RE N ESAS Application Note

Renesas RA Family

Getting Started with GUIX Thermostat Application for
EK-RA8D2

Introduction

This application, which is a Thermostat application, provides a reference for developing complex dual-core,
multi-threaded applications with a touch screen graphical Human Machine Interface (HMI) by using Renesas
FSP and Azure RTOS GUIX. It describes steps to create a basic GUIX for FSP, integrates touch driver, handles
multiple hardware accesses across cores, manages system updates, and performs event handling.

This application is developed using the Renesas RA Flexible Software Package (FSP), which provides a quick
and versatile way to build secure connected Internet of Things (loT) devices using the Renesas RA family of
Arm microcontrollers (MCUs). RA FSP provides production-ready peripheral drivers to take advantage of the
RA FSP ecosystem along with Azure RTOS GUIX library and Azure RTOS. In addition, FSP also provides
Ethernet, USB, File System, and other middleware stacks. This powerful suite of tools provides a
comprehensive, integrated framework for rapid development of complex embedded applications on dual-core
platforms.

This application note assumes that you are familiar with the concepts associated with writing multi-threaded
applications on a dual-core Real-Time Operating System (RTOS) environment, such as Azure RTOS. This
application note makes use of RTOS features such as threads and semaphores and demonstrates how tasks
and events can be efficiently distributed across the two cores. Prior experience in using Azure RTOS would
be helpful for easy understanding of the provided application project. For more detailed information on Azure
RTOS features, refer to the Azure RTOS User Manual.

The Graphics application is developed using the Renesas e2 studio Integrated Solution Development
Environment (IDE). e2 studio is integrated with the FSP platform installer, which can be downloaded from the
Renesas website. The intuitive configurators and code generators in e2 studio and FSP help application
developers create such complex dual-core, multi-threaded graphics applications very quickly.

Required Resources
Development tools and software

e e? studio IDE 2025-10.

¢ Renesas Flexible Software Package (FSP) v6.2.0.
e Azure RTOS GUIX Studio V6.4.0.0.

Hardware

e Renesas EK-RA8D2 kit (RA8D2 MCU Device Group): www.renesas.com/ek-RA8D2
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1. Installing Tools

1.1 Overview

In this section you will copy the application note (AN) materials to your PC and install e2 studio v2025-10/FSP
v6.2.0 and Azure RTOS GUIX Studio v6.4.0.0.

1.2 Procedural Steps

1. If you already have e? studio v2025-10 with FSP v6.2.0, you can skip this step. Otherwise, you can
download RA Flexible Software Package (FSP).

2. You can get Azure RTOS GUIX Studio v6.4.0.0 or greater. If it goes well, you will see the window in the
next step on the web browser.

Note: It needs Microsoft Store to work on your PC to install Azure RTOS GUIX Studio. If Microsoft Store is not

available or disabled, you can alternatively download and install GUIX Studio manually from the official Eclipse

ThreadX GitHub repository.

3. Click Get to start installing Azure RTOS GUIX Studio.

B Get Azure RTOS GUIX Studio - M X 4 (

C @ microsoft.com/en-us/p/azure-rtos-guix-studio/Ipbm1k17q0f ric=1&activetab=pivotoveviewtab

B Microsoft | Home Devices ©  Software «  Games & Enterteinmen

t. Deals  ShopBusiness  Students&parents  More - All Microsoft ~ search O crtW BN~ signin (A)

Azure RTOS GUIX Studio

Microsoft Corporation * Developer tools > Design tools

Azure RTOS GUIX Studio is a Windows desktop application used to quickly and easily design and layout the user interface to be run by the GUIX library A Ses System Requirements
on a wide array of embedded hardware devices

E EVERVONE

Figure 1. Clicking Get to Start Installing Azure RTOS GUIX
4. Click Open Microsoft Store to continue installing Azure RTOS GUIX Studio.

Open Microsoft Store?

https:/fwww.microsoft.com wants to open this application.

O Always allow www.microsoft.com to open links of this type in the associated app

Open Microsoft Store m

Figure 2. Clicking Open Microsoft Store

5. Click Install to continue. A window shows up to ask for a Microsoft account, which is seen in the next step.

° You own this app. .-
Azure RTOS GUIX Studio m

Microsoft Corporation * Developer tools > Design tools

*xk*x*k & Share

Azure RTOS GUIX Studio is a Windows desktop application used to quickly and easily design and layout the user interface to be run by the GUIX library
on a wide array of embedded hardware devices.

E EVERYONE

Figure 3. Installing Azure RTOS GUIX
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6. Ignore it by clicking “X” on the top-right to close this pop-up window and continue Azure RTOS GUIX Studio

installation.

Add your Microsoft account to Microsoft Store

Sign in with your Microsoft account to access your documents, settings, and purchases
on all your devices. Learn more

Email, phone, or Skype

No account? Create one!

Microsoft privacy statement

Figure 4. Closing Pop-up Window to Continue Installing Azure RTOS GUIX
7. Downloading and installation of Azure RTOS GUIX Studio starts.

o Downloading Azure RTOS GUIX Studio. 5.44 MB of 544 MB

4.7 Mb/s

Azure RTOS GUIX Studio m

Microsoft Corporation * Developer tools > Design tools
* Kk ok ok ko 2 Share

Azure RTOS GUIX Studio is a Windows desktop application used to quickly and easily design and layout the user interface to be run by the GUIX library
on a wide array of embedded hardware devices.

E EVERYONE

Figure 5. Starting of Downloading and Installation
8. Click Launch to launch Azure RTOS GUIX Studio.

Azure RTOS GUIX Studio

Microsoft Corporation * Developer tools > Design tools

**kk* |2 Share

Azure RTOS GUIX Studio is a Windows desktop application used to quickly and easily design and layout the user interface to be run by the GUIX library
on a wide array of embedded hardware devices.

E EVERVONE

Figure 6. Launching to Start Azure RTOS GUIX Studio
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9. Azure RTOS GUIX Studio launched.

JGI Azure RTOS GUIX Studio 6.4.0.0 — 0O x

Project Edit Insert Configure Help
f = o ¥ & e = 4 r L Z He = 1 S

5 Project View -

[ No Project

FF Properties View -

Figure 7. Azure RTOS GUIX Studio Launched
10. Close Azure RTOS GUIX Studio, for now, you will open it again later.

2. Application Overview
2.1 RAS8D2 Device Overview

The MCUs in the RA8D2 device group deliver high performance, scalability, and advanced security for modern
embedded and loT applications. Featuring a 1 GHz Arm® Cortex®-M85 and a 250 MHz Cortex®-M33 core,
they integrate up to 1 MB MRAM, 2 MB ECC SRAM, and rich peripherals including Ethernet, USB HS, CAN
FD, SDHI, I3C, Octal SPI, MIPI DSI/CSI, and a 2D graphics engine. Built-in Security IP with Arm® TrustZone®
provides cryptography acceleration, key management, and tamper protection. These devices also maintain a
unified peripheral architecture for scalable, platform-based product development.

RA8D2
8

(MRAM 0.5/1MB, Flash 4/86MB)
Data SRAM wf ECC (1.6MB)

TCM (256KB for Cortex-M85
+ 128KB for Cortex-M33)

I/D-Cache (32KB for Cortex-M85
+ 32KB for Cortex-M33)

Memory

¢ Communication

Gigabit Ethernet MAC
w/ TSN (x2) + 2 port switch

CAN-FD (x2)
USB2.0 FS (x1), USBHS (x1)
SDHIMMC (x2)
13C {x1), 12C (x3)

SCI (x10)
SPI (x2)
OSPI (x2, XIP&DOTF)
S8Ix2 & PDM 3ch x1
32-bit External Memory Bus

1GHz Arm® Cortex®-M85 Core,
+ 250MHz Arm® Cortex®-M33 Core

O
32-bit GPTE (High Resolution) (4ch)
32-bit GPTE (10ch)
32-bit ULPT (2ch)
16-bit AGT (2ch)

FPU | ARM MPU | NVIC | JTAG |
SWD | ETM |Boundary Scan

¥  Analog

Timers HMI

16-bit ADC
(2units, 23ch, 3ch-5/H x2)

12-bit DAC (2ch)
High-speed Comparator (4ch)

Graphics LCDC w/ RGB iff
2D DRW
MIPIDSI | MIPI CSI-2

Temperature Sensor CEU 16bit Camera Interface

WDT (2ch)
RTC
ﬁ Security
AES (128/192/256), CHACHA20
@ System @ Safety ( )
RSA 4K ECC
DMA (8ch x2) Memory Protection Unit TRNG

DTC (x2)

Clock Generation

SRAM Parity Check
ECC in SRAM
POE

SHA-2 (224/256/384/512), SHA-3

Secure Debug
On-chip Oscillator

DC-DC Converter

First Stage Boot Loader
Clock Frequency

Accuracy Measurement
CRC Calculator

OTP (Immutable storage)

Low Power Modes TrustZone | EFP support

ELC IWDT CMAC/HMAC/GMAC
Interrupt Controller Data Operation Circuit DPA/SPA Side Ch. Protection
MRAM Area Protection
VBAT

ADC Self Test
Permanent Lock Function
Programmable Voltage Detector

Package

BGA 224/ 289/ 303

Figure 8.

211

Example of Key Features in RA8D2 MCU

Key Graphics Features of the RA8D2

The RA8D2 MCUs integrates a comprehensive graphics subsystem optimized for advanced HMI and Vision
Al applications. Key components include a high-resolution TFT-LCD controller (GLCDC) with parallel RGB and
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MIPI-DSI interfaces, a 2D drawing engine (DRW), a 16-bit camera interface (CEU), and multiple external
memory interfaces for flexible display configurations.

The GLCDC supports display resolutions up to 1280 x 800 (WXGA) and can drive both RGB and MIPI-DSI
panels. The 2D drawing engine accelerates rendering of graphics primitives such as lines and polygons, and
supports operations like alpha blending, rotation, scaling, and color conversion to reduce CPU workload. The
camera interface enables image capture and format conversion for sensors up to 5 megapixels.

On-chip 2 MB SRAM provides frame buffer storage for WVGA (800 x 480) displays, while external SDRAM
enables higher-resolution graphics rendering. The xSPI-compliant OSPI interface with Execute-In-Place (XIP)
and Decryption-On-The-Fly (DOTF) features ensure fast and secure access to external graphics assets.

Software integration is supported through the Renesas Flexible Software Package (FSP) with Azure RTOS
GUIX, providing a robust framework for building high-quality embedded GUIs. GUIX offers advanced widgets,
animation, touch input handling, and efficient rendering pipelines. The RA GUIX middleware in FSP ensures
optimized performance and seamless operation across RA devices

2.1.2 RAS8D2 Evaluation Kit
The EK-RA8D2, an evaluation kit for the RA8D2 MCU Group, enables users to evaluate the features of the

RA8D2 MCU Group and develop embedded systems applications using Renesas' Flexible Software Package
(FSP) and e2 studio IDE.

The kit consists of three boards (and required connections): the EK-RA8D2 board featuring the RA8D2 MCU
with on-chip graphics LCD controller, the Parallel Graphics Expansion Board 1 featuring a 1024x600 TFT LCD
with a capacitive touch panel overlay, and a camera expansion board OV5640 featuring a 5M pixels CMOS
image sensor.

The EK-RA8D2 board comes pre-programmed with a Quick Start example project. Please refer to the EK-
RA8D2 Quick Start Guide for instructions on importing, modifying, and building the Quick Start example project.

For more examples demonstrating the operation of the modules on the EK-RA8D2, check out the EK-RA8D2
Example Projects Bundle document, which can also be found on the Renesas website.

2.2 Graphics Overview

The RA8D2 supports multiple graphics output options, including the parallel RGB interface through the on-chip
Graphics LCD Controller (GLCDC) and the high-speed MIPI-DSI interface. Each interface offers distinct
advantages in terms of resolution, performance, and system design tradeoffs.

The multifunctional GLCDC supports multiple data formats and panel types, making it well-suited for flexible
graphics designs. Key features include:

e GLCDCO and GLCDC1 bus master function for accessing graphics data

e Superimposition of three planes (single color background plane, graphics 1 plane, and graphics 2 plane)
e Support for various 32- and 16-bit/pixel graphics data and 8-, 4-, and 1-bit LUT data formats

e Digital interface signal output supporting video image sizes up to WXGA (1280 x 800)

For this application, the parallel RGB interface is selected, leveraging the GLCDC to drive a 1024x600 TFT
LCD with touch support.
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GLCDC1 bus Output control block synchronization
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Graphics data Graphics data TCON blogk [T—*LCD-_TCON1
IF block IF block ) e Teons
Data format » LCD_DATAZ3 to
Graphics 1 Graphics 2 conversion LCD_DATAQD
Background screen + < block
generation block
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Screen VEHE Alpha blend VEHE Alpha blend VEHE B orienied
generation [——* block ~— block 5 correction
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data data data
Registers \ Registers Registers Registers
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control
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-
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Clock generator
Y
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block Selector and Leb oLk @ ok
LCD_EXTCLK N divider block - panel clock)
LCDCLK »

Figure 9. GLCDC block diagram
2.3 Application Architecture

The thermostat application runs on the dual-core RA8D2 platform with Azure RTOS ThreadX and GUIX. CPUO
handles all GUI rendering through the GLCDC over a parallel RGB interface to the TFT panel and also controls
display backlight brightness via an FSP GPT (PWM) instance.

Human—machine interaction is processed on CPU1, where touch input from the FT5x06 I1>C controller is
packaged and sent to CPUO via inter-core IPC. CPU1 also acquires RTC and temperature (ADC) values,
updating shared memory and signaling CPUO to refresh the display.

The graphics subsystem combines GUIX with DRW (DAVE2D) acceleration, external SDRAM for frame

buffering, and OSPI flash for graphics assets, ensuring smooth Ul performance while preserving internal
memory for real-time tasks.

The following diagram illustrates the high-level data and control flow of the system.
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( N . -
| Dual Core Graphic Application !
| I
| Graphic Processing on CPUO Touch handling , ADC & Real Time Control on CPU1 | |
| |
;' """""""" 1
, Graphic Framework !
Backlight | I ADC
Framebuffer ‘ GUIX Studio | : Duak-core Data Dual-core Data & Real Touch
Display Init ! | Tramsaction  Transaction Time Handling
Azure RTOS FlestMt ) | Azure RTOS GUIX Port | ! Contrel
! I
v : :
L GPT | [ pavezm | IPC | Rrc |[aoc | [ = ][ ®a |
1 1 5 : 5 :
1 . | GLCDC || SDRAM | . |
| i DSPLB ; |
| 1 ] |
| Renesas Flexible Software Package FSP HAL |
________________________________
-
EK-RABD2

Figure 10. Application Block diagram

In addition to the hardware and communication overview shown above, the application execution flow is
illustrated below.

The flowchart shows how CPUO and CPU1 operate concurrently — CPUO managing GUI and display updates,
and CPU1 handling user input, sensor acquisition, and system logic — while synchronizing through inter-core
messaging and shared memory.
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3.1 Overview

Figure 11.

GUIX Integration and Display Management

Dual-Core Thermostat Application Operation Flow

This section outlines the integration of the Azure RTOS GUIX framework with the RA8D2 graphics subsystem.
It introduces the key software and hardware components involved in display management, and provides a
summary of how GUIX operates in coordination with the GLCDC, DRW engine, and SDRAM framebuffer.

3.2 Configuration Steps

The GUIX stack provides the interface between Azure RTOS GUIX framework and the RA8D2 display
hardware. Configure the rm_guix_port driver to enable GUIX graphics rendering with hardware acceleration

support.
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Project Explorer [ek_ra8d2_graphic_guix_par_cpu0] FSP Configuration X =0 0 Properties
ure RTOS GUIX
Stacks Conflguratlon Generate Project Content
Settings Property Value
— @ New Thread Azure RTOS GUIX Stacks @ MNew Stack > .Qf': Extend Stack > |D Remove v Common
reacs %] Remove = ~ Hardware Acceleration
7y JPEG Codec Support Disabled
Vo HuAL/CUmmDn DRW Engine Support Enabled
4 g_ioport 10 Port (r_iop Max DRW Operations 250
4% Azure RTOS ThreadX Po ( ~ Internal Thread
@ g_ipc_semaphore IPC S A Stack Size 4096
v @ System Thread Priority 1
47 Azure RTOS GUIX Port (rm_guix_port) ; i
< Azure RTOS GUIX -oubp Time Slice 0
4 g_timer_PWM Timer, G¢ System Timer (ms) 10
Y g_0spi_b OSPI (r_ospi_b ® Multithread Support Enabled
~ & lpc Event Handler Thread Yy DIESISuppott Enabied
4 g.ipct IPC (ripo) ‘ I Event Queue Size a8
gtp P 4 g_display Graphics LCD 47 D/AVE 2D Port Interface Enable GX_WIDGET User Data Disabled
v & Touch Handler Thread (r_glcdo) (r_drw)
@ g_ipc0 IPC (r_ipc)
@ @
s A
I |
% Add MIPI DSI Output 4% D/AVE 2D (r_drw)
(Optional)
@

Figure 12. Setting Properties for GUIX Stack

GLCDC configuration requires attention to three key components: Stack configuration, Clock configuration,
and Pin configuration.

1. Settings properties for Graphics LCD.

Project Explorer [ek_ra8d2_graphic_guix_par_cpuQ] FSP Configuration > = O E Properties
Workspace . .
Staim-cgm&uration 0 g_display Graphics LCD (r_gledc)
Generate Project Content
Settings Property Value

@ New Thread @ New Stack > ;% Extend Stack > ~ Input
Threads _ Azure RTOS GUIX Stacks _ APl Info .

ID Remove [-] ID Remove v Graphics Layer 1

v General

v # HAL/Common Enabled Yes

B2
4 g_ioport I/0 Port (r_iop) Horizontal size 1024
42 Azure RTOS ThreadX Pg | Vertical size 600
4 g_ipc_semaphore IPC S| Horizontal position 0

Vertical position 0
Color format RGBS8S (32-bit)

v i@ System Thread -
4% Azure RTOS GUIX
@ g_timer PWM Timer, G
@ g_ospi_b OSPI (r_ospi_ti
~ & Ipc Event Handler Thread @

4 Azure RTOS GUIX Port (rm_guix_port)

> Framebuffer
> Line Repeat

%'9 g_ipc IPC (r_ipc) S gr:a:_mgl_ >
~ & Touch Handler Thread ¢4|— S EEr
P ) 47 D/AVE 2D Port Interface ~ Qutput
& g_ipc0 IPC (r_ipc) (r_drw) © Timing
Horizontal total cycles 1344
® Horizontal active video ¢y 1024
2 f Horizontal back porch cy¢ 161
%9 Add MIPI DSI Output 42 D/AVE 2D (r_drw) pioticonialisynesionallevayl !
(Optional) Horizontal sync signal po Low active
Vertical total lines 635
Vertical active video lines 600
< N Vertical back porch lines 24
Vertical sync signal lines 1
. : Vertical sync signal polari- Low active
Objects 69 New Object > Data Enable Signal Polari High active
i.| Remove Sync edge Rising edge
@ system_msg_queue Queue > Format
@ g_sys_mutex Mutex > Background
@ g_rtc_semaphore Semaphore| > CLut
~ TCON

@ g_touch_semaphore Semapht

Hsync pin select LCD_TCON1
Vsync pin select LCD_TCONO

Data enable (DE) pin select LCD_TCON2
Panel clock source Internal clock (GLCDCLK)
< > Panel clock division ratio 1/8
> Dithering

Summary|BSP|CIDcL=.|Pins‘Intenupts|Event Lian|LinkerSer:tions Stacks Components‘

Figure 13. Setting Properties for GLCDC DISPLAY
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2. Setting pins configuration for GLCD.

oin E@E& P ~J Cycle Pin Group
Type filter text Name value ock g ’
— LCD_DATA3 # P02 7] )
Connecthfty:ESWM,RGMll 2 LCD_DATA4 < P10 ol =
Connecthfty:ESWM,RMll LCD_DATAS < P911 @l =
Connecthfty:BC LCD_DATAG / P912 m @
Connect!v!ty:llC LCD_DATAT 7 P913 o =3
s Connect!v!ty:OSPl LCD_DATAS / P904 o )
Connect!v!ty:PDM LCD_DATA9 s P207 o o
v Conne(t!v!ty:SCl LCD DATA10 # PBO7 @ =
Connect!v!ty:SDHl LCD_DATATT / PBOG i1 =)
Connecthfty:SPI LCD_DATA12 / PBOS o =3
Connecthfty:SSIE LCD_DATAT2 ~ PBO1 o o
Connecthfty:USB Fs LCD_DATA14 / PRO4 m 5]
Connectivity:USB HS LCD_DATA15 # PBO3 o =
7 Debug:JTAG/SWD LCD_DATATE 7 PRO2 o )
Debug:TRACE LCD_DATA17 ~ PROD o @
ExBus:BUS LCD_DATA1S / P707 o =
# ExBusSDRAM LCD_DATA19 /P71 i =)
HMI:CEU LCD_DATA20 < PT12 B =Y
v MG LCD_DATA21 7 PT13 o | @
“ GLCDC LCD_DATA22 7 PT14 ol )
AT LCD_DATAZ3  PT15 o )
InterruptIRQ LCD_EXTCLK # PT10 1) @
. System:CGC_ ) LCD TCOND 7 P806 o o
TRGADC(Digital) LCD_TCON1 / Paos 5] ()
TRGICAC 1CD TCON 2 P07 ol )
TimersAGT | Leo_Tconz Nane ] v
¥ Timers.GPT
Timers.GPT_OPS < >
Pin E®EE P
Type filter text Name Value L
- = Symbolic Name DISP_TCON3
Comment
7 P503 Mode QOutput made (Initial Low)
7 P304 Pull up/down None
+ P505 IRQ None
7 P506 OQutput Type CMOS
# P507 Drive Capacity H
7 P508 Input Latch None
¥ P509 v Input/Output
P510 P513 v GPIO
P51
P512
7 P514
< P515

Figure 14. Setting pins configuration for GLCD
3. Setting Clock for GLCD.

» LCDCLK Src: PLL1R v — LCDCLK Div /2 ~ —= LCDCLK 200MHz

Figure 15. Clock Source Setting
3.3 GUIX Studio Project Integration

Configure GUIX Studio to generate source code and resources for the thermostat application. Follow the steps
below to add the GUIX Studio project to the source code.

1. Copy Azure RTOS GUIX Studio project to e2 studio project (Themostat_ GUIX_EK_RA8D2) by copying
“guix_studio” folder in the application note (AN) folder (FSP_GUIX_Thermostat) and pasting it in the
“ek_ra8d2_graphic_guix_par_cpu0” project.
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Name Date modified Type

File folder

ek_raBd2_graphic_guix_par_dual_core 10/17/2025 3:41 PM

Touch_FT5x06 10/17/2025 3:24 PM

File folder

e folder

Project Explorer X

v 15 ek_ra8d2 _graphic_guix_par_cpu0 [Debug]

it Includes

= src

= script

wor configuration.xml
= ek_ra8d2_graphic_guix_par_cpu0 Debug_Flat.jlink
X| ek_ra8d2_graphic_guix_par_cpu0 Debug_Flat.launch
= ek_raBd2_graphic_guix_par_cpul Debug_Multicore.jlink
-| JLinkLog.log
= ra_cfg.txt

(?) Developer Assistance

Figure 16. Copying the Azure RTOS GUIX Studio Project to e2 studio

2. GUIX Studio project is now in “ek_ra8d2_graphic_guix_par_cpu0” project. In e2 studio, right-click the
“guix_studio” folder and exclude it from the build since it contains the Azure GUIX Studio project, which
will not be built by FSP.

The guix_studio folder holds the GUIX thermostat project, the source of the graphics, and the fonts. The
graphics and the fonts will be used by the GUIX thermostat project when it is compiled by the GUIX Studio
application. The content in this folder will be used in a later step to generate the GUIX .c and .h source
files using the GUIX Studio Application. This folder will not be compiled by e2 studio IDE.
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hd _[é ek_ra8d2_graphic_guix_par_cpu0 [Debug]

4 Binaries 8 Exclude from build O X
[ni¥ Includes
Exclude object(s) from build in the following configurations
B 12 New >
— Go Into Debug
(& ra_gen /| Release
&8 sic Open in New Window
(= Debug Show In Alt+Shift+W »
(= ra_cfg =] Copy Ctrl+C
(&= seript Paste Ctrl+V
i?ti’ configurationxm 3§ Delete Delete
= ek_ra8d2_graphi Source >
|X| ek_ra8d2_graphi Move...
=| ek_ra8d2_graphit Rename... F2
|E| JLinkLog.log g Import..
=l ra_cfg.txt /1 Export..
® Developer Assist B B
" ek ra8d2_graphic.g Build Project Ctrl+B
- R # 1 Refresh F5
= ek ra8d2_graphic_g Select Al Deselect All
Index >
Build Targets >
| Resource Configurations > Exclude from Build... | @ p—
SonEe N Reset to Default..
Team >
Compare With >
Restore from Local History...
PyDev >
&8 C/C++ Project Settings Ctrl+Alt+P
Renesas C/C++ Project Settings >
"S" Run C/C++ Code Analysis
B System Explorer
@ Command Prompt
| Validate
Source >
Properties Alt+Enter
v 5-5 ek_ra8d2_graphic_guix_par_cpu0 [Debug]
t? Binaries Q Exclude from build [m] X
[n) Includes
New , Exclude object(s) from build in the following configuratiol
g3 Go Into Debug
(2 ra_gen Release
&8 src Open in New Window
& Debug Show In AltsShift+W >
(= ra_cfg =| Copy Ctrl+C
= script Paste Ctrl+V
{9:} configurationxm 3§ Delete Delete
|5 ek_ra8d2_graphic Source >
|X] ek_ra8d2_graphic Move...
|= ek ra8d2_graphit Rename... F2
=y Import..
3 Export..
() Developer Assist } )
‘r§ ek ra8d2 graphic g . Build Project Ctrl+B
= R # | Refresh F5
& ek raBd2 _graphic_g Select Al Deselect All
Index >
Build Targets >
| Resource Configurations > Exclude from Build... | @ p—
G 5 Reset to Default...
Team >
Compare With >
Restore from Local History...
PyDev >
3% C/C++ Project Settings Ctrl+Alt+P
Renesas C/C++ Project Settings >
‘S" Run C/C++ Code Analysis
& System Explorer
@ Command Prompt
~| Validate
Source >
Properties Alt+Enter

Figure 17. guix_studio folder contai
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3. Getto “ek_ra8d2_graphic_guix_par_cpu0” project folder by right clicking the e2 studio project and select
“System Explorer”’ as shown below.

%F Debug As >
Team ¥
Compare With ¥
Restare from Local History...

MISRA-C >

W C/C++ Project Settings Ctrl+Alt+P

Save build settings report
Change Device

Run C/C++ Code Analysis
Systern Explorer
Command Prompt

Validate

Configure >

Source >

Properties Alt+Enter

Figure 18. Selecting System Explorer

4. Open thermostat.gpx project file in “guix_studio > GNU” sub-folder in vyour
“ek_ra8d2_graphic_guix_par_core0” folder. If you have several GUIX Studio versions in your system,
make sure you choose the right one, which is v6.4.0.0.

How do you want to open this file?

>[ek_raSd2_graphic_guix_par_cpu[} > guix_studio > GNU I

Keep using this app

Name Date modified 4 GUIX Studio
YT F a3
piay axp

Open

1 Edit with Notepad++ Other options
=B Compare using MobaDiff . i
? J Look for an app in the Microsoft Store
.~ Edit with MobaTextEditor
)a Open with Code
7-Zip > More apps -

% Select Left File for Compare

= .

& _Share Always use this app to open .gxp files
[ Open with... ]

Scan with Sophos Endpoint

OK

Figure 19. Opening the Project File

5. This GUIX Studio project has a complete design of this Thermostat application. The next several steps
describe the process to generate resources, application code and integrate them with an e studio project.
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|Gl Azure RTOS GUIX Studio 6.4.0.0 - thermostat.gxp = m] X
Project Edit Insert Configure Help

‘'m w B ¥ B B B S T L& WEZ DG OQ & K F O

& Theme: "theme 1"

[ thermostat

- display
&3 default_fol o Fonts
i g | 238°C March 20, 2025 # 09:30:00 AM Ehe

@_‘ £ MainPage . [« Pixelmaps
&1-{7] Settings <[> Strings
-1 Splash Thermostat - Help
-] Thermostat

Fan:

AU TO ‘When the fan is set to AUTO it will only turn on when either the heater or the
air conditioning unit tells if to.
NN when the fan is set to on it will continue to circulate the air regardless of
“ ‘whether or not the heater and air conditioning are on.
System:

| OFF If the system is OFF then all heating and cooling units are off. If your fan is set
fH Properties View - to ON then it will not shut off when the system is off.
21 COOL When the system is set to COOL the air conditioning unit will turn on when
needed to meet the "Set to” temperature.

When the system is set to HEAT the heating unit will turn on when needed to
H EAT meet the "Set to" temperature

u
v—

Figure 20. GUIX Studio Thermostat Application View

6. The Azure RTOS GUIX Studio project consists of five screens — Splash, Main Page, Settings, Thermostat,
and Help — as shown in the figures below:

23.8°C March 20, 2025 * 09:30:00 AM

\ Indoor: !
23 . 8lE

RA Set To:

33.0 @

March 20, 2025 Fan: System:
Thursday 09:30:00 AM AUTO OFF

Figure 21. Splash and Main Page Screens

23.8°C March 20, 2025 ® 08:30:00 AM 3.8°C March 20, 2025 % 09:30:00 AM
° Thermostat ° Thermostat

Temperature Units LI indoor: 23, 8 DC

Set Time
——

System:

Fan:
oo

Figure 22. Settings and Thermostat Screens
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23.8°C March 20, 2025 ® 09:30:00 AM

March 20, 2025 ® 09:30:00 AM

° Thermostat - Help e
Thermostat

.
Temperature Units

AUTO When the fan is set to AUTO it will only turn on when either the heater or the
air conditioning unit tells it to.

Display

when the fan is set to on it will continue to circulate the air regardless of
whether or not the heater and air conditioning are on.

an:
[e——————
C Set Time System:
m If the system is OFF then all heating and cooling unis are off. If your fan is set

to ON then it will not shut off when the system is off
Set D ate COOL When the system is set to COOL the air conditioning unit will turn on when
needed to meel the “Sel to” temperature.

HEAT When the system is set to HEAT the heating unit will turn on when needed to
meet the "Set to" temperature

Figure 23. Help Screen
7. Click “Configure->Project/Display” and confirm the following settings.

{} Configure Project x

Directories
Source Files | ../../src/gu_gen browse...
Header Files | ../../src/guix_gen browse...
Resource Files | ../../src/guix_gen browse...
Target CPU w Advanced Settings
Toolchain | GNU ~ | [Jbig endian

Additional Headers ‘ | [msert Before

umber of Displays | 1 : GUIX Library Version E : R E : . E :

Major Minor  Patch

Display Configuration

Display Number IZ = Name | display |

lx resolution pixels y resolution pixels I
1 bpp grayscale 1:5:5:5 forma

2 bpp invert polarity 4:4:4:4 format
O4bpp
(e bpp reverse byte order 3:3:2 format
()16 bpp packed format

24 by
[Mallocate canvas memary Rotation: | None w
()32 bpp

8

Figure 24. Configure Project Settings

8. Go back e? studio project (ek_ra8d2_graphic_guix_par_cpu0), right click “src”, then select “New-
>Folder” and create a folder named “guix_gen”.
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Project Explorer X

Enter or select the parent folder:

ek_ra8d2_graphic_guix_par_cpu0/src
M 11-5 ek_ra8d2_graphic_guix_par_cpu0 [Debug] [ QIapNIC QuIX par o l
#3" Binaries =
(5 Includes ~ 1= ek ra8d2_graphic_guix_par_cpu0 [Debug]
- - - settings
[ guix_studio o 9"
- (= Debug
— & guix_studio
(2 ra_gen Era
B
— I New I > % Project. & rachy
(= Debu Go Into - & ra_gen
= racft LE|NC/Ctroiect & script
_cft i 5 -
& scripl QOpen in New Window ) F ' c'gk S,[de ] 1
(%) Deve Show In Alt+Shift+W> ¢ oo Template = ek_ra _graphwrc_qu\X_par_cDu
— (& ek_ra8d2_graphic_guix_par_dualcore
15 ek_radd: [E| Copy cri+C [ Folder
= ek ra8d: Paste Ctrl+V @ Class
- Lo Delete 14 Header File Folder name: Igum_ger{ |
> .
Source ¢ Source File
Move.. Advanced >>
B3 Source Folder
Rename... F2
9 Example..
Ly Import... = P
1 Export = Other.. Ctrl+N

r

Figure 25. Creating a “guix_gen” in e2 studio Project

9. Confirm “guix_gen” is created before moving to next step.

Project Explorer

o Flé ek_ra8d2_graphic_guix_par_cpul [Debug]
-?i;f' Binaries
[pit Includes
(2 guix_studio
2 ra
2 ra_gen
v (£ src
b = guix_gen |
brightness.c

brightness.h
common_utils.c
commeon_utils.h
hal_entry.c
hmi_event_handler.c

ipc_event_handler_thread_entry.c

FRFEREERE R

ospi_b_commands.h
Figure 26. Confirming Creation of “guix_gen”

10. In Azure RTOS GUIX Studio, click Project->Generate All Output Files to generate resource files, header
files and source files of this GUIX design.
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)Gl Azure RTOS GUIX Studic 6.4.0.0 - thermostat.gxp

 Project | Edit Insert Configure Help

New Project Ctrl+N il .~ Select Export Resources
Open Project Ctrl+0 T =
Save Project Ctrl+S e LM &= Theme: theme—1
Save Project As Shift+Ctrl+S =l |v| display & Colors

—Hw|theme_1

Close Project

Recent Projects

| Generate All Output Files

Generate Resource Files

|| color table

« |font table
v | pixelmap table
v|Languages

|w|English

T Fonts

[£] Pixelmaps
«/» Strings

Generate Specification Files

Exit Alt+F4

HH Properties View = [ 5pecify Resource File Name

[Ibinary mode generate resource header
Binary Mode File Format

(@) 5-Record (Oginary ~ Memory Offset: | 0000

| Cancel Generate

Figure 27. Clicking Generate All Output Files

11. Click Generate to generate all output files. If you succeed, you will see the natification below.

A Notification x

All Output files have been updated.

OK

Figure 28. All Output Files Updated Notification

12. All output files are now in “guix_gen” folder.
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Project Explorer >

o Tf_i} ek_ra8d2_graphic_guix_par_cpul
d;-f' Binaries
[pit Includes
2 guix_studio
> ra
™ ra_gen
v (5 src

¥ [== guix_gen

L] thermostat_resources.c

|ﬂ thermostat_resources.h

.| thermostat_specifications.c
_Jﬂ thermostat_specifications.h

|ﬂ hrightne55.h§

L.e] common_utils.c

lh] common_utils.h
L] hal_entry.c

L€] hmi_event_handler.c

Figure 29. Location of Output Files
3.4 Code Highlights

The graphic layer of the GUIX Thermostat application is implemented using GUIX Studio and Azure RTOS
ThreadX on a dual-core RA8D2 system. Most graphic processing is handled in system_thread_entry.c
(initialization, display setup, framebuffers) and hmi_event_handler.c (widget updates, event handling).

This chapter highlights the key graphic structures and patterns that drive screen updates and provide smooth,
responsive visual behavior.
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o GUI Initialization and Display Setup

/* Configure main display and create root window */
gx_err = gx_studio display configure(DISPLAY,
rm_guix _port hw initialize,
LANGUAGE_EMNGLISH,
DISPLAY THEME 1,

&p_ root);
if (GX _SUCCESS != gx_err)
{
APP_ERR_TRAP(FSP_ERR _ASSERTION):
}

]

/* Assign canvas memory buffer for rendering */
gx_err = gx_canvas_memory_ define(p_root-»>gx window root canvas,
rm_guix_port_canvas,
p_root-»>gx window root canvas->gx_canvas_memory size);
if (GX_SUCCESS != gx_err)
{

}

APP_ERR_TRAP(FSP_ERR_ASSERTION);

Figure 30. GUI Initialization and Display Setup
e Creating and displaying main GUIX widgets

T

/* Create the widget and attached to root window */
gx_err = gx_studio_named_widget_create("Splash", (GX_WIDGET *)p_root, (GX_WIDGET **)&p splash_screen);
if (GX_SUCCESS != gx_err)

APP_ERR_TRAP(FSP_ERR_ASSERTION);
}

gx_err = gx_studio_named_widget create("Settings", GX_MNULL, (GX _WIDGET **)&b settings_screen);
if (GX_SUCCESS != gx_err)

APP_ERR_TRAP(FSP_ERR_ASSERTION);
¥

gx_err = gx_studio_named_widget create("MainPage", GX_NULL, (GX_WIDGET **)&b mainpage_screen);
if (GX_SUCCESS != gx_err)

APP_ERR_TRAP(FSP_ERR_ASSERTION);
¥

gx_err = gx_studio_named_widget create("Thermostat”, GX_NULL, (GX _WIDGET **)&> thermostat_screen);
if (GX_SUCCESS != gx_err)

APP_ERR_TRAP(FSP_ERR_ASSERTION);
}

gx_err = gx_studio_named_widget_create("Help", GX_NULL, (GX_WIDGET **)&p_help_screen);
if (GX_SUCCESS != gx_err)

APP_ERR_TRAP(FSP_ERR_ASSERTION);
}

/* Shows the root window */
gx_err = gx_widget_show(p_root);
if (GX_SUCCESS != gx_err)

APP_ERR_TRAP(FSP_ERR_ASSERTION);
¥

Figure 31. Creating and displaying main GUIX widgets

Additionally, to gain a deeper understanding of how the application handles events, switches screens, updates
text, etc., refer to the functions in the hmi_event_handler.c file. The figures below illustrate examples of the
application's screen transitions and event handling.
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e Screen switching & event focus

T

* Toggles between top level screens defined with .[]
static void toggle_screen(GX_WINDOW *new win, GX_WINDOW *old_win)
{

UINT gx_err = GX_SUCCESS;
if (!mew_win->gx_widget_parent)
{
gx_err = gx_widget_attach(p_root, (GX_WIDGET *)} new win);
if (GX_SUCCESS != gx_err) {
APP_ERR_TRAP(FSP_ERR_ASSERTION);
¥
¥
else
{
gx_err = gx_widget_show( (GX_WIDGET *) new_win);
if (GX_SUCCESS != gx_err) {
APP_ERR_TRAP(FSP_ERR_ASSERTION);
¥
/** User defined events are routed to the widget that has the current]]
gx_err = gx_system_focus_claim(new _win);
if (GX_SUCCESS != gx_err && GX_NO_CHANGE != gx_err) {
APP_ERR_TRAP(FSP_ERR_ASSERTION);
}
¥
gx_err = gx_widget hide((GX_WIDGET *) old win);
if (GX_SUCCESS != gx_err) {
APP_ERR_TRAP(FSP_ERR_ASSERTION);
¥
¥

Figure 32. Screen switching & event focus

e Handle touch event when Thermostat button and Settings button are clicked.

=

@brief Handles all events on the main screen.[]

UINT mainpage_event (GX_WINDOW *widget, GX_EVENT *event_ptr)
{

UINT gx_err = GX_SUCCESS;

switch (event_ptr->gx_event_ type)

{

case GX_SIGMAL(ID_THERMO_BUTTON, GX_EVENT_CLICKED):
/** Shows the thermostat control screen. */
toggle_screen (p_thermostat_screen, p_mainpage_screen);
break;
case GX_SIGNAL(ID SETTINGS BUTTON, GX_EVENT CLICKED):
/** Shows the settings screen and saves which screen the user is currently viewing. */
toggle_screen (p_settings_screen, widget);
break;
case GX_EVENT_SHOW:
/*¥% Update initial text fields according to system settings before the window shows. */
/**% Do default window processing first. */
gx_err = gx_window_event_process(widget, event_ptr);
if(GX_SUCCESS != gx_err) {
while(1);

}
break;
default:
gx_err = gx_window_event_process(widget, event_ptr);
if(GX_SUCCESS != gx_err) {
while(1);
¥

break;

}

return gx_err;

Figure 33. Thermostat button and Settings button clicked
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3.5 Enabling SDRAM Support for Framebuffers

This project uses Azure RTOS GUIX with a framebuffer configuration for a display resolution of 1024 x 600
pixels at 32 bpp, which requires approximately 2.4 MB of memory — exceeding the 1 MB on-chip MRAM
(Code Flash) capacity of the MCU. Therefore, the framebuffer cannot be stored in the internal MRAM and must
be allocated in external SDRAM (512 Mbit = 64 MB) available on the EK-RA8D2 board, providing sufficient
capacity for single or multiple framebuffers as required by the application.

To enable the use of SDRAM for the framebuffer, follow the steps below:

1. Open the project configuration, navigate to the BSP tab, and enable and configure SDRAM.

Project Explorer Properties X 3 § = 8 , [ek_ra8d2_graphic_guix_par_cpul] FSP Configuration
EK-RABD2 Board Support Package Configuration
Settings Property Value i

> RTKABD2KFLCAC
RABD2
RASD2 Device Options L
v RABD2 Family .
~ SDRAM FSP version: |6.1.0
~ Timings Board: EK-RABD2 W 2y
tRAS (cycles) 6 cycles
RCD (cycles) 3 cycles Device: R7KABD2KFLCAC
tRP (cycles) 3 cycles Core: CPUD e
tWR (cycles) 2 cycles
1CL (cycles) 3 gycles RTOS: Azure RTOS ThreadX
tRFC (cycles) 937
tREFW (cycles) 8 cycles
Initialization
SDRAM Support Enabled
Address Multiplex Shift 9-bit shift
Endian Mode Little Endian
Continuous Access Mode Enabled
Bus Width 32-bit

Figure 34. Setting SDRAM Properties

2. In the Graphics LCD settings, set the framebuffer section to .sdram_noinit to allocate it in external

Project Explorer Properties X Z ¢ =0 ,. [ek_ra8d2_graphic_guix_par_cpu0] FSP Configuration
g_display Graphics LCD (r_glcdc) Stacks Configuration
Settings Property Value
API Inf @ Threads 4| New Thread # | Remove =) Azure RTOS GUIX Stacks
me Parameter Checking Default (BSP) v 2% HAL/C
Color Comrection off = HAL/Common 4 Azure RTOS GUIX
v Module g_display Graphics LCD (r, ‘f' g_ioport I/O Port (r_ioport)
@l 4% Azure RTOS ThreadX Port (rm_threadx_port|
Interrupts @ g_ipc_semaphore IPC Semaphore @
~ Input v & System Thread a
~ Graphics Layer 1 42 Azure RTOS GUIX a N
K N 47 Azure RTOS GUIX Port (rm_guix_port)
General 4 g_timer_ PWM Timer, General PWM (r_gpt)
~ Framebuffer 4 g_ospi_b OSPI (_ospi_b)
Framebuffer name  fb_background v & Ipc Event Handler Thread @
Number of framebuff 2 4 g_ipc1 IPC (ripg) T~
5 o ) I I
Section for framebuff .sdram_noinit v & Touch Handler Thread = - -
Line Repeat N i~ g_display Graphics LCD “» D/AVE 2D Port Interface
Fading 9-pc0 IPC (ripc) (glcde) (r_drw)
Graphics Layer 2
Output @ @
cwt T T
TCON %Y Add MIPI DSI Qutput 4% D/AVE 2D (r_drw)
Dithering (Optional)
< >
@
Objects 4| New Object >

Figure 35. Framebuffer allocation in SDRAM

3. After SDRAM is enabled, it will be initialized in the application code by the function
“‘R_BSP_Sdramlnit(true)”.
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= #if BSP_CFG_SDRAM_ENABLED

/* Setup SDRAM and initialize it. Must configure pins first. */
R_BSP_SdramInit(true);

#endif

Figure 36. SDRAM Initialization
4. GUIX Asset Storage in External OSPI Flash

4.1 Overview

Due to the 1 MB MRAM limit on EK-RA8D2, GUIX image and font assets cannot be stored internally without
causing overflow. These resources are therefore placed in external OSPI flash (CS1), while MRAM is reserved
for application and RTOS code. This setup ensures sufficient capacity and reliable non-volatile storage for
graphics assets.

4.2 Configuration Steps
To configure GUIX asset storage in external OSPI flash, perform the following steps:

1. Add and configure OSPI driver as shown in the figures below.

g_ospi_b OSPI (r_ospi_b) Stacks Configuration

Settings Property Value =
o v Common Threads % | New Thread % | Remove [ g_ospi_b OSPI (r_ospi_b) Stacks
e v Memory-mapping Support
- v ' HAL/Common
Prefetch Function Enable o . . 4 g ospi_b OSPI (r_ospi_b)
Combination Function 64 Bytes ﬁ gfoport |/0 Port (r_foport)
[ XiP Support Enable l &7 Azure RTOS ThreadX Port (rm_threadx_port)
Parameter Checking Default (BSP) # gLipc_semaphoret IPC Semaphore (i)
DMAC Support Enable 4 g_ipc_semaphoreD IPC Semaphore Y
. T
Autocalibration Support Enable v @ System Thread - ,
DOTF Support Disable 8 pzure RTOS GUIX %7 Add [Optional] Add % g_transfer( Transfer
PP = =  Azure crypto engine for DOTF (r_dmac) No ELC Trigger
Row Addressing Support Disable 4 g_timer PWM Timer, General PWM (r_gpt)
v Module g_ospi_b OSPI (r_ospi_b) .b\ g.0spi_b OSPI (r_ospi_b) @
b z v @ Ipc Event Handler Thread

Name g_ospi_b
Unit OSPI_BO
Chip Select 1

Write Status Bit b0

Write Enable Bit b1

DS Auto-calibration Pattern Addres: 0x92000000

& gipct IC (ripc)
v & Touch Handler Thread

& q_ipc0 IPC (ripc)

Figure 37. OSPI driver configuration — General settings
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~ Initial Mode

v High-speed Mode

v Read
v Read C d Cod 0x0COC
Command Code 0x0C Dommarl: Io ° 13
Dummy Cycles 2 e
~ Program
~ Program C d Code 0x1212
Command Code 0x12 Dornmar:: | 0
Dummy Cycles 0 e
v Row Load
~ Row Load
Command Code 0x00
Command Code 0x00
3 - 2 Dummy Cycles 0
= l;':my YEES) ~ Row Store
v
QLo Command Code 0x00
Command Code 0x00
T @l 2 Dummy Cycles 0
Wi U';mzl ydes ~ Write Enable
v
rite Enable Command Code 0x0606
Command Code 0x06
ctate Ren v Status Read
v Status Rea Command Code 0x0505
Command Code 0x05
T @l 2 Dummy Cycles 8
; tumEmy ycles ~ Sector Erase
v
ector Erase Command Code 0x2121
Command Code 0x21
Block B v Block Erase
v
BER{-TASE Command Code 0xDCDC
Command Code 0xDC
hin & w Chip Erase
v
'ICj rase e o0 Command Code 0x6060
, tom:”;”d ode S}I:’I o 1s1s Protocol Mode Dual data rate OPI (8D-8D-8D)
rotocol Mode (15-15-15) Frame Format XSPI Profile 1.0
Frame Format Standard
i o o Latency Mode Fixed
Aad;ﬂiy LO eh 4”: Address Length 4 bytes
Addm“ r\:;gtm . . F?es Address MSB Mask 0xFO
2 ress e ai 5 1xb Command Code Length 2 bytes
Somm;” LCode engt N ﬁ;d Status Register 4 bytes
tatus eg!ster D= Status Register Address 0x00
Status Register Address 0x00
Figure 38. OSPI driver configuration — Extended settings

2. Set OSPI pins configuration.

Pin = [ B % Pin

| Type filter text Name Value Lock Link

. Pin Group Selection Mixed

2 "_ B . Operation Mode Hyper Flash
- PD _ ~ Input/Output

7 Other Pins OM_0_C50 None
~ + Peripherals OM_0_CS1 7 P104 ﬂ‘ S
Analog:ACMPHS OM_0_DQS / P01 |ﬁ o)
Analog:ADCO OM_0_ECSINTT # P105 o =)
Analog:ADCT OM_0_RESET  P106 o o

AnalogDAC1Z OM_0_RSTO1 None
CLKOUT:.CLKOUT OM_0_SCLK ~ pa0s of =

CLKOUT:CMPOUT OM_0_SCLKN None
CLKOUT:_E_THPH\’CLK OM_0.5100 / P100 & =N
Connect!v!ty:CANFD OM_0.5101 . pa03 ii‘ )
Connect!v!ty:ESWM,GMII;’MII OM_0_S102 7 P102 |ﬁ )
Connect!v!ty:ESWM,RGMll OM_0_SI03 2 P101 ﬂ‘ =
Connecthfty:ESWM_RMll OM_0_5104 / P102 ﬂ‘ =
(OHHE[thf’[yIB( OM_0_SI05 / P8O0 u‘i‘ )
. (onnettf\ffty:ll( OM_0_SI06 7 P8O2 ii‘ =)
i ‘M—Pm -OSF! OM_0_S107 7 P804 )

OM_0_WP1 MNone

OSPI1

Figure 39. OSPI pins configuration
3. Placing GUIX Resources in External Flash Memory

You need to add the “User Mappings” in configuration.xml > Linker Sections to allocate GUI resource
images in external flash. This is because most image resources generated by GUIX are declared as
constants (GX_CONST).

Choose New User Mapping > OSPI_CS1 > OSPI0_CS1 Constant Data to add New User Mapping to
OSPI CS1.
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o

Linker Section Mapping Configuration Generate Project Content

User Mappings i;_, New User Mapping ;l

Input Section(s) Output Section DRUATHEESH ’
*(.rodata.DISPLAY_THEME_1%) OSPI0_CS1 Constant Data ot ?
*(rodata.FONT_THEME_1%) OSPI0_C51 Constant Data FLASH ?
*(rodata.Help*) (QSPI0_CS1 Constant Data i ?
*(rodata.MainPage®) O Pl e e OSBI0TESD d
*(rodata.Settings®) OSPI0.¢ | OSPI0_CS1 Constant Data OSPI0_CS1 H
"{.rodata.SpIa;h*) OSPI0_( QSPI0_CS1 Code OSPI1_C50 >
“{ rodata THEME 1% OSPI0 ¢ OSPI0_C51 Reserved O5PIN_C51 H

RAM H
Q New User Mapping X SORAM >

Enter the input section name or glob pattern for the new mapping:

OK Cancel

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

Figure 40. Add New User Mapping to allocate GUI resource to OSPI CS1

In this step, user needs to check the name of the data that needs to be allocated to the OSPI CS1 section.
For example, in GUI resource file (src/guix_gen/thermostat_resources.c), there is a const array named
DISPLAY_THEME_1_RADIO_ON_pixelmap_data. User can allocate this array to OSPI CS1 by entering
the name .rodata.DISPLAY_THEME_1* into the input box and click OK, as shown below:

(€] thermostat_resources.c <

52609 =
52618 fifdef LITNA
2 52611 L;‘_tztic GX_CONST GX_UBYTE DISPLAY THEME 1 RADIO_ON pixelmap data[668] = |
52612 else
2 52613 static GX_CONST GX_UBYTE DISPLAY_THEME|1 RADIO_OM_pixelmap_data[668] _ attribute_ ((aligned(4)))
52614 #endif
52615 {
S7R1A Ox83. Oxff. Oxff. @xff. Ox00. 0x07| oxfs. @xf5. @xf2. Ox80. Bxd2. Oxcl. Oxae.
k
B New User Mapping x |

Enter the input section name or glob pattern for the new mapping:

| rodata.DISPLAY_THEME 11 J

Linker Section Mapping Configuration

User Mappings

Input Section(s) QOutput Section
I'(‘loaata.DISPLAY_THEMEJ ") OSPI0_CS1 Constant Data I

Figure 41. Add User Mapping for GUIl resource - rodata

Other arrays in the resource follow a similar pattern. Please continue adding the input sections below in
order to allocate the GUI resource to OSPI CS1 and run the application.
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Table 1 Input sections
*(.rodata.DISPLAY_THEME_1%)
*(.rodata.FONT_THEME_1*)
*(.rodata.Help*)

*(.rodata.MainPage*)

*(.rodata.Settings™)

*(.-rodata. THEME_1%)

*(.rodata. Thermostat*)
*(.rodata.display_theme_1_color_table)

*(.rodata.thermostat_widget_table)

After adding the input section, the linker section will appear as shown below.

0

Linker Section Mapping Configuration Generate Project Content

User Mappings %_| New User Mapping >

Input Section(s) Output Section

#*(rodata.DISPLAY_THEME_1%) OSPI0_CS1 Constant Data

*(rodataFONT_THEME_1%) QSPI0_CS1 Constant Data

*(rodata.Help*) OSPI0_CS1 Constant Data

*(.rodata.MainPage*) OSPI0_CS1 Constant Data

*(.rodata.Settings*) QSPI0_CS1 Constant Data

*(rodata. THEME_1%) OSPI0_CS1 Constant Data

*(rodata.Thermostat®) QSPI0_CS1 Constant Data

*(.rodata.display_theme_1_color_table) OSPI0_CS1 Constant Data

*(.rodata.thermostat_widget_table) OSPI0_CS1 Constant Data

< >

Default Mappings

Input Section(s) Output Section

*(.bss.g_heap) RAM Uninitialized

*(.bss.g_main_stack) RAM Uninitialized

< >

Figure 42. Linker Sections after adding all the input section

Note: The above list is intended only for the generated GUIX source included with this application. Users
can check and modify it according to their corresponding source code to ensure that GUI resources are
allocated to the OSPI CS1 region.

4. Enable Data cache to optimize performance.
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Project Explorer Properties X Z B 5 4 § = 8 ,_ [ek_raBd2_graphic_guix_par_cpu0] FSP Configuration >
EK-RA8D2 Board Support Package Configuration
Settings Property Value
> R7KABD2KFLCAC
RA8BD2
RASD2 Device Options Device
v RA8BDZ2 Family )
SDRAM FSP version: 620
OSPI_B Board: EK-RA8D2 v T
Security
Clocks Device: 7TKASD2KFLCAC
~ Cache settings Core; CPUO “
Data cache Enabled
Data cache forced write-through Enabled RTOS: SEITE ARG MiTE2 ikl
/O Ports
Enable inline BSP IRQ functions Enabled
Main Oscillator Wait Time 8163 cycles
RA Common

Figure 43. Enable Data cache
4.3 Code Highlights

The initialization flow starts with the OSPI driver, sets the OPI protocol, and enters XIP mode to allow direct
access to GUIX assets stored in external flash. The application also initializes OSPI and enables memory
mapping in “system_thread_entry.c”. For details, refer to this file and related OSPI driver sources.

/* Initialize OSPI flash driver */
err = ospi_b_init();

if (err != FSP_SUCCESS)

{

¥

APP_ERR_TRAP(FSP_ERR_ASSERTION);

/* Set OSPI flash to Octal-SPI mode for high-speed access */
err = ospi_b set protocol to opi();

if (err != FSP SUCCESS)

{

}

APP_ERR_TRAP(FSP_ERR_ASSERTION);

/* Enable XIP mode (execute code directly from OSPI flash) */
err = ospi b xip enter();

if (err 1= FSP_SUCCESS)

{

¥

APP_ERR_TRAP(FSP_ERR_ASSERTION);

Figure 44. OSPI initialization
5. PWM Backlight Control

5.1 Overview

This chapter describes how the backlight brightness of the display is controlled using PWM generated by the
GPT timer. The PWM duty cycle is adjusted based on user input from the GUI, allowing efficient backlight
control.

5.2 Configuration Steps

The backlight enable signal (Blen) is connected to pin P514 on the MCU, as shown in Figure 45. To control
this pin, the GPT timer is configured to generate a PWM signal whose duty cycle determines the display
brightness.
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Parallel Graphics Display Connector

V3 BV
n
2[3B], 15[3A] 22k | o o 3[2C], 4[2D], 7[2C], 8[7B], 11[3C], 142D, 16[5A], 18[5C]
90E] 1603B] ¢ PI SNI Ll - law: __w 3[2C], 4[2D], 7[2C]. 8[7B], 11[3C]. 142D, 16[3A], 18[5C]
—1— : {_Poud »3[3B]. 16[38]
) — o
(VSYNCITCOND) T [ 2o [ 10 (CLK)

g{gﬂf 11::32 [DETCOND) il : -} (HSYNCITCONT) ﬁg ﬂ{;é‘:

ols0] & BTTT— (EXTCLE) ER - (TCON3) BT %005

o5D] ¢ TS IDATATET] ER - (DATANED] B a(aD)]

- = (DATAZBA) 17 [ oo [ 18 (DATAZED) =

”[Gc']};[[%lg gnf {_[DATASBS) 10 _: b (DATANBA) > gg”ﬁ >:{g51

o[4D] ¢ BITT S (DATATBT) P - DATABIBG) BT ofem)]

o[E] ¢ a0 S [DATAQIG]) P - (DATAS/GDY o025 9[6C]

o[5C] ¢ TE0F S (DATAIIG) -4~ I (DATAIOIGZ) BT 93]

Q[E:']< BEGT S [DATA1NGS) a7 | & 8 n (DATATZGE) pﬂg-‘; a[sc;
o[8C]. 11[34] & TEEE S [DATATSIGT) D el (DATAT41GE) S TEI S 0[EC], 11[3A]

§7C] ¢ DB S (DATATTRI) ETR -4~ R (DATA1GRO) B0 9920, 1134]

£[60] ¢TI S (DATATSRS) EE - (DATA1SR2) s

0[] ¢ TTIT % (DATAZ1/RS) EER -l R (DATAZORS) 7T % 006C]

£[6C] ¢TI (DATAZIRT] - (DATAZZITE) T pac)

39 4
-8

Figure 45. Parallel Graphics Display Connector with Blen connected to P514

The following steps describe how to configure the GPT timer in the FSP tool and assign pin P514 as the PWM

output for driving the backlight. Refer to the configuration screenshots for detailed settings.

1. Add and configure Timer driver as shown in the figures below.

Settings
APl Info

g_timer PWM Timer, General PWM (r_gpt)

Property
v Common
Parameter Checking
Pin Output Support
Write Protect Enable
v Module g_timer_PWM Timer, General PWM (r_gpt)
v General
Compare Match
Name
Channel
Mode
Periad
Period Unit
~ Output
Custom Waveform
Duty Cycle Percent (only applicable in PWM mode)
GTIOCA Output Enabled
GTIOCA Stop Level
GTIOCB Output Enabled
GTIOCB Stop Level

Value

Default (BSP)
Enabled
Disabled

g_timer_PWM
13

Saw-wave PWM
200

Hertz

50

False

Pin Level Low
True

Pin Level Low

Stacks Configuration

Threads 4| New Thread #| Remove [=]

v ‘_‘ HAL/Common
4 g_ioport IO Port (r_ioport)
:i-ﬁ" Azure RTOS ThreadX Port (rm_threadx_p|
@ g_ipc_semaphorel IPC Semaphore
@ g_ipc_semaphore0 IPC Semaphore
v & System Thread
4 Azure RTOS GUIX
-ﬁ g_timer_PWM Timer, General PWM (r_g
@ g_ospi_b OSPI (r_ospi_b)
v @ Ipc Event Handler Thread
@ g_ipct IPC (r_ipc)
Vv @ Touch Handler Thread
@ g.ipc0 IPC (r_ipc)

< >

Objects % | New Object > ® | Remove

g_timer_ PWM Timer, General PWM

4 g_timer PWM Timer,
General PWM (r_gpt)

®

Input e o
Pin Polarity BsystemisgRaeliciliclie
@ g_sys_mutex Mutex
Interrupts _
Extra Features . g_rtc_semaphare Semaphore
v Pins @ g_touch_semaphore Semaphore
GTCPPO13 None
GTIOC13A None
GTIOC13B P514
Summary | BSP | Clocks | Pins | Interrupts | Event Links | Linker Sections | Stacks | Components
Figure 46. Timer driver configuration

2. Set Timer pin configuration.
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Pin =@ B % Pin =} Cycle Pin Group

Type filter text Name Value Lock Link

Pin Group Selection Mixed
Operation Mode GTIOCA or GTIOCB
v Input/Output
GPT0 GTCPPO13 None
gg; GTIOC13A None
T

T3 GTIOC13B 7 P514 ) =
GPT4
GPTS
GPTE
GPT7
GPT8
GPT9
GPT10
GPT11
GPT12

Timers:GPT_OPS v < >
< >

v ¥ Timers:GPT ~
GPT

Madula nama:r —~DT12

Pin Function | Pin Number

Figure 47. Timer pin configuration

5.3 Code Highlights

The implementation of the backlight control includes the initialization procedure and the brightness adjustment
routines. These routines regulate the PWM duty cycle of the GPT timer to increase or decrease the display
brightness. The implementation is illustrated in the following code example.

1. The function gpt_timer PWM_setup is used to initialize the GPT timer for PWM generation and also to
configure the duty cycle that determines the LCD backlight brightness, as shown in Figure 48.

* @brief This function is setting up GPT/PWM timer{]
static fsp_err_t gpt_timer_PWM_setup(void) // @suppress(“"8.1b, 8.1f Non-API function naming")
{

fsp_err_t err = FSP_SUCCESS;

/* Open GPT */

err = R_GPT_Open(&g_timer PWM_ctrl, &g timer_PWM cfg);
if(FSP_SUCCESS != err)

{

¥

/* Enable GPT Timer */

err = R_GPT_Enable(&g_timer_PWM_ctrl);
/* Handle error */

if (FSP_SUCCESS != err)

{

i)

/* Start GPT timer */

err = R_GPT_Start(&g_timer_ PWM ctrl);;
if(FSP_SUCCESS = err)

{

i

return err;

return err;

return err;

/* Set brightness (LCD backlight) level: 50 = (45+5) */
g gui_state.brightness = 45;
brightness_up(&g_gui_state.brightness);

return err;

Figure 48. Backlight initialization

2. The brightness_up and brightness_down functions in brightness.c are responsible for adjusting the
PWM duty cycle to control the LCD backlight brightness, as illustrated below.
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void brightness_up(uint8_t * p_brightness)

{
fsp_err_t err FSP_SUCCESS;
timer_info_t info {0};
uint32_t duty_cycle_count = 0;
int8 t brightness (int8_t)*p_brightness;

brightness = (int8_t)(brightness + BRIGHTNESS_INC);
if ((uint8_t)brightness > BRIGHTNESS_MAX)
{

brightness = BRIGHTNESS_MAX;
} else
if (brightness < *p_brightness)
{

H
else
{

¥
/* Get the current period setting. */

R_GPT_InfoGet (&g timer PWM_ctrl, &info);

brightness = (100);

/* Calculate the desired duty cycle based on the current period.
* Note that if the period could be larger than
* UINT32_MAX / 10@, this calculation could overflow. */
duty_cycle _count = (uint32_t) ((info.period_counts * brightness)/GPT_PWM_MAX_ PERCENT);

err = R_GPT_DutyCycleSet(&g_timer PWM ctrl, duty_cycle count, GPT_IO PIN GTIOCRE);

if (FSP_SUCCESS == err)
{

¥

*p_brightness = (uint8_t)brightness;

Figure 49. Brightness increase function
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void brightness_down(uint8_t * p_brightness)
{
fsp_err_t err
timer_info_t info
uint32_t duty cycle_count
int8_t brightness

FSP_SUCCESS;

1e};

9;
(int8_t)*p_brightness;

brightness = (int8 t)(brightness - BRIGHTMESS_INC);
if (brightness < BRIGHTNESS_MIN)
{
brightness = BRIGHTNESS_MIN;
} else
if (brightness > (int8_t) *p_brightness)
{

}

else

{
}

brightness (1@);

/* Get the current period setting. */
R_GPT_InfoGet(&g_ timer_PWM ctrl, &info);

/* Calculate the desired duty cycle based on the current period.
* Note that if the period could be larger than
* UINT32_MAX / 108, this calculation could overflow. */
duty _cycle count = (uint32 t) ((info.period_counts * brightness)/GPT_PWM_MAX_PERCENT);
err = R_GPT_DutyCycleSet(&z_timer PWM ctrl, duty cycle_count, GPT_IO PIN GTIOCB);
if (FSP_SUCCESS == err)

*p_brightness = (uint8_t)brightness;

Figure 50. Brightness decrease function
6. Dual-Core Touch Handling

6.1 Overview

In this project, the touch system is handled using dual-core architecture. CPU1 is responsible for receiving
touch input and transmitting the coordinates to CPUO, which handles graphics-related tasks such as screen
transitions and updating display information. This section focuses on how to configure touch across both cores
and highlights key aspects of touch event handling.

6.2 CPUO - GUI Event Handling

6.2.1 Key Configuration
The following highlights illustrate the key configuration steps for handling touch input on CPUO. These steps
provide a reference for setting up graphics event processing based on data received from CPU1.

In this project, IPCO and g_touch_semaphore will be configured to signal touch_handler_thread that there is
touch data sent from CPU1.
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Stacks Configuration

Threads 4 | New Thread | Remove [-]

I’i?; HAL/Common
v & System Thread
47 Azure RTOS GUIX

4 g ospi_b OSPI (r_ospi b}
~ & Ipc Event Handler Thread
4 g_ipc1 IPC (r_ipo)
~ & Touch Handler Thread

_ipc0 IPC {r_ipc)

% g_timer_PWM Timer, General PWM (r_gpt)

Objects 4 | New Object > % | Remove

@ system_msg_gueue Queue

@ g_sys_mutex Mutex

@ g_rtc_semaphore Semaphore

@ g_touch_semaphore Semaphore

Problems Console Smart Browse

g_ipc0 IPC (r_ipc)

r

g_ipc0 IPC (r_ipc) Stacks % | New Stack >

4 g_ipc0 IPC (r_ipc)

@

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

Smart Manual Memory Usage Memory Memary Search

Property

» Common

v Module g_ipc0 IPC (r_ipc)
Name

Settings
APl Info

Channel
Callback
Interrupt Priority

Value

g_ipc0

0
ipc00_callback
Priority 4

Debug

Properties X

U

Generate Project Content

0
co O

REY & 4

Figure 51.

IPC Channel 0 configuration on CPUO0
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Threads

Stacks Configuration

% | New Thread #_| Remove

<

= HAL/Common o)
v & System Thread
42 Azure RTOS GUIX
& g_timer_PWM Timer, General
4 g_ospi_b OSPI (r_ospi_b)
v & Ipc Event Handler Thread
4 g_ipct IPC (r_ipc) v

Objects

% | New Object > #_| Remove

@ system_msg_gueue Queue
@ g_sys_mutex Mutex
@ g_rtc_semaphore Semaphaore

@ g_touch_semaphore Semaphore

Problems

Console

g_touch_semaphore Semaphore

Smart Browser

g_ipc0 IPC (r_ipc) Stacks 4| New Sta

4 gipc0 IPC (r_ipc)

@

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

Smart Manual Memory Usac

Settings Property Value
v Object
MName Touch Semaphore
Symbol g_touch_semaphore
Initial count 0

Figure 52. g_touch_semaphore configuration on CPUO

6.2.2 Code Highlights

The following code highlights illustrate how CPUO receives touch data from CPU1 and updates the GUI

accordingly.

After touch data is sent from CPU1, the ipc00_callback function is invoked to receive the message and notify
the touch_handler_thread to process the touch event.
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void ipc@@_callback(ipc_callback args t *p_args)

{
switch(p_args->event)
{
case IPC EVENT _MESSAGE _RECEIVED:
{
/* Save touch data and wake handler thread */
touch_message = p_args->message;
tx_semaphore_put(&gz touch_semaphore);
break;
¥
default:
break;
h
}

Figure 53. ipc00_callback function

The touch_handler_thread is responsible for processing touch events and sending update requests to the
graphics system.
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void touch_handler_thread_entry{vuidﬂ
{
int err = 8;
UINT status = @;
GX_EVENT gxe = {@};
/* Open IPCO channel for touch data communication with CPU1 */
err = R_IPC_Open(&g_ipc@_ctrl, &g_ipch_cfg);
if (FSP_SUCCESS != err)
{
APP_ERR_TRAP(FSP_ERR_ASSERTION):
¥
while (1)
{
/* Wait for touch data from CPUl wvia IPC */
status = tx_semaphore_get(&g_touch_semaphore, TX_WAIT_FOREVER);
if (TX_SUCCESS != status)
{
APP_ERR_TRAP(FSP_ERR_ASSERTION) ;
¥
/* Process touch coordinates and generate GUIX events */
if(touch_message != OxFFFFFFFF)
{
uintle_t touch_x = (uintle_t)(touch_message & OxFFFF);
uintl6_t touch_y = (uintl6_t)((touch_message »»> 16) & @xFFFF);
gxe.gx_event_payload.gx_event pointdata.gx_point_x = touch_x;
gxe.gx_event payload.gx_event pointdata.gx point_ vy = touch_y;
gxe._gx_event_type = GX_EVENT_PEN_DOWN;
gx_system_event_send(&gxe);
¥
else
{
if (GX_EVENT_PEN_DOWN == gxe.gx_event_type)
{
gxe.gx_event type = GX_EVENT_PEN_UP;
gx_system _event_send(&gxe);
¥
¥
tx_thread sleep(1);
¥
¥

Figure 54. touch_handler_thread Code

6.3 CPU1 - Touch Data Acquisition

6.3.1 Key Configuration

In this project, the display on the RA8D2 board uses the FT5316 touch controller. Since the application only
requires single-point touch handling, the FT5x06 driver files from the “Getting Started with GUIX Thermostat
Application” (R12AN0120) project are reused without modification.
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Project Explorer = Properties

= ek_raSd2_graphic_guix_par_cpu[}§

v ek_ra8d2_graphic_guix_par_cpu’
#;—f' Binaries
[piH Includes
2 ra
(2 ra_gen
v [ src
~ L 1ouch_f 15x06
L€ touch_ft5x06.c
lh] touch_ft5x06.h
E] common_utils.c

lh| common_utils.h

l.e] hal_entry.c

|£] system_services_thread_entry.c
L] touch_thread_entry.c

Figure 55. “touch_ft5x06” folder

The following highlights illustrate the key configuration steps for CPU1 in acquiring touch input and transmitting
coordinates to CPUO.

The pins marked in red below are used for touch panel controller on the LCD board:
e |RQ19 interrupt (P111) is used to trigger touch events.

e |2C channel 1 (P512, P511) is used to read and write data to the touch controller. P606 is used to
reset the touch controller.

Parallel Graphics Display Connector
P3V3 BsY
1
9[3B], 16[3A ; - PSIL/SDAT YB[2C]. 4[2D]. 7[2C]. 9[7B], 11[3C], 14[2D], 16[5AL 18[5C]
9[2B]. 16[3B o0 PS12/SCLL P[2C]. 4[2D]. 7[2C]. 9[7BL. 11[3C]. 14[2D]. 16[5AL 18[5C]
lee (BESET L) P05 >O[3B) 16[3B]
oo
(VSYNC/TCONO) EH <4l BT TIx -
g%gg% s CDETCOND) il 'g; 3 (ESYNCTTCONT o520 g%éﬁ}
9I6C] CPTI0_ -~ 1o ; AT BB 2o0E]
B S i s —_ B
" o[6D]< Po11 -RAIAD/ED) ?‘:_ pa = LALAAE) PO10_99[6D]
o[sD]< Fa13 SLDATATBT) i - (DATAG/BE) 5913 59[D]
o[2B] P07 S-RAIAYIGT) SER -4 I (DATABIGO] P09 0[5C]
0[3] O PR0s SDAIALLGE) D | oel D (DATA10IG2) 5B 9130
981 PBOI I-DAIA13/GH) 27 ool 2 (DATA12/G4) FBO05 9 9[3C)
9[8C]. 11[3A] ¢ PBO3 I-mAIALICT = Lo @1 sl PB4 9[8C]. 11[34]
9[8C]{ FBO0 -LRAIAIZRT) o0 LNV PB02_>9[3C]. 11[3A]
ol6C] < BT1T S (DATATIRY) ;3 s'e )-; (DATA18/R2) B30T 9(6E)
o16C] & FTIT S-RALAZI/RE) S leels (DATAZORS) BT S 016C]
91601 715 SLDAIAZIRT) T Tee '3'!4; (DATADIRE) 57115 9[6¢]
q
Figure 56. Pins Used in Touch Panel Controller
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Setting the External IRQ Properties

g_touch_irq External IRQ (r_icu) Stacks Configuration

Settings Property Value
APl Info v Common Threads % | New Thread % | Remove (= g_touch_irq External IRQ (r_icu) Stacks
Parameter (he_(kmg : Default (BSP) -~ '4? RAL/Commen
v Muﬂ::'e‘eg,tuu(h,qu External IRQ (r_icu) e & a_ioport /O Port (r_ioport) '17 (gr::::)chjm External IRQ
Channel 19 42 Azure RTOS ThreadX Port (rm_threadx_port)
Trigger Falling 4 g_ipc_semaphore IPC Semaphore )
Digital Filtering Disabled v i@ Touch Thread
Filter Source PCLK filter < g_i2c_touch 12C Master (r_iic_master)
Digital Filtering Sample Clock (Only valid when | PCLK / 64 I-i? g_touch_irq External IRQ (r_icu) l
Callback touch_irq_cb P 0.ipc0 IPC (r_ipe)
Pin Interrupt Priority Priority 5 v @ System Services Thread
~ Pins @ g_ipct IPC (r_ipo)
IRQ19 P 4 g_rtc Realtime Clock (r_rtc)
etk o % g_adc ADC Driver on r_adc_b
Objects %] New Object >
® g_touch_semaphore Semaphore
® g_i2c_semaphore Semaphore
@ g_timer_semaphore Semaphore
Pin i= M B % Pin
| Type filter text Name Value Link
Symbolic Name
l v P111 I -~
 P112 Comment
v_ o113 Mode IRQ mode
 P114 Pull up/down Input pull-up
' P115 IRQ IRQ19
) ;2 Output Type CMOS
Drive Capacity L
v P3 .
o4 Input Latch None
, s v Input/Output
P111 ¥ IRQ_IRQ19 o
v ¥ P6
Pe00
Pe01
P&02
Pe03
PE04 Module name: P111
P05 Port Capabilities:  GPT9: GTIOC9A
v P6D6 v IRQ: IRQ19
i, CMnMmATY
Pin Function | Pin Number
Summary | BSP | Clocks | Pins | Interrupts | Event Links | Linker Sections | Stacks | Components
Figure 57. Settings External IRQ Properties
Setting Properties 12C Master Driver on r_iic_master
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g _i2c touch 12C Master (r_iic master)

Settings
APl Info

Property
~ Common

Parameter Checking

DTC on Transmission and Reception

10-bit slave addressing
v Module g_i2c_touch 12C Master (r_iic_master)

Name

Channel

Rate

Custom Rate (bps)

Rise Time (ns)

Fall Time (ns)

Duty Cycle (%)

Slave Address

Address Mode

Timeout Mode

Timeout during SCL Low

Callback

Interrupt Priority Level
v Pins

scu

SDA1T

Value

Default (BSP)
Enabled
Disabled

g_i2c_touch
1

Fast-mode
0

120

120

50

0x38

7-Bit

Short Made
Enabled
touch_i2c_callback
Priority 6

P512
P511

Stacks Configuration

Threads % | New Thread .| Remove [

v ‘. HAL/Common
£ g_ioport 1/0 Port (r_ioport)
'1‘9 Azure RTOS ThreadX Port (rm_threadx_port)
@ g_ipc_semaphore IPC Semaphore
~ @ Touch Thread
I'i} g_i2c_touch 12C Master (r_iic_master) ]
& g_touch_irq External IRQ (r_icu)
'i} g_ipc0 IPC (r_ipc)
Vv & System Services Thread
4 g_ipct IPC (r_ipc)
'i} g_rtc Realtime Clock (r_rtc)
@ g_adc ADC Driver onr_adc_b

Objects 4% | New Object >

@ g_touch_semaphore Semaphore
@ g_i2c_semaphore Semaphore
@ g_timer_semaphore Semaphore

g_i2c_touch 12C Master (r_iic_master) Stacks

(i)

'iﬁ' g_i2c_touch 12C Master (r_iic_master)

t4

@

g_transfer0 Transfer
(r_dtc) ICT TXI (Transmit
data empty)

= g_transfer1 Transfer
(r_dtc) 1IC1 RXI (Receive
data full)

®

Figure 58. Setting Properties 12C Master Driver

In the project configuration, semaphores are used for 12C (by the ft5x06 driver to read data on touch-panel
interrupts) and for Touch (to signal the Touch thread when a touch event occurs).
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Stacks Configuration

Threads @NewThread @Remove =

g_i2c_touch 12C Master (r_iic_master) Stacks

Generate Project Content

@ New Stack > :@: Extend Stack > ID Remove

v S} HAL/Common *
d? g_ioport IO Port (r_ioport)
49 Azure RTOS ThreadX Port (rm_thi
$ g_ipc_semaphore IPC Semaphori
~ & Touch Thread
4 g_i2c_touch I12C Master (r_iic_ma
dg g_touch_irg External IRQ (r_icu)

ﬁ? g_transfer0 Transfer

$ g_transfer1 Transfer

) i i o (r_dtc) IC1 TXI (Transmit (r_dtc) IIC1 RXI (Receive
@ o inc0 IPC (r inc) data empty) data fully
< >
® @
Objects 4| New Object » % Remove
@ g_touch_semaphore Semaphore
@ g_timer_semaphore Semaphore
Summary ‘ ESP|CIuck5 ‘ Pins ‘ Interrupts ‘ Event Links | Linker Sections | Stacks | Components
Problems Console Smart Browser Smart Manual Memory Usage Search Properties X ™3 = a8
RIEY &4 &
g_i2c semaphore Semaphore
Settings Prupe!'ty Value
Name 12C Semaphore
Symbol g_i2c_semaphare
Initial count 0

Stacks Configuration

Threads @NewThread :DRemDve =]

g_i2c_touch 12C Master (r_iic_ master) Stacks

Generate Project Content

@ New Stack > :-4‘2 Extend Stack > lD Remove

hd &‘i HAL/Common ~
&£ g_ioport I/O Port (r_ioport)
42 Azure RTOS ThreadX Port (rm_thi
@ g_ipc_semaphore IPC Semaphon
~ i Touch Thread
4 g_i2c_touch 12C Master (r_iic_ ma
'$° g_touch_irg External IRQ (r_icu)

ﬁ? g_transfer0 Transfer
(r_dtc) IC1 TXI (Transmit

ﬁ? g_transfer1 Transfer
(r_dtc) IIC1 RXI (Receive

. A incO IPC (1 ineY S 4 data empty) data full)
Objects 4] New Object > 3] Remove
|ﬁ ig_touch_semaphore Semaphon-al
g_l2c_semaphore Semaphore
@ g_timer_semaphore Semaphore
Summary‘BSP‘Clucks‘Pms‘lntelrupts‘Event Links | Linker Sections | Stacks | Companents
Problems Console Smart Browser Smart Manual Memory Usage Search Properties X 3 = 0
DIEY &4 §
g_touch_semaphore Semaphore
Settings Property Value
v Object
Name Touch Semaphore
Symbol g_touch_semaphore
Initial count 0

Figure 59. Configuration of g_touch_semaphore and g_i2c_semaphore on CPU1

Similarly to CPUQ, IPCO is also configured to exchange data between the two cores.
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Stacks Configuration

0

Generate Project Content

Threads

% | New Thread .| Remove [-] g_ipc0 IPC (r_ipc) Stacks

% | New Stack »

~

& g_ipc_semaphore IPC Semaphore
v & Touch Thread
"B g_i2c_touch 12C Master (r_iic_master)
£ g_touch_irg External IRQ (r_icu)
v & System Services Thread
4 g_ipct IPC (ripo)
"B g_rtc Realtime Clock (r_rtc)
& g_adc ADC Driver onr_adc_b

@ g_ipc0 IPC (r_ipc)

@

<

Objects % | New Object >

@ g_touch_semaphore Semaphore
@ g_i2c_semaphore Semaphore
@ g_timer_semaphore Semaphore

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

Problems Console Smart Browser Smart Manual Memory Search Properties > ™%
R
g ipc0 IPC (r ipc)
Settings Property Value
o ~ Common
nfo
Parameter Checking Default (BSP)
~ Maodule g ipc0 IPC (r ipc)
Name g_ipc0
Channel 0
Callback NULL
Interrupt Priority Disabled

Figure 60.
6.3.2 Code Highlights

IPC Channel 0 configuration on CPU1

The following code highlights show how CPU1 reads touch input and transmits coordinates to CPUO, ensuring

timely and accurate data delivery.

while (1)
{
/* Wait for touch interrupt */

if (TX_SUCCESS != status)
{

¥

APP_ERR_TRAP(FSP_ERR_ASSERTION);

/* Read and encode touch data for IPC transmission */
ft5x06 payload get(&touch_data);

uint32 t touch message = 8;

if (1 == touch_data.num_points)

{
touch_message = (uint32 t)touch data.point[@].x |
((uint32 t)touch_data.point[@].y << 16);
¥
else
{
touch_message = OxFFFFFFFF;
¥

/* Send touch data to CPU® */
R_TIPC MessageSend(&g_ipc@ ctrl, touch message);

tx_thread_sleep(1);

status = tx_semaphore_get(&g_touch_semaphore, TX_WAIT_FOREVER);

Figure 61. Sending touch event to CPU0
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7. Dual-Core RTC/ADC Processing

7.1 Overview

In this project, both the Real-Time Clock (RTC) and Analog-to-Digital Converter (ADC) are handled in a dual-
core manner. CPU1 is responsible for acquiring raw data (such as time updates from the RTC or sampled
values from the ADC), while CPUOQ processes this information and updates the application logic accordingly.
This section explains the configuration of RTC and ADC in a dual core environment and highlights the main
implementation details.

7.2 CPUO Processing

7.2.1 Key Configuration

The following highlights illustrate the key configuration steps for handling RTC and ADC events on CPUO.
Similar to the touch input flow, IPC1 and g_rtc_semaphore are configured to notify the handler thread when
data is sent from CPU1.

Stacks Configuration Generate Project Content

Threads %] New Thread ] Remove [= g_ipc1 IPC (r_ipc) Stacks %] New Stack >

%" HAL/Common - -
& System Thread # glipct IPC wipo)
~ & Ipc Event Handler Thread

t* g_ipcl IPC (r_ipc) @

~ & Touch Handler Thread
4 g_ipcd IPC (r_ipc)

< >

Objects 4% | New Object > #_| Remove

@ system_msg_queue Queue

@ g_sys_mutex Mutex

@ g_rtc_semaphore Semaphore

@ g_touch_semaphore Semaphore

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

Problems Console Smart Browser Smart Manual Memory Usage Memory Memory Search Properties X ™ = 8
g ipc1 IPC (r_ipc)
Settings Property Value
b v Common
Parameter Checking Default (BSP)
w Module g_ipc1 IPC (r_ipc)
MName g_ipci
Channel 1
Callback ipc01_callback
Interrupt Priority Priority 4
Figure 62. IPC Channel 1 configuration on CPU0Q
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% | New Thread % Remove g_ipc1 IPC (r_ipc) Stacks % | New Stack >
Threads

B HAL/Common 4 g_ipct IPC (ripc)

& System Thread

v & Ipc Event Handler Thread @
4 g_ipcl IPC (r_ipo)

~ & Touch Handler Thread

4 g_ipc0 IPC (r_ipc)

Objects < | New Object > .| Remove

@ system_msg_gueue Queue
@ g_sys_mutex Mutex

|® g_ric_semaphore Semaphore |

@ g_touch_semaphore Semaphore

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

Problems Console Smart Browser Smart Manual Memory Usage Search Properties

g_rtc_semaphore Semaphore

Settings Property Value
v Object
MName RTC Semaphare
Symbol g_rtc_semaphore
Initial count 0

Figure 63. g_rtc_semaphore configuration on CPUO

To enable inter-core data exchange for RTC and temperature values, a shared memory region is configured.
This memory space allows CPU1 to store the acquired data and CPUO to access it for further processing and
GUI updates.

Iv_r [ek_ra8d2_graphic_guix_par_dualcore] Solution Configuration X I

Memories
Name Start Size Core Security
RAM_NS 0x32000000 0x1D4000 Non-secure
a
v D RAM 0x22000000 0x1D4000 Secure
= RAM CPU0 S (022000000 OxDA000 (=i} Secure
=%, SHARED_MEM 0x220D8000 0x8000 CPUD Secure I
= RAM_CPU1S 0x220EQ000 0xF4000 CPU1 Secure
FLASH_NS 0x12000000 0x100000 Non-secure
a
I X ecure
[0 FLAsH 0x02000000 0x100000 S
. | X x lon-secure
[ DATA_FLASH_NS 0x37000000 0x0 N
DATA_FLASH 0x27000000 0x0 Secure
a
SDRAM 0x68000000 0x8000000
a
) ¢ X
[0 ospio_cso 0x80000000 0x10000000
| X X
[ osPI0_Cs1 0x30000000 0x10000000
A ncma ren AwTNANNNNN Auonannnn

Summary | BSP | Clocks PihsAdjustmehts

Figure 64. Shared memory configuration

7.2.2 Code Highlights

Upon receiving the time and temperature update event from CPU1, ipcO1_callback retrieves the updated
values from shared memory and signals ipc_event_handler_thread for display update.

RO1AN8194EU0100 Rev.1.00 Page 43 of 61
Dec.19.25 RENESAS



Renesas RA Family Getting Started with GUIX Thermostat Application for EK-RA8D2

void ipc@l_callback(ipc_callback args t *p_args)
{
switch (p_args-»event)
{
case IPC EVENT IRQ@:
/* Release semaphore when CPU1 acknowledges */
R_BSP_IpcSemaphoreGive(&g ipc_semaphore);
break;
case IPC EVENT IRQ1:
/* Copy sensor data and wake handler thread */
g gui_state.time = share_memory->current_time;
g _oui_state.temp_c = ADCTEMP_AS_C(share_memory->temperature);
tx_semaphore put(&g rtc_semaphore);
break;
default:
break;
}
¥

Figure 65. ipc01_callback function

void ipc_event_handler_thread_entry(void)

{

fsp_err_t err = FSP_SUCCESS;

UINT status = 8;

/* Open IPC1 channel to CPU1 for sensor data */

err = R_IPC Open(&g_ipcl ctrl, &g ipcl cfg);

if (ESP_SUCCESS != err)

{
APP_ERR_TRAP(FSP_ERR_ASSERTION);

}

while (1)

{
/* Wait for sensor data from CPU1 */
status = tx_semaphore_get(&g_rtc_semaphore, TX_WAIT_FOREVER);
if (TX_SUCCESS != status)
{

APP_ERR_TRAP(FSP_ERR ASSERTION);

}
/* Update GUI with time and temperature */
tx_mutex get(&g sys mutex, TX WAIT FOREVER);
send_hmi_message (GXEVENT _MSG_TIME UPDATE);
tx_mutex _put(&g sys mutex);
send_hmi_message (GXEVENT_MSG_UPDATE_TEMPERATURE) ;
/* Acknowledge CPU1 */
R_TIPC_EventGenerate(&g_ipcl_ctrl, TPC_GENERATE _EVENT_IR(Q1);
tx_thread_sleep(1);

¥

}

Figure 66. ipc_event_handler_thread code

In addition, CPUO also receives user requests for time adjustment and forwards them to CPU1 for updating
RTC.
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[@ system_thread_entry.c X ]

oo

S switch (p_message->msg_id.event_b.class_code)

S case 5F_MESSAGE_EVENT_CLASS TIME:
{

S switch (p_message->msg_id.event_b.code)

= case SF_MESSAGE_EVENT_HOUR_MODE_TOGGLE :
g_gui_state.hour_mode = (system_hour_mode_t)(!g_gui_state.hour_mode);
tx_mutex_get(&g sys_mutex, TX_WATIT_FOREVER);
g gui_state.time = share_memory->current_time;

@D~ R WwN

/* Send GUIX event to update time */
send_hmi_message (GXEVENT _MSG_TIME UPDATE);
tx_mutex_put(&g_sys_mutex);
break;

case SF MESSAGE EVENT SET TIME:

= case SF_MESSAGE_EVENT_SET_DATE:

{

@ W0~ OB W N e

/* Update time */
err = safe_semaphore_take(&g_ipc_semaphore);
adjust_time(&p_message->msg_payload.time_payload.time);

/* Get date, time and Send GUIX event to update time */
tx_mutex_get(&g_sys_mutex, TX_WAIT_FOREVER);
g_gui_state.time = share_memory->current_time;
send_hmi_message (GXEVENT _MSG_TIME UPDATE);
tx_mutex_put(&g_sys_mutex);

R_IPC_EventGenerate(&s_ipcl ctrl, IPC_GENERATE_EVENT_IRQ®);
break;

T
Figure 67. Event handling for SET_TIME/SET_DATE in CPUO

7.3 CPU1 Processing

7.3.1 Key Configuration
The following highlights illustrate the key configuration steps for enabling RTC and ADC acquisition on CPU1.
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Setting the Realtime Clock Driver(r_rtc) Properties

0

Stacks Configuration Generate Project Content

Threads % | New Thread % | Remove [ g_rtc Realtime Clock (r_rtc) Stacks 4 | New Stack > # | Remove

& g_touch_irg External IRQ (r_icu) ~
& g_ipc0 IPC (r_ipo)

~ & System Services Thread
& g ipcl IPC (r ipo) (1)
I‘b g_rtc Realtime Clock (r_rtc)l
& g_adc ADC Driver on r_adc_b v

-B g_rtc Realtime Clock
{r_rtc)

Objects 4 | New Object >

@ g_touch_semaphore Semaphore N

@ g_i2c_semaphore Semaphore
\d

@~ tienar Famanhars Camanmkhars

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

Problems Console Smart Browser Smart Manual Memaory Usage Memory Memory Search Debug Properties X = 0

AEY % 4

coa

g_rtc Realtime Clock (r_rtc)

Settings Property Value
v Common
Slinio Parameter Checking Default (BSP)
Set Source Clock in Open Enabled
~ Module g_rtc Realtime Clock (r_rtc)
Name g_rtc
Clock Source LoCo
Frequency Comparison Value (LOCO) 255
Automatic Adjustment Mode Enabled
Automatic Adjustment Period 10 Seconds
Adjustment Type (Plus-Minus) NONE
Error Adjustment Value 0
Callback time_update_callback
Alarm Interrupt Priority Disabled
Period Interrupt Priority Priority 9
Carry Interrupt Priority Priority 12
Pins
< >

Figure 68. Setting Realtime Clock Driver Properties
Setting the ADC Driver (g_adc) Properties

g_adc ADC Driver on r_adc b Stacks Configuration
Settings  ProPerty Value ~
APl Info v Common Threads 4% | New Thread % | Remove [ g_adc ADC Driver on r_adc_b Stacks
Parameter Checking Default (BSP) 2 5 touch.ira External IRQ (icw) S
v Module g_adc ADC Driver on r_adc_b 9-fouch.irg - *} gLadc ADC Driver on
v General @ g.ipc0 IPC {ripc) radcb
G pemion v i System Services Thread
v ADCO @ g_ipct IPC (r_ipc) ()
Conversion Method SAR Mode il
Scan Mode Continuous Scan v
ADC1 < >
ADC Successive Approximation Time
Synchronous Operation Objects 4] New Object >
Calibration 2
Sampling State Table ° g_touch_semaphore Semaphore ~
. gade @ g_i2c_semaphore Semaphore .
& 2 timar camanharn Camanhann
Clock Configuration
Interrupts Summary | BSP | Clocks Pins | Interrupts | Event Links | Linker Sections  Stacks  Components
Dig:ailittey Problems Console Smart Browser Smart Manual Memory Usage
Sample and Hold
Programmable Gain Amplifier ;
User Offset Table [Monitors X %

User Gain Table
Limiter Clipping
v Virtual Channels

v Virtual Channel 0
Scan Group Scan Group 0
Channel Select ADC Channel TEMPERATURE
Sampling State Table ID Sampling State Entry 0
Channel Gain Table Disabled
Channel Offset Table Disabled
Add/Average Mode Disabled
Add/Average Count 1-time conversion (Normal Conversion)
Limit Clip Table Id Disabled
Conversion Data Format Select 12-bit Data Format
Digital Filter Selection Disabled
Input Mode Selection Single-ended Input
Data Sign Selection Signed

Figure 69. Setting the ADC Driver Properties
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IPC1 and g_timer_semaphore are configured similarly to CPUO.

Stacks Configuration o

Generate Project Content

Threads 4 | New Thread % | Remove [ g_ipc1 IPC (r_ipc) Stacks & | New Stack > = Extend Stack > % | Remove

& g_ipc_semaphore IPC Semaphore  *
~ & Touch Thread

& g_i2c_touch 12C Master (r_iic_master,

& g_touch_irg External IRQ {r_icu) (1)

4 g_ipc0 IPC (r_ipc)

v @ System Services Thread
4 g_ipc1 IPC (r_ipc)
4* g_rtc Realtime Clock (r_rtc)

& g_adc ADC Driver on r_adc_b

e

-

Objects €| New Object = 3 | Remove

@ g_touch_semaphore Semaphore
@ g_i2c_semaphore Semaphore
@ g_timer_semaphore Semaphore

Summary|BSP|CIDck5‘Pins||nterrupts|Event Links | Linker Sections | Stacks | Components

Problems Console Smart Browser Smart Manual Memory Search Properties % 7% = O
g
3

g_ipc1 IPC (r_ipc)
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Figure 70. IPC Channel 1 configuration on CPU1
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Figure 71. g_timer_semaphore configuration on CPU1

7.3.2 Code Highlights

CPU1 is responsible for updating the RTC and temperature every second, then writing the values to shared
memory for CPUOQ to display. The code below shows how data is read from the RTC and ADC and stored in
shared memory.
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while (1)

{
/* Wait for RTC 1-second interrupt */
status = tx_semaphore get(&g timer semaphore, TX _WAIT FOREVER);
if (TX_SUCCESS != status)

{
h

APP_ERR_TRAP(FSP_ERR_ASSERTION) ;

/* Update shared memory with RTC time and temperature data */

R_RTC CalendarTimeGet (&g rtc_ctrl, &time);
safe_semaphore_take(&g_ipc_semaphore);

memcpy( (void*)&share_memory.current_time, &time, sizeof(rtc_time t))};
err = R_ADC B _Read(&g_adc _ctrl, ADC CHANNEL TEMPERATURE, &adc_temp data);
if (FSP_SUCCESS != err)

{

}

share_memory.temperature = adc_temp_data;

APP_ERR_TRAP(err);

/* Signal CPU@ that sensor data is ready */
R_IPC EventGenerate(&g ipcl ctrl, IPC GENERATE EVENT IRQI1):

tx_thread_sleep(1);

Figure 72. CPU1 RTC/ADC update to shared memory

Additionally, ipc11_callback is invoked upon a user request to set the RTC time.

void ipcll_callback(ipc_callback_args_t *p_args)
{
switch (p_args-»event)
{
case IPC EVENT IRQ8:
/* Update RTC time and acknowledge */
R_RTC CalendarTimeSet(&g rtc_ctrl, (rtc_time t*)&share _memory.current_time);
R_IPC EventGenerate(&g ipcl ctrl, IPC GENERATE EVENT IRQ®);
break;
case IPC_EVENT_IRQI:
/* Release shared memory semaphore */
R_BSP_IpcSemaphoreGive(&g_ipc_semaphore);
break;
default:
break;
¥
}

Figure 73. ipc11_callback function

Note: For Sections 6 and 7, to better understand dual-core data communication (via IPC or shared memory),
refer to the application note Developing with RA8 Dual-Core MCU (RO1AN7881).

8. Running the Thermostat Application

This section explains how to get the Graphics Thermostat Application for the EK-RA8D2 up and running,
including steps for setting up the hardware and building and running the project in e2 studio.
8.1 Hardware Setup

Connect J1 on the included Parallel Graphics Expansion Board to J1 on the EK-RA8D2. Use the included
screw, if provided, to secure the display connection.

Connect a type C-USB cable to the Debug J10 on the EK-RA8D2 and to the host PC.
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Figure 74. Parallel Graphics Expansion Board 1 connected to EK-RA8D2 Board

On the EK-RA8D2, there is a set of configuration switches (labeled SW4) that selects the operational peripheral
pins on the board based on circuit groups. Refer to the board schematic for a complete understanding of the
peripheral circuit groups.

Ensure that SW4 on the EK-RA8D2 has the settings listed in the table below:

Table 2. Required SW1 configurations for running the Thermostat Application Project

Location | Function Setting | Function Restrictions
SW4-1 PMOD 1 OFF -
SW4-2 PMOD 1 OFF -
SW4-3 Octo-SPI Active OFF Arduino, mikroBUS and Pmod 1 (SPI,
UART)
SW4-4 /IArduino and mikroBUS Connectors OFF Conflict Octo-SPI
nactive
Swa-5 12C Active OFF -
SWa4-6 MIPI Display and Parallel Camera Active | OFF Conflict I3C
SW4-7 Toggles USBFS between Host and OFF -
Device mode
SW4-8 Toggles USBHS between Host and OFF -
Device mode.

8.2 Import and Building the Project
Complete these steps to run and verify the Thermostat Graphics Application on your own EK-RA8D2:

1. Ensure that the application project folder ek ra8d2_graphic_gquix_par_dual_core.zip is downloaded
onto your host PC.
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2. Follow the connection steps from Section 5.1.

3. Open an instance of e2studio IDE.

4. Itn the workspace launcher, either create or browse to the workspace location of your choice and select
it.

In e? studio, navigate to File > Import.

In the Import dialog box select General > Existing Projects into Workspace.

Select root directory ek ra8d2_graphic_guix_par_dual_core.

Make sure the option Copy projects into workspace is selected. Click Finish.

© ©® N o o

Right-click the solution project “ek_ra8d2_graphic_guix_par_dualcore” and select Build Project.
This process may take some time as it sequentially builds both subprojects:
“‘ek_ra8d2_graphic_guix_par_cpu0” and “ek_ra8d2_graphic_guix_par_cpu1’.

8.3 Downloading and Execute to the EK-RA8D2 Kit
To connect and run the code, follow these steps:
1. Connect your PC to the USB port DEBUG using a USB cable.
2. Go to Run > Renesas Debug Tools > Renesas Device Partition Manager.

3. Select Initialize device, choose J-Link as the connection method, and click Run.

8 Renesas Device Partition Manager O X

@ Enter a value for Action and Emulator type

Device Family: Renesas RA

Action
Read current device information Change debug state
Set TrustZone secure / non-secure boundaries
Target MCU connection: J-Link ~
Connection Type: SWD M
Emulator Connection: Serial No ~
Serial No/IP Address:
Debugger supply voltage (V): 0

Connection Speed (bps for SCI, Hz for SWD): 9600
Debug state to change to: Secure Software Development

Memory partition sizes

I:‘ Use Renesas Partition Data file

rowse
Code Secure (KB) 1024
Code NSC (KB) 0
Data Secure (KB) 0
SRAM Secure (KB) 1840
SRAM NSC (KB) 0
SiP Flash Secure (KB) 0
v
Show Command Line Run
® e u’ Close

Figure 75. Initialize RA8D2 using Renesas Device Partition Manager

4. Power cycle the board, Go to Run > Debug Configurations.
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5. Expand Launch Group Click ek_ra8d2_graphic_guix_par_cpu1 Debug_Multicore Launch Group
> Debug.

6. Click Switch to the Debug perspective when prompted by the e? studio.
7. Click Resume > Resume.

8. You will see the transition from Splash screen to Main Page screen in about 3 seconds.

it U March 20, 2025 & 09:30:00 AM

E Thermostat
Indoor:

23.8°C

Set To:
33.0 &
Fan: System:

AUTO OFF

Figure 76. Main Page Screen
9. Graphics Tradeoffs on the RA8D2

In all embedded graphics applications, realizing a best-case design is about finding a balance between various
factors like resolution, color depth, framerate, bus width, and memory options to find the optimal performance
sweet spot to suit your application needs.

To find the balance between the aforementioned graphic resources, it's integral that the application designer
thoroughly understands the topology of the target MCU. They should have a deep knowledge of how the
graphics framework functions on a high and low level, what internal and external memory resources are
available, and how the bus architecture of the MCU may affect performance. Additionally, they should come
prepared with a list of requirements and constraints for their system and relative priorities.

This section will examine various resource tradeoffs based on the hardware available on RA8D2. Topics cover
comparing MIPI DSI vs RGB interfaces, reviewing the memory options on the RA8D2, and understanding
tradeoff relationships in the context of the RA8D2. The section concludes with a review of the design
considerations when choosing the best-case design for the thermostat application.

This is not meant to serve as a replacement for the deep analysis and decision-making required when creating
your own graphics application. It is meant to provide initial pointers before beginning to create a graphics
application on the RA8D2.

9.1 MIPI DSI vs Parallel RGB

On RA8D2 MCUs, users have the option to interface via parallel RGB or MIPI DSI to drive external displays.
The thermostat application demonstrates how to configure and operate the graphics subsystem to send pixel
data via parallel RGB to the external LCD. While MIPI DSI communication is also supported, the connection
details are outside the scope of this application note but can be found in the RA8D2 Hardware User’s Manual.
This section, instead, will focus on the high-level differences and tradeoffs between the two graphics interfaces
on RA8D2.

Take a look at the block diagram of the graphics subsystem on the RA8D2 in below. The graphics LCD
controller (GLCDC) outputs the framebuffer pixel data via parallel RGB, denoted as LCD_DATAOQ0-23. The
parallel RGB data is routed to output pins on the MCU, and it is also routed as input to the MIPI DSI module.
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The MIPI subsystem converts the pixel data from parallel RGB to send it out of the MCU following the MIPI
specification. It's important to be aware that the GLCDC is a strong candidate for a bottleneck since the
graphics subsystem first routes through the GLCDC, whether it is output as MIPI or parallel RGB.

Graphic domain
MIPI Subsystem
Regulator
MIPI PHY
PLL
(Controller)
K— DRW 4 D-PHY
D-PHY MIPI_CL_P =
CLK £
MIPI_CL_N
@
s MIPI_DLO_P
L= = ol
k3 LCD_TCONO~3} PPI D-PHY &
k= e ——— Lane 0 rr—— |
@ MIPI DSI -
o LCD_DATADD~23
K GLCDC a MIPI DL1 P
d = D-PHY e 52
LCD_CLK R MIPI_DL1_N
%
DSIL_TE
= |
-
- |
o5
=
N LCD_EXTCLK
Note 1. MIPI DSl is connected to only LCDC_TCONO~2

Figure 77. The GLCDC outputs parallel RGB data, routing to MCU output pins and to MIPI DSI input

MIPI DSI offers advantages in terms of higher data rates, simpler cable designs, lower power consumption,
and better integration into compact systems. However, MIPI DSI may have a higher implementation cost and
may not be suitable for all applications. Also, MIPI DSI requires high clock frequencies (high speed is 720
Mbps/lane), so countermeasures like reducing noise are needed. The parallel RGB interface is simpler and
more cost-effective to implement but may be limited in terms of bandwidth, cable length, and power efficiency,
especially for high-resolution displays. The choice between the two interfaces depends on the specific
requirements and constraints of the display system.

Let’s break down some of the technical aspects and compare how MIPI DSI and parallel RGB excel in their
respective areas:

9.1.1 Data Rate and Bandwidth:

MIPI DSI typically offers higher data rates compared to parallel RGB interfaces. MIPI DSI can achieve multi-
gigabit per second data rates, enabling high-resolution and high-refresh-rate displays.

Parallel RGB interfaces have a limited bandwidth due to the clock rate available for data transmission. This
limits the resolution and refresh rate that can be supported, especially for high-resolution displays.

This analysis applies generally, but please note that on the RA8D2 devices, since everything output by RGB
or MIPI is first routed through the GLCDC, then the rate of the GLCDC output will be the determining factor for
the final data rate. Additionally, on the RA8D2, the maximum achievable throughputs of the MIPI DSI and
Parallel RGB interfaces are equivalent to one another.
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9.1.2 Cable Complexity and Length:

MIPI DSI uses a serial interface, which means fewer wires are needed for communication between the MCU
and the display, resulting in simpler cable designs.

Parallel RGB interfaces require a larger number of wires (one for each color channel plus synchronization
signals), which can lead to cable clutter and increased complexity, especially when driving high-resolution
displays. Additionally, parallel RGB interfaces are limited in cable length due to signal degradation over longer
distances.

While the RGB interface uses more pins and cables, it is the industry standard for graphics, and there will be
more displays available that use a parallel RGB interface instead of a MIPI DSI interface.

9.1.3 Power Consumption:

MIPI DSI typically consumes less power than parallel RGB interfaces due to its serial nature and ability to
utilize lower voltage signaling.

Parallel RGB interfaces may consume more power, especially at higher data rates, due to the need to drive
multiple data lines simultaneously.

9.1.4 System Integration:

MIPI DSl interfaces are commonly found in mobile devices and other compact systems where space is limited.
The compact nature of MIPI DSI allows for easier integration into such systems.

Parallel RGB interfaces are more commonly used in larger display systems such as desktop monitors and TVs,
where space constraints are less of an issue.

9.1.5 Cost:

MIPI DSI interfaces may have a higher initial implementation cost due to the need for specialized hardware
such as MIPI DSI controllers.

Parallel RGB interfaces are often simpler and more straightforward to implement, which can lead to lower initial
costs. However, this might not hold true for high-resolution displays where the complexity of the interface
increases.

9.2 Graphics Configuration Tradeoffs

Optimizing the overall configuration of an embedded graphics application involves carefully considering
graphic trade-offs to meet the specific requirements and constraints of the target application. This section will
generally discuss how resolution, color format, framerate, bus bandwidth, and size of internal SRAM all interact
when trying to pick the optimal design. Any restrictions due to the constraints of the RA8D2 will be mentioned
for each aspect.

9.2.1 Display Resolution

The resolution of a graphics application is based on the number of pixels on the target display. The developer
will need to evaluate the target display and select an MCU with graphics hardware that can support the chosen
display’s resolution. On RA8D2, the resolution is constrained by the GLCDC since it drives the pixel data
output. The digital interface signal output supports video image sizes up to WXGA, or 1280x800 pixels. The
EK-RA8D2 kit is equipped with a parallel landscape display that operates at a resolution of 1024x600 pixels.
The GLCDC must be configured to match this display specification.

Higher resolution screens provide clearer images and can show greater visual details, but they also require
more memory bandwidth and processing power, which can impact framerate and may necessitate a wider bus.
Lowering the resolution can increase framerate by reducing the number of pixels that need to be processed
and rendered per frame. Increasing the resolution increases the amount of data that needs to be transferred
between components on the MCU, and processing may exceed the bandwidth capabilities of a narrower bus.

9.2.2 Color Format

The color format specifies the number of bits that represent the red, blue, and green information for each pixel
on a display. RA8D2’'s GLCDC supports the following pixel formats:

o RGB-888 progressive format (-: 8 bits, R: 8 bits, G: 8 bits, B: 8 bits; 32 bits in total)

o ARGB8888 progressive format (A: 8 bits, R: 8 bits, G: 8 bits, B: 8 bits; 32 bits in total)

o RGB565 progressive format (A: None, R: 5 bits, G: 6 bits, B: 5 bits; 16 bits in total)

o ARGB1555 progressive format (CLUT: 1 bit, R: 5 bits, G: 5 bits, B: 5 bits; 16 bits in total)
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o ARGBA4444 progressive format (A: 4 bits, R: 4 bits, G: 4 bits, B: 4 bits; 16 bits in total)
e CLUTS8 progressive format (CLUT: 8 bits)

e CLUT4 progressive format (CLUT: 4 bits)

e CLUT1 progressive format (CLUT: 1 bit)

e CLUT memory: 512 words x 32 bits per graphics plane (ARGB8888)

b31 b24|b23 b16|b15 b8 | b7 b0
ARGBB8888 (32 bits/pix) A value: 8 bits R value: 8 bits G value: 8 bits B value: 8 bits
RGB888 (32 bits/pix) Invalid data: 8 bits R value: 8 bits G value: 8 bits B value: 8 bits
(n + 1)ipixels nipixel
. . Avalue: | Rvalue: | Gvalue: | Bvalue. | Avalue: | Rvalue. | Gvalue: | B value:
ARGBA4444 (16 bits/pix) avits | abits | abits | abis | 4bits | abis | abis | abis
(n + 1)lpixels nipixel
; 1 ciur]l R value: G yalue: B value: [cul R value: G value: B value:
ARBEISSS (16 bits/pi) 10t| 5 bits 5ibits soits |1t sbits % bits 5 bits
(n + 1)|pixels n|pixel
2 i R value: G vdlue: B value: R value: G value: B value:
RG8563 (Tobilsiph:) 5 bits 6 Hits 5 bits 5 bits 6 Bits 5 bits
(n + 3) pixels (n + 2) pixels (n + 1) pixels n pixel
CLUTS (8 bits/pix) CLUT value: 8 bits CLUT value: 8 bits CLUT value: 8 bits CLUT value: 8 bits
(n + 7) pixels (n + B) pixels ----------ncememeeeeee (ni+ 1) pixels n pixel
. : CLUT value: |CLUT value JCLUT value: JCLUT value: JCLUT value: JCLUT value: |CLUT value: JCLUT value:
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n+31 n+30:- feersimssssssssmnnniniins “n+1n
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Figure 78. Pixel data formats of the RA8D2 GLCDC

The external Parallel display accepts pixel data input in the 24 bits per pixel (bpp) format RGB888. The default
FSP configuration for the output of the GLCDC, therefore, is the 24bit RGB888 format. When 16 bpp or lower
are selected for the framebuffer color depth, in the graphics framework, the pixel data is extended to 24bpp
data before output from the GLCDC.

The quality of the final image displayed on the LCD depends on the lowest-quality color format used along the
entire pixel data path. In addition to the display’s color format, it's important to be aware of the color format of
the image bitmaps and the format used by each step of the graphics framework to draw the framebuffers.

Higher-end graphics typically use either RGB565 (65k colors) or RGB888 (16.7M colors). Choosing between
these formats involves a trade-off between color accuracy and resource consumption. Lower bpp formats, like
RGB565, reduce the memory bandwidth and the overall processing time but may result in color banding and
reduced image quality, especially in images with gradients.

In terms of memory, higher bpp formats, like RGB888, require more memory to store the pixel data, which can
strain the available internal SRAM. In terms of processing time, they may achieve slower framerates due to
the increasing amount of data that needs to be processed and transferred for each pixel. It's also critical to
analyze if the graphic system’s bus bandwidth and transfer rate can support the higher bpp color formats and
the desired framerate. Section 6.4 analyzes the choice made for the color format in the context of the
Thermostat Project.

9.2.3 Framerate

The framerate is measured in frames per second (FPS) and refers to the number of times the framebuffer is
refreshed on the display. Unlike the resolution and color format, the framerate is not a pre-set value restricted
by one component on the RA8D2. It depends on the processing capabilities of the graphics framework as a
whole, including the software components like GUIX. It's commonly stated that human eyes can detect flicks
at around 24 fps or lower, so this is a good starting benchmark for the framerate of a graphics application.
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Framerate speed is interrelated to all other features mentioned: the resolution, bpp, bus width, and SRAM.
Higher framerates provide smoother animations and improve the user experience, especially in interactive
applications. However, achieving higher framerates requires a tradeoff with the other aspects. Lowering the
resolution can increase framerate by reducing the number of pixels that need to be processed and rendered
per frame. Choosing a lower pixel depth can increase framerate by reducing the amount of data that needs to
be processed and transferred for each pixel. Higher framerates often require fast access to graphics data,
which can benefit from a larger internal SRAM and from a larger bus width but will increase the overall system
cost.

Framerates also depend on the overall processing consumption of the CPU. When only LCD output is
occurring, then all hardware resources, including the CPU, can be utilized for drawing. However, when several
other system operations are utilizing the CPU, then the graphic hardware resources are strained and aspects
like bus widths and SRAM usage will start to have a larger effect on the framerate. On the RA8D2, the D/AVE
2D hardware module helps to offload some of the drawing tasks from the CPU and increase overall
performance.

9.2.4 Bus Width

Bus width refers to the number of bits that can be transmitted simultaneously between components in the
graphics framework system. The bus width of the buses interfacing between the CPU, GLCDC, DRW, MIPI,
and memory components like the SDRAM, SRAM and OSPI all impact system performance. Developers
should evaluate the bus architecture of the target MCU to understand how the pixel data moves through the
MCU and note any bottlenecks. The following image shows the bus map on the RA8D2:
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Figure 79. Bus map of the RA8D2 indicating commonly used modules for graphics applications

In the RA8D2 MCU group, there are devices with a 16-bit SDRAM bus and devices with a 32-bit SDRAM bus.
The EK-RA8D2 board is based on the 32-bit variant. For more information, visit the Buses section of the
RA8D2 Hardware User’'s Manual.

A wider bus allows for faster data transfer rates, which can improve overall system performance. However,
increasing the bus width may also require more power and board space, which can be limiting factors in
embedded systems with size or power constraints. A wider bus can also improve memory bandwidth and,
along with increased processing, can allow the system to handle higher resolutions and faster framerates more
effectively.

9.2.5 Internal SRAM

The size of internal SRAM (Static Random-Access Memory) directly affects the amount of memory available
for storing graphics data and processing intermediate results. On the RA8D2, the total SRAM is 2 MB (256 KB
of CM85 TCM RAM, 128 KB of CM33 TCM RAM, 1664 KB of user SRAM).

Since there is no hardware JPEG decoder on RA8D2 MCUs, if JPEG images are used, software decoding in
the SRAM region is recommended for optimal performance. In general, the SRAM region is ideal for drawing
framebuffer(s) and performing other intensive processes because it reduces the need to access slower
external memory during rendering.
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When using SRAM to render the framebuffer(s), the color format and resolution are directly related to the
required SRAM size. For example, the following calculation compares the SRAM size required for a double
framebuffer between 32-bit RGB888 and 16-bit RGB565 at a 1024x600-pixel resolution:

2 (framebuffers) x 1024x600 (pixels) x 32 bpp / 8 = 4.88 MB
2 (framebuffers) x 1024x600 (pixels) x 16 bpp / 8 = 2.44 MB

A Larger SRAM allows for buffering graphics data and intermediate results, reducing the need to access slower
external memory during rendering. This, in turn, helps achieve higher framerate performance but also
increases system cost and complexity.

9.3 RA8D2 Memory Options

When creating a graphics application on an embedded system, developers need to carefully consider how to
manage the system's memory usage. This includes where to store the permanent graphic object data for the
code to process and where to store the framebuffer(s) the graphics subsystem draws at runtime. There may
be additional memory considerations depending on the target application, like determining where to store
software-decoded JPEGs and provisioning memory resources to services like Azure RTOS and GUIX. By
selecting the appropriate memory hardware and optimizing memory usage, developers can achieve efficient
performance and meet the requirements of their applications.

Typically, a developer will know the end application’s target resolution and color format and know the graphic
content (total image sizes) required to create the end application. Then, the optimization process involves
choosing the right MCU and external memory devices to meet system requirements. Other times, the order is
reversed, the hardware and its cost will be the design priority, and tradeoffs will need to be made for the other
application features.

In either case, once the target MCU has been chosen, it's essential to evaluate the available memory hardware
options on the MCU and be aware of the connection options for adding additional external memory devices, if
needed.

The RA8D2 supports the following memory options:
¢ 1MB MRAM
¢ 2 MB SRAM (256 KB of CM85 TCM RAM, 128 KB CM33 TCM RAM, 1664 KB of user SRAM)
¢ 512MB external Octo-SPI Flash.
o 128MB external SDRAM with 16/32-bit external memory bus interface.

9.3.1 EK-RA8D2 Memory Devices
The EK-RA8D2 has the following memory devices:

e 1MB MRAM

¢ 1664 KB internal SRAM

e 256 KB of CM85 TCM RAM.

e 128 KB CM33 TCM RAM

e 64MB external Octo-SPI Flash.

e 64MB external SDRAM with a 32-bit bus interface.

As concluded in the previous section, it's impossible to discuss memory considerations without mentioning
how memory is affected by other graphic application factors like screen resolution, color format, and framerate.

Sometimes, you may need to decide whether to place the framebuffer in SRAM or SDRAM. The decision
depends on the framebuffer size (directly related to the resolution and bpp) and the presence of other
resources requiring SRAM memory. If there are time-intensive processes like JPEG decoding, they should be
prioritized to happen in the faster SRAM region. Other programs like Azure RTOS and GUIX may also need
to use SRAM and take up some memory bandwidth.

Higher resolutions and larger color formats increase the footprint of the JPEG framebuffers and the display
framebuffers. If JPEG framebuffers and other processes take up all the limited SRAM space, then the display
framebuffers may need to be kept on external memory like SDRAM, flash, or in the Octal Serial Peripheral
Interface (OSPI) area. Also, a double framebuffer scheme stores twice as much pixel data when compared to
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the single framebuffer scheme, but the benefit of a double buffer is achieving faster framerates and smoother
visual responses.

When you can, keep the display framebuffers stored in internal SRAM, and use the OSPI area or flash region
to store any other graphic objects/bitmaps for the best performance. Adding external memory will increase the
system cost, but more memory can support uncompressed graphic formats and more complex graphic
applications that have a larger number of image objects because you are no longer limited by memory footprint.
If you have the space for them, it's recommended to use uncompressed image formats over compressed
formats, like choosing PNG bitmaps over JPEG bitmaps, because you will achieve faster framerates without
needing to decode the bitmaps at runtime.

Enabling the data cache can improve graphics performance, but cache maintenance must be carefully
managed to ensure deterministic behavior and prevent visual artifacts.

9.4 Thermostat Application Best Case Design

The best-case design for the GUIX thermostat application depends on the system’s predefined constraints and
final image requirements. The design method is to balance resource tradeoffs according to priority to achieve
smooth performance and responsiveness. This section provides insight into the trade-off considerations that
led to the final application design.

It was decided that the project would be built on a dual-core RA8D2 implementation using Azure RTOS
(ThreadX + GUIX and supporting FSP components). The graphical assets of the thermostat application,
including full-screen weather backgrounds, icons, logos, fonts, and interactive controls, were defined in
advance using GUIX Studio to lock visual scope and memory footprint early.

The display resolution was fixed by the 1024x600 parallel RGB panel specification; remaining visual decisions
(color format and update behavior) were shaped by available memory bandwidth and the need to reserve
internal MRAM for code/RTOS rather than large framebuffers. The GLCDC supports both RGB888 and
RGB565; RGB888 was chosen to preserve gradient quality and icon clarity despite its higher buffer footprint.

To support high-resolution images in RGB888 format with smooth transitions, two framebuffers (double
buffering) were placed in external SDRAM, providing sufficient capacity while reserving internal MRAM for
time-critical code, RTOS objects, and small shared structures. In addition, the data cache was enabled to
accelerate memory access and improve overall rendering performance. External Octal-SPI (OSPI) flash is
used to store the GUIX constant graphical assets, significantly increasing available storage for high-quality
graphics and larger image sets without exceeding on-chip limits. This configuration allows the retention of full-
resolution images and multiple GUI objects, while maintaining smooth, tear-free rendering performance for the
GUIX-based thermostat application.
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10. References
e RA8D2 Group User's Manual: Hardware (RO1UH1064).
o EK-RA8D2 Quick Start Guide (R20QS0077).
e Developing with RA8 Dual Core MCU (RO1AN7881).
e Azure RTOS GUIX and GUIX Studio v6.4.0.0.
e EK-RA8D2-v1.0 Schematics.
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11. Website and Support

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

RA Product Information renesas.com/ra

RA Product Support Forum renesas.com/ra/forum

RA Flexible Software Package renesas.com/FSP

Renesas Support 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 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 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

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

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

become possible.
5. Clock signals

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

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

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

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

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

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

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

(Note1) “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.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/.
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