RE N ESAS Application Note

Renesas RL78 Family
Y-DK-IAQ-SENSE-RL78G23

Introduction

This application note provides a thorough overview of the RL78/G23 Indoor Air Quality Demonstration
project. We'll start with a concise hardware overview, then transition into an in-depth analysis of the software
components.

The discussion will encompass key aspects such as software architecture, peripheral utilization, low-power
strategies, and essential software components, including the custom task scheduler and display middleware.

Furthermore, we'll offer insights into the project's structure, power consumption and resource utilization.
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1. Overview

The RL78/G23 Indoor Air Quality Demonstrator is a compact, credit-card-sized PCB designed to periodically
monitor air quality, temperature, and humidity. Data is displayed to the user upon activation through a
capacitive proximity detection system. The system also boasts user-interaction capabilities, allowing for the
customization of alarm thresholds based on deteriorating air quality levels.

This demonstrator not only showcases the RL78/G23's exemplary performance in real-world, low-power
applications but also leverages its innovative features to minimize software complexity and the overall
component count in a system's Bill of Materials (BoM).

Key to these enhancements is the integration of various peripherals and software techniques. The Event
Link Controller with Logic (ELCL) streamlines both BoM and software logic, enabling automatic rotary
decoding and direction detection. The Current Controlled 10 (CCIO) optimizes the BoM and timer usage by
driving the LED backlight and bi-color LED. By pairing the Data Transfer Controller (DTC) with the Capacitive
Touch Sensing Unit (CTSU), the system can perform capacitive proximity detection scans while in a low
power "snooze" mode, eliminating the need for CPU intervention.

The system diagram shown in Figure 1 represents the demonstrators fundamental working.
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Figure 1. System Diagram
1.1 Requirements
Hardware
1x Y-DK-IAQ-SENSE-RL78G23
1x E2 Lite
Software

e2 studio v2023-04 minimum
CCRL v1.12.00 minimum

R12AN0131EG0100 Rev.1.00 Page 3 of 35
Feb.20.24 RENESAS




Renesas RL78 Family Y-DK-IAQ-SENSE-RL78G23

2. Importing and Debugging Project

The source code for debugging the project is available on GitHub.

2.1 Import
To download a copy of the code, open e? studio and create a workspace in an appropriate location.

& < studio Launcher [m| *

Select a directory as workspace

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

Workspace: Mlc: Users\a5126135\Dev\ Tempora AG23_LAQ_DEM v Browse...

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

¥ Recent Workspaces

Figure 2. e? studio workspace

Then, open a PowerShell window anywhere on your machine and clone the repository by entering the
following command in the PowerShell window.

>> git clone https://github.com/lwray-renesas/rl78-g23-agq-demo.git

<]
B e s v )
ut V. ) New ttem = pen - [ setectan
] A 7 ™
Copy pat £ Easy access - Edit Select none
Pin to Quick Copy Paste Move Copy Delete Rename  New Properties ;
Eaer ] Paste shortcut  tg- ¢ - folder - @ History Invert selection
Clipboard Organise New Open Select
« 2 » My PC: REE-0054197 » Desktop » tmp v o ht
E*  Name Date modified Type Size

1178-g23-2q-demo. 11/08/2023 11:04 File folder

p> git clone https://github.com/Twray-renes 78-g23-aq-demo.git

228), pack-reused 1884eceiving objects: 99% (2587/261

.18 miB/s, done.

Figure 3. Project Clone
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Now, import the project into your workspace using e? studio.

[File] = [Import...]

@ 623140 DEMO - € studio - a X
File| Edit Source Refactor MNevigate Search Project RenesasViews Run Window Help
New Alt+Shift«N > Q @ ||
Open File... = 0 |[E= Outline X | =0
& OpenProjects from File System.. There is no active editor that
Recent Files > provides an outline.
Close Editor Ctri+W
Editors Cirbe Shift =W
Save Ctrl+§
Ctrl+ Shift+S
Move.
Rename. R
Refresh ]
Convert Line Delimiters To »
Print. Ctri+P
e Import.. Import |
s Export.
Properties Alt+Enter
Switch Workspace >
Restart
Exit —
1= % | B Console [] Properties| @ Smart Browser | L Smart Manual v =0
0items
Description - Resource Path Location Fype
Ditems selected a
Figure 4. Project Clone
[Existing Projects into Workspace] = [Next >]
B import m] X

Select

Create new projects from an archive file or directory.

Select an import wizard:

| type filter text

w = General
JE Archive File
[/ CMSIS Pack
1= Existing Projects into Workspace
(3 File System
[ Preferences
(L} Projects from Folder or Archive
1=} Rename & Import Existing C/C++ Project into Workspace
T Renesas CC-RX project conversion to Renesas GCC RX
T Renesas C5+ Project for CATEKOR/CATSKD
1l Renesas C5+ Project for CC-RX, CC-RL and CC-RH
1% Renesas GitHub FreeRTOS (with loT libraries) Project
" Sample Projects on Renesas Website
= C/C++
= Code G it

< Back

Finish

Cancel

Figure 5. Existing Projects into Workspace
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Navigate to the top-level project folder, select the project in the check box and enable [Copy projects into
workspace] and click [Finish].

o o x
Import Projects e
i
Select a directory to search for existing Eclipse projects. / A,-"

®) Select root directony: | Ch\Users\a5126135\Desktophtmp v|

Projects:
RL78G23_|AC_DEMO (C:\Users\a5126135\Desktop\tmp\rl78-g23-a Select All
Deselect All
Refresh

< >

Options
i
| Upon completion

[ Hide projects that already exist in the workspace

Working sets
; [J Add project to working sets MNew...
!
H Select...
! t
1
1
| @
1 Q < Back Mext > Cancel

Figure 6. Import Dialog
2.2 Build
There are several ways to build a project.

¢ [Right-click] the project in the project explorer and select [Build Project] (Figure 7)
o [Left-click] the project to select it and press [Ctrl + B]
o [Left-click] the project and click = (Figure 8)
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@ 62340 DEMO - € studio
File Edit Refactor
| ® -4 - =

I3 Project Explorer X | 5] G, g =0 ‘

Source

Navigate Search Project Renesas Views

Q-

Run Window Help

- [m] x

Q  ® | [ c/Ce+ 35 Debug

55 Outline X = a

- &é RL78G23_|AQ_NEMA MarduaraNahual [
il Includes New
@ ge_gen
8 src
@ QE-Touch
» README.md
2 RLT8.G23A

| RL78G23_IAC =

45 RL78G23_IAC
[¥] RL78G23_lAC 3¢
() Developer A:

Go Into

Open in New Window
Show In

Copy
Paste
Delete
Source
Move.
Rename...
L Import..
i Export.
Build Praject
Clean Proj
Refresh

«j Incremental Build of Selected Project:

Alt+Shift+ W >
Crl+C
Ctrl+V

Delete

Close Project

Close Unrelated Project

Build Targets
Index

Build Configurations

©Q RunAs

15 DebugAs
Restore from Local History...
MISRA-C

W C/C++ Project Settings

[T Properties| @ Smart Browser L&} Smart Manual

don

5 - 0K
> B - 0K

riting to address @xeeeeeee2 with data 0000

to address @x@e0008ce with data ef3aa%esd

address @x0eseeact with data 90EE2000000000000008
o '0x00000401' failed, part of debug monitor area

Ctrl+Alt+P

There is no active editor that provides an
outline,

" X% &HREE r0-8-=0

0. [Renesas GDB Hardware Debugging] Renesas GDB server (Host) (Terminated 11 Aug 2023, 11:03:25) [pid: 6]

Renesas C/C++ Project Settings >
% Run C/C++ Code Analysi
%’ Run C/C++ Code Analysis iled’, APP_UNDEFINED

Team arget Debugger.

Compare With >
System Explorer

Command Prompt

Validate

I ®

Configure »
Source >

Properties Alt+Enter

wnload', has failed with error report, Writing to the on-chip debug reserved ares is prohibited.

T RL78G23_IAQ_DEMO

Figure 7. Build Method 1

File Edit

Refactor Renesas Views Run  Window

Navigate

LR

Search  Project Help

— a X

Q | |EC/Ce+ | %5 Debug

B= Outline X = B8

|=< RL78G23_IAQ_DEMO [HardwareDebug]

There is no active editer that provides an
outline.

%1 problems B Console | [[] Properties| @ Smart Browser| [F} Smart Manual

X% SpREEH re-0-=0

<terminated> rl78-g23-aq-demo.x [Renesas GDB Hardware Debu

ing] Renesas GDB server (Host) (Terminated 11 Aug 2023, 11:03:25) [pid: 6]

Finished target connection ~
GDB: 63884
Target connection status - OK
Target connection status - OK
Starting download
Debug monitor area 1, writing to address ©x@e0e0002 with data 0000
Options bytes, writing to address BxBe88@8ce with data ef3aa%ed
Security ID, writing tc address 8xBBBG2Gc4 with data BEEEEBAAEBEGECGGB00G
write to '@x00000002' to '©x00000401" failed, part of debug monitor area
Finished download
GDB action 'Finished download', has failed with error report, Writing to the on-chip debug reserved area is prohibited.
Error 'Stop download failed', APP_UNDEFINED
Disconnected from the Target Debugger.
v
< > < >
15 RL78G23_IAQ_DEMO
)

Figure 8. Build Method 3
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These methods are functionally equivalent, the build output should then be as shown in Figure 9.

L I )
1#] Problems | B Console |E Properties‘@-- SmartBrowser||I,'" SmartManuaI‘ x| L4 <=<==(>| BB BE = B @| =B~~~ 08
CDT Build Console [rl78-g23-ag-demo]

'Finished building target:"' -
C:\Usersha5126135\. eclipse\com.renesas. platform_584373847\Utilities\\ccrlirenesas_cc_converter rl78-g23-aq-demo.abs rl78-g23-aq-demo.x

Loading input file rl78-g23-ag-demc.abs

Parsing the ELF input file.....

25 segments required LMA fixes

Converting the DWARF information....

Constructing the output ELF image....

Saving the ELF output file rl78-g23-ag-demo.x

udcollector -subcommand=udSubcommand.tmp -output=rl78-g23-aq-demo.udm

18:38:18 Build Finished. @ errors, 2 warnings. (took 1m:6s.462ms)

v

< >

Figure 9. Build Output Console
2.3 Debug

To debug the project, the first time one launches you must do the following.
¢ Open the smart configurator file.

¢ Navigate to the system tab.
o Enable debug via E2 Lite

e Disable Trace function.

e Generate Code

e Build project.

& 23180 0EM IAQ_DEMO/R 1AQ g- & stud 0
File Edit te Search Project RenesasViews Run Window Help
& ® ! SR R Qg | B C/Ce+ 45 Debug ¥ Smart Configurator
65 Project Explorer X = B |[{ "RL78623_IAQ_DEMO.scfg X = 0 |5 MCU/MPU Package X | (2) Developer Assist Brow... = 01
=% Y 8 System configuration =
w 15 RL78G23_IAQ_DEMO 9 Generate Code [enerate Report 7
- A = 1 [
¥ Binaries o ] 228 ]| B 1
[ Includes
£8 qe.gen = On-chip debug setting
2 sre

* READMEmd Emulator setting
RL78_G23_IAQ_DEMO.rcpc (@] @ E2Lite

Pseudo-RRM/DMM function setting

(& HardwareDebug On-chip debug operation setting
(& trash

(O Unused @® Used
() Developer Assistance Start/Stop function setting
(® Unused (O Used

Monitering point function setting

Unused Used

Trace function setting
(® Unused O Used

Security ID setting
[ Use security ID

Security ID |m00m000000m0(mm

Security ID authentication failure setting

(O Do not erase flash memory data v
< >
< > || Overview EuavdlClozks System | Components | Pins | Interrupt » Legend
B Console X % bi 'c“‘ = B~ [~ = 0 | [& Configuration Problems X ¥y § =08
Smart Configurator Output 0Oitems

Me4opeeel: File generated: 'c.\‘srr: en\r zmod4xod, Description Type

M@4000@0L1: File generated: Al
M8400O81: File generated:
MB4000001: File generated:srclsmc \
MB4000001: File generated:src\smc gen)

Figure 10. Enable On-chip Debug
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Then follow the connection outline in section 3.2 Board. Then [Right-click] the project = [Debug As] = [4

Renesas GDB Hardware Debugging]

&) 623140 DEMO - ¢* studio

File Edit Source Refactor Navigate Search Project RenesasViews Run Window

O]~ W N[ER Q-
5 Project Explorer X | ] = (=
15 RL78G23_IAQ_DEMO [HardwareDebug]
New >
Golnto

Open in New Window

Show In AltShifts W >

Copy CtrieC

Paste Ctrl+V
Delete Delete
Source >
Move
Rename... R
Import.
| Export..
Build Project
Clean Project
Refresh s
Close Project
Close Unrelated Project
Build Targets >
Index >
Build Configurations >
Run As >
Debug As >
Restore from Local History.
MISRA-C >
W C/C++ Project Settings
Rene:

Cerl-Alt+P

ject Settings >
Run C/C++ Code Analysis

Team >
< Compare With >
System Explorer

Command Prompt

Validate

Configure >

Source >

Propeties AlteEnter

Help

rties| @ Smart Browser | 15 Smart Manual
le

1GDB Open0CD Hardware Debugging (DSF)
2(GDB Simulator Debugging (RHESD)

3 Local C/C+ + Application

4Renesas GDB Hardware Debugging

5 Renesas Simulator Debugging (RX, RL7E)

aciaam

Debug Configurations..

15 RL78623_1AQ DEMO

= B |[E outline X

- a X

Q 19| @ C/Ces 15 Debug
=

There is no active editor that provides an
outline.

R ME-08-=0

Figure 11.

Then select E2 Lite (RL78).

Start Debug First Time

ﬁ Renesas Hardware Debugging

Select Debug Hardware

COM Port (RL7E)
ET (RX)

E1/E20 (RL78)

E2 (ARM)

E2 (RL78)

E2 (RX)

E2 Lite (RL7E)

E20 (Rx)

EZ (RL7E)
IECUBE (RL72)
J-Link ARM

Segger JLink (RX)

Pr_u®

no]

Cancel

Figure 12.

Select Debugger
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Renesas RL78 Family Y-DK-IAQ-SENSE-RL78G23

Now select R7TF100GGN as the device.

Q-‘e

Ne configuration exists. Please select target device:

R7F100GGMN

R7F100GGN

Figure 13. Select Device

Please note that after this first launch, you can simply [Left-click] the project to select it and click the debug

icon #9: .

After loading the binary onto the device e? studio will eventually pause execution on the reset vector, you can
now debug the project as usual.

Run the application by clicking Il g , the application will then run to main at which point you can click Il g
again.

“ L
File Edit Navigate s Run Window Help

| B~/ vivn > R v Qvilvi e /L Q| EHC/Cos |45 Debug | g Smart Configurator
45 Debug X {5} RL78G23_IAQ_DEMO.scfg [S) cstart.asm X = B |[m=v x |%8|p |9 E|a®E|FP|[C)) = B
+ [E7] RL78G23_JAQ_DEMO HardwareDebug [Renesas G MOVW  SP,#LOWM(__STACK_ADDR_START) ~ "EIk

v ¥ RLT8G23_IAQ_DEMO.x [1] [cores: 0] SELSE  ; for CC-RL V1.0 N

p X | SP,#L0WW(_stacktop) Name fype
~ o Thread #1 1 (single core) [cere: 0] (Suspend| |1 27 Py

= start() at cstart.asm:126 0x350e
o i76-ek-gdb (7.3.2)
4 Renesas GDB server (Host)

SIF (__RENESAS_VERSION__ >- £x01010080)
MOVW  AX,#LOWW(__STACK_ADDR_END)

SELSE  ; for CC-RL V.60
VW AX,#LOWM(_stackend)
SENDIF
CALL 11 stkinit
bsg

CALL  !l_bsp_init_system

SIFDEF _USE_RAM_INIT_TABLE

; initializing RA

MOVW  AX,#LOWM(STARTOF(.ram_init_table))
BR $.LS_RAM_INIT_TABLE
LL1_RAM_INIT_TABLE:
PUSH  AX ;table pointer
MOV HL,AX

mov S, #HIGHI (STARTOF (. ram_init_table))
MOVM  AX,ES:[HL+6] jdst
MOV DE,AX
Bss MOW  AX,ES:[HL+4]  ;size v
< >
& Console X | 1f}f Registers| ] Problems @ Smart Browser G Debugger Console| [J Memory| |BRppREE~ra-8-=0
RL78623 JAQ_DEMO HardwareDebug [Renesas GDB Hardware Debugging] [pid: 18]
Target connection status - OK A

Starting download
i a 1, writing to address @x00000002 with data ffff

ting to address €x000000c0 with data ef3aa984

Security 10, writing to address with data

Debug monitor area 2, writing to address @x000000ce with data fffffffffffffffffff
Finished download

Figure 14. Debug
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2.4 Troubleshooting

The following sub-sections outline the solutions to common issues found on the build and import of this
project.

2.4.1 Error: Program “make” Not Found in Path

When this issue arises, the error message above it typically goes unnoticed — there is no toolchain
configured for the project — this is shown in Figure 15.

[20 Problems | & Console > [T Properties| @& Smart Browser Memory Usage| [0 Memory | £3 Peripheral Functions | 4" Search | 22 Disassembly xl &4 <§>| Ll &E
CDT Build Censcle [RL78G23_|AQ_DEMO]
Extracting support files...

[ERROR] Toolchain configured for project is not currently available. Please add/enable toolchain through Renesas Toolchain Management or select a different teclchain for this project.
11:11:31 **** Build of configuration HardwareDebug for project RL78G23 IAQ DEMO ****

make -8 all

Cannot run program "make": Launching failed

Error: Program "make” not found in PATH
PATH=[C: /Renesas/2823_18/eclipse//plugins/org.eclipse. justj.openjdk.hotspot.jre.full.win32.x86_64 17.8.8.v20238801-1951/jre/bin/server;C: /Renesas/2023 18/eclipse//plugins/org.eclipse.jus

11:11:31 Build Failed. 1 errors, @ warnings. (took 114ms)

Figure 15. Toolchain Unavailable
To solve this [Right-Click] Project > Properties.

Select C/C++ Build > Settings and navigate to the Toolchain tab — here you will see the toolchain
dropdowns are empty as shown in Figure 16.

8 Properties for RL78G23 1AQ_DEMO o X
i
Settngs -
Resource [ ]
Builders
« C/Cos Build Configuration: | HardwareDebug [ Active ] ~ | | Manage Cenfigurations...

Build Variables
Environment

Logging i3 Tool Settings | Toolchain| Device| #* Build Steps | ' Build Artifact | [si) Binary Parsers| € Error Parsers
Settings
Stack Analysis Enable toolchain integration
Tool Chain Editor Current Toolchain
C/C++ General Toolchain:*Renesas CC-RL
Git Version:  v1.12.00
Project Natures
Project References Change Toolchain (click Apply before switching tabs)
Renesas GF Toolchain: ~
Run/Debug Settings
Task Tags Version: ~
Validation

Restore Defaults Apply

@ Apply and Close Cancel

Figure 16. Empty Toolchain

To fix this problem, one should select Renesas CC-RL and the latest version of the compiler available in the
respective drop downs, this is shown below in Figure 17.

Then click “Apply and Close”.
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) Properties for RL78G23_IAQ_DEMO O X
Settings .
Resource
Builders
w C/C++ Build Configuration: |HardwareDebug [ Active ] ~| | Manage Configurations...
Build Variables
Environment
Lagging 5 Tool Settings | Toolchain | Device | # Build Steps| /V Build Artifact | [} Binary Parsers| € Error Parsers
Settings
Stack Analysis Enable toolchain integration
Tool Chain Editor Current Toolchain
C/Cr+ General ToolchainRenesas CC-RL
Git Version:  v1.12.00
Project Matures
Project References Change Toolchain (click Apply before switching tabs)
Renesas OF Toolchain: | Renesas CC-RL v
Run/Debug Settings
Task Tags Version: | v1.12.01 v
Validation
Restore Defaults Apply
‘:‘_?:' Apply and Close Cancel

Figure 17. Populated toolchains
Now you can build the project successfully.

2.4.2 Undefined External Symbol / Missing Components SC

There are extra components required outside of the default e? studio installed components for the smart
configurator which need to be included. This can be found when seeing the message “E0562310: Undefined
external symbol” in the console as shown below.

= Console
COT Build Conscle [RL78G23_1AC_DEMO]
-nologo

E@562318:Undefined external symbol ™ _init iaq_2nd_gen_ulp™ referenced in
E@56231@:Undefined external symbol ™ _calc_iaq_2nd_gen_ulp™ referenced in

Renesas Optimizing Linker Abort
make: *** [makefile:174: RL78623_TIAQ DEMO.abs] Error 1
"make -j8 all™ terminated with exit code 2. Build might be incomplete.

Figure 18. Undefined ZMOD Symbols

It can also be seen when observing the “greyed out” components in the Components tab of the smart
configurator, shown below.
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w = Middleware
w [ Generic
ﬁr r_comims_i2c
W r_ctsu
w' r_zrmoddix
w' rm_touch

Figure 19. Greyed / Missing Components

To solve this problem, open the smart configurator and go to the Components tab, from here, select “Add
Components”, shown in the figure below.

{54 RL78G23_IAQ_DEMO.scfg X

Software component configuration

Components el B @
i &=
| type filter text

@ Config_LVD1
W [= Interrupt
& Config_INTC
~ [= Datatransfer controller
@ Config_DTC
w (= Timers
Config_ITLOOO_ITLOOT
Config_RTC
y Config_TAUO_O
" Config_TAUO_1
Config_TAUO_2
Config_TAUD_3
Cenfig_TAUO 4
Config_TAUO_S
Config_TAUD_6
~ [= Others
@ Config PCLBUZI
v (= /O port
& Config_PORT
~ [= Cemmunications
@ Config_CSI00
@ Config_IICAQ
& Config_UARTAD
v (= Middleware
w (= Generic
?.-" r_comms_i2c
W rctsu
w r_zmoddon
w rm_touch

55,5668 688 88

€

>

v

=8l
& =)
Generate Code Generate Report
Configure @
Property Value

v @ Configurations

# Start up select Enable (use BSP startup)
# Control of illicit memory access detection(lAWEN) Disable
# Protected area in the RAM{GRAM1-0) Disabled
# Protection of the port control registers(GPORT) Disabled
# Protection of the interrupt control registers(GINT) Disabled
# Protection of the clock, voltage detector, and RAM parity error detection  Disabled
## Data flash memory area/extra area access control(DFLEN) Disables
# |Initialization of peripheral functions by Code Generator/Smart Configurat Enable
# APl functions disable(R_BSP_StartClock, R_BSP_StepClock) Disable
# APlfunctions disable(R_B5P_GetFclkFreqHz) Enable
# APlfunctions disable(R_BSP_SetClockSource) Disable
# APIfunctions disable(R_BSP_ChangeClockSetting) Dizable
# AP|functions disable(R_BSP_SoftwareDelay) Enable
# Parameter check enable Enable
# Enable user warm start callback (PRE) Unused
#

# Enable user warm start callback (POST) Unused
#

# Watchdog Timer refrech enable Unused
#

#

Overview | Board | Clocks Syskem.CDmEGnents Pins | Interrupt

Figure 20. Add Component

From here, select “Download RL78 Software Integration System Modules” from the links as shown in the

following figure.
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& New Component

Software Component Selection

Select component from those available in list

8 D/A Converter

# Data Transfer Controller
# Delay Counter

# Divider Function

me .

Category |All v
Function |All v
Filter |

Components - Short Name Type Version ™

# A/D Converter Code Generator 141

£ Board Support Packages. - v1.61 r_bsp RL78 Software l...  1.61

# Clock Output /Buzzer Qutput Controller Code Generator 1.4.0

# Comparator Code Generator 131

Code Generator 13.0
Code Generator 131
Code Generator 141
Code Generator 141

Show only latest version
Description

The analog to digital (A/D) converter is function for converting analog inputs to digital signals.

ftware Integration m modul
Download ELCL modules
Configure general settings...

@ < Back Next > Cancel
Figure 21. Download SIS Modules

Now Click Select All and Download.

RL78 Software Integration System Modules Download
Select the RL78 Software Integration System modules for download

=]

Title Document Mo.
RL78 Family Board Support Package Mod...  ROTAMNS5522EJ0...
RL78 Family Reality Al Data Shipper Contr...  ROTANGI94EID...
RL78 Family Reality Al Data Collector Con...  ROTAMNG%95EID...
RL78 Family Reality Al UART Communicat.. ROTAMGSSGEID...
RL78 Family Reality Al Data Acquisition M...  ROTANGS9SEID...
RL78 Family Renesas Flash Driver RL78 Typ... R20AMO0G53EJ0...
RL78 Family Renesas Flash Driver RL7S Typ... R20AMNO0G34EID...
RL78 Family Renesas Flash Driver RL78 Typ... R20AMO0B35EID...
RL78 Family Renesas Flash Driver RL78 Typ... R20AMO0G56EJD...
RL72 Family ZMOD4410, ZMOD4450 and ... ROTANG197EID...
RL78 Family CTSU Module Software Integr...  R11ANC4B4EI0...
RL78 Family TOUCH Module Software Inte..  R1TAM0485E)0...
RL78 Family F52012 Sensor Control Modul...  ROTANGT96EID...
RL78 Famnily H5400X Sensor Control Mod...  ROTANGB446EID...
RL78 Famnily H5300x Sensor Control Modu...  ROTANGTS4EID...
RL7E8 Family Sensor [2C Communication ...  ROTANGTI3EID...
RL78 Family 0B1203 Sensor Control Mod...  ROTAMNG37SEJD...
RL78 Famnily F53000 Sensor Control Modul...  ROTAMNGT95EJ0...
RL78 Family F51015 Sensor Control Modul...  ROTANGTSEEID...

Rev.

Rev.1.62
Rev.1.10
Rev.1.10
Rev.1.10
Rev.1.10
Rev.1.10
Rev.1.10
Rev.1.10
Rev.1.10
Rev.1.22
Rev.1.40
Rev.1.40
Rev.1.12
Rev.1.02
Rev.1.22
Rev.1.11
Rev.1.02
Rev.1.01
Rev.1.01

lssue d\ ;te

2023-11-30
2023-10-20
2023-10-20
2023-10-20
2023-10-20
2023-08-07
2023-08-07
2023-08-07
2023-08-07
2023-07-04
2023-06-14
2023-06-14
2023-04-26
2023-04-26
2023-03-03
2023-03-02
2023-03-02
2023-03-03
2023-03-02

I Select All |

Deselect All

Module Folder Path:

C\Users\a5126135\ eclipse\com.renesas.platferm_download\RL728_Modules\GenericModules | | Browse... F

Download

Cancel

Figure 22. Select All and Download SIS Modules

Once the downloads are completed click Cancel on the Software Component Selection Dialog to exit.
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Renesas RL78 Family Y-DK-IAQ-SENSE-RL78G23

@
Software Component Selection $

Select component from those available in list

Category All w
Function |All ~
Fiter |
| Companents - Short Name Type Version "

8 A/D Converter Code Generator 141

4 Board Support Packages. - v1.62 r_bsp RL78 Softwarel... 1.62

{3 Capacitive Sensing Unit driver. r_ctsu RL78 Softwarel...  1.40

# Clock Output /Buzzer Output Controller Code Generator 140

# Comparator Code Generator 131

8 D/a Converter Code Generator 1.3.0

£ Data Transfer Controller Code Generator 131

£ Delay Counter Code Generator 141

8 Divider Function Code Generator 141

B Conhnnm b Fipmmis " myymiinn Falo O T a4 |
[ Show only latest version
Description

The analog to digital (A/D) converter is function for converting analog inputs to digital signals.

Download RLTS Software Integration System modules
Download ELCL modules

Configure general settings...

@3 < Back Mext > Finish Cancel ;

Figure 23. Exit Add Component

There may still be modules greyed out — this indicates you have obtained a newer version than the one used
to write the original software — this is OK, we can simply update the modules to use the newest software.
[Right-Click] each of the greyed-out modules and select the latest version as shown in the image below.

(5} BT A DEMOslg X ~ ol
Software component configuration gm..::.Jm anarson Papont
Camparenty e ed - Configuie @
ey ';'_‘ P Componemt s mauing. The isus may be recbved by dosniosding 4 or by chesgng the vemen
@ Conbig IVDT al
ey

@ Conlig N

o o ma trensted contraler
& Conly 00C

~ [ Tmers

Cerfig LI LS

Config ¥

Conlig TN 0

Conlwg BL0_1

Conlig_ W0 2

Coalig TN 3

Cenfig TALD 4

Config TALK§

a® 66588 8888

Cvarviem | Board | Gl |y

bl W 2 D™ 0O |5 Conliguaton Frablems | 5 Semch % . [] Memery

Figure 24. Update Versions
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The dialogs simply explain the versions available as well as the differences between versions. Accept these
changes by clicking Next and Finish in the dialog shown in Figure 25 and Figure 26.

Version Selection

Select available version

Component name: | r_zmoddico |

Current version: | 1.21 |

Available versions: | 1.22 =

@) < Back Finish Cancel

Figure 25. Version Select

@ Change Version O X

Setting Overview

The following settings will be added or removed

Setting Status

w Configurations
Parameter Checking Added
MNumber of ZMOD4:xxx Sensors Added
Operation mode of ZMOD4XXX Sensord Added
12C Communication device Ne. for ZMOD4XXX sensor devicel Added
12C callback function for ZMODAXXX sensor devicel Added
Enable INTC from ZMOD4XXX sensor device) Added
INTC Callback function for ZMOD4XXX sensor devicel Added
INTC number for ZMOD4XXX sensor devicel Added
Operation mode of ZMOD4XXX Sensorl Added
12C Communication device No. for ZMODAXXX sensor devicel Added
12C callback function for ZMODAXXX sensor devicel Added
Enable INTC from ZMOD4XXX sensor devicel Added
INTC Callback function for ZMOD4XXX sensor devicel Added
IRQ number for ZMOD4XXX senser devicel Added

< >

@:‘ < Back MNext > Cancel

Figure 26. Change Overview

Now, click Generate Code in the top right of the smart configurator view shown in Figure 27.
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Y-DK-IAQ-SENSE-RL78G23

{5 RL78G23_|AQ_DEM Ouscfg

Software component configuration

Components PR = Configure

&l =]

Generate Code fGenerate Report

@

Gl i
| type filter text |

@ Config_LVD1 ~
v [= Interrupt

@ Config_INTC
~ (= Data transfer controller

& Config_DTC
v = Timers
Config_ITLODO_ITLOOT
Config_RTC
Config_TAUD_O
Config_TAUO_1
Config_TAUD_2
Config_TAUD_3
Config_TAUD_4
Config_TAUD_S
Config_TAUD_G
~ [= Others

& Config PCLBUZ1
v (= 1/O port

& Config PORT
+ [= Communications

& Config_C5I00

@& Config_lICAD

Property

SRR EHEERREERES

55,886,856 8,

~ & Configurations

Parameter Checking

Nurnber of ZMOD4xxx Sensors

Operation mode of ZMODAXXX Sensord

12C Communication device No. for ZMODAXXX senser deviceld
12C callback function for ZMOD4XXX sensor devicel

Enable INTC from ZMOD4XXX sensor devicel

INTC Callback function for ZMODAXK senser devicel

INTC number for ZMOD4XXX sensor devicel

Value

Systern Default

1

140 2nd Gen. Ultra-Low Power
12C Communication Devicel
Zmoddbeoe_user_ji2c_callbackd
Enabled
Zmoddxc_user_irg_callbackD

INTPO

@ Config_UARTAD
= Middleware
v = Generic
2." r_comms_i2c
@ rctsu
%‘ r_zmoddo
@ rm_touch

< >

Overview | Board | Clocks | Systemn |Components| Piﬂ5| Intenupt‘

The application builds successfully as shown in the console image below.

Figure 27. Generate Code

& Console

X| O 45| EHE=

B8 #B2-0-=0

CDT Build Console [RL78G23_|AC_DEMO]

-nomessage
-nologo

Renesas Optimizing Linker Completed
Finished building target:

Loading input file RL78G23_IAQ_DEMO.abs
Parsing the ELF input file.....

26 segments required LMA fixes

Converting the DWARF information....
Constructing the output ELF image....

Saving the ELF ocutput file RL78G23_IAQ DEMO.x
Build complete.

11:51:56 Build Finished. @ errors, 4 warnings

. (took 1m:2s5.692ms)

Figure 28. Successful Build
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Renesas RL78 Family

Y-DK-IAQ-SENSE-RL78G23

3. Hardware

The board consists of the following features, displayed in both Figure 29 and Figure 30.

Table 1. Board Features

Feature
RL78/G23

Capacitive Proximity
Electrode

Rotary Encoder

SPILCD

RB LED

Buzzer

HS4001

ZMOD4410

12 Pin PMOD UART

E2 lite Debug Connector

Current Measurement
Header

2x AAA Battery Holder

Description

A 16-bit microcontroller optimized for low-power applications and
efficient performance. Part of the RL78 family, this MCU is
equipped with versatile features suitable for a wide range of
applications, from industrial to consumer electronics. It offers
integrated peripherals, low power modes, and is recognized for its
energy efficiency and compact design

A sense electrode connected to the CTSU2L peripheral of the
RL78/G23 that detects the presence or absence of an object based
on capacitive changes. Here, it is used for detecting proximity of
user hand.

An input device that provides rotational feedback in the form of two
out-of-phase pulse trains, with included push switch function — here
it is connected to the ELCL of the RL78/G23 which decodes the
quadrature output and its direction.

A small liquid crystal display with a resolution of 80x160 pixels,
capable of displaying 16-bit RGB colour. Communicates with
devices through the Serial Peripheral Interface (SPI) protocol. Ideal
for compact graphical interfaces.

A Light Emitting Diode that emits both red and blue colors.

An audio signalling device, driven by the RL78/G23 PCLBUZ
output.

A sensor module designed to measure both relative humidity and
temperature in an environment. Provides digital output and is often
integrated into HVAC systems, weather stations, or smart home
devices to monitor and adjust environmental conditions.

A compact module designed to measure a range of volatile organic
compounds (VOCs) and offer indications of indoor air quality.
Commonly integrated into smart home systems, air purifiers, and
HVAC to monitor and improve indoor air conditions.

Standardised 12-pin interface (Digilent) designed for peripheral
module connections, here intended for use with the DA16200 Wi-Fi
PMOD (US159-DA16200MEVZ).

A proprietary connector used for debugging and programming
purposes, specifically designed for compatibility with the E2 lite
debugger.

A dedicated connector that allows for the easy connection of current
measurement devices such as ammeters or multimeters.

A holder or compartment designed to securely fit two AAA batteries.

R12ANO131EG0100 Rev.1.00
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Capacitive Proximity
Electrode

RENESAS Gl -

RL78/G23 INDOOR AIR QUALITY SENSOR

80 x 160 16b RBG

SPILCD Rotary Encoder
RB LED
Buzzer ZMOD4410

HS4001 RL78/G23

Figure 29. RL78/G23 Indoor Air Quality Demo PCB — Front

oeissrs  aRENESAS

Y-DK-AIR-QUAL ITY-SENSE-RL78G23

CEXC @ A Y
PMOD (UART) —

Debug Circuit

: (E2-Lite)
WYY
Current o
Measurement ; ‘ ‘
Header \\
2x AAA
Battery
Figure 30. RL78/G23 Indoor Air Quality Demo PCB — Back
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3.1 Powering the Board

The system is powered directly from two AAA batteries. There is no need for on-board regulation due to the
wide operating voltage of the RL78/G23. Power is separated into three nets:

e VBATT - battery voltage.
e VDD - system supply rail.
e VDD_RL78 — MCU supply rail.

Using H1 (shown below), current/power measurement equipment can be connected to monitor system or
MCU current/power consumption.

To power the device in demonstration application, configure the jumpers as follows:

e Short positions 1-2.
e Short positions 4-5.

This is shown in Figure 31.

Figure 31. H1 Settings
The pinout for H1 is designed as follows:

e Pins 1 and 2 are connected to VBATT and VDD respectively.
e Pin 3 is designated for ground.
e Pins 4 and 5 are connected to VDD_RL78 and VDD respectively.

This configuration facilitates the shorting of pins 1 and 2, as well as pins 4 and 5, allowing the batteries to
power the entire system, including the microcontroller. Alternatively, pins 1 and 2 or pins 4 and 5 can be
opened and linked to monitoring tools (ammeter, multimer and so forth) — this also enables external power
supplies for connection, enabling power monitoring circuitry to be connected in source mode.

This can be seen in Figure 32.

]

VDD H1
A 10129380-905002BLF
SEE— I VBATT
$—— 2 VDD
————d 3 GND
qJ 4 VDD_RL78
5 VDD

Figure 32. H1 Schematic
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Figure 33 shows the insertion of the two AAA batteries required to power the system standalone.

wmere  IRENESAS

Y-DK-AIR-QUAL ITY-SENSE-RL78G23

KK O AKX

Insert correctly (+/-).
e

*a8.ey31 J0u of
(-/+) £13921303 11251y 19N|Naws\

Figure 33. Batteries

3.2 Programming and Debugging the Board

Programming and debugging functions are provided through the E2-Lite interface. The connection is shown
in Figure 34.

Power can be supplied by the emulator, batteries or through H1.

Figure 34. E2-Lite Connection
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3.3 Capacitive Proximity Electrode

The capacitive proximity electrode is approximately 83 mm x 19 mm copper electrode. It is surrounded by a
keep-out area of approximately 5 mm. When designing proximity electrodes for sensing objects at short to
medium distances from the electrode's surface, the electrode's size plays a pivotal role. Specifically,
increasing the surface area of the electrode enhances the system's sensitivity distance. This principle is
showcased in this design, where every effort has been made to maximize the use of available PCB real
estate to increase the electrode's surface area.

Figure 35 shows the electrode, along with the trace connecting it to the MCU, having the designated 'keep-
out' area of 5 millimeters, isolating it from other active signals. Astute observers may see fiducial copper
located both at the center of the PCB and footprint of the rotary encoder. The latter is used for mechanical
stability of the rotary encoder but is not associated with any active electrical signals. Although these areas
are within the 5 millimetre clearance, the decision to permit these intrusions was taken to maintain a compact
PCB design. Ideally, such areas would not be present; however, since they are not electrically active, they
present a minimal risk to signal integrity.

Figure 35. Electrode Design

4. Software
This section provides a deep dive into the pre-loaded demonstration software.

4.1 Startup

The startup sequence is divided into two portions. First the C runtime setup and peripheral initialization,
second the application initialization and peripheral startup. Figure 36 shows these two separate startup
sequences.

startup main

Reset Vector

| cstartasm Initialise RLTOS Tick
Timer API

Start Peripherals

Initialise Stack
Pointer

Initilise Stack Area |

‘ r_bsp_init.c

Create Application
Threads

Initialise Clocks

Create Application
RTOS Objects
(Mutex's & Events
Etc.)

;" cstart asm '
Zero Initialise BSS H

: Perform ROMisation | |
{ howinitc '
f Initialise Peripherals ‘

Figure 36. Device Startup Sequence
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4.2 Architecture
The architecture covers the structure of the project, event handling and propagation and task scheduling.

4.2.1 Structure
The project structure can be seen in Figure 37.

| ]
) ——

— | 3

{

Containg a¥ codk reating 1o
b5

Figure 37. Project Folder Structure

4.2.2 Event Handling
The demonstration software is wholly event driven — all events originate from hardware, that is, peripherals
and 1/0. These events then propagate to the event thread.

The event thread subsequently manages the system state and instructs (messages) the GUI thread to
control what is displayed. This is illustrated in Figure 38.

All events come from hardware.

This Sequencing column represents any
ISR in the application.

All hardware events are communicated
using the events object. ® .

Optional*

Optional* I

uire GLV communication
=fion of event hanaling profocol’sequencing

Figure 38. Event Propagation

4.2.3 Task Scheduling

The demonstration software uses a custom preemptive task scheduler called rltos. A tick period of 50 ms is
defined and this is driven by TAUO2 — there are two threads and several IPC (Inter Process
Communications) objects used, all of which will be covered in this sub section.

The task scheduler is available and documented separately on GitHub.
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Y-DK-IAQ-SENSE-RL78G23

Renesas RL78 Family
4.2.3.1 GUI Thread
The GUI thread handles all display drawing and the display state (asleep vs awake).
GUI Thread
Initialise Display
Drivers & GFX

Libraries

Infinte Wait for
Event

“Event == BG Temp~.T
& Humidity "

" Event==Temp .7 :
S &Humigty .~ > _Update Temp & Humidty

Set Background Air Quality

“»] Update Air Quality

T
»[ Set Background Update Alarms }

Event == BG
Update Alarms
Update Alarms

True
Wake Display
Sleep Display

e
—>[ Set Background Low Battery ]

—>[ Set Background Temp & Humidity ]

“Event==BG AIr”
Quality -

~“Event == Air Quality >

Event == Update
Alarms

Event == Wakeup

Event == Sleep

Event = BG Low

Battery
Eveni==BG —»{ _Sel Backgiound (Tle) )
=y
"y
Evegta;:"f;:tfmm ';[ Set Normal Backiight
Figure 39. GUI Thread
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4.2.3.2 Event Thread

The event thread handles all hardware events and state management within the application. It is responsible
for interpreting events and dispatching instructions/messages to the GUI thread.

Event Thread

Initialise Sensors

Infinte Wait for
Event

—»{ Button Click Handler

< Event == Button Click

«_Event == Button Hold >

Button Hold Handler

CTSU Handler

< Event==CTSU »

< Event == RTC Battery _»

RTC Battery Handler

«_Event == RTC Sensor »| RTC Sensor Handler

Figure 40. Event Thread
4.2.3.3 IPC

For effective communication between the event thread and GUI thread IPC (Inter Process Communication)
objects must be used. Mutexes are used for locking access to sensor data, alarm threshold data and event
flags are used to communicate requests between the threads.

This is illustrated in Figure 38 and Figure 41. These objects are provided by the rltos scheduler.

The red below indicates the mutex wrapping around a shared resource, the blue below indicates to the GUI
thread an event has occurred.

alarm_sensor_data.eco.integer_part += 1 _rot_count;
if(alarm_sensor_data.eco2.integer_part < 8)

{

alarm_sensor_data.eco2.integer part = 8;

Rltos mutex release(&alarm sensor mutex);

Rltos_events_set(&gui_events, UPDATE_ALARM ECD2);

Figure 41. IPC
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4.3 State Machine

Y-DK-IAQ-SENSE-RL78G23

Figure 42 shows the state machine of the demonstration software and can
navigating the software and user interface.

be used as a reference point for

LOW_BATTERY

RTC Timed Battery Read:
Battery Breaches Low
Battery Condition

CTSU
Proximity
Detection

Button
Click

TEMPERATURE_HUMIDITY

Long
Inactivity
AIR_QUALITY

LOW_POWER

Burton

Button Click or
CTSU (Disables
Alarm in future)

SET_ALARM

E

ENABLE_ALARM

RTC Timed Sensor Read)
Sensor Breaches Alarm
Condition

Button
Hold

BREACH_ALARM

Key
Passive State
Critical State
Interactive State

CTSU Offset Tuning

w . PowerOn

Reset

Figure 42. Application Software State Machine
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4.4 Peripherals

The following table outlines all peripherals used and the subsequent sections go into further detail where
required.

Peripheral Port (pin) Description
LVD1 N/A Measures supply voltage and indicates when voltage has dipped.
INTPO P137(43) ZMQOD4410 interrupt pin.
INTP8 P74(7) HS4001 alarm pin.
DTCO N/A Triggered by TAUOG6 for tone generation on the buzzer PCLBUZ1.
DTC1 N/A DTC to automate transfers for SPI display (TX only)
DTC22 N/A CTSURD
DTC23 N/A CTSUWR
ITL N/A Low power interval timer — 16bit mode, channel 0 & 1, triggers CTSU
100ms
RTC N/A System timer to measure intervals between sensor reads.
1sec
TAUOO P00(35), P51(14)  Connected by ELCL, rotary encoder increment.
TAUO1 P00(35), P51(14)  Connected by ELCL, rotary encoder decrement.
TAUO02 N/A Scheduler timer (65ms)
TAUO03 P31(5) Switch
TAUO04 N/A Display delay function, provides 1ms resolution delay function to
display driver.
TAUO05 N/A One-shot timer to delay time taken for HS4001 to measure T+RH
TAU06 N/A Used in combination with DTC and PCLBUZ1 to generate a tone.
PCLBUZ1 P15(17) Buzzer drive circuit
CSI00 (SPI) | P12(20), P11(21), Display interface: (8Mbps)
E12552(§)3) P12, P11 - SDIO
P13(19), P73(8) P10 — SCK
P146 — D/C
P13-CS
P73 — Display Reset
IICAO P60(1), P61(2) Sensors |IC — 400kHz
P60 — SCL
P61 — SDA
UARTAO P72(9), P71(10) UART for tuning the capacitive touch (or PMOD) (153600 bps 8N1)
P72 -TX
P71 —RX
CcCio P62(3), P17(15), Current controlled I/O

P16(16)

P16 — Red channel control on RB LED
P17 — Blue channel control on RB LED
P62 — Display backlight control

R12ANO131EG0100 Rev.1.00
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Peripheral Port (pin) Description

CTSU P27(25), P30(12) | Capacitive touch sensor for proximity scanning
P27 — TS25 capacitive proximity electrode
P30 — TSCAP capacitor for CTSU power supply

GPIO P70(11), P50(13) | P70 — RES_N output, ZMOD4410 reset.
P50 — PMOD IRQ
UARTA1 P120(37), Auxiliary UART on PMOD
P41(38) P120 -TX
P41 - RX

4.4.1 Rotary Encoder

The rotary encoder signals A and B are placed into the ELCL via pins POO and P51 respectively — from here
the logic in Figure 43 is applied.

Clockwise Clockwise

( L 7 s ~

A N ER RN E 1A

B SRR 'B
Y IR y, Y )
4 S N g I N

Q SRR I | Q output latched on Q R FEREEEY

R S A Rising edge of !B -

xort || L[TTT] wort | LT
\ / \ i J
(’ N

R 4
AND2 - :0;0:0:0-0:0:070 =0 edges to event counter | | ! [ ' l ] [ E ] =8 edges to event counter
AND3 - [—]—[—]_]—]_[—ﬂ = § edges to event counter AND3 j”IUj”I”E”Z”ZV” =0 edges to event counter

Active Low Signals.

&

TAUD1 Event Counter
(Anti-Clockwise)

TAUOD Event Counter
(Clockwise)
Filters present
- External hardware RC Filterson A & B
- Internal noise filters on TAUOx Event Counfers
Figure 43. Rotary Decoding Mechanism
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5. Power Consumption

The following power current consumption data has been retrieved at a battery voltage of 2.66 V.

4mA

200 uA

A3.000s

WINDOW SELECTION SELECTALL

117 ma 3.39ma 3.000s 3.5Tme
werage charge

Hold SHIFT+LEFT CLICK and DRAG to make a selection

Figure 44. MCU Average Current

25mA

1.5mA

1000 pA

500 A

£9.068ms
SELECTALL

1.23ma 2.86ma 9.068ms 1117

q max time h

Hold SHIFT+LEFT CLICK and DRAG 1o make a selection

Figure 45. MCU CTSU2L Scan Current
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3ImA

25mA

15mA

1000 pA

500 pA

WINDOW

23.42u 2.60ma
average max

A1.0008

SELECTION

Hold SHIFT+LEFT CLICK and DRAG to make a selection

1.000s

tim

23.42yc
charge

SELECTALL

Figure 46. MCU Average Idle Current

25mA

15mA

1000 pA

500 UA

0pA

WINDOW

484.35,A 2.58ma
average max

‘ A881ps ‘

SELECTION

1.28ma 1.45ma 881us

average max tme

4.723ms 2.29uc

tme harge

SELECTALL | CLEAR

1.134c

charge

Figure 47. MCU CTSU2L Snooze Current
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Figure 48. System Average Current
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Figure 49. System Average Idle Current
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Figure 50. System Average ldle Current with Sensor Read
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Figure 51. Sensor Read Current
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Figure 52. System Idle Current CTSU2L Scan
6. Important Source Modifications

To achieve low power, the mcu clocks.c file at line 657 had to be modified as shown in the following
figure.

J

57 cmc_tmp = @xleu;

Figure 53. CMC

This places the pins P123 and P124 into XT1 oscillation mode — but elsewhere the XTSTOP bit is set which
disables the circuit. This is the lowest power configuration for these pins according to section 2.3 of the
RL78/G23 hardware user manual (RO1UK896EJ0121).
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Website and Support
Visit the following vanity URLSs to learn about key elements of the RL78 family, download components and
related documentation, and get support.

RL78 Product Information www.renesas.com/rl78
Renesas Support www.renesas.com/support
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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/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

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

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

become possible.
5. Clock signals

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

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

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

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

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

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

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

system-evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

(Note1)

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

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

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

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
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.

(Note2)

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.

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

(Rev.5.0-1 October 2020)

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/.

© 2024 Renesas Electronics Corporation. All rights reserved.
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