LENESAS APPLICATION NOTE

RX Family

QE for BLE [RX]: Sample Projects and Dedicated Programs for the R_BLE
Scripts

Introduction

The Renesas Solution Kit QE for BLE [RX] is among the QE (Quick and Effective Tool Solution)
development assistance products for various applications. QE for BLE [RX] makes it easy to test the
communications features of the RX23W (Bluetooth® low energy MCU), thus reducing development periods
up to the point where a product reaches the market.

This document describes the usage of this tool with examples. Refer to the help system of QE for BLE [RX]
and the related documents for detailed information on individual functions.
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1. Configuration of a System

The configuration of a system for using QE for BLE [RX] is shown below.

e? studio & QE for BLE [RX] "\

R_BLE_GATTC. DiscCharfiylistad

Target Board for RX23W (board B)
Communications source

PC

Target Board for RX23W (board A)
Communications destination

Figure 1-1 Configuration of a System

Operating Environment

Host OS

Windows 7, 8.1, 10 (Japanese or English, 32-/64-bit)

Environment for execution

V7.6.0 or a later version of the e? studio integrated development environment
V1.0.0 of QE for BLE [RX] (development assistance tool for Bluetooth® low energy)
Library

RX23W group BLE module Firmware Integration Technology V1.00
Applicable board

Target Board for RX23W: Two

- Board A: For writing the sample project for the BLE protocol stack

- Board B: For writing a mot file to the Target Board for RX23W

Cables

USB (Micro B) cables: Three

- For supplying power to board A

- For downloading programs to board B

- For serial communications with board B

RO1AN4872EJ0100 Rev.1.00
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2. Advance Preparation

2.1 Downloading and Installing

This section describes how to obtain the software required to use QE for BLE [RX]. Download and install the
software according to the procedures described on the download pages.

Table 2-1 List of the Required Software and URLs of the Download Pages

Software

URL

Description

e? studio V7.6.0

https://www.renesas.com/e2studio

Builds and downloads programs.
Install the software according to the
procedure described on the
download page.

QE for BLE [RX]
V1.0.0

https://www.renesas.com/ge-ble

Runs the R_BLE script. Install the
software according to the procedure
described on the download page.

RX23W group BLE
module Firmware
Integration
Technology V1.0.0

https://www.renesas.com/search/keyword-

search.html#qg=r01an4860

Enables the use of the
demonstration program included with
the sample project as a program in
the communications destination.
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3. Structure of the Project

The following shows the structure of the file system that includes the sample project for the R_BLE scripts
(file name: ge_ble_rx23w_sample_scripts.zip). Details of files that are automatically generated by the FIT
module or integrated development environment are omitted.

Table 3-1 Structure of a Folder

ge_ble rx23w_sample_scripts HardwareDebug.launch : File for a debugging structure

TOP : TOP folder

| ble_demo_tbrx23w_uart_hci.mot : mot file for a Target Board for RX23W
| connect_target.rble5 : R_BLE script for connection

| led.rbleb : R_BLE script for making an LED blink

|—generate : Source files for use in creating the project
| dbsct.c

| hwsetup.c
| intprg.c

| iodefine.h
| resetprg.c
| sbrk.c

| sbrk.h

| stacksct.h
|

|

|

typedefine.h

vect.h

vecttbl.c
Lsrc

ge_ble_rx23w_sample_scripts.c : Source files for use in creating the project
RO1AN4872EJ0100 Rev.1.00 Page 5 of 19
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4. Running the R_BLE scripts

In this chapter, the R_BLE script function of QE for BLE [RX] is used to make an LED blink in response to
communications from board B to board A via Bluetooth® Low Energy communications.

4.1 Preparing the Communications Destination
This section describes preparation of the communications destination to check the operation of the R_BLE
scripts.

4.1.1 Connecting the Target Board for RX23W
Connect the PC to the Target Board for RX23W with the USB cable. Do so through the following steps.

1. Turn on side 2 of the ESW1 switch (1) of the Target Board for RX23W. This enables debugging.
2. Connect the USB cable to ECN1 (2).

Figure 4-1 Connecting the Target Board for RX23W in the Communications Destination
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4.1.2 Running the Program in the Communications Destination
4.1.2.1 Activating the e? studio

Select “e? studio” from the shortcut menu in the start menu of Windows, or activate “e2studio.exe” which is in
the folder where it was installed (or under “C:¥Renesas¥e2_studio¥eclipse” by default).

4.1.2.2 Importing the Demonstration Project for the Target Board for RX23W to Run as a
GATT Server

Import the demonstration project which is included in the RX23W group BLE module Firmware Integration
Technology (RO1AN4860xx0100) package.

Import the demonstration project for the Target Board for RX23W to run as a GATT server (file name:
ble_demo_tbrx23w_profile_server.zip) in the [FITDemos] folder under [r01an4860xx0100-rx23w-ble] through
the following steps.

1. Select the [Import] menu from [File].

2. Inthe [Import] dialog box, select [Existing Projects into Workspace] from [General] and click on the [Next]
button.

3. Select the [Select archive file] radio button and click on the [Browse] button.

4. In the dialog box for selecting files, select “ble_demo_tbrx23w_profile_server.zip” and click on the [Open]
button.

5. “ble_demo_tbrx23w_profile_server(ble_demo_tbrx23w_profile_server/)” is added to the [Projects] list.
Check that the checkboxes have been selected and click on the [Finish] button.

4.1.2.3 Building and Running the Program

Build the imported project and download the demonstration program to place the Target Board for RX23W in
the state where it can run the program.

1. Inthe [Project Explorer] view, right-click on the “ble_demo_tbrx23w_profile_server” project and select
[Build Project] in the pop-up menu.

2. After building is completed, right-click on the “ble_demo_tbrx23w_profile_server” project and select
[Renesas GDB Hardware Debugging] from [Debug] in the pop-up menu.

3. After downloading is completed, select the [Resume] menu from [Run As] to set the demonstration
program as executable.

4. The program is stopped at the start of the main function. Select the [Resume] menu from [Run As] again
to get the demonstration program into the state to be run.

This is the end of preparing the destination board.
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Dec.04.19 RENESAS



RX Family QE for BLE [RX]: Sample Projects and Dedicated Programs for the R_BLE Scripts

4.2 Preparing the Communications Source

This section describes preparation of the communications source to check the operation of the R_BLE
scripts.

4.2.1 Connecting the Target Board for RX23W

Connect the PC to the Target Board for RX23W with the USB cable. Use the following steps.

1. Turn on side 2 of the ESW1 switch (1) of the Target Board for RX23W. This enables debugging.

2. Connect the USB cable (for downloading programs to board B) to ECN1 (2).
3. Connect the USB cable (for serial communications with board B) to CN5 (3).
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Figure 4-2 Connecting the Target Board for RX23W for Running the R_BLE Scripts
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4.2.2 Preparing the Environment for Running the R_BLE Scripts
4.2.2.1 Activating the e? studio

Select “e? studio” from the shortcut menu in the start menu of Windows, or activate “e2studio.exe” which is in
the folder where it was installed (or under “C:¥Renesas¥e2_studio¥eclipse” by default).

4.2.2.2 Importing the Sample Project for the R_BLE Scripts
Import the project which is provided with this application note. You can use the Smart Browser to do this.

1. Open the [R_BLE Script Manager (QE)] view.

2. Select the [Use the dedicated program project] radio button in [Settings to run script].

3. Click on the [Get the project] button.

4. The [Smart Browser] view appears with this application note shown in the list. Select the line for this
application note and select [Sample Code (import projects)] from the pop-up menu.

5. The [Save As] dialog box appears. Specify the desired directory for saving the zip file and click on the
[Save] button.

6. When the [End User License Agreement (Sample Code)] dialog box is displayed, click on the [Agree]
button.

7. The [Import] dialog box appears. Select the [ge_ble_rx23w_sample_scripts] checkbox in the [Projects] list
and click on the [Finish] button.

4.2.2.3 Opening the [R_BLE Script Manager (QE)] View

Select the [R_BLE Main (QE)] menu from [Renesas QE] in [Renesas Views] to open the [R_BLE Main (QE)]
view. Clicking on the [Show Views] button on the [R_BLE Main (QE)] view opens the [R_BLES5 Script]
perspective.

Renesas Views Run Window Help

C/Cxx > |scripts Hard v o =%

Code Generator > | )

Debug s P TP LYy~ |Quick Acce

Partner OS >

Pin Configurator >

Renesas OS >
r------'--------------'

Smart Configurator > go R_BLE Parameter (QE)

Solution Toolkit > gg R_BLE Script Manager (QE)

Tracing > Measuring Current Consumption (QE)

Figure 4-3 Opening the [R_BLE Main (QE)] View of QE for BLE [RX]
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4 R_BLE Script Manager (QF) &2

Settings to run script

The dedicated program setting
(®) Use the dedicated program project

»

Project | qe_ble_rx23w_sample_scripts

<] [ Getthe project

O Already run the dedicated program

Serial connection setting

Script List:

Run list

Add->

<-Remove

Up

Down

> «| [ Refresh| | Edit

Figure 4-5 [R_BLES5 Script] Perspective
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4.2.3 Operating the Sample Project for the R_BLE Scripts
4.2.3.1 Setting the [R_BLE Script Manager (QE)] View

To run the sample scripts in the [R_BLE Script Manager (QE)] view, proceed through the following steps.

1. Select the [Use the dedicated program project] radio button.

2. Select [ge_ble_rx23w_sample_scripts] from the [Project] combo box.

3. Select the COM port for serial communications with board B from the [COM Port:] combo box.
*If you do not know which COM port to select, select that which was added to the list of choices in the
[COM Port:] combo box when the USB cable for serial communications was inserted. If the list of choices
for the COM port has not changed, remove the focus from the [COM Port:] combo box by clicking on the
[Baudrate:] combo box or another place to shift the focus.

4. Select [115200] from the [Baudrate:] combo box.

] m] 4
“4% R_BLE Script Manager (QF) &3 ¥ = 7
Settings to run script I 2

The dedicated program setting ( 1) 2
i i e (2)
Project q—ege];w_-sam_pI:prts- _______________________________________ \./; Get the project

() Already run the dedicated program

Serial connection setting 3
(3)
e ) (4

Script List: Run list:

~ | | Refresh | | Edit Run

Figure 4-6 Setting the Script to be Run

Add the two R_BLE script files (connect_target.rble5 and led.rble5) to [Run list:] in the [R_BLE Script
Manager (QE)] view through the following steps.

1. Click on the [Refresh] button or select the [ge_ble_rx23w_sample_scripts] project from the combo box
which is to the left of the [Refresh] button.

2. Select [connect_target.rble5 (ge_ble rx23w_sample_scripts)] from [Script List:] and click on the [Add]
button to add this to [Run list:].

3. Similarly, select [led.rble5 (qe_ble_rx23w_sample_scripts)] from [Script List:] and click on the [Add] button
to add this to [Run list:].

RO1AN4872EJ0100 Rev.1.00 Page 11 of 19
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e’} o X

5 R_BLE Script Manager (QF) 2 ¥ = 5
] p il

»

Settings to run script

The dedicated program setting
(® Use the dedicated program project
Project | ge_ble_ne23w_sample_scripts ~ | | Get the project

(O Already run the dedicated program

Serial connection sefting

\Scrlpt List: Run list
(1} opnect targetrbles (ge 2w _cample T |connect target.rbles (qe ble m23w sample scripts) _
|\mj rble (ge. b\v 23w arnplv scripts) Ied;bles_[qe_ble_rxﬁm_sanﬁeinﬂ;] ________ |
(2) Add- >| Up
<-Remove Down
qe_ble m23w_sample_scripts « | Refresh | Edit Run
Figure 4-7 Selecting the R_BLE Scripts to be Run
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4.2.3.2 Running the R_BLE Scripts

Clicking on the [Run] button in the [R_BLE Script Manager (QE)] view runs the R_BLE script which was
added to [Run list:]. After the R_BLE scripts have been run, the LED on board A starts blinking. Proceed
through the following steps to check the operation.

1.
2.
3.

4.
5.

Click on the [Run] button.

The states of running the R_BLE script are output to the console.

After board A has been connected, the R_BLE script enters communications that vary the interval for
making the LED on board A blink.

The LED on board A blinks.

After a few seconds have passed, the R_BLE script ends and the LED stops blinking.

o X

.«“ R_BLE Script Manager (QF) 3 -

Settings to run script

»

The dedicated program setting
(®) Use the dedicated program project

Project | ge_ble_m23w_sample_scripts v | | Get the project

() Already run the dedicated program

Serial connection setting

Seript List: Run list:

connect_target.rbles (ge_ble_n23w_sample_scripts) connect_target.rbles (qe_ble_r«23w_sample_scripts)
ed.rble5 (ge_ble_re23w_sample_scripts) led.rbles (qe_ble_r«23w_sample_scripts)

Add-> Up

<-Remove Down

qe_ble_r«23w_sample_scripts ~ | | Refresh | | Edit ‘Runj

Figure 4-8 Running the R_BLE Scripts

RO1AN4872EJ0100 Rev.1.00 Page 13 of 19

Dec.04.19

RENESAS




RX Family

QE for BLE [RX]: Sample Projects and Dedicated Programs for the R_BLE Scripts

& Console 33 | J=| Tasks @& Smart Browser E Debugger Console  [] Memory

QE for BLE

Run from #2.

Wait BLE GAP EVENT STACK ON (@x1882) at #2.

Event notification: BLE_GAP_EVENT STACK_ON (@x1ee2) -> @

Call R BLE GAP GetWerInfo -»> 8 at #3.

Wait BLE_GAP_EVENT LOC_VER_INFO (@xl@es) at #4,

Event notification: BLE GAP_EVENT LOC VER INFO (@x18@4) -> @

Call R_BLE_VS SetTxLimit -> @ at #5.

Call R BLE V5 SetTxPower -> 8 at #6.

Event notification: BLE_VS_EVENT SET TX_POWER (@x8eel) -> @

Call R_BLE GAP SetDefPhy -> @ at #7.

Wait BLE_VS_EVENT SET TX_POWER (@x8e@1) at #8.

Event notification: BLE GAP_EVENT DEF PHY SET COMP (@x1123) -> @
Wait BLE_GAP EVENT DEF_PHY SET COMP (@x1123) at #0.

Call R_BLE_GAP_EnableRpa -> @ at #18.

Wait BLE_GAP EVENT RPA EN COMP (@x1lle) at #11.

Event notification: BLE_GAP_EVENT_RPA_EN_COMP (8x1llle) -> @

Call R_BLE_GAP ConfWhitelist -> @ at #12.

Call R_BLE_GAP_StartScan -»> @ at #14,

Wait BLE_GAP EVENT SCAN ON (8x11@b) at #15.

Event notification: BLE_GAP_EVENT WHITE_LIST CONF_COMP (@x1112) -> @
Event notification: BLE_GAP_EVENT_SCAN ON (@x11eb)} -» @
Wait BLE_GAP_EVENT_ADV_REPT_IND (@x1182) at #I8.

Event notification: BLE_GAP_EVENT ADV REPT IND (@x1182) ->
Event notification: BLE_GAP_EVENT ADV_REPT IND (@x1182) -»
Event notification: BLE_GAP_EVENT ADV REPT IND (@x1182) ->
Event notification: BLE_GAP_EVENT ADV_REPT IND (@x1182) -»
Event notification: BLE_GAP_EVENT ADV REPT IND (@x1182) ->
Event notification: BLE_GAP_EVENT ADV_REPT IND (@x1182) -»
Event notification: BLE_GAP_EVENT ADV REPT IND (@x1182) ->
Wait BLE_GAP_EVENT_ADV_REPT IND (@x1182) at #I8.

Event notification: BLE_GAP_EVENT ADV REPT IND (@x1182) -> @
Wait BLE_GAP_EVENT_ADV_REPT IND (@x1182) at #I8.

Wait BLE GAP EVENT ADV REPT IND (@x1182) at #18.

L Qi o o i o

Figure 4-9 States of Running the R_BLE Scripts

,.A 'Targetﬁga
“RTKSRXZ3WOCOD:
ESAS |

Figure 4-10 Position of the LED that Blinks on Board A
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5. Note on Usage

5.1 Programming the Target Board for RX23W

If the addr
project for
current ad

ess of the Target Board for RX23W (board A), which is used for downloading the demonstration
the Target Board for RX23W, has been changed, communications will not be possible. Write the
dress to the return value of R_BLE_GAP_CreateConn on the 28th line in the R_BLE script file

(connect_target.rble5(QE)) of the sample project for the R_BLE scripts. You can use the GATT browser to
confirm the current address. Download the GATT browser by access to the links on the page at the following
URL. For the usage of that browser, refer to the user’'s manual.

¢ Download page: https://www.renesas.com/solutions/bluetooth

B connect_target.rbleS (QF) &3 = 0
g

‘ qge_ble_

re23w_sample_scripts/connect_target.rbles iicn ~

@R e

R R
SR LI FYI S ST

WM e® o~

UL R R R R R R R R R RS

= R ]

woiE BLE GAP EVENT STACK ON
call R_BLE_GAP_GetVerInfo
wait BLE_GAP_EVENT_LOC_VER_INFO
call R_BLE_VS_SetTxLimit 3, 7
call R _BLE_VS_SetTxPower @xFFFF, @x8@
call R _BLE_GAP_SetDefPhy ©0x87, 0x87
wait BLE_VS_EVENT_SET_TX_POWER
wait BLE_GAP_EVENT_DEF_PHY_SET_COMP
call R_BLE_GAP_EnableRpa @
wait BLE_GAP_EVENT_RPA_EN_COMP
call R _BLE GAP_ConfWhitelList &x3, {null}, ©x@
# Start Scan
call R_BLE_GAP StartScan @x2@, 8x88, 0x08, @xB860, @x0030, null, 6x080, 0x08, GxBE00, Ox0000
wait BLE_GAP_EVENT_SCAN_ON
leti=80
repeat
wait BLE_GAP EVENT ADV REPT IND
let i =1+1
until i > 5
# Stop Scan
call R_BLE_GAP_StopScan
# Paring settings
call R_BLE_GAP_SetPairingParams 8x83, @x8, @x8, 16, 7, @xl, @xl, @x80, 0Oxo
# Start connection. Connect to the device with the address written in {}.
# You should change the address {@xFF, @xFF, OxFF, @x5@, @x9@, @x74} to your address
# Write {Bx56, @x34, Bx12, @ , T [ P O (I S O NG 581234156
call R BLE GAP CreateConn 8, {@8x88, 8x55, 0x88, 8x50, @x98, Ox74},-6, @, 0x6@, 0x38, @x1E, @x1E, @, @x012C, Oxffff, @xffff, null, null
woit BLE_GAP_EVENT_CONN_TND W bym-cimy memcissmasisin_pp: mm md
# Start paring
call R_BLE_GAP_StartPairing conn_hdl
wait BLE_GAP_EVENT_PAIRING_COMP

Figure 5-1 Changing the Address
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6. Other Points

6.1 How to Use the Respective Views and Write the R_BLE Scripts
Refer to the help system through the following steps for details on using the [R_BLE Script Manager (QE)]
and [R_BLE Parameter Edit (QE)] views and writing the R_BLE scripts.

1. Select [Help Contents] from the [Help] menu, then open the [Help] dialog box.
2. Open the [Renesas QE for BLE [RX]] node from the tree of the [Help] dialog box.
3. Click on the child node for the [Renesas QE for BLE [RX]] node for reference to the help system.

Step 1
Help

iga) Welcome
F-----------------

| @) Help Contents

K i S|

4 Search

Show Contextual Help

Show Active Keybindings.. | gojact the [Help Contents] menu from
Tips and Tricks... the [Help] menu of the e? studio.

Cheat Sheets..,

RA Helpdesk
RenesasRulz Community Forum
Add Renesas Teolchains

Perform Setup Tasks...

Check for Updates

Install Mew Software...

Renesas e studic feedback

|AR. Embedded Workbench plugin manager...

B & &&&%N

About & studio
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Step 2

B8 Help - & studio - m] X
Search: |:| E Scope: All topics
Contents E"':_;"E‘E o @l &0

© Workbench User Guide
* C/C++ Development User Guide
@ e2 studio User Guide

* Eclipse Remote Developer's Guide Using the help System
@ Linker Seript and Linker Script Editor

* Oomph P2 Management Documentation Browse topics in the Contents frame (@] on the left. Click on a topic to have it displayed. Use the Back and
@ Qomph Setup Documentation Forward buttons to navigate within the history of viewed topics.

“ RA Contents

desssasiduaredianuss 5 | Expand the [Renesas QE for BLE [RX]] node.

- Re"e‘_"s QE for BLE [RX]_ J tin the Search field. Use the
R Search frame ﬁf’) to display the Search view. You can narrow the scope of your search by selecting only the

sections you are interested in.
Synchronizing
Clicking the Show in Table of Contents button (E'%r") will select that topic in the navigation tree. The Link with
Contents button (<'=—4.=>) keeps the navigation tree synchronized to the current topic
Capabilities
To show documentation about capabilities that are disabled in the application, select the Show All Topics button
(@] . This affects the table of contents and search results
Keyword Index
To show an alphabetically sorted index of keywords select the Index Frame ([%j) Not all products contain an index.

B | 7 [ @

Step 3
B Help - & studio - m] X

serch: [ [ scope Alltopics

comes [ @+ %~ B[] O CohlEa® o
@ Workbench User Guide Renesas QE for BLE [RX] > A
@ ¢/C++ Development User Guide
@ e2 studio User Guide

. .
© Eclipse Remote Developer's Guide R_BLE Script Manager (QE) View
@ Linker Script and Linker Script Editor
@ Oomph P2 Management Documentation |
@ Oomph Setup Documentation | Sumnlal'y |
@ RA Contents
=P
5 - S comunt i sl al Thic sisn: mananes snd svaciras BRI ES snrint filse (filanama svtensinn: rhles).
F Renesas QE for BLE [RX] ‘ . can be made by scripts created i this
B R 5LE Main (28 Click on the node for reference.
| B R BLE Script Manager (QE) | Jeram to confirm operations in BLE
I Ei R_BLE Parameter (QF) I communications. Serial communications (UART) are used to control the evaluation board.
Ei R_BLES Script Editor
I i Communication Operation Check I e?] O >
| © Deployment LE Driver - - [y e
Bl Deployment Profile % R_BLE Script Manager (QF) 52 E
l E1 BLE Profile Creation I E— : A
INgs to run scn|
\ Bl Main Sample / 2 Pt 3
mcmmmer i —— The dedicated program setting
() Use the dedicated program project
Project Get the project
(@) Already run the dedicated program
Serial connection setting
Script List: Run list:
connect_target.rbles (m23w_ex) connect_target.rbles (ne23w_ex1)
231 1) test.rbleS (m23w_ex1)
v
— Add-> Up
a [ % [ @ < >

Figure 6-1 Referring to the Help System for QE for BLE [RX]
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6.2 Sample Projects for the Host Controller Interface (HCI) Mode

The sample projects for the HCI mode are firmware for use in evaluating the RF characteristics and the
Bluetooth® Trial Tool Suite (BTTS: RO1AN4554) that sends HCI commands to the RX23W MCU from a host
device such as a PC, which is connected via a serial interface. The sample projects for the HCI mode are
“ble_demo_tbrx23w_uart_hci.zip” for the Target Board for RX23W and “ble_demo_rsskrx23w_uart_hci.zip”
for RSSK in the [FITDemos] folder under [r01an4860xx0100-rx23w-ble]. For details, refer to chapter 6 in the
Bluetooth® Low Energy Protocol Stack Basic Package User's Manual (RO1UWO0205EJ0100), which can be
obtained from the following URL.

e Download page: https://www.renesas.com/search/keyword-search.html#g=r01uw0205

RO1AN4872EJ0100 Rev.1.00 Page 18 of 19
Dec.04.19 RENESAS


https://www.renesas.com/search/keyword-search.html#q=r01uw0205

RX Family QE for BLE [RX]: Sample Projects and Dedicated Programs for the R_BLE Scripts

Revision History

Description
Rev. Date Page Summary
1.00 Dec.4.19 All First edition issued
RO1AN4872EJ0100 Rev.1.00 Page 19 of 19

Dec.04.19 RENESAS



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

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

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

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

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

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

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

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

become possible.
5. Clock signals

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

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

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

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

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

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

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



Notice

1.

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 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.
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.

10. Itis 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.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners. Bluetooth is a registered trademark of
Bluetooth SIG, Inc.

(Rev.4.0-1 November 2017)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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