority Disabled
o2 <unavailable>
002 <unavailable>
MPLAB Code Configurator
Resource Management [MGC] | = [ TMRo = D=
MCCv5.37 ————————
(5 Easy Setup | | Registers |
i Generate Import... Export
Project Resources ‘ ” P ‘ P | (2] Hardware Settings
¥ Libraries
+ Foundstion Services Enable Timer
Timer Clock Timer Period
[
¥ Peripherals .
Clock prescaler Requested Period : 10 us = 2ms = 256ms
@O R0
Postscaler 11 . Actual Period : 2ms

External Frequency : 100 kHz
Device Resources ‘ R\nam Manager Enable Synchronisation
v Documents Enable Timer Interrupt
PIC16718357 Product Page
¥ Libraries
> & Foundation Services Callback Wyaction Rate (%] xTime Period = 05

Tnterrupt Module \

EE

£53 Easy Setup| \

iiersps N\

/4, Please remember to enable the Per|

2l and Global Interrupts in your code!

¥ Interrupt Vector

AN

Order | 4 Up || & Down | ingle ISNggr interrupt
Order | Module | Interupt Enabled
) TMRI

Figure 2-5 Interrupt Setting Comparison
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2.1.4 Debug Tools

For the PIC16(L)F1, the MPLAB PICkit 5 tool connects to the PIC16(L)F1 via the PGD (Program Data) and
PGC (Program Clock) pins using the In-Circuit Serial Programming (ICSP) and In-Circuit Debugging (ICD)
interfaces. It supports real-time monitoring of device status during program execution and debugging in low-
power modes.

For the RAO, connect the Serial Wire Debug (SWD) interface as the interface between the debugger (such
as the E2 Emulator or E2 Emulator Lite) and the RAO. The standard debugger tool for RAQ is the E2
Emulator, which supports current consumption measurement, point monitoring, and external trigger
input/output configuration. For details on debugger connection, refer to Figure 2-6.

Emulator
(E2 Lite, E2, User system /

PC
J-Link, Evaluation board
‘ \ ULINKpIus)
1 y

USB - RAOxx
cable Fast Prototyping Board

Integrated Development

Environment Compiler

-e? studio -GCC

-Arm Keil MDK IDE ‘LLVM

-|IAR Embedded -Arm Compiler
Workbench * IAR Arm Compiler

Figure 2-6 RA0 Debug

The RAO supports on-chip debugging through the E2 emulator, the E2 emulator Lite, and J-Link via SWD
connection. All these debug functions include a flash memory programming function. The RAOxx Fast
Prototyping Board is equipped with an on-chip debugging function via a USB connection which enables
debugging without an emulator.

The E2 Emulator and E2 Emulator Lite are versatile Renesas emulators that support a wide range of
microcontrollers including the RA0. The E2 Emulator can be used for real-time debugging and breakpoint
setting to analyze the operation of the program. The advanced trace function allows you to trace the
executed code for precise analyzation. Note that the E2 Emulator Lite does not include the advanced trace
function. However, it provides a sufficient debug function and enables development at low cost.

Table 2-5 provides a function overview of the USB connection, the E2 Emulator, E2 Emulator Lite, and
J-Link all of which support RAO on-chip debugging.
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Table 2-5 Comparison of RA0 Debuggers

Item On board E2 emulator E2 emulator J-Link ULINKplus
debugger Lite

BSLNete tool Available Available Available Available Available

Backchannel Available Available Available Available Available

UART

Supply voltage | 3.3Vor50V |18V ~ 50V 3.3V 50V 1.2V ~ 55V

IDE: e2 studio | Supported Supported Supported Supported Not Supported

IDE: 3rd party | IAR IAR IAR IAR, Keil Keil

Note BSL indicates bootstrap loader.

2.1.5 Evaluation Board
The Fast Prototyping Board allows you to easily test the operation of the microcontroller, providing strong
support for evaluation and development using the RA0O MCU.

2.1.5.1 Fast Prototyping Board

The Fast Prototyping Board is an evaluation board equipped with the RAO, made specifically for prototyping
and developing various applications.

The RAOxx Fast Prototyping Board embeds circuits such as user switches and LEDs. The Arduino header
supports various Arduino shields and enables rapid prototyping by creating sketches with the Arduino IDE.

Figure 2-7 shows an overview of the Fast Prototyping Board, using the RAOE1 Fast Prototyping Board as an
example.

Breakout Pin Header J1 Arduino UNO R3 Digital

Power LED

! K USB Type-C
04 8 cnaf At X8 Connector

v o
User Switch ' =XENESAS B
2 <

51 SHE 29 y 3 : |

- FPB-RAOQE1 7 %0 - -~ i Cortex Debug
RTK7FPAOE15000018BJ S Connector
renesas.com/fpb-ralel
R30m

DC Input

3

User LEDs

______ Reset Switch
Breakout Pin Header J2
Arduino UNO R3 Power

Arduino UNO R3 Analog

Figure 2-7 Overview of RAOE1 Fast Prototyping Board

The FPB supports on-chip debugging via USB connection. The Cortex Debug Connector supports the SWD
(Serial Wire Debug) interface, enabling debugging of the target RAO MCU using external debug tools.
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2.2 Migration Process

The process flow for smooth migration to RAO is shown in Figure 2-8. Each step is described in detail and
examples are given in the following sections.

This chapter assumes the use of the GCC compiler.

( Start )

\ 4
Select RAO device

Y
Set up development
environment

\ 4
RAO software evaluation and
debug

Y

Customized PCB board design

Y

Mass production

Figure 2-8  Flowchart of Migration to RA0

2.21 Step1: Selecting the Correct RA0

The first step of migration is to select the correct RAO for the application. The devices are shown according
to memory and package type for easy selection. The product selection flow is explained using RAOE1 as an
example.

To narrow the choices down to a specific device, first access the RAO Product page shown in Figure 2-9.

Applications os Support Sample & Buy

RAQE] o s 1 roactiongna 00

32MHz Arm Cortex-M23 Entry-Level Ultra-Low Power General-
Purpose Microcontroller

redba

Figure 2-9 Product Page
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Then select Product Selection and use the filters on the top shown in Figure 2-10 to narrow down the
peripheral functions.

For example, to filter out the MCUs that do not meet the number of Program memory and 1/O ports required,
select the settings as shown in the blue box in Figure 2-10 using the filter tool. Doing so will display the
MCUs that meet the specified conditions.

You can set other filters as well to find products that meet your requirements.

When selecting from the list, the popup display shows the stock availability, price, and other information as
shown in Figure 2-11.

RAOE1 @ Active | Product Longevity: 2037 \\ 'E Order Now >
Applied Filters: Program Memory (KB) 64 @)  Clear Al
Filters ?:Iu:g';? ‘ © Reset 20 of 38 Products e Copylink | 4 Download XLSX | [ FullScreen
of
L
. 5
Part Number Status X | @ Samples X O Longevity % Availability % CAD Maodal X | Packige X Carrier Type x| Program Memory (KB) % [ Lead Count ()
o - - = = - = - - i
(Select AID &
RTFADEI073CEI#AAD BBuy | @ Acive Request — In Stock CAD Model Larp Bulk (Tray) 32 o
) 32
-l g e
RTFADEIOTICFI#BAD ® Active Request 2037 Dec In Stock CAD Model Lare Full Carton (Tray) 2
Reset
RIFADEIOTICFI#HAD ) @ Adie Not Available 2037 Dec In Stack CAD Model Larp Tape & Resl - EH
RTFADEIO73CFI#UAD BEBuy ) @ Acwe Not Available = N/A CAD Model LaFe Full Tray (Tray) 64 32
RIFAGEIO73CNH#AAD ( B Buy ) @ Actie Request . NA CAD Model HWQFN Bulk (Tray) 64 2
- S\
RTFAEIOTICNH#BAD R Buy | @ Acive Not Available 2037 Dec WA CAD Model HWQFN Full Carton (Tray) ] 2
——
RTFAOEIOTICHHMHAD (R Buy ) @ Acive Not Available 2037 Dec In Stack CAD Model HWOFN Tape & Resl = EH
. o 5

Figure 2-10 Product Selection

RAOE1 ® Active | Product Longevity: 2037 (% ordervow )

Overview | Documentation | Design & Development | Product Options | Suppert | Videos & Training
Product Options
Applied Filters: Program Momory (KB): 64 @) Clear All
Filters Errs D Reset 20 of 38 Products. @ Copylink | & Download XLSX = . Full Screen
(oot o)

Navigate to the page for the selected product

Select from the list
Pracicts | Mitrotontralen & Microprocasaces | R dom Conea-b MEL

Buy from Distributors.
warsaeanscenass (% oy P [ I
s (o A =T R7FAQE1073CFJ#BAQ ==~ oy
ctive a8 32MHz Arm Cortex-M23 Entry-Level Ultra-Low Power General— Avmet (5 L
& ® @ Purpose Microcontraller
Digitey (3 o
wmsocarcmso (5 o . 4 FAGE! Greup Datashest
b Chip One Stop 5 3980
— L. RAOE1 Group User's Mamual; Hardners
RIFADEIOTICAIAUAD (R Buy ) @ Ac = .
- - (@ Learn more about RAQE! Future Electronics (3 000
[
ErmEeT ()| Ors Package Information achly af hehrbaro dlecretior, Vialt s drachory
(mow t0-fnd your logal gitrbator
narsogorchsnae (3 Pig Type: ware @ Find a Distributar in Your Region
Prg Gods p_se1
—— u
Prg Dimesions (mm) Tere
i (e o8
Environmental & Export Classifications

Figure 2-11 Product Selection
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The Documents section of the Products page lists documents such as the datasheets, manuals, and
application notes, and allows you to easily select and download necessary documents (see Figure 2-12).

The Datasheet provides a simple description of each product specifications.
The Manual Hardware Version describes detailed specifications of each product.

Each product page also lists technical documents, allowing you to find the documents necessary for
development.

RAOE] @ Active | Product Longevity: 2037 C B Order Now
Overview Documentation Design & Development raduct Options Support Videos & Training
Documentation
Featured Documentation 01 Get Document Updates
Log in required to subscribe
I ~ Qs
Type T Title Date
BB E
g
Me l - Hardh RADE1 G o Dec 13, 2024 -
3 o
3
H Appication M LoRSWAN® Stac Referance Guids Avg 712075
i _
.
H
App! N LoRaWAN® Stack Sample Application Aug 21,2026
Appiication Note Private LoRa* Stack Sample Application Aug 21,2025
+ Add 1 hidden item 36 items
Figure 2-12 Related Technical Documents
RO1AN8147EJ0110 Rev.1.10 Page 17 of 61

Feb.24.26 RENESAS



RAO Series
Migration Guide from Microchip PIC®16(L)F1 to RA0

2.2.2 Step 2: IDE Setup and Quick Introduction of e? studio
2.2.2.1 IDE Setup

(1) Download the installer from the e? studio download link and start installation.
Select Line Install for the installation type and click [Next].

B Renesas €7 studio 2025-07 Setup m] X
Renesas e studio 2025-07 Setup

LENESAS
Install Type

Please select the & studio installation type. Click here for help selecting a type and to see what features are included. |

Select Install Type:

e focused on simple code editing & debugging with only impertant features

—. Standard Install
(' | This installs €° studio in Advanced Mode.
— This mode offers all extended debugging functionality and other advanced features

~—, Custom Install

| ;I | Custom installation of &° studio
“— This mode is allows you to select which features are installed

w202507171104 User: All Users < Back Mext = Install Cancel

Figure 2-13 Select e? studio Installation Type

(2) Select the RA family for the device. Press “Next” to select the compiler and other required software.

A Renesas ¥ studio 2025-07 Setup [m] X
Renesas e studio 2025-07 Setup
Select the device families you wish to install support for | EN ESAS
Welcome ‘\ RA
@ Device Families . Build, Debug & Code Generation support for Renesas RA devices |
o RA for Wireless |
. RA Build, Debug & Code Generation support for Renesas RA for Wireless «
AW RZ
"Rz
Build, Debug 8 Code Generation support for Renesas RZ devices
RL78

O
RU78 Build, Debug & Code Generation support for Renesas RL78 devices

W RX

O | == b "o
Select All

202507171104 User: All Users < Back Mext = Install Cancel

Figure 2-14 Overview of e? studio installation
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(3) If there are no issues with the installation contents, press the install button to complete the installation of
e? studio.

M Renesas & studio 2025-07 Setup [m] *

LENESAS

Renesas e® studio 2025-07 Setup

Welcome Ready to install
Device Families Software to install:
» « Renesas & studio v25.7.0.R20250717-1000
Additional « Java Runtime v21.0.0
Software « |AR Plugin Manager v1.1.0.202007251457
Licenses » Renesas e studic Common Components (Lite) v23.7.0.R20230717-1000
| » Renesas e2 studic Common Components for ARM Devices
| Shortcuts v25.7.0.R20250717-1000
» Renesas RA Family Support v25.7.0.R20250717-1000
@ - Renesas FSP Smart Configurator Core v10.3.0.v20250715-1340
Summary « Renesas FSP Smart Configurator ARM v10.3.0.v20250709-0652

» Renesas QF Common Components v235.7.0.R20250717-1000

= Git integration for Eclipse v7.2.0.202503040840-r

= Eclipse CDT Linker Script Editor and DSL v1.0.116.v20250530-1219

» Just) Adoptium Open)DK Hotspot JRE Complete v21.0.6.v20250130-0529
» Renesas Build Support Files w10.3.0.v20250604-2154

» Renesas CMake Build Support Files w10.3.0.v20250604-2154

» Renesas Debug Views (Lite) v10.3.0.v20250608-0735

» Renesas OF common v2.4.1.v20250606-0144

» Renesas RA v25.7.0.v20250528-1102

202507171104 User: All Users < Back Next > Cancel

Figure 2-15 Overview of e? studio installation
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2.2.2.2 How to Use e? studio

(1) Start a new workspace. "Workspace" is the path where project files and development environment

settings are saved. The functions of e?studio are the same as those of MPLAB X IDE.

8 < studio Launcher

Select a directory as workspace

& studio uses the workspace directory to store its preferences and development artifacts,

| Chwork\migration_guide\workspace

» Recent Workspaces

[] Use this as the default and do not ask again

Cancel

V| Browse...

Figure 2-16 Select e? studio Workspace

(2) To create a new project, select [File] - [New] - [Renesas C/C++ Project] - [Renesas RA].
As with creating a new project in MPLAB X IDE, configure the device, toolchain, and project name.

8 workspace - €° studic

New
Open File..
) Open Projects from File System...

Recent Files

Rename...

Refresh

IE

Convert Line Delimiters To

Import...
Export...

L E

Properties

Switch Workspace
Restart
Exit

|0 items selected

Alt+Shift+N >

Alt+Enter

1R

L

JEE G RE

O e

o

>

5 X

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

Renesas C/C++ Project
C/C++ Project

Project...

Convertto a C/C++ Project (Adds C/C++ Nature)
Source Folder

Folder

Source File

Header File

File from Template

Class.

Example...

Other...

Consale Properties Smart Browser

Q
Resource

> "

Ctrl+N

Smart Manual

Path

Location

= [m] X

[ | M@ c/Ce+ | {8 FSP Configuration

]

Type

Outline X = 0

There is no active editor that provides
an outline.

Figure 2-17 Create e? studio New Project and Select Device
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(3) Following the setup instructions will lead you to the confirmation screen for creating a new project. Click
the Finish button to generate the project.

8 Renesas RA C/C++ Project o X

Renesas RA C/C++ Project —

Project Template Selection

Project Template Selection

@] (}' Bare Metal - Blinky

Bare metal FSP project that includes BSP and will blink LEDs if available. This project will initialize clocks, pins, stacks, and
the C runtime environment,

[Renesas.RA.6.1.0.pack]

o *| Bare Metal - Minimal
Q Bare metal FSP project that includes BSP. This project will initialize clocks, pins, stacks, and the € runtime environment.
[Renesas.RA.6.1.0.pack]

Code Generation Settings
18 Use Renesas Code Formatter

@ < Back Next >

Figure 2-18 Create a New Project Overview

(4) The project is generated and opened in the workspace.

dio - 8 X
Project RenesasViews Run Renesas Al Window Help

@ workspace - newproject/configuntionami - &°
File Edt Nawvigate Sear

SR8 H-Q- Q | BC/Cer () FSP Configuration
— ewproect] ¥ gurat =0 S0 Visalator )
S B ‘ Summary Genoate roject Contert | LI LG P~
v & Includes
(B CRenesss/RAe2studio - — Project Summary
S CRenessy/RAvedst 1.0tcolehains/gec el ibrge Renesas
8 c Aadnud A gcc_amy13 2e1/ib/gc Board FPB-RAE1
Device: RIFADE1073CF)
cm23
GCC ARM Embedded
: 132.1.am-137
610
newproject/ra/fsp/inc/api Project Type: Flat
{8 newprojectiralfspfinc/instances Location: Ciworkimigration_guideAvarkspace/newproject &
& newproject/are
il Salocted software components
heg Am CMSIS Version 6 - Core (M) v610+68p6.1.0
i RAQE1-FPB Board Support Files .10 P
Sl g Board support package for RAOE1 610
R i chick cigh Board support packags for RTFADE1073CFJ  v6.1.0
D e e Board support package for RAOET - Events  v6.1.0
i common_datah Board support packags for RAE1 - FSP Data v6.1.0
& hal_datac Board support package for RAOET - Linker .10
B hal_datan Board Support Package Common Files ¥6.10
& mainc 10 Port 610
& pin dstac
¢ vector datac
W vector datah
v s w
2 hal_entryc
@ Debug
v o rady
5989
G seript
@ configurationami 2
e @ g
newproject Debug Flatink
3 newproject Debug Flatlsunch peort
Summary| B5P] Clocks| Pins| Interupts| Event Links| Linker Sections| Stacks | Components. » Legend
Properies X Provlems  SmanBrowser  Console s i =n
newproject
Resource  Property slue
~ info
derved fise
edtsble e
lazt modied September 2, 2025, 93923 4
inked fase
location C\work\migration.gudelworkspace newproject
name newproject

5 newmrojea

Figure 2-19 New Project Generation Completed
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(5) Figure 2-20, Figure 2-21, Figure 2-22, Figure 2-23 are quick introduction of the e? studio functions.
Shortcut Key Functions:

Program Bui Id

Search Project Renesas Views Run  Renesas

BN R iR

File Edit Window Help

qv Ij_-ﬁnpvnm?f %_.*

Figure 2-20 Commonly Used Functions

Debug Functions:

Program Build | Debug step control | 0 x
File Edit So Refactor MNavigate Searc Project Renesas Views Run Renesas Al Window Help
s &) - BT}

i lEF G-tk -t o omE BiS)
Stop | Debug | [ Restart

Figure 2-21 Commonly Used Debug Functions
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Commonly Used Settings in the Project Properties:

) Properties for newproject

type filter text

~ Resource

Linked Resources

Resource Filters.
Builders
v C/C++ Build
Build Variables
Environment
JSON Compilation Datak

~ C/C++ General

itor

~ Code Analysis
Launching
DDSC Builder

Documentation

Build Settings

File Types
Formatter
Indexer
Languzge Mappings
MISRA-C In-editor Checl
Paths and Symbols
Preprocessor Include Pat
Project Natures
Project References
Renesas QF
Run/Debug Settings
Task Tags
~ Validation
XML Syntax

T Tool Setting

1} Toolchain

Optimization

# Build Steps

(2 Debugging
B GNU Arm Cross Assfgnbler
&8 Preprocessor
(2 Includes
& Warnings
(2 Miscellaneous
v B GNU Arm Cross C Compile]

(2 Includes
& Warnings
(2 Miscellaneous

~ & GNU Arm Cross C Linker’

(2 Libraries

Flash Ima;
(2 General

Siz
(2 General

Toolchain

Build Artifact | [} Binary Parsers| @ Error Parsers

Optimization Level Optimize aggressively for size (-0z)

18 Message length (-fmessage-length=0)

18 ‘char' is signed (fsigned-char)

18 Function sections (-ffunction-sections)

18 Data sections (-fdata-sections)

[ No common unitialized (~fno-commen)

[ De not inline functions (~fac-inline-functions)

18 Diszble optimizations based on the type of expressions (-fno-strict-aliasing)

[[) Assume freestanding environment (-ffresstanding)

(] Disable builtin (-fno-builtin)

[ Single precision constants (-fsingle-precision-constant)

([ Pesition independent code (-fPIC)

[ Link-time optimizer (-flto)

[ Disable loop invariant move (-fno-move-loop-invariants)
Fixit error parser

her optimization flags

Optimization Level Settings

.c and .h File Path Settings

Changing the . lib Include Folder

Output File Format Settings

o x
G g
Cancel

Figure 2-22 Commonly Used Project Settings (1/2)
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o
| typefiter text Run/Debug Settings G B
|~ Resource

Linked Resources This page allows you to manage launch configurations associated with the currently selected resource.

Resource Filters

Builders
v C/C++ Build New..
Build Variables R
dit Configuration o x Duplicate

Environment

Settings € [Main]: Pregram dees not exist Delete

Tool Chain Editer
~ C/Cr+ General

P ¢ Edit..
SN Complzion D22t | it faunch configuration properties Select Debugger g\ ‘
0gging

Name: newproject Debug_Flat
v Code Analysis

Launching | Main | %5 Debugger| = St

o [] Common| B Source

DDSC Builder

Documentation Debug hardwall: E2Lite (ARM) ~  Talljet Device: R7FADE107
File Types

Formatter GDB Setting Debug Tool Settings
Indexer

v Clock
Lenguage Mappings

Main Clock Source Internal v
MISRA-C In-edtor Ched] External Clock Input Frequency (MHz)
Paths and Symbols Permit Clock Source change on writing on-chip Flash Memory Ves o

Preprocessor Include Pat Operating Frequency (MH2)

Project Natures  Connection with Target Board

Project References Emulator (Auto)

e Type SWD v

Specd () Auto v

N ~ Power

v Validation Power Terget From The Emulator (MAX 200mA) Yes v
XML Syntax e
Debugger Supply Voltage (V)

Reset ot the beginning of connection No v

Reset at the end of connection No v

Reset before download No v

Reset after download Yes v

Hold reset during connect Yes v

D Code (Bytes) FFFFFFEFFFFFFFFFFFFFFFFFFFFFFFFF .

Low Power Handiing Yes v

Hot Plua No v

Revert Apply
@ Concdl  testoreDefauks Apply

@ Apply and Close Cancel

Figure 2-23 Commonly Used Project Settings (2/2)

For details, please refer to the Renesas Electronics website.
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2.2.3 Step 3: Importing Software

This section provides is a quick guide on how to import your sample to the e? studio, using FPB-RAOE1 as

an example.

(1) Import the sample project downloaded from the menu.

Here, we will import the sample project downloaded from the Renesas website. The sample project is
“tau_fpb_raOe1_ep” located within the “FPB-RAOE1 Example Project Bundle”.

Select [File] -> [Import...] to open the import dialog.

To import from the downloaded zip file into the workspace, select “Project from folder or archive” to open the

import dialog.
Click the “Archive” button, select the project, then click the “Finish” button to add it to the workspace.

@ workspace - newpreject/configurationxmi - ¥ studio
File Edit Source Refactor Mavigate Search Project RenesasViews |

Select the sample program downloaded
from the archive button.

| Select
M
Analyzes the content of your folder or archive file to find projects and import them in the IDE. E E

New Alt=Shift«N >
Open File... BSY 3
(7, Open Projects from File Systemn..
& Import
Recent Files

Close All Editors
T8 irpent Projucta o Fie Syatern or Archive
| Select an import wizard: Impart Prajects frm File Syrtem or Archive

ype filter text D It directery or v i

v (= General ——
Move.. 1B Archive File "
] Rensme R [} CMSIS Pack
& Refresh Fi | =% Existing Projects inte Works) ™ [rm—
Convert Line Delimiter; > | (= File System
| [ Preferences
| [, Projects from Folder or Archive e
(o Import.. ] [ Rename & Import Existing C/C++ Projec LT RS
Clons nawty imzorted projects uzon czmzbson
1 Export.. | &) Sample Projects on Renesas Website |, TP PO
| |> e crees [ Prre——
Properties Alt+Enter S & it 8t ard corfigarspract e
Switch Workspace > » (= Install Warking sets
Restart > [z Oomph Add projact s werking sets
Bt > (= Run/Debug
Sl ‘@ jucts fromm Fila Syatem ox drchive

Impart Prajects from File System or Archive
Thin wizar o

b il 1o i e

& weriapace - sadie
e Edt Source Refator Hwigde Sewch Pojc RensasViess Run Rensasdl Widie Hel

o arubee tha cartant ol e fode

Archiee -
Cancal
Select 40
Dumalact 41
Pragraem Fies (44 e G041 Tacke
24 aunctd

kvl o

vl e chgop el ide alreay open projects

il e chyop, el

e 101 e pITeCts
B 0utact and cevfigars rcject mature

Warking sets

Add projact bz working st Hew.

e e
Fale]_ep Deberg Pl fink
¥ 1_ep Detug Fisisincn
() Develupss tssitance

Finish to import to
the workspace.

Figure 2-24 Import the Sample Program
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(2) Figure 2-25 shows the files in the project.

ﬁ workspace - e studio
File Edit Source Refactor MNavigate 5earch  Project RenesasViews FRun  Renesas Al Window  Help
B~ R iaithr Q-
Project Explorer ¢ = <§|> 7 &8 = 8
» =% newproject
v[i= tau_fpb_ralel_ep [Debug]|
> ﬁb Binaries
v [l Includes
b @ C:/Program Files (x86)/Arm GNU Toolchain arm-none-eabi/13.2 Rell/arm-nene-eabifinclude
5 (= C/Program Files (x86)/Arm GMU Toolchain arm-none-eabif13.2 Rell/lib/gce/arm-none-eabi/13.2.1/include
(1=l C:/Program Files (x86)/Arm GMU Toolchain arm-none-eabi/13.2 Rell/lib/gcc/arm-none-eabi/13.2.1/include-fixed
@ tau_fph_ralel_ep
1 tau_fph_ralel_ep/Debug
(= tau_fph_ralel_ep/ra_cfg/fsp_cfg
1= tau_fph_ralel_ep/ra_cfg/fsp_cfg/bsp
% tau_fpb_ralel_ep/ra_gen
@ tau_fpb_ralel_ep/ra/arm/CMSIS_6/CMSIS/CorefInclude
(=l tau_fpb_ralel_ep/ra/fsp/inc
1= tau_fpb_ralel_ep/ra/fsp/inc/api
@ tau_fpb_ralel_ep/ra/fsp/inc/instances
1! tau_fpb_ralel_ep/src
B tau_fpb_ralel_ep/ra/arm/CM35I5_3/CMSIS/Core/Include
v [ ra
¥ [= arm
> [= board
» = fsp
v [ ra_gen
5> |h| bsp_clock_cfg.h
> [£] commeon_data.c
> [h common_data.h
3 @ hal_data.c
3 @ hal_data.h
3 @ main.c
>
>
>

[ pin_data.c
] vector_data.c
[h] vector_data.h
v [ sre
3 = SEGGER_RTT
3 = SERIAL_TERM
5> [B commen_utils.h
5[] hal_entry.c _am function
> @ tau.c
> [H] tauh
= Debug
(= ra_cfg
» (= fsp_cfg
W (= script
[L] fsp.d
configuration.xml Configuration data of FSP Configurator
FPE-RAQE1.pincfg
RTFADET073CF)pincfg
ra_cfg.bet
tau_fpb_ralel_ep.hex
tau_fpb_ralel_ep Debug_Flat.jlink
tau_fpb_ralel_ep Debug_Flat.launch
» (7) Developer Assistance

¢ v

ar

[H Elu' Flu' Flu' Em' Em'

Figure 2-25 e? studio Project Files
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(3) Double-click the configuration.xml file to start the FSP Configurator, which allows you to configure the
necessary peripheral functions through the graphical interface.

PIC16F1 Package View

Pin Managar: Package View *

Pin Manager: Grid View x

[ pactage: [socze [ =] | pnta [e] [=]

PotAY PortBY

| Module _Fur‘dioll_Dilmr!:0_|-Z-3_l-§-6_7iﬂhl_2

BN |NT OO0 000000

osc CLKouT output I 11 |m] | | |
. I ,11.,1.,1‘1.,1.,1
Po wet BB bbb BB BBbEBEEE

RESET -‘.1CLP .mp,' | | | | | | | | |
oy T8 [input ‘i_‘h"h_‘i_l_'h_‘i_'l"h.'i_'l"h"i I
TR cutpot e h

2/3|4|5|67|w|9 2n|2)23|24/25/2 7|28|1|1|B W56 7 8"

PonC¥ E|

RAOE1 MCU package

=

caation X

Figure 2-26 MPLAB Code Configurator and MCU View in FSP Configurator

(4) The user can improve and add functions to the sample program as needed; refer to the corresponding

application notes published by Renesas.

(5) When the software configurations or modifications are complete, click the [Build] icon on the Main toolbar

as shown in Figure 2-27.

When the building is done successfully, “Build Finished” is displayed.

& workspace - tau_fpb._ralel_ep/configurationsml - & studio

(¢ CDT Build Console [tau_fpb_rae_ep]
Extracting support files...

make -r -j16 all
Building File
Building File: .
Building File
Building file:
Building File
Building File: .
suilding File
Building file: ../src/tau.c

Building File: ../ra_gen/common_data.c
Building File: ../ra_gen/hal_data.c
Building file: ../ra_gen/main.c

Building file: ../ra_gen/pin_data.c
Building file: ../ra_gen/vector_data.c
Building File: ../ra/fsp/src/r_tau/r_tau.c
Building File: .
Building File
Building file:
Building File
Building File: .
suilding File
Building file
Building file:
Building File
Building File: .
Building file
Building file:
Building File
Building File: .
Building File
Building file:
Building File
Building File: .
suilding File
Building target: tau_fpb_rabel_ep.elf

/src/SERTAL_TERA/r_dtc.c

+/5rC/SERTAL_TERW/r_uarta.c
/sre/SERIAL_TERM/serial_data.c
/5rC/SEGGER_RTT/SEGGER_RTT.C

/src/hal_entry.c

text  data

55 ec
35000 435 5156 42536

14:11:36 Build Finished. @ errors, © warnings

./ra/fsp/src/r_ioport/r_ioport.c
/ralfsp/sre/bsp/meu/radel/bsp_linker.c
/rafFsp/src/bsp/meu/all/bsp_clocks.c
/ra/fFsp/src/bsp/mcu/all/bsp_common. c
./ra/fsp/src/bsp/mcu/all/bsp_delay.c
/ra/Fsp/src/bsp/mcu/all/bsp_group_irq.c

hex filename
2525 tau fpb radel ep.elf

File  Edi e Search Project RenesasViews Run RenesasAl Window Help
I® e

& Properie Problems Smart Browser Console X
14:11:35 **** Build of configuration Debug for project tau fpb_radel_ep

/src/SERIAL_TERN/serial_terminal.c

/rafFsp/src/bsp/mcu/all/bsp_sbrk.c
./ra/fsp/src/bsp/mcu/all/bsp_sdram.c
/ra/Fsp/src/bsp/meu/all/bsp_security.c

/rafFsp/src/bsp/ensis/Device/RENESAS/Sour ce/startup. ¢
/rafFsp/src/bsp/cnsis/Device/RENESAS/Sour ce/system. ¢
./ra/board/ragel_fpb/board_init.c
/raboard/rade1_fpb/board_leds.c

arm-none-eabi-cbjcopy -0 thex “tau_fpb_radel_ep.elf” R
arm-none-eabi-size --format=berkeley "tau_fpb_radel_ep.elf"

x| & ¢S & EE

./5rC/SEGGER_RTT/SEGGER_RTT_printf.c

IrafFsp/src/bsp/meu/all/bsp_guard. c
/rafFsp/src/bsp/meu/all/bsp_io.c
/ra/Tsp/src/bsp/mcu/all/bsp_ipc.c
./ra/fsp/src/bsp/mcu/all/bsp_irg.c
Jra/Fsp/src/bsp/meu/all/bsp_macl.c
/ra/Fsp/src/bsp/meu/all/bsp_register_protection.c

"tau_fpb_radel_ep.hex"

(took 1s.871ns)

- o x

Qi@ | B C/Ces {5 FSP Configuration

2@ #E--=0 =
s
o

Figure 2-27 Build Finished
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When building the sample project, toolchain-related errors may occur. If errors occur, select the project,
open the [Properties] dialog via [Project] — [Properties], navigate to [C/C++ Build] — [Settings], select the
[Toolchain] tab, and modify the settings.

Q Properties for tau_fpb_ralel_ep

type filter text

» Resource
Builders
~ C/C++ Build
Build Variables
Environment
JSOM Compilation Datak

-d\tor

» C/C++ General

Settings

Configuration: Debug [ Active ]

i) Tool Settindd | 8 Toolchain i Build Steps

~

Build Artifact Binary Parsers| {3 Error Parsers

Manage Configurations...

Mame

Architecture

|GNU Tools for ARM Embedded Processors (arm-nene-ezbi-gec)

ARM (AArch32) o

Project Matures Prefix arm-nene-eabi-

Project R.eferehces Suffix

Refactoring History

Renesas QF C compiler gee

Run/Debug Settings C++ compiler g++

Task Tags .

» Validation G TS Bl
Hex/Bin converter objcopy
Listing generator objdump
Size command size
Build command make
Remove command m
B Create flash image
(] Create extended listing
B Print size
(" Eche tool command
| B Use integrated toolchain version: 132 1.am-137 +
Per project path Browse...
Restore Defaults Apply
@' Apply and Close Cancel

Figure 2-28 Toolchain setting
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2.2.4 Step 4: Evaluating the Software
Use the debugging functions described in Section 2.2.2.2 How to Use e? studio, to check whether the

software's performance and operation meet expectations.

2.2.5 Step 5: Mass Production
(1) Generate the load module (.hex, .mot, .bin) using e? studio.

’ {8} Properties for tau_fpb_rale1_ep

typefilter text Settings

8 workspace - tau_fpb_rale1_ep/configurationxml - € studio
File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window
| B-K-init-Q-
& _Project Bxplorer X

= = "
» [ tau.fpb_ra0e1_ep i e2studiod Debual] ., g1 a

p | > Resource
Builders
Ve

Configuration:  Debug [ Active ] | Manage Configurations...

Close Project
Open FSP Configuration

T Tool Settings | ) Toolchain | # Build Steps| U1 Build Artifact g Binary Parsers | @ Error Parsers
Cirl+Alt+B T Tool Settings | ) Toolchain | & Build Steps| 1" Build Artifact| [g Binary P: @ ErrorP:

Logging

)
= Build Configurations e 5 TorgetProcesmor
2 Build Project Ctr+ Tool Chain Editor ( Optimization
[i=] Build Working Set > > C/C++ General %: Warnings
@ Clean... Project Natures (2 Deb
4 Project References ~ § G 55 Assembler
[es} Build Automatically e ®
Build Targets > Run/Debug Settings %: Includes.
Task Tags (& Wamings
C/C++ Index > > Validation (5 Miscellaneous

~ 8 GNU Arm Cross C Compiler
(5 Preprocessor
(% Includes.
(2 Optimization
(2 Warmings
(2 Miscellaneous
1 GMNU Arm Cross C Linffer
(2 General
(& Libraries

[e8 Update All Dependencies
Change Device
Change Toolchain Version

NP C/Cr+ Project Settings Ctrl+Alt+P

[ Properties

GNU Arm Cross Create Flash Image I

Otherflags

Restore Defaults Apply

®@ Apply and Close Caneel

Figure 2-29 Create the Program File

(2) Select the programmer/debugger to program RAOE1
Up to 12 PG-FP6 units can be connected to one PC, allowing simultaneous programming to the target

MCUs.

PC programming

| =—am o

Programming
by FP6 Terminal

Bundled control of multiple
PG-FP USB HUB|

W = Reduced times for
high-volume programming

an handle simultar

for each of the —

Figure 2-30 Flash Programming and Tools
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For details regarding the PG-FP6 and FP6 Terminal, refer to the PG-FP6 V1.17 Flash Memory Programmer
User's Manual (R20UT5654).

For details regarding the PG-FP6 Gang Programmer,, refer to the FP6 Gang Programmer V1.03 User's
Manual (R20UT5403).
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2.3 Example of importing a sample program

This section shows an example of the migration process using e? studio. This example is board migration
using the program provided by Renesas. Here, the RAOE1 Fast Prototyping Board is used as an example.

(1) Select the appropriate RAOE1 and the hardware before ordering the evaluation board.

(2) Setup e? studio. For details, refer to 2.2.2 Step 2: IDE Setup and Quick Introduction of e? studio.

(3) Import the sample code.

After you have arranged the proper environment, the code can be imported to e? studio. The example
uses the timer to control the LED. First, make sure you confirm the differences between the RAOE1 and
PIC16(L)F18xxx timer modules. Then select the applicable sample code from the Renesas website.

In this section, we will explain using the [FPB-RAOE1 Example Project Bundle] (R20AN0745).

Download the sample project from the homepage, open e? studio, and select [General] - [Project from
folder or archive] from the “Import - Select” dialog opened via [File] - [Import...]. In the “Import Project”
dialog that opens, select the import source. Here, choose [Archive...] to import the downloaded sample

project.

B workspace - tau_fpb_rale1_ep/sr/hal_entry.c - ¥ studio
File Edit Source Refactor Navigate Search Project RenesosViews Run RenesasAl Window Help
B~ ]~ LA N g

Project Bxplorer X 5S Y § = O & tou_fpb_ralel_ep] FSP Configuration [8) hal_entry.c X

> &5 newproject

v 15 tau_fpb_rale1_ep (in e2studio) [Debug] File Name

: halentry.c

> (& SEGGER RTT

> (& SERIAL_TERM

> [ common_utilsh
> [1) hal_entry.c

#include "hal_data.h”
#include "tau.h”

1 FSP_CPP_HEADER
14 void R_BSP_WarmStart (bsp_warm_start_e

>[4 tau
> [H tauh FSP_CPP_FOOTER

> (= Debug @ * main() is generated by the RA Conf:
v (= racfg < oid hal_entry(void)
> & fopcfg {
» B scipt 5 tau_entry();
5 4
¢ ) il TE o] 25 < uif BSP_TZ_SECURE_BUILD
| FPB-RACELpincfg 26 /= Enter non-secure code =/

R_BSP_NonsecureEnter();
sendif

= .

=) RTFADEIO73CFLpincfg
ST
=) tau_fpb_ralel_ep.hex
=] tau_fpb_rale1_ep Debug_Fiatjlink
X tau_fpb_ralel_ep Debug Flatlaunch
> (?) Developer Assistance

This function is called at various

“void R_BSP_WarmStart (bsp_warm_start_e

39 o if (BSP_WARM_START_RESET == event

{
©#if BSP_FEATURE_FLASH_LP_VERSION != @

Properties  Problems  Smart Browser

(CDT Build Console [tau_fpb_rale]_cp]
BULLding Tile: ../ra/board/raBel_Tpb/board_init.c

Building file: ../ra/board/radel_fpb/board_leds.c

Building target: tau_fpb_radel_ep.elf

arm-none-eabi-objcopy -0 ihex "tau_fpb_radel_ep.elf” "tau_fpb_radel_ep.hex"
arm-none-eabi-size --format=berkeley "tau_fpb_radel_ep.elf"

Cansale %

text
35900

data
480

hex filename
2628 tau_fpb_radel_ep.elf

bss dec
6156 42536

14:11:36 Build Finished. @ errors, @ warnings. (took 1s.871ms)

» &2 Binaries Description : Contains data struc

> @)l Includes . y

>Br 6 Copyright (c) 2024 Renssas Electrenics
> @ ragen 7

v sre SPDX-License-Tdentifier: B50-3-Clau:

tures and functions used in hal_emtry.c.

Corporation and/or its

se

vent_t event);

iguration editor and is

points during the startup process. This
vent_t event)

)

used to generate threads if an RTOS is

implementation uses

- o X

Q @ | @ C/ces {5 FSP Configuration
-5

used. This functionl]

the event that is[]

Writable Smart Insert 21:1:1240

Figure 2-31

Sample Code File
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(4) Change the project
To confirm the configuration in the FSP Configurator, open the configuration.xml file in the workspace.
Changes to the configuration will be necessary if the sample program differs from the hardware. Select
the BSP tab from the FSP Configurator to change target board. To select the board as shown in Figure 2-
32, choose [...], then navigate from the opened list to select the Target Board via “RA0” — ‘RAOE1’. In
this example, “FPB-RAOE1” is selected.

B workspace - tau_fpb_rale1_ep/configurationxml - & studio - [u] X
File Edit Mavigate Search Project RencsasViews Run RenesasAl Window Help

| ®-q - B Q- Qi | B C/Crr |k FSP Configuration
Project Explorer BES Y 8 = 8 & loufpbralelep] FSP Configuration X [¢ halentry.c =8 =

> 25 newproject
~ 25 tau_fpb_raDel_ep (in e2studio]

. . %
Board Support Package Configuration Generate Project Content

> 42 Binaries
» ) Includes % Restore Defaults
> B ’ “« »
> 88 ro_gen Device Saection I Click the “... button to open the list I
~ (& sic ecaec
» (= SEGGER RTT FSP version: 6.1.0 v
e TeRM Fast Prototyping Board for RAOET MCU Group
> & SERIAL Board FPB-RADET it user’ | ouick g 4 , e oo
> [ commenutish ~ <1 toget it user' sl quick str guide, e, design package,mample prcjcts,etc
» [SimsEe teice | FFAIEITTR Custom User Board (Any Device) ot
> [ tauc (rao > || Raoer >H (v FrB-ReCET
s [ touh Core: oMz o N v )._I
> @ Debug RIOS: No RTOS RA4 > RAOL1
oG " Seleot FPB-RACEI |
> = fap_cig 2
> @ script RAS >

& configurationml

2] FPB-RAOET.pincfg

5] RFFAOEIOT3CF).pincfg

[2) ra_cfgt

[2) tau_fpb_ralel_ep.hex

2] tau_fpb_ralel_ep Debug_Flatjlink
[¥] tau_fpb_ralel_ep Debug_Flatlaunch

> (2) Developer Assistance

Summ{ly | BsP | Clcks| Pins| Interrupts| Event Links| Linker Sections| Stacks| Components

Properties Prablems SmartBromser  Console X X ¢ o8 EE=-&EIr2-8-=08
CDT Build Console [tau_fpb_ra0el_ej
Building file: .. ra/board/radel_fpb/board_init.c
Building file: ../ra/board/ragel_fpb/board leds.c
Building target: tau_fpb_ravel ep.elf
arm-none-eabi-objcapy -0 ihex "tau_fpb_rabel_ep.elf "tau_fpb_radel_ep.hex”
arm-none-eabi-size --format=berkeley "tau_fpb_radel_ep.elf"
text  data  bss  dec  hex filenare
35980 488 6156 42536  a628 tau_fpb_raBel_ep.elf

14:11:36 Build Finished. @ errors, @ warnings. (took 1s.871ms)

Figure 2-32 Device Selection in FSP Configurator
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In the sample project, LED1 is assigned to I/O port P008 and LED2 to I/O port P009, which can be confirmed
using the FSP Configurator. To verify LED1's port settings, as shown in Figure 2-33: Select the “Pins” tab,
open Pin Configuration, choose the “Pin Function” tab, then navigate to [Ports] - [P0Q] - [P008].

| File Edit Navigate Search Project RenesasViews Run RenesssAl Window Help

[y Export to C3Vfile ] Configure Pin Driver Wamings

@ Generatedata:  g_bsp_pin_cfg

Q@ | EC/Crr i FSP Configuration
oB L
o

Generate Project Content

) Cycle Pin Group

> (= SERIAL_TERM

5 [R common utilsh

Properties X Problems

Properties are not available.

Smart Browser

Value Link
LED1

GREEN_ARDUINO_A4

Output mode (nitial Low)

+ GPIO

|®-|~ HTr Q-
Project Explorer X, ES Y § = B tu_fpb_ralel_ep] FSP Configuration X [ hal_entry.c
newproject . . "
B e Pin Configuration
> ¥ Binaries
(&) Includes Select Pin Configuration
ram Files (+x86)/Atm GNU Toolchain
FPB-RACE! | Manage
Pin Selection = [ B 13 [f Pin Configuration.
Type filter text Name
e Symbolic Name
Comment
I v o8 Mode
== - \np:;’jgu(pu(
v POID
v pont
v poi2
R
v POM4
v POIS
> v
> v m
vp
> [@ hal_data.c Z ot
> % hal_data.h -
] > Other Pins
> 8 pin.data.c « Peripherals
> [8 vector_data.c ” P Modulename: ~ PODS.
5 [R vector_datah Port Capabilities:  ADCO: ANDD2
v @B s
> G SEGGER RTT

Pin Function| Pig Nuze
Summary |85P | § s  Event Links| Linker Sections| Stacks | Components|
Console

Figure 2-33

Board Setting in FSP Configurator
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Ports are operated within a function called from the main function.

> &5 newproject

> 4%, Binaries
» ) Includes
VB
> = am
v (= board
v (= rabel_fpb
| > [& board_init.c
> [B board_inith
> [¢ board_leds.c
5 [b board_leds.h
> (B boardh
> G fsp
v (2 ragen
> [B bsp_clock cfgh
> [@ common_data.c
> [B common_data.h
> [€ hal_data.c
> [B hal datah
> @ mainc
> [g pin_data.c
> [g vector_data.c
> B vector_datah
~ B sre
> (= SEGGER RTT
> (= SERIAL_TERM
> [B common_utilsh
> [€ hal_entry.c
> [g tauc
> B tauh
5 (= Debug
~ & ro_cfy
> & fspcfg
~ (= script
[t fspd

Properties X Problems

Property
locatien
name
path

[

~ 1% tau_fpb_ra0e1_ep [Debug]

& workspace - tau_fpb_ralel_ep/src/tau.c - e studio

| File Edit Source Refactor MNavigate
| ®- |- Q- el
Project Bxplorer % BES T 8§

Smart Browser

Search  Project

5% [tau_fpb_rade_ep] FSP Configuration

Renesas Views

Run  Renesas Al

/* Check blink times of
- if (g_led1_blink_times <

/* Toggle L
- if (g_led1_status_flag_old

(g hal_entry.c
APP_ERR_RETURN(err, "Reset interval timer failed");

Window  Help

(€ tauc x

1=

EMO_TIMES)

ED 1 status if g ledl status flag changes */

g_led1_status_flag_cur)

g_ledl status_flag old = g_ledl_status_flag_cur;
- if (true == g ledl status_flag_old)

else

board_leds.c %

S m R

BEEUuwL YWy

Console

Search

(uint1s_t) BSP_TI0_PORT_60_PIN_65,
(uintls_t) BSP_IO_PORT_60_PIN 69,

ZOPORT Pinurite (&2 doport ctrl g bsp leds.p leds[LED SEQUENCEL], BSP T0 LEVEL LOW)
Tedl Dlink_times++;

R_TOPORT_Pinlirite (&g ioport_ctrl, g bsp_leds.p_leds[LED_SEQUENCE1], BSP_IO_LEVEL MIGH):

Confirm that the port being operated is LED1.

® * Exported global variables [fto be accessed by other files)[]

/** Structure with LED information for this board. */

const bsp leds t g bsp_leds =
{

.led_count = (
pleds = &

uint16_t) ((sizeof (g_bsp_prv_leds) / sizeof (g_bsp_prv_leds[ql)},
g bsp_prv_leds[0]

Value

45eu011

/tau_fpb_rale1_ep/src/tau.c
30,644 bytes

ts.zip_exp

Witable

Smart Insert

ey @ ¢ =0

pb_ra0eT\tau\tau_fpb_radel_ep\e2studiotsre\tau.c

198:81: 8182

Figure 2-34 Port Operation Processing
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Next, confirm the timer settings. When you select the Stacks tab, the list of stacks will be displayed, as
shown in Figure 2-35.

Select a timer stack from the list and click the [Properties] tab at the bottom. In the left-hand tabs, [Settings]
displays the timer's configuration values, while [API Info] shows API information. This stack has the interval

timer function selected.
By clicking the FSP Configurator Generate Project Content button, the source code will be generated.

Code generate button

B HAUCommon Stacks

P p—rr—
Wioport

Tt Indegendant Cheesl, 16-bit nd -1 Tims Operaien 1)

Figure 2-35 Interval Timer Settings in FSP Configurator
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Developer Assistance allows you to reference the API information each component.

1B vorkipace - e 1ot 3081 ap/ICRRUL - ¢ U0
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Figure 2-36 API Information Displayed in Developer Assistance
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(5) Build the Project.

When the software configurations or modifications are complete, click the Build icon in the Main toolbar
as shown in Figure 2-37.

When the building is done successfully, "Build Finished" is displayed.

B workspace - tau_fpb_rae1_ep/configurationami - e studio. - 0O X

s Run RenesssAl Window Help
Q @ | Bcces (i Fse Con
Xt EFE-KE -3

Debug for project tau_fpb_radel_ep ***

1
< /src/SERTAL TERW/r_dtc.c
A TE

radel_ep.elf" “tau_fpb_radel_ep.hex”
oe1_ep.elf”

35900 430 6156 42536

625 tau_fpb_radel_ep.elf

TeTiLr3 seits Fimines e, warmnge. (oo 1255 |

Figure 2-37 Build the Target

(6) Setup the Hardware.

(7) Debug to verify.
Configure the debugger according to Figure 2-23 before debugging.

Click the Debug icon to start debugging. You can set a breakpoint by double-clicking the space before
the line number, or by adding _ BKPT();.

g_ledl_status_flag_cur = false;

/* Reset interval timer */

err = R_TAU Reset(&g interval timer_ctrl);
APP_ERR_RETURN(err,"Reset interval timer failed”);

}

/* Check blink times of LED 1 */
e © if (g_ledl_blink_times < DEMO_TIMES)

/* Toggle LED 1 status if g_ledl status_flag changes */
if (g ledl status flag old I= g ledl status flag cur)
{

g_ledl_status_flag_old = g_ledl_status_flag_cur;
6 = if (true == g_ledl status_flag old)

R_IOPORT_PinWrite (&g _ioport_ctrl, g_bsp_leds.p_leds[LED_SEQUENCEL], BSP_IQ LEVEL_HIGH);
¥

else

R_IOPORT_Pinkrite (8g_ioport_ctrl, g_bsp_leds.p_leds[LED_SEQUENCEL], BSP_IO_LEVEL_LOW);

P
Break point
/* Close instance TAU interval timer

err = R_TAU Close (&g interval timer ctrl);

Break point

0x00000ead @ 23060ms ) System Time Writable Smart

Figure 2-38 Adding Break Point Solution

Use the debugging function to check if the performance meets the requirements and if there are no errors in
the program (refer to Section 2.2.2.2 How to Use e? studio for details).
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3. Core Architecture Comparison

31 CPU

The RAO is based on the Arm Cortex -M23 CPU core architecture and the PIC16(L)F1 is based on the
enhanced Mid-Range CPU core architecture. Table 3-1 shows a general functional overview, comparing the
RAO CPU to the PIC16(L)F1 CPU.

Table 3-1 CPU Comparison

Item PIC16(L)F1 RAO

Architecture Enhanced Mid-Range CPU Arm Cortex-M23
Instruction set RISC RISC

Pipeline 2-stage 2-stage

Operating clock (max.) 32MHz 32MHz

Minimum instruction 0.125us@32MHz 0.03125us@32MHz
execution time

Address space 32KB 4GB

Number of instructions 49 84

Multiplication instruction - 32-bit x 32-bit = 32-bit
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3.2 Built-in Memory Comparison

3.21

Flash Memory Function

RAO and PIC16(L)F1 MCUs feature non-volatile flash memories for storing executable program code and
application data. Table 3-2 shows a comparison of flash memories.

Table 3-2 Flash Memory Function Comparison

Feature PIC16(L)F183xx RAO
Flash memory 3.5~28KB Code flash 16~128KB
Data flash 1~2KB
Memory Word size: 14 bits Code flash Block size:
organization line size : 32 words 2KB
In case of memory size is 28KB, Data flash Block size:
16384 words (512lines) 256byte
Access 14bit (1word) 8 bits
Programming unit 1line (32words) Code8 flash 32 bits
Data flash 8 bits
Erasing unit 1line (32words) Code flash 2KB
Data flash 256B
Data error N/A N/A
correction/detection
Specific Sequence | Unlock Sequence N/A

Security

Code Protection
Write Protection

Protection against illicit tampering with or
reading of data in flash memory

Programming
method

In-Circuit Serial Programming
Self-Programming

Serial Wire Debug (SWD) programming
Self-programming

Programming count

10k (min.)

Code flash 1k (min.)

Data flash

1000k (typ.)
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3.2.2 Flash Memory Configuration
The RAO flash memory is equipped with a code flash for executing programs and a data flash used as a data

storage area.

The code flash and the data flash can be rewritten by the flash memory programmer or SWD programming
via an external device (SWD connection), self-programming.

3.2.2.1 Flash Memory Area
Table 3-3 shows the flash memory areas in PIC16(L)F183xx and RAO.

Table 3-3 Flash Memory Area Comparison

PIC16(L)F183xx

RAO (Code Flash)

Program area

Reset vector

Program area

Application

Interrupt vector

Application

Startup area

User ID

Revision ID

Device ID

Configuration Words

Calibration Words

Startup area

Small program area

On-chip debugging ID setting

Option setting memory

Unique ID

Vector table

Additionally, the RAO and PIC16(L)F1 feature the following non-volatile memory as data storage areas.

Table 3-4 shows the data storage areas for the PIC16(L)F183xx and RAO.

Table 3-4 Comparison of Data Storage Areas

Feature PIC16(L)F183xx RAO

Data storage area EEPROM Data flash
Access size 8 bits 8 bits

Write unit 8 bits 8 bits
Number of flash rewrites 100k (min.) 1000k (typ.)

3.2.2.2 Flash /O register in RA0

The flash 1/O registers are used to control the programming of the flash memories. For example, the
FLMWRP register enables or disables programming of the code and data flash memories, and the FCR
register is used to control command selection and the start/stop of command processing.

3.2.2.3 Self-Programming in RAO

RAO supports self-programming mode, enabling the flash memory to be rewritten from the user application.

The user application can rewrite the flash memory in this mode by using the Flash HAL driver API.

[Self-programming code example]

For information regarding self-programming code examples, please refer to the Renesas Electronics

website.
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3.2.3 SRAM

Both RAO and PIC16(L)F1 are both equipped with on-chip SRAM for storing the application data.

Table 3-5 SRAM Comparison

Type PIC16(L)F183xx RAO

SRAM memory PIC16F180xx : 0.25~2KB 2~16KB
PIC16(L)F183xx : 0.25~2KB
PIC16(L)F184xx : 0.5~2KB

Parity check N/A Available

ECC N/A N/A

Write protection N/A N/A

(RAM guard)
Instruction execution Disable Available

RAO is equipped with a low-power SRAM that can be accessed efficiently within the CPU frequencies
supported by the device. SRAM can be used to store information such as the call stack, heap, and global

data.

The SRAM in RAO can be used as a program area to store code and execute instructions, as well as a data

area.

The contents of the SRAM are held regardless of changes in the low-power modes (normal operation,
SLEEP, Software STANDBY, SNOOZE, etc.), but if the RAM operation mode is set to SHUTDOWN mode in
the Power Save Memory Control Register (PSMCR), the contents in some areas of the SRAM will be lost.
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3.3 Power-On and Reset Overview and Comparison

Both PIC16(L)F1 and RAO feature a minimum operating voltage and include a circuit that ensures proper
startup by holding the device, or part of it, in the reset state. Table 3-6 shows the comparison of how this
function works and which modules control the power-on process and reset between the two devices.

Table 3-6 Power-On Overview and Comparison

PIC16(L)F183xx RAO
Power-on reset (POR) | Vobo>Vpor: POR (power-on reset | Vcc>Vpeor: POR reset is
POR reset is released. circuit) released.
Vbb<VPORR: Vee<Vpor: POR reset
Remains in POR state. signal is generated.
Brown-out reset (BOR) | Vbp>Vsor: LVDO (low-voltage Vee>Veeto: LVD reset is
- Level Q Note! BOR is released. detector) — reset released.
Vpp<VBoR: mode Nete 2 Vee<Vaeto: LVD reset
Remains in BOR state. signal is generated.
Brown-out reset (BOR) | Vbp>VLreoR:: N/A
-Level 110 3 LPBOR is released.
Vpp<VLPBOR:
Remains in LPBOR
state.
N/A LVD1 (low-voltage VeeZVaett: LVD reset is
detector) — interrupt released.
and reset mode N2 | \/co<Vgerr: LVD reset
signal is generated and
released after the
specified time
N/A LVD1 (low-voltage interrupt request signal is
detector) — interrupt generated when Vcc
mode Note 2 crosses Vett.

Note 1. The level of voltage detection can be selected in configuration words.

Note 2. The level of voltage detection can be selected in the Option-setting memory or the LVD1CR
register.

The relationship among RAO voltage thresholds is Veor < Veor < lower limit of the operating voltage < Vdeto
< Veet1. The relationship among PIC16(L)F183xx voltage thresholds is Vrorr < VPor < VBor < VLprBoR. VLPBOR
is the smallest value of Vop specified to enable the internal circuit’s normal operation.
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The following 6 events can generate a reset signal in RAO.

(1) External reset input with the RES pin
Internal reset due to comparison of power supply voltage and detection voltage in the power-on reset
circuit (POR)

(3) Internal reset due to comparison of power supply voltage and detected voltage of the voltage detection
circuit (LVDO, 1)

(4) Internal reset due to SRAM parity error

(5) Internal reset due to program runaway of the independent watchdog timer

(6) Software reset

There are many events that trigger an internal reset in RAO. Use the reset status flag register (RESF) and

the power-on reset status register (PORSR) to check which event triggered the reset request.

Table 3-7 Reset Flag Status when Reset is Requested (1/2)

Flag Reset Event
RES pin reset | Power-on Voltage Independent
reset monitor 0 watchdog timer
reset reset

PORSR.PORF | Hold Clear Hold Hold
RESF.LVIRF Clear Clear Set Hold
RESF.IWDTRF | Clear Clear Hold Set
RESF.SWRF Clear Clear Hold Hold
RESF.RPERF | Clear Clear Hold Hold

Table 3-8 Reset Flag Status when Reset is Requested (2/2)

Flag Reset Event
Voltage Software SRAM parity error
monitor 1 reset reset
reset
PORSR.PORF | Hold Hold Hold
RESF.LVIRF Set Hold Hold
RESF.IWDTRF | Hold Hold Hold
RESF.SWRF Hold Set Hold
RESF.RPERF | Hold Hold Set
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3.4 Clock Overview and Comparison

3.4.1

Oscillator

Both RAO and PIC16(L)F1are equipped with many types of internal and external clock generation circuits to
reduce system cost and power consumption. Table 3-9 shows the comparison of the clock circuits in RAO

and PIC16(L)F1.

Table 3-9 Oscillator Comparison

Type PIC16(L)F183xx RAO
Internal Frrosc: High-Frequency Internal Oscillator | HOCO: High-speed on-chip oscillator
oscillator of 1/2/4/8/12/16/32MHz clock with maximum frequency of 32MHz
When using a PLL (x2), a maximum of 32 | MOCO: Middle-speed on-chip oscillator
MHz is possible. clock with maximum frequency of 4MHz
FLrosc: Low-Frequency Internal Oscillator | Low-speed on-chip oscillator clock with
of 31kHz. maximum frequency of 32.768 kHz
External External Oscillator MOSC: Main clock oscillator with
oscillator LP mode: ~100kHz (Frp) maximum frequency of 20MHz
XT mode: ~4MHz (Fxr)
HS mode: ~20MHz (Fns)
When using a PLL (x4), a maximum of 32
MHz is possible.
Fr1: Secondary oscillator of 32.768kHz SOSC: Sub clock oscillator with frequency
of 32.768 kHz
3.41.1 RAO Oscillator

RAQO is equipped with an on-chip oscillator that eliminates the need for an external resonator, as well as
many types of oscillator circuits, including a low-speed oscillator circuit that achieves low-power
consumption. Table 3-10 shows RAOQ’s clock generation circuits. Refer to the each RAO Serise User’s
Manual: Hardware for details.

Table 3-10 RAO MCU Oscillators

Clock Clock Signal | Description

Generation

Circuit

Internal HOCO High-speed on-chip oscillator clock (32 MHz (max.))
MOCO Middle-speed on-chip oscillator clock (Max. 4 MHz (max.))
LOCO Low-speed on-chip oscillator clock (32.768 kHz)

External MOSC Main clock oscillator (20MHz (max.))
SOSC Sub clock oscillator (32.768 kHz)
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3.4.2 Clock Signal Comparison
Different clock signals can be divided and used as input clocks for other systems or distributed to multiple

peripheral devices.

Table 3-11 Clock Signal Comparison

Clock Description PIC16(L)F183xx Clock RAO Clock
External clock input High-speed 0OSCH1 EXCLK(MOSC)
Low-speed SOSCI XCIN(SOSC)

High-speed external clock Output of EXTOSC EXCLK

Low-speed external clock Output of SOSC FSUB Note 1

Main system clock Clock set by OSCCON2 FMAIN Note 2
register

CPU/peripheral clock System Clock FMAIN, FSUB, LOCO
Peripheral Clock

Note 1. FSUB is the subsystem clock supplied by a low-speed external oscillator (XCIN).

Note 2. RAOQ’s main system clock is supplied by MOSC, HOCO or MOCO.
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3.5 Overview and Comparison of Operation Modes

RAO provides four main operation modes (low-power modes) to optimize device power consumption based
on the application requirements. In descending order of power, the modes are normal operation, SLEEP,
SNOOZE, and software STANDBY. In the normal operation mode, the CPU is active and executes code.
Unmasked peripheral interrupt requests can wake up the device from SLEEP, SNOOZE, or software
STANDBY mode to normal operation mode.

In SLEEP mode, all peripheral devices are active while the CPU stops.

In SNOOZE or software STANDBY mode, the Main clock oscillator and High-speed on-chip oscillator are
stopped, causing the entire system to halt. It can reduce CPU power consumption as much as possible.

3.5.1 Comparison of Operation Modes
Table 3-12 compares operation modes in RAO and PIC16(L)F183xx.

Table 3-12 Comparison of Operation Modes

PIC16(L)F183xx RAO

Operation Description Operation Description

Mode Mode

RUN The CPU operates using the clock Normal CPU operates with the main system
signals output by internal and Operation clock or the subsystem clock. All
external oscillators. All peripherals peripherals are active.
are active.

DOZE Reduces CPU activity and program | SLEEP CPU stops operating. The main
memory access without affecting system clock and the subsystem
peripheral function operation (by clock keep operating. All
inserting a wait time for each peripherals are active.

instruction processed). Operation of
the internal or external oscillator

continues.

IDLE The CPU stops operating, but SNOOZE CPU stops operating. HOCO or
peripheral functions continue to MOCO operation begins, but the
operate. While peripheral devices main system clock remains
operate, the CPU clock stops stopped. The state of the
completely. subsystem clock during standby

mode is maintained.

Peripheral functions such as ADC,
UART, CSI, or DTC transfers can
operate without activating the CPU.

SLEEP CPU stops operating. Peripheral Software CPU stops operating. HOCO and
function using the internal oscillator | STANDBY MOCO stop. The subsystem clock
and secondary oscillator as clock retains its state prior to the standby
sources remain operational. mode setting. The system stops,

except for peripheral functions
operating on the subsystem clock.
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3.5.2 RAO0 Functions in SLEEP Mode
In SLEEP mode, the clock supply to the CPU is stopped but the peripherals continue to operate.

SLEEP mode offers reduced power consumption in comparison to normal operation, and can be released
automatically with an interrupt, allowing normal operations to resume immediately.

This mode is suitable for applications that require low power consumption and quick response.

3.5.3 RAO Functions in SNOOZE Mode

As with sleep mode, the clock supply to the CPU is stopped in SNOOZE mode. However, only specific
peripheral functions (UART, AD converter, etc.) can continue operating. Data reception via UART and data
conversion by ADC can be completed independently of the CPU, while all other peripheral functions are
completely halted.

SNOOZE mode reduces power consumption even more than SLEEP mode and is released when triggered
by completion of data reception or AD conversion, allowing the CPU to start processing as required.

As normal operation can be resumed immediately when data reception or conversion is complete, this mode
is suitable for applications that require real-time processing.

3.5.4 RAO Functions in Software STANDBY Mode

STANDBY mode allows you to stop the main clock, high-speed on-chip oscillator and middle-speed
oscillator, bringing power consumption to nearly zero.

The contents of the memories and the registers are held even when the CPU completely stops, so the
processing can be continued after returning to normal mode. When a specific interrupt occurs, such as an
external interrupt, independent watchdog timer (IWDT), interrupt or RTC interrupt, the CPU returns to normal
operation from STANDBY mode.

Returning to normal operation takes longer than waking from sleep mode because it involves the main clock
and on-chip oscillator oscillation, but it is suitable for applications requiring minimal power consumption.

For detailed specifications and the relationship between each peripheral function and STANDBY mode, refer
to the corresponding chapter in the each RAO Serise User's Manual: Hardware.
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3.6 Comparison of Interrupts and Events

3.6.1

Interrupts and Exceptions

Both RAO and PIC16(L)F1register and map interrupts and exception vectors according to the available
peripheral functions of the device. Table 3-13 shows an overview and comparison of interrupt vectors for
each device family. An interrupt or exception with higher priority takes precedence over one with lower
priority. If the processor is currently handling an interrupt, it will accept a higher-priority interrupt as a
multiplexed interrupt when it occurs.

Table 3-13 Comparison of Interrupts

peripheral interrupts.

Peripheral PIC16(L)F183xx RAO0
Function
Interrupt Peripheral interrupts Maskable interrupts
types Internal interrupt request x 33 (max.) Internal interrupt request x 33 (max.)
External interrupt request x 2 (max.) External interrupt request x 6 (max.)
Reset interrupt [Reset interrupts]
MCLR pin input, watchdog timer, Power-On | RES pin input, power-on reset, voltage
Reset, Brown-Out Reset, Low-Power detection, watchdog timer, SRAM parity
Brown-Out Reset, RESET instruction, Stack | error
Overflow/underflow, Programming mode [Software interrupts]
exit A software interrupt occurs when the SVC
instruction is generated.
Priorities No priority. Default priority
The software identifies interrupt requests The default priority is used when multiple
and controls the priority of interrupt maskable interrupts with the same interrupt
handling. priority occur.
Interrupt priority level
Four programmabile priority levels (0, 1, 2,
3) are available for maskable interrupts.
Priority No configuration registers. NVIC IPRx
setting Priority is controlled via software. Register NVIC IPRx is used to set the
interrupt priority of a peripheral.
Interrupt PIEx register ISER and ICER in NVIC
mask Registers PIEx are used to enable/disable Registers ISER and ICER are used to

enable/disable peripheral interrupts.
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3.6.1.1 Interrupt Control in RAO

The Interrupt Controller Unit (ICU) in RAO determines which event signals are linked to the Nested Vectored
Interrupt Controller (NVIC) and the Data Transfer Controller (DTC) modules. It also controls non-maskable
interrupts.

The ICU also has a function that allows the user to set interrupt priorities. This enables the user to control the
priority of important processing when multiple interrupts occur simultaneously.

The ICU simplifies interrupt control and management by allowing users to enable or disable interrupts, clear
interrupt flags, and more. This facilitates flexible control of interrupt functions based on specific situations,
such as temporarily disabling other interrupts, while a particular function is running.

— Interrupt Controller

SRAM Parity error]
WoT error

Clock

Clock recovery request ! generation
Voltage monitor 1 interrupt circuit
Low voltage detection i CPU —
Clock recavery Clock recovery enable level
Y e —
SBYEDCRn |
—— [] Non-maskable interrupt request _\, I
Module data bus )
DTCENSTn.STi
IRQOD—— &)
1RQ5 -] ;
Peripheral I N
modules :
: Tt
{

Interrupt request |

DTC activation reques: DTC o
DTC response

Detection

Switching the interrupt status and the transfer destination

Figure 3-1 Configuration of RAO Internal Maskable Interrupts
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3.6.1.2 Interrupt Control in PIC16(L)F183xx
Figure 3-2 shows the peripheral interrupt configuration for the PIC16(L)F183xx.

The PIC16(L)F183xx enables or disables interrupt conditions via the PIEx register. Before any interrupt
request flag is set, the GIE bit in the INTCON register must be set to 1 to enable interrupts.

Unlike RAOQ, priority is not handled by the device but is controlled by the software handling the interrupt.

The interrupt-handling software must poll the interrupt request flags to identify the interrupt source.
Furthermore, to prevent the interrupt handler from looping, the interrupt request flag must be cleared before
the interrupt handler terminates.

Wake-up
TMROIF — (If in Sleep mode)
TMROIE —
INTF —
7777777777777777777777777777777777777777777 INTE—
i Peripheral Interrupts i 3_,
! ! IOCIF— [ Interrupt
! (TMR1IF) PIR1<0> —| ' OCIE— To CPU
| (TMRIIE) PIR1<0> —| |
| . . |
} [ ] [ ] |
; PIRN<7> — !
i PIEN<7> — i GIE
Figure 3-2 PIC16(L)F183xx Peripheral Interrupt Hierarchy
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3.7 Debugging and Programming Comparison

RAO and PIC16(L)F1 use different interfaces and functions when connecting to the device for debugging or
programming. Table 3-14 shows a comparison of debugging and programming in PIC16(L)F1 and RAO.

Table 3-14 Debugging and Programming Comparison

programming mode

Low-Voltage Programming Entry Mode

Programming PIC16(L)F183xx RA0

Function

Type Serial programming Serial programming

Security Code Protection Memory security and access restriction
Write Protection options Note

Entry to the High-Voltage Programming Entry Mode | After reset is released, set

DFLCTL.DFLEN to 1 and FENTRYR to
code flash P/E mode.

Command Configuration, address setting, erase Erase, programming, get info, security,
write, read etc. Note
Interface ICSP, LVDS SWD

Note By default, block erase, write commands, and boot cluster rewriting are disabled. Enabling block
erase, enabling writes, and enabling boot cluster rewriting can be performed by manipulating the
registers according to the correct procedure. Refer to the appropriate chapter in the each RAO Serise
User's Manual: Hardware.

3.71

Debugging Comparison

3.7.1.1 Debugging RAO

For debugging RAO, use J-Link, E2 Emulator, or E2 Emulator Lite. These debuggers support standard
debugging functions (step execution, breakpoints, memory and register inspection, etc.). For programming,
use J-Link, E2 Emulator, E2 Emulator Lite, or the dedicated flash memory programmer PG-FP6.

Additionally, it supports on-chip debugging, enabling debugging via the SWD (Serial Wire Debug) serial

interface.

3.7.1.2 Debugging PIC16(L)F183xx

For debugging the PIC16(L)F183xx, use the MPLAB PICkit 5, MPLAB ICD 5, or MPLAB ICE 4. Debugging
and programming the PIC16(L)F183xx is possible through the graphical user interface of the MPLAB IDE.
These debugger systems connect to a PC via a USB interface and connect to the target using a connector
compatible with the debugger system. The MPLAB ICE 4 features full-speed emulation, runtime variable
watch, trace analysis, and complex breakpoints.

RO1AN8147EJ0110 Rev.1.10

Feb.24.26

RENESAS

Page 51 of 61




RAO Series
Migration Guide from Microchip PIC®16(L)F1 to RA0

3.7.2 Programming Mode Comparison

3.7.21 Serial Programming in RAO

The RAO serial programming mode enables firmware updates using an external device (microcontroller or
ASIC) connected to RAQ via SWD.

3.7.2.2 Serial Programming PIC16(L)F183xx

Non-volatile memory (NVM) programming data is supplied via the in-circuit serial programming (ICSP)
interface and can be programmed into flash memory or EEPROM.

ICSP programming uses the following five pins: ICSPCLK

e |CSPDAT

e MCLR/VPP
e VDD

e VSS

In program/verify mode, the program memory, EEPROM, user ID, and configuration words are programmed
via serial communication. The ICSPDAT pin is a bidirectional /O used for serial data transfer, and the
ICSPCLK pin is the clock input.

Connection to the target device is typically made via an ICSP header. A connector commonly found on
development tools is the RJ-11 in a 6P6C (6-pin, 6-connector) configuration.
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4. Digital Peripheral Comparison

4.1 General Purpose I/0 (PORT, PmnPFS_A)

RAO is designed specifically for low-power consumption, including its 1/0 ports.

Additionally, the RAO incorporates a pin function selection feature that allows switching the port assigned to
a multifunction pin. The peripheral function is selected by changing the setting value of the peripheral
function select bit (PSEL) in the pin function selection register (PmnPFS_A) for pins that the RAO has pre-

mapped to multifunction pins.

The PIC16(L)F1 provides a PPS (Peripheral Pin Select) function. This allows both one-time configuration of
port assignments and dynamic pin assignment changes during code execution.

Table 4-1 1/0 Port Function Comparison

Item PIC16(L)F183xx RA0
Output mode CMOS CMOS

Open drain with N-ch Open drain with N-ch
Input mode CMOS or TTL CMOS

Internal pull-up On-chip pull-up

TTL input buffer

Select slew rate Set by SLRCONX register N/A
Setting per port Available Available
Redirect function PPS function Uses PmnPFS_A register

Wake-up Can be used in combination with Can be used with external interrupt
external interrupts (INT pin or IOC (IRQ)
pin)

Input filtering N/A Available (signals within 1us are

filtered when using external interrupt
(IRQx))

User-controllable input
hysteresis

Control by INLVLx register (CMOS
or TTL)

Available

For information on 1/O port code examples, please download the sample project "FPB-RAOxx Example
Project Bundle" from the Renesas Electronics website.
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4.2 Universal Asynchronous Receiver-Transmitter (UART, SAU)

Both RAO and PIC16(L)F1 are equipped with a peripheral function that enables asynchronous serial
communication.

RAO is equipped with UARTA, a specialized UART communication function. Additionally, the SAU (Serial
Array Unit) incorporates UART functionality, enabling asynchronous communication via two lines: serial data
transmission (TXD) and serial data reception (RXD).

Using these two communication lines, data is transmitted and received asynchronously with the
communication partner (using an internal baud rate) for each data frame consisting of a start bit, data, parity
bit, and stop bit. Using two channels—one dedicated to transmission (even-numbered channel) and one
dedicated to reception (odd-numbered channel)—enables full duplex UART communication. Furthermore,
combining the timer array unit with an external interrupt (IRQO) allows support for the LIN bus.

Table 4-2 UART Function Comparison

Function PIC16(L)F183xx RAO

Data direction LSB first MSB first or LSB first
Data phase Available Available
Single-wire half-duplex Available (Synchronous) Available
communication

Data length 8, 9 bits 5,7, 8, 9 bits Note

LIN HW support Available Available

Wakeup from Stmd Available Available

Auto baud rate detection Available Available (LIN)
Tx/Rx FIFO Depth 1 1

Note 5-bit data length can be used with UARTAXx and 9-bit data length can be used with UARTX.

For information on UART code examples, please download the sample project "FPB-RAOxx Example Project
Bundle" from the Renesas Electronics website.
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4.3 Serial Peripheral Interface (SPI, SAU)
PIC16(L)F1 and RAO both support serial peripheral interface (SPI).

The RAO features a simplified SPI function within the SAU (Serial Array Unit), enabling data transmission
and reception synchronized to the serial clock (SCK) output from the master. This clock-synchronous
communication function utilizes a total of three communication lines: one serial clock (SCK) line and two
serial data lines (SO, SI) for transmission and reception.

Table 4-3 SPI Function Comparison

Function PIC16(L)F183xx RAO

Control pins SCK, SDO, SDI, SS SCK, SI, SO

Master/Slave selection Available Available

Data bit width 8 bits 7, 8 bits

Maximum speed [Master] [Master]
8MHz (fck/4) SPI00 only : 16MHz (PCLKB/2)
[Slave] other than SPI00 : 8MHz (PCLKB/4)
4MHz (fosc/8) [Slave]

5.33MHz (fuck/6)

Simplex communication Available Available

Hardware chip select Available N/A

management

1/0 clock phase control Available Available

Data direction MSB first MSB first or LSB first

SPI format support Motorola Motorola

Tx/Rx FIFO Depth 1 1

For information on SPI code examples, please download the sample project "FPB-RAO0xx Example Project
Bundle" from the Renesas Electronics website.
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4.4 Inter-Integrated Circuit (IICA, SAU)

Both PIC16(L)F1 and RAO support the I2C peripheral function.
The RAQ is equipped with a Serial Array Unit (SAU) featuring simplified 12C functionality and an IICA with
more advanced capabilities. While it enables clock-synchronous communication with multiple devices via two

lines—Serial Clock (SCL) and Serial Data (SDA)—the simplified I12C is designed for single-device
communication with components like flash memory and A/D converters, functioning solely as a master.

Table 4-4 I2C Function Comparison

Function PIC16(L)F183xx RA0
Master/Slave selection Available Available (IICA)
Multi-controller function Available Available (IICA)
Maximum transfer speed 400kHz 1MHz
Addressing mode 7, 10 bits 7 bits

10 bits (IICA)
Clock stretch Available Available (IICA)
Wakeup function (low-power Available Available (IICA)
mode)
Software reset Available Available (IICA)
FIFO/Buffer 1 byte 1 byte

SSPxSR [ICAN (IICA)

SDRmn (SAU)
Programmable analog and digital N/A Available (IICA)
noise filters

For information on I2C code examples, please download the sample project "FPB-RAOxx Example Project
Bundle" from the Renesas Electronics website.
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4.5 Timer (TAU,TML32)

PIC16(L)F1 and RAO are both equipped with multi-function timers.

The RAO is equipped with a timer array unit (TAU) consisting of eight 16-bit timers. Each timer can be used
independently, and multiple timers can be combined to provide advanced timer functions.

Table 4-5 Timer Names

PIC16(L)F183xx RAO
Timer Name Abbr. Timer Name Abbr.
Timer0 Module Timer0 Timer array unit TAU
Timer1/3/5 Module Timer1/3/5 32-bit interval timer TML32
with Gate Control
Timer2/4/6 Module Timer2/4/6

Table 4-6 Timer Function Comparison
Function PIC16(L)F183xx RA0
Resolution 8, 16 bits TAU: 8, 16 bits

TML32: 8, 16, 32 bits

PWM Available Note Available (TAU)
Capture Available Note Available
Compare Available Note Available
One-shot Available Note Available (TAU)
Up/down count function N/A N/A
Conjunctive operation with standby function Available Available
Programmable prescaler clock frequency Available Available
Event/interrupt Available Available
Auto reload function Available Available

Note : Operates in conjunction with the CCP module

Table 4-7 Timer Use Case Comparison
Function PIC16(L)F183xx RAO
PWM Timer2/ 4/ 6 Note TAU
Capture Timer1/ 3/ 5Note TAU
Compare Timer1/ 3/ 5Note TAU
One-shot Timer1/ 3/ 5 Note TAU
Synchronization - TAU
Interval timer Timer0 TAU

Timer1/ 3/ 5 Note TML32
Prescaler 4-bit Prescaler 4-bit Prescaler (TAU)
3-bit Prescaler (TML32)

Note : Operates in conjunction with the CCP module

For information on Timer code examples, please download the sample project "FPB-RAO0xx Example Project

Bundle" from the Renesas Electronics website.
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4.6 Independent Watchdog Timer (IWDT)
PIC16(L)F1 and RAO are both equipped with watch dog timers.

The RAO Independent Watchdog Timer (IWDT) features the ability to reset the MCU and generate non-
maskable interrupts or underflow interrupts. Since this timer operates with LOCO, it is particularly useful as a
fail-safe mechanism during system runaway, restoring the MCU to a known state. The IWDT can be
automatically triggered by a register reset, underflow, refresh error, or count value refresh.

Table 4-8 WDT Name

PIC16(L)F183xx RAO
Timer Name Abbr. Timer Name Abbr.
watchdog timer WDT Independent watchdog timer | IWDT

Table 4-9 Function Comparison

Function PIC16(L)F183xx RAO0
Window mode N/A Available
Interval timer mode Available Available
Clock source LFINTOSC LOCO/2
Interrupt N/A Available
Counter resolution 23 bits 14 bits
Clock divider N/A N/A

For information on IWDT code examples, please download the sample project "FPB-RAOxx Example Project

Bundle" from the Renesas Electronics website.
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5. Analog Peripheral Comparison

5.1 Analog-Digital Converter (ADC12)
Both PIC16(L)F1 and RAO are equipped with a ADC that converts analog signals to digital signals.

The RAO is configured to control up to 10 analog input channels. It also allows selection of the internal
reference voltage and the temperature sensor output voltage. The A/D converter resolution can be selected
from 12-bit, 10-bit, or 8-bit resolution.

Table 5-1 ADC Function Comparison

Function PIC16(L)F183xx RAO

Resolution (bits) 10 bits 12, 10, 8 bits

Conversion rate (Msps) 16 0.485

FIFO N/A N/A

ADC reference (V) internal : Vpp, FVR Note2 internal : Vcc
external : VREF+ external : VREFHO

Operation mode Normal operation, DOZE, Normal operation, SNOOZE
IDLE, SLEEP

Auto power down N/A Available

External input channel Note 1 Max 17 Max 10

Internal input channels Temperature sensor, DAC Temperature sensor, internal

output voltage, FVR Note 2 reference voltage
Number of ADC 1 1

Note 1. The number of external input channels differs depending on the device.
Note 2. Fixed Voltage Reference

For information on ADC code examples, please download the sample project "FPB-RAOxx Example Project
Bundle" from the Renesas Electronics website.

5.2 Reference Voltage (VsGRr)

Both the RAO and PIC16(L)F1 feature an internal reference voltage that can supply reference voltage to

internal peripherals.

Table 5-2 BGR Characteristic Comparison

Function PIC16(L)F183xx RAO
Internal reference voltage (V) | 1.024, 2.048, 4.096 1.48
Output internal reference N/A N/A
Internal connection to ADC Available Available
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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/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

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

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the 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 Vi1 (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 V. (Max.) and Viu (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 LS| is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.
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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of
your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the
use of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

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

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

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