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Introduction

This document provides an overview of the RX DSP Library Version 5.0 and the sample project using RX DSP Library
Version 5.0 on e%studio and CS+.
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1. Overview of RXDSP Library
The RX DSP library Version 5.0 contains the following 5 APIs:

1. Statistical Operation API

2. Filter Operation API

3. Linear Transform API

4. Complex Number Operation API
5. Matrix Operation API

The APIs provide efficient operations using the RX CPU's floating-point and DSP instructions.

1.1 Structure of the Application Note

As shown in Table 1-1, the RX DSP Library Version 5.0 consists of several documents, library files and sample
projects. The library files are optimized for each RXv1, RXv2 and RXv3 CPU and the sample projects are configured

for each CPU.
Table 1-1 Structure of DSP Library

Folder File Descriptions
an-r01an4359ej0100-rx-dsplib r01an4359ej0100-rx-dsplib.pdf This application note
reference_document r01tu0012ej0100-rx-dsplib.pdf Release note

r01uw0200ej0100-rx-dsplib.pdf

User's Manual of RX DSP

Library APIs

r01an4360ej0100-rx-dsplib.pdf

Information of RXv1l DSP
library such as execution

cycle count

r01an4361ej0100-rxv2-dsplib.pdf

Information of RXv2 DSP
library such as execution

cycle count

r01an4362ej0100-rxv3-dsplib.pdf

Information of RXv3 DSP
library such as execution

cycle count
dsplib-rxvl RX_DSP_*.lib Library and header files for
r_dsp_*.h RXv1 DSP library
dsplib-rxv2 RX_DSP_*.lib Library and header files for
r_dsp_*.h RXv2 DSP library
dsplib-rxv3 RX_DSP_*.lib Library and header files for
r_dsp_*.h RXv3 DSP library

RXv1l DSP_Sample_CCRX Sample project files for RXv1

Sample project
(MCU: RX631)

RXv2_DSP_Sample_CCRX Sample project files for RXv2

Sample project
(MCU: RX64M)

RXv3_DSP_Sample_ CCRX Sample project files for RXv3

Sample project
(MCU: RX66T)

There are eight types of library files and eight header files in each CPU’s "dsplib-rxv*" folder.
As shown in Table 1-2, the library files are classified according to the supported FPU, endian modes, and error
checking. As shown in Table 1-3, the header files are categorized into definitions for API exclusive and common. All
common definitions are described in r_dsp_types.h, which is included in each API header file. Refer to "RX DSP
Library APIs Version 5.0 User’s Manual: Software (RO1UW0200)" for detailed information.
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Table 1-2 List of DSP Library files

FPU Endian Error checking Library file name
available Little-endian unavailable RX_DSP_NOFPU_LE.lib
available RX_DSP_NOFPU_LE_Check.lib
Big-endian unavailable RX_DSP_NOFPU_BE.lib
available RX_DSP_NOFPU_BE_Check.lib
unavailable | Little-endian unavailable RX_DSP_FPU_LE.lib
available RX_DSP_FPU_LE Check.lib
Big-endian unavailable RX_DSP_FPU_BE.lib
available RX_DSP_FPU_BE_Check.lib

NOTE: In case of using the floating-point Linear Transform API and/or Complex Number Operation API in
the DSP Library supporting the FPU, “mathf.h” of the standard library is necessary.

Table 1-3 List of DSP Library’s header files

Header file Category | Description

r_dsp_statistical.h API Definitions for Statistical Function API
r_dsp_filters.h exclusive | Definitions for Filter Function API
r_dsp_transform.h Definitions for Linear Transform Function API
r_dsp_complex.h Definitions for Complex Function API
r_dsp_matrix.h Definitions for Matrix Function API

r_dsp_types.h Common | Definitions for structures, error codes and options
r_dsp_ver_info.h Common definitions for all APIs
r_dsp_typedefs.h Data type definitions for DSP Library

RO1AN4359EJ0100 Rev.1.00
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2. Sample Project

The sample projects provide examples of usage of the RX DSP Library.
The RX DSP Library contains sample projects for the RXv1, RXv2 and RXv3 CPUs. This section explains the sample
project for RXv3 as an example.

2.1 Operation Confirmation Conditions
Table 2-1 shows the operation confirmation conditions of the sample project.

Table 2-1 Operation Confirmation Conditions

Item Description
IDE Renesas Electronics e? studio V7.2.0
Renesas Electronics CS+ for CC Vv8.00.00
C/C++ Compiler Renesas Electronics RX Compiler CC-RX V3.00.00
RO1AN4359EJ0100 Rev.1.00 Page 4 of 12
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2.2

Sample Source Files

Table 2-2 shows the sample source files in the sample project.

Table 2-2 List of sample source files

Source file

Description

sample_dsp_main.c

main program of the sample project

sample_dsp_realFFT.c

example to use the floating-point real FFT API

sample_dsp_complexFFT.c

example to use the complex FFT API

sample_dsp_fir.c

example to use the Generic FIR Filter API

sample_dsp_iirbiquad.c

example to use the IIR Biquad Filter API

sample_dsp_iirsinglepole.c

example to use the single-pole IIR Filter API

sample_dsp_iir.c

example to use the Generic IIR Filter API

rFFT_in256_{32.h

input data for floating-point real FFT

windowCoefficient_f32.h

window function coefficients for real FFT

CcFFT_in64_i16.h

input data for complex FFT

NOTE: “sample_dsp_realFFT.c" is effective only when the build configuration supports an FPU.

2.3

Build Configuration

As shown in Table 2-3,the sample project has eight build configurations. The build configurations consist of
with/without FPU, endian and with/without error checking according to each library file.

Table 2-3 List of Debug Configuration corresponding to Library File

Build Configuration FPU Endian | Error Library File

Checking
RXV3 _DSP_NOFPU_LE unavailable | Little- unavailable | RX_DSP_NOFPU_LE.lib
RXV3_DSP_NOFPU_LE_Check endian | available RX_DSP_NOFPU_LE_Check.lib
RXV3_DSP_NOFPU_BE Big- unavailable | RX_DSP_NOFPU_BE.lib
RXV3_DSP_NOFPU_BE_Check endian | available RX_DSP_NOFPU_BE_Check.lib
RXV3 DSP_FPU LE available Little- unavailable | RX_DSP_FPU_LE.lib
RXV3_DSP_FPU_LE_Check endian | available RX_DSP_FPU_LE_Check.lib
RXV3_DSP_FPU_BE Big- unavailable | RX_DSP_FPU_BE.lib
RXV3_DSP_FPU_BE_Check endian | available RX_DSP_FPU_BE_Check.lib

RO1AN4359EJ0100 Rev.1.00
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3. Procedure to Execute the Sample Project

The following describes the steps to build and execute the sample project on each IDE.

3.1 e? studio
This section describes how to use the sample project with e? studio V7.2.0.

3.1.1 Import
Figure 3-1 shows the procedure to import the sample project into e? studio workspace.

workspace - & studic

E Import [m] b4

Bdit Source Refactor Mavigate Search Project Renesa
Alt+ShiftsN > | Select g
Opé#n File... Create new projects frem an archive file or directory. [EI
i Opdn Projects fram File System...
Ctri+W Select an import wizard:
sk All Ctrl+Shift+W type filter text
2 . .

>+ Start the e studio, and select v & Genenal 2

Save 0 5 Archive File

>>
Save menu [E”e] [!mport. . ] ,_—’é:m;grrojects into Workspace
Reves s FileSystem

ﬁ} HEW Project

Select [Existing Projects into Workspace].

Movg.. [C] Preferences
7] Rename... F2 (=} Projects from Folder or Archive
&7 Refredn 5 £ Rename & Import Existing C/C++ Project ihto Workspace
Comebrt Line Delimiters To 5 e Renesas CCRX project conversion to Renefas GCC RX
Taw Renesas C5+ Project for CATEKOR/CATEK]
Prlna Ctrl+P e Renesas C5+ Project for CC-RX and CCAL
= C/C++

(= Code Generator
i Export.. & Git
- v
Properties Alt+Enter = inctall
1 Web Browser [tool-support.renesas.c...]
Switch Workspace >
Restart =
Exit (?) < Back Finish Cancel
Impert ¥

Import Projects P

Select a direcionste

[ @ Jelect ruutdlred[wry: | C\Users\eZ22207\ Desktop\RXv3_DSP_Sam| | | Browse.

Select [Select root
directory:].

() Select archive file: Brow

Select [Select root directory:], and specify the
Projects: directory where the project you want to import is
RAv3_DSP_Sample_CORX (C\Users\e 227 \Ddsktop\RAADSP| | saieq] StOTEd.

Desele
< > Refresh
Options
[15earch for nested projects
[#] Copy projects into workspace
[1Hide projects that already exist in the workspace
Working sets
[ ] Add project to working sets New...
Select [Add project to e
. . elect...
working sets] when using
the working sets.
@ < Back Cancel

Figure 3-1 Importing a Project into e? studio
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3.1.2 Build

1. Asshown in Figure 3-2, click the “RXv3_DSP_Sample_ CCRX” project in Project Explorer, then from the menu
select “Project” > “Build Configuration” > “Set Active” to select the desired build configuration.
As shown in Table 2-3, there are eight build configurations.
(Example: “RXV3_DSP_FPU_LE_Check” is selected.)
2. Build the sample project. Click the “RXv3_DSP_Sample_ CCRX” project in Project Explorer and then from the
menu select “Project” > “Build Project”.
B8 workspace - & studio - m] X
File Edit Source Refactor Mavigate SEar(EnEsasViEws Run  Window Help
% Debug o IR RS- [t R R - R R . Y-SR = R Y
Close Project
TR Y Xl ! [Quick Access) | g | [ c/ces
0 Build All Ctrl+Alt+B
£ Praject Explorer £ B%|s | i Bt eTe | Set Active o) 1Rasosereuee g= 0. B T e, =0
v ShE Al S S LR T AL Bunld Project Cir+E Manage.. 2 RXV3_DSP_FPU_BE_Check C I
% L";i?;i Build Working Set > Build by Working Set s 3RKV3_DSP_FPU_LE An outline is not available.
& Clean... Set Active by Working Set >[ ~  4RXV3_DSP_FPU_LE_Check
= dsplib-nev3 Build Automatically Manage Working Sets... TRV DSP MUrPUBr
|=| RXv3_DSP_Sample_CCRX_Debug_FPU_BE_ Build T 3 6 RXV3_DSP_NOFPU_BE_Check
| Rv3_DSP_Sample_CCRX_Debug_FPU_BE. TR 7 RAV3_DSP_NOFPU_LE
|=| RXv3_DSP_Sample_CCRX Debug_FPU_LE_ C/C++ Index > - Y
=| RX3_DSP_Sample CCRX Debug FPU_LE. 123 1), yate All Dependencies AltD 8 RUCI3.DSPNOFPULLE Check

) [

Riv3_DSP_Sample_CCRX Debug_NOFPU,
5 RXv3_DSP_Sample_CCRX Debug NOFPY, ~ ChangeDevice

|=| RXv3_DSP_Sample_CCRX_Debug_NOFPU_ Properties
=] RXv3_DSP_Sample_CCRX_Debug_ NOFPU_ces
|=| RXv3_DSP_Sample CCRX.rcpe
Tasks [ Console [T Properties @ Smart Browser 53 [G] Stack Analysis (J Memory Usage F | Bk % =0
Device: -

Context Help  User's Manual Technical Update Application Notes Tool News MNotifications
Total: 3

>

| Received Date Category Contents

<

>

Figure 3-2 Selecting the build configuration in e? studio

3.1.3 Execute

As shown in Table 3-1, the sample project has eight debug launchers. Execute the sample program in RX simulator with
the debug launcher that corresponds to the build configuration.

1.

Right click the debug launcher that corresponds to the selected build configuration and then select the desired
debug launcher from the “Debug As” pop-up menu.

(Example: “RXv3_DSP_Sample_ CCRX_FPU_LE_Check” is selected.)

In the “Confirm Perspective Switch” dialog box, click “Yes”.

e? studio switches to Debug Perspective.

Select “Run” > “Resume” from the menu to execute the program.
For details of Debug Perspective, refer to the 2 studio help at “e? studio Users Guide” > “General” > “Tutorial” >
“Renesas CC-RX Tutorial”.
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Table 3-1 List of Debug Launcher corresponding to Build Configuration

Build Configuration

Debug Launcher

RXV3_DSP_FPU_LE

RXv3_DSP_Sample_ CCRX_Debug FPU_LE.launch

RXV3_DSP_FPU_LE_Check

RXv3_DSP_Sample_CCRX_Debug_FPU_LE_Check.launch

RXV3_DSP_FPU_BE

RXv3_DSP_Sample_CCRX_Debug_FPU_BE.launch

RXV3_DSP_FPU_BE_Check

RXv3_DSP_Sample_ CCRX_Debug FPU_BE_Check.launch

RXV3_DSP_NOFPU_LE

RXv3_DSP_Sample_ CCRX_Debug NOFPU_LE.launch

RXV3_DSP_NOFPU_LE_Check

RXv3_DSP_Sample_ CCRX_Debug_NOFPU_LE_Check.launch

RXV3_DSP_NOFPU_BE

RXv3_DSP_Sample_CCRX_Debug_NOFPU_BE.launch

RXV3_DSP_NOFPU_BE_Check

RXv3_DSP_Sample_ CCRX_Debug NOFPU_BE_Check.launch

E workspace - € studio

O x

File Edit Source Refactor Mavigate Search Project RenesasViews Run  Window Help
45 Debug 7 R¥v3 DSP_Sample CCRY Debug I e | B~ &~ A A O @B @it -Ari@E FriBiw
b DY R ! Bl - ]| | [
[§ Project Explorer 52 BE|ls = O = 0 [gEo. &% T B = 0
v 125 RXv3_DSP_Sample CCRX [RXV3_DSF_FPU_LE_Check] -
[}l Includes An outline is not available.
(2 generate
B src
(= dsplib-nes3
|=| R¥v3_DSP_Sample_CCRX_Debug_FPU_BE_Check.laun
|=| RXv3_DSP_Sample_CCRX_Debug FPU LE Check.la
= R D50 sample CORRD Mew »
|=| RXv3_DSP_Sample_CCRX_D
2 R¥v3_DSP_Sample_CCRX_D Open F3
2| R¥v3_DSP_Sample_CCRX_D Open With »
2/ R¥v3_DSP_Sample_CCRX_D ShowIn s
|=| RXv3_DSP_Sample_CCRX.rc
B Copy Cirl+C
Paste Ctrl+V
¥ Delete Delete
Remove from Context Ctrl+ Alt+ Shift+ Down
Mark as Landmark Ctrl+Alt+Shift+ Up
Move...
Rename... F2
fv  Import..
3  Bport...
Refresh F5
Bun As >
l Debug As I> | 1RXv3_DSP_Sample CCRX_Debug_FPU_LE Check I
Profile As ) U [E7] 2 GDB Simulator Debugging (RH850) Memory Usage ~-f-= 8
Ehamnellence 7 3 Renesas GDB Hardware Debugging
A7 Run C/Cr Code Analysis 5 4 Renesas Simulator Debugging (RX, RL78)
Team »
Compare With N Debug Canfigurations...
Replace With »
B System Explorer
@ Command Prompt
<
Properties Alt+Enter
- S le_CCRX_Debug_FPU_LE_Check.launch - RXv3_DSP_Sample_CCRX
Figure 3-3 Launching a Debug Perspective
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3.2 CS+
This section describes how to use CS+ V8.00.00.

3.21 Import

Figure 3-1 shows the procedure to import a sample project into CS+.

| = | an-r01an4359jj0100-re-dsplib — m] X
Home Share View 0
< v » ThisPC » Desktop » an-r01an4339(j0100-rx-dsplib v O Search an-ri1an4:
« [ Desktop *  MName | 7 < | Desktop - a X
> an-r01an4359jj0100-r-dsplib dsplib-nevl Home Share View (7]
L temp dsplib-ros2 « © 4 > ThisPC > Desktop o/ @] | Search Desktop )
|5 Documents dsplib-nov3 .
& Downloads reference_document I Desktop Name Date modified Type
J’ Music Riv1_DSP_Sample_CCRX an-r01an43359jj0100-r-dsplib A0-ra0d3500100 e dsplib 12, 31PM  File fold
_ Rxv2_DSP_Sample CCRX Ritv3_DSP_Sam RXv3_DSP_Sample CCRX ] 12/20/2018 7:23PM  File fol
&= Pictures S - .
Rw3_DSP_Sample_CCRX temp 12/20/2018 7:18PM  File folc
m Videos
and155)) -rc-dsplib.p Documents
i Windows (C) wla 1 & Downlosds ¥ Using File Explorer, copy a sample >
Sitems Jitems 1 item selected project to a place where to import it. =

@5 c5- for CC - [Sran]
fle Edit \ew Project Build Debug Jeol Window Help

EEd D o B R = - 88

[ Start the CS+ and then select [Open

Existing e? studio / CubeSuite / €3 Open Project
High-performance Embedded 4
Workshop / PM+ Project]

tppos versen
oo

Opon Samplo Project

Muny sample progects that can be bt ing
the destination fider i copy the selected

BHES RLTE R

an-r01an4359jj0100-re-dsplib

u ample_CCRX v £

<« Desktop » R¥v3_DSP_Sample_CCRX »

v O

*

Search R¥v3_DSP_Sample_CC.. 2@

Croals n.::wl.lrlj-nl'l Organize v MNew folder B2 - | o
| o et b A -
| GO | S e ip A Name Select a .rcpc file from the folder
Opon Fxisting Project Resource settings WhE‘.I’e the sample prolect was
l Loada the rciscof C5e. Can o be ool == copied, and then click the [Open]
i - [ This PC dsplib-re3 | pyytton.
= ety . enerate
L] “J 3D Objects 9
- 2 Cub A srg 2/20/20187:23PM  File folder
xisting of studio/CubsSuito/High = Desktop =
The project crested with ¢° sbuco and the [|_1 Ri¥v3_DSP_Sample_CCRX.rcpc 12/ RCPC File

Y

File name: |RX\.r3_DSP_SampIe_LLHX.rcpc

Project File for € studio (*.repc |

ncel

| Open

RHES0_FIL_Tutossl_Analyss
RHBSO_FIL_Tutossl

o |

{/

Project Convert Settings

Select a project. |

Project:

7] Description , You can convert your project for the CS+

] | Select [Project File for e? studio (*.rcpc)]

Project Convert Settings

Select the pro] list bax and change the seti
several projects with [Ctr] button 7 jange those pr

\ihhen you press the [OK] button without changing any 5
place a5 the selected projects and the old projects are bac!

[Notice]
If you open 2 High-performance Embedded Workshep projet
each project

Project settings
Hew microcontroller

Microcontroller:

New microcentraller:

4 RSF5E6TEEXFP(100pin)
-3 RSF5SETEEXFF(20pin)

New project
Kind of project

Project name:

Place:

Empty Apcation(CC-RX)

—c—

Update..

Product Mame:R5F566 TEAXFP
On-chip ROM size[KBytes]:512
On-chip RAM size[Bytes]:65536
Additional Information:Package=PLAP0100KB-B

Browse..

Cancel Help

Figure 3-4 Importing a project into CS+
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3.2.2 Build

1. Inthe Project Tree, click “CC-RX (Build Tool)”, then using the Common Options tab select Build Mode under CC-

RX Property.
As shown in Table 2-3, there are eight build configurations.
(Example: “RXV3_DSP_FPU_LE_Check” is selected.)

2. To build the sample project, select “Build” > “Build Project” from the menu.

@3 Rxw3_DSP_Sample_CCRX - C5+ for CC - [Project Tree] - m] ®
Eile Edit View Project Build Debug Jool Window Help & @
Boar| FE@ X RE[0CHE S v | 100% iz G @@ ROSDSPAPULEChe T A (Gl Dy 0 @ B B Yy @] 5= C= o= dh
S g FH O G Q)| S g Solution List
BN Project Tree L x Property —
2 a
EIs 02 @ 4, CC-RX Property al [»] [-][+
= E"'L?-i Rtv3 DSP Sample CCRX (Project] Build Mode =~
; i i% RSFSEETEA:fFP (Microcontroller) d mod RXV3_DSP_FPU_LE_Check
— t.Configuratar (Design Tool) Change property value for all build modes at once No
v CPU
Instruction set architecture RXv3 architecture(-sa=rv3)
Uses floating-point operation instructions Yes(fpu)
Endian type for data Little-endian data(-endian=little)
|_-|!l deplib-nod3 Rounding methed for floating-point constant operations round to nearest(ound=nearest}
|_-|!l P Handling of denormalized numbers in floating-point constants Handles as zeros(-denomalize =off)
L) generate Precision of the double type and long double type Handles in single precision(-dbl_size=4)
- sre Replaces the int type with the short type Mo
b ProjectConvertinformation RXv3 T Sign of the char type Handles as unsigned charl-unsigned char} hd
Build mode
Selects the build mode name to be used during build
' Common Options | | Compile Options [ AssembleOptions | Link Options { Hex Output Options | Library Generate Options |/ -
TOatpu 2%
TEGF]
AllMessages -
< > Output a Smart Browser Error List
F1 Project Tree. |[FRziinz®  [Fimetim |[Prna@ia = [FEenkesis fFrensro. mrv—std [[Err-ses mazer4- [mazer4y [ o Fun
%3 DISCONMNECT

Figure 3-5 Selecting the build mode in CS+
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3.2.3 Execute

Execute the sample program in RX Simulator. Before executing the program, set endian depending on the selected build
configuration.

1. Select endian depending on the selected build configuration. As shown in Figure 3-6, click “RX Simulator (Debug
Tool)”, then under RX Simulator Property select the Connect Settings tab and under Endian select “Endian of
CPU".

For example, since the build configuration is “RXV3_FPU_LE_Check”, select endian “Little-endian data”.

2. Select “Debug” > “Download” from the menu to execute the program.
For details of the debug screen, refer to CS+ Help “RX [with CC-RX]” > “Debug Tool” >.

@ Rxv3_DSP_Sample_CCRX - C5+ for CC - [Property] - O X
File Edit View Project Build Debug Tool Window Help @ @ &
@ oStart | D@ X B0 5B & x| 100 v B B Rev3 DSPFPULEChe = | g Oy My | @) B (@ %) @ | 5= (= %= | g§

S S ) K H O & @ S| S g Solution List

Project Tree 2 x

A ! @
Rl 3 24 RX Simulator Property R

Property - x

= RXv3 DSP Sample CCRX (Project) + Internal ROMRAM
3’,% R5F366TEAXFP (Microcontroller) Size of internal ROM[KBytes] 5
: 5}‘ Smart Configurator (Design Toel) g rnal RAM[KBytes] a0
—

ild Tooll ndian
~ X Simulator (Debug Tool) Endian of CPU Little-endian data v

Program Analyzer (Analyze Tool) Bmses

| enueyy uewg

=3 File System clock (ICLK) frequency[MHz] 160
[]) deplib-rev3 + Peripheral Function Simulation
& -

|_-|!. generate

[ sre

‘j} ProjectConvertinformation_RXv3_[

» Peripheral function simulation module 31
Peripheral clock rate 1

Endian of CPU
Displays the endian of CPU

I .ConnectSettings,I Debug Tool Settings /( Download File Settings /< Hook Transaction Settings / -
Output g 3 x
TEGFT
' All Messages / =
< > ||E Output Q Smart Browser Error List
1 Property Pan.[Fa2ainzE [Fatin Porzmr e [reenkessiy.. [Frent-so3. a7 -oee. |[[Frr—som |Re27y7 1 2771y e to Fun.

5 DISCOMNECT

Figure 3-6 Setting of RX Simulator in CS+
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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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. 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 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. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment 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 moment 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 moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSI is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

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.
Moreover, 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.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm
that the change will not lead to problems.

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of the internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, implement a system-evaluation test for the given product.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. 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.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. 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.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

=)

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)
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