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RX Family

Creating Workspace with RI600/4

1.

Guide in using this Document

This document aims to equip users with the know-how of creating workspace with R1600/4.

Table 1 Explanation of Document Topics

Topic

Objective

Pre-requisite

Preparing the Software

Describe the installation of RI600/4

None

Opening a Workspace

Guides users in working with R1600/4
workspace

Knowledge in High-performance
Embedded Workshop

Running the Workspace

Guide users in the execution of
R1600/4 workspace with E1 emulator

Knowledge in High-performance
Embedded Workshop and E1 Emulator

Reference Documents

Listing of documents that equip users
with knowledge in the pre-requisite
requirements

None
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RX Family Creating Workspace with R1600/4

2. Preparing the Software

R1600/4 is a real-time operation system (RTOS) product developed for the RX Family RX600 Series target devices. To
be able to create a workspace with R1600/4, users are required to install itron package: R1600/4 \VV1.00. Prior to its
installation, it is necessary to ensure Renesas High-Performance Embedded Workshop (HEW), C/C++ Compiler
package for RX family and E1/E20 Emulator Debugger package have been installed. Figure 1 illustrates the installation
sequences.

RI600/4 RTOS

i

E1/E20 Emulator Debugger

Simulator Debugger for RX Family

C/C++ Compiler Package for RX Family

Order of Installation

High-performance Embedded Workshop
(HEW)

Figure 1 Installation Sequences

3. Installing RI600/4

To verify that “C/C++ Compiler Package for RX Family” and “E1/E20 Emulator Debugger Package” has been installed,
refer to the “Tools Administration” option of HEW (Figure 2).
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Tools Administration

Regiztered components:

Y
— Cancel

| [P 1 B U i ma o AP PRDIDE By R B PR

<
[ Show all components

Current HEW toolz lozation;

Component Yerzion
=24 Toolchaing

e HEs5,HE/300 Standard Toolchain B1.20

3¢ 14R ICC740 Toolchain 1.01.02

I&F ICC740 Toolchain 1.01.01

Ha5 Ha/300 Standard Toalzhain B.2.00

Reneszas 740 Family Standard Toolchain 4.10.00

% Renesas M16C Standard Toolchain A.42.00

Renezas M32C Standard Toolchain 41.0

Renezas R32C/100 Standard Toolchain 1.020M

R Standard Toolchain 1.000

=% SuperH RISC engine Standard Toolchain 9030

% Fenesas M1EC Standard Toolchain 5.43.00

% Fenesas M1EC Standard Toolchain 54400

C AC nn

Beaizter...
Urregizter

Properties...

Search disk...

T ool information. .

mt

|E:'xF'rcugram Filez\RenesazhHew 001

b OELORE

Tools Administration

Reqgiztered components:

Y
— Cancel

<
[ Show all components

Current HE W toolz location:

Component Yerzion
+-[_7 Toolchains
+-[Z7 Syetem Tools
[C3 Utility Phases
-3 Debugger Components
#Y TAOEBSYSTEM 1.02.00
#9740 Family CPU 1.02.00
740 Simulatar T arget Platform 1.02.00
740 Syrbol abject reader 1.00.02

8.03.00

aRainlals]

Beaizter...
Urregizter

Properties. ..

Search dizk...

T ool informatior. ..

mt

|E:'xF'rcugram Filez\Renezaz\Hew 001

b IELORE Lt

Fodify...

Notes: 1. If “C/C++ Compiler Package for RX Family” has been installed correctly, Tools Administation in
HEW should show “RX Standard Toolchain”, “RX600 Series CPU” and “RX600 Simulator Target

Platform”.

2. If “E1/E20 Emulator Debugger Package” has been installed correctly, Tools Administration in HEW

should show “ RX E1/E20 SYSTEM".

Figure 2 Validating Installation of RX Compiler and Debugger Package
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After performing the validation, being the installation of R1600/4 by following the steps described below.

RIED0/4 ¥.1.00 Release 01 - InstallShield Wizard

Chuase Setup Language " ‘
ok e L ox th wetalions bcen he chescons bl

e the PAGE DOWN key b see the pest of the ageeren.

IMPORTANT
i i wryer

Penesas Technorgy Cop.

Dowuwdklumidkwmmﬂw“m? IIW
amtug vill clese, T instal FRE00E V1,000 Fieleasn 01

ST T | T

Japaneie
(=
RIE00F4 - Instaltshield Wizard 3
License Agreement b 4
Pheate read the fobowig Kcerte qpeentrt cashily.

RIGOOM - InstallShield Wizard

L T — & ‘
Ph i ¥ thin puth [back]
Dutton b comRct yous mtamabon
Cument. Setings
Name 1
Campary 1
Adders 1
Seckon 1
Frone 1
Faot 1
EMni 1
Compurst © 10 PC (Intel Pertiur 4 CPU 200GHzZ
05 * Windows ¥P [5.10.2600 (SP2))

RIED0S4 - InstaliShield Wizard

Gebect lokder rhere cenup vell mutsl fles.

v

. chek Nt To inatal b ek Drowse snd select

Destination Folda
d\Program Fle\RENE SAS\RIGD0-4\v1 0001

=]

Cas i

—_— " 5 1
(Choate Destination Lo stion ‘

RIG00/4 - InataliShield Wizard

Activate RI600/4 Installer Package.
Select your preferred language and proceed.

Read through "License Agreement”,
depress "Yes" to proceed upon agreement.

Verify all user information provided
and proceed if they are correct.

Depress "Next" bap:mcced

Thark you for nstaling the RENESAS Tool Product.

\fj Mrmmmamwm:mmnhwm Ths horme age has the fewest nformation of RINCSAS Tooks', snd

dowriobd service, otC. Pledss sk th

=37

This dialog appeared upon
successful installation.

RIGO0HA - InstaliShield Wirzard

Installation finishes

The Instalston of RIS00/4 V. 1.00 Releace 01 compised

I thiz poird. sefup can open e Used Flegithstion Sheet and

sharicas of them o the Windows Dieaklop,
] f

[Z] Vs, 1 wark 1o vieww then
[]Ves, | wank to make shericut of them o the Dieskice.

Chck Frish to complete Setap

Make your selection on reference method.
Depress "Finish” to complete Setup

Figure 3 Procedures in RI600/4 Installation
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Upon correct installation of the package, the following files can be found.

faE RIG00-4 fam ¥.1.00 Rele: 45 GUI Configuratar

GUI Configurator HELP
Release Moke

REMESAS Tools HomePage
Technical Support Sheet

BT

User Reqistration Sheet

@ @

User's Manual

Figure 4 R1600/4 Directory Listing

4. Creating the First Workspace with RI600/4

Start High-Performance Embedded Workshop and follow the creation procedures described in Figure 5.
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Activate HEW and the "Welcome!" dialog box will appeared.
Select "Create a new project workspace” and depress "OK".

Input workspace name.

Select directory of the workspace.

Select "RX" for CPU family.

Select "Renesas RX Standard” for Toolchain.

Depress "OK"

Select "RX600" for CPU Series.
Select your device for CPU Type.
Depress "Next" to proceed.

Define "RX600" as Target type.

Select "RX600 Series R1600/4 V1.00 Release01"
for RTOS.

Depress "Next" to proceed with selections of

i tings, intializasi s and standacd
library settings.

Select your choice for the targets.
Verify Target type.

Verify Target CPU.

Depress "Next" to proceed.

This summary dialog appeared upon
successful installation.

Figure 5 Procedures in Creating Workspace with RI600/4
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Upon creation and compilation of the workspace “FIRST_RI16004_PROG”, user will get to see the following file
structure. Figure 6 shows the file structure of a workspace created without R1600/4 for comparison.

1=

Bl FIRST_RIE004 PROG
- I@ FIRST_RI&004_PROG
=9 C zounce file
dbsct o
FIRST_RIG004_PROG.c
3] resetpro.c
shrk.c
=3 Configuration file
FIRST_RIE004_PROG.cfg
-3 Dependencies
E] itranh
E] kemelh
E| kemel_apih
E] kemel_idh
E] kemel_ram.h
=] kemel_rom.h
E] kemel_syzint.h
r_crmt.h
E] shik.h
E] typedefine.h

it g e oo o o o )

Figure 6 “FIRST_RI6004_PROG” File Structure

=

= @ FIRST_MORIEO04_PROG
- I@ FIRST_MNORIG004_PROG
-3 C souwce file

¥
E FIRST_MORIEO04_PROG.C
Y intprg.c

a

L

*

-4 Dependencies
E| shik.k
Z| stackschh
% wpedefine. h
E] wecth

Figure 7 Workspace Created without RI600/4

Comparing both workspaces that are created with and without RI600/4 as shown in Figure 6 and Figure 7 respectively,
it can be deduced few more files have been added for the former. Table 1 Description of R1600/4 Files provides a
summary of the files added and their individual purpose.
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Table 1 Description of RI1600/4 Files

File

Descriptions

FIRST_RI6004_PROG.cfg

The configuration file for the definition of RI600/4 RTOS
resources

itron.h Contain definitions of data types, constants and macros, and
other definitions specified in ITRON General Definitions
section

kernel.h Contain all service call declarations, data types, constants,
and macro definitions specified in the kernel specification

kernel._api.h Define service call functions declarations

kernel_id.h Define ID names, kernel configuration macros specified in

the cfg file, proto-type declaration of tasks and handlers, etc.

kernel_ram.h

Define kernel RAM data structures

kernel_rom.h

Define kernel ROM data structures

kernel_sysint.h

Contains definitions necessary to invoke service calls by an
INT instruction

ri_cmt.h

Contains the timer driver source code

5. A Walkthrough of “FIRST_RI6004_PROG” Workspace

5.1 Understanding the Configuration File “FIRST_RI6004_PROG.cfg” Settings

Upon the creation of the workspace, few objects have been defined in the configuration file (i.e.
“FIRST_RI6004_PROG.cfg”) and its corresponding handlers declared in the source file (i.e.

“FIRST_RI6004_PROG.c”). Figure 8 to Figure 14 interpret the settings of respective objects definitions.

3 // System Definiti
& system]

7 stack zize =
) priority =
9 system IPL =
10 message_pri =
11 tic deno =
12 tic_nume =
13 context =
14 13

18

System stack size defined at 1024 bytes.
on / Only priority levels (1-10) can be used in the application
ing/ Interrupts with priority level 1-4 defined as kernel interrupts.
43 «— Interrupts with priority level 5-7 defined as non-kernel interrupts.

Lie— o
1. Not in use as no mailbox function is unused.

1;
‘-\\\- Time tick (msec) = tic_nume/tic_deno =1

FPsW, ACC?

\ PSW, PC, RO-R7, R8-R13, R14, R15, FPSW

& ACC registers will be used by tasks

Figure 8 System Definition Settings
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Microcomputer's internal CMT channel 0

16 | |//system Clock Defini LiL:/ hardware timer is chosen as the system clock
17 clock({
18 timer = CMTO; — "1x610.tpl" is the template file storing all the hardware
. template = rx6l0.tpl; information and initialization function of CMT
20 timer_clock = 25MHz; —
21 IPL = 3; Set peripheral module clock (PCLK) to 25MHz
22 | s T~
o Defined interrupt priority level of system timer at 3.
Figure 9 System Clock Definition Settings
ID number of this task is default "1’ since its the first
/ task declared and the ID number is not specified
24 | //Task Definitder *ID_TASK1" is the ID name of the task
25 | ltask[ / _ is the of the
26 name = ID_TRSKL; "tagk1()" is the function name of the task
27 entry address = taskl(): —
28 initial start = oM} «————— Task will be placed in the READY state at kernel startup
29 stack_size = 512; . . .
S priority _ 1 ‘::::_ User stack size allocated for this task will be 512 bytes
31 // stack section = STKI1: Priority level of task is '1'
32 exint = 1:
33 | |}s \ Since this is omitted, factory setting; SURI_STACK is applied
34 for the section name assigned to the task stack area
35
36 Extended information of task is '1’
37
28
e ID number of this task is default '2' since its the second
41 / task declared and the ID number is not specified
4z task] " "
o e - 1D TaASE2; — ID_TASK2" is the ID name of the task
44 entry_address = taskZ(); «———— "task2()" is the function name of the task
45 initial start = ON/ o .
16 stack size = 512,..,_\ Task will be placed in the READY state at kernel startup
47 priority = 2:
48 | |/ stack section = STEZS User stack size allocated for this task will be 512 bytes
49 exinf = 2 Priority level of task is "2’
50 [ |32
Since this is omitted, factory setting: SURI_STACK is applied
for the section name assigned to the task stack area
Extended information of task is 2
Figure 10 Task Definition Settings
ID number of this semaphore is default '1’ since
its the first semaphore to be declared and the ID
46 // Semaphore Defi =TT number is not 'peciﬁed
27 [semaphore [} "ID_SEM1" is the ID name of the semaphore
a8 name = D sEM1:; <~ "’
49 max_count = 1;4 Maximum counter value of "ID_SEM1" is '1".
50 initial count = 1; . .
51 wait_queue = TA_TPRI; Initial value of semaphore counter is '1
52 | }: F————__ Tasks waiting for the semaphore will
be queued in a priority manner
Figure 11 Semaphore Definition Settings
R20ANO091ES0100 Rev.1.00 Page 10 of 15
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ID number of this cylic handler is default '1' since
its the first cyclic handler to be declared and the ID
number is not specified

"ID_CYC1" is the ID name of this cyclic handler

55 Cyclic Handl efinition
56 :bli;j a]._dc[u]l 1 e "cyhl()" is the function name of the cyclic handler
57 name = ID C¥YCl; : . . . .
e entry address = cyhl()s This cyclic handler will be activated at an interval of 100ms
59 interval counter = 100; Cyclic handler will be in operational mode
&0 start = QI #—— e Boae me .
=~ phsate _ oFrs when it is created upon system initialization
62 phs_counter - 100; ‘\ Activation phase will not be saved. So cyclic handler
Zi . exint =1 activation time will not be relative to the time at which
il L it was created

Handler activation phase counter is 100ms

Extended information of handler is '1'

Figure 12 Cyclic Handler Definition Settings
ID number of this alarm handler is default '1' since
56 |7/ mlarm Handler {dumm its the first alarm handler to be declared and the ID
67 | |alarm hand[} number is not specified
68 name = ID ALMI1:
59 entry address = alhl{): T "ID_ALM]1" is the ID name of this alarm handler
70 exinf = 1; \
71 1: \ "ﬂlh].o’ is the function name of the alarm handler
72
' Extended information of handler is '1'
Figure 13 Alarm Handler Definition Settings
_ "64" is the vector number of interrupt
74 | |// Interrupt Handle LW
75 interrupt vector|[64} ‘—”______——— This interrupt is a kernel interrupt
76 0s_int = YES: e . .
77 entry address = inh64()je—— 0 inh64()" is the function name
78 pragma switch = E: of the interrupt handler
79 | s \
—~ Permits multiple interrupt
Figure 14 Interrupt Handler Definition Settings
5.2 Understanding the Program Flow in “FIRST_RI6004_PROG.c”

Figure 15 explains the program flows of the application.
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15 f**1:*1:**t*t**t*t**t*t**1:*1:**1:*1:1:*1:**1:*1:**1:*1:**t*t**t*t**t*t**t**t*t**t*t**t*t
16 task #1
17 1:**1:*1:**t*t**t*t**t*t**1:*1:**1:*1:1:*1:**1:*1:**1:*1:**t*t**t*t**t*t**t**t*t**t*t**t*/
S R
18 | void taskl{ VE_INT exinf) Program starts in "task1()" since it has
18 | ¢ —— (1) highest priority and
20 ER 1Ercd, 1Number; (2) in READY state at kernel startup
21
22 v{uhile (1 Program proceeds beyond this point since
o " T
24 Tumber = 01; / initial_count of "[D_SEM1" is "1
25
26 1Ercd = wal sem{ID SEM1) ;4— "ID_TASK1" is placed in WAITING state for
27 if(1Bred != E_OK) "ID_SEM1" resource. Program jump to "ID_TASK2"
28 {
29 vsys_dwn ( {ER)ID_TASKl, (VW)lNumber, 0L, OL):
30 3
31
32 JEEExEERERE start of exclusive control block *sxssassas/
33
gg iNumge“*]’_ k) Program jumps to "task2()" since "ID_TASK1"
Ercd = slp_ts ;4—@ . ,, s
0% if(lEred 1 E ox) lsplftmwakeup"’WAITING state by this
27 { - service call
38 vsys_dwn ( (ER)ID_TASKLl, (VW)lWumber, 0L, OL):
39 b
4g
41 /* update g ulsharedData */
42 if (g ulsharedbata == 10UL}
43 {
44 g_ulsharedData = OUL;
45 3
46 else
47 {
48 g_ulsharedData++;
49 3
50
51 JFrFExxFxxrxx ond of exclusive control block ***xxxxxsx/
e LNumber++; @ "ID_TASK1" resumes from "Point 3" after "ID_CYC1" wake it up. It proceeds to
53 1bred = sig sem(TD SEM1): 47 ) wpgin¢ 7" and release "ID_SEMI" resouree to place "ID_TASK2" from WAITING
54 1if{1Ercd != E OK) AP "
55 { - to READY state. It then proceeds to stop at "Point 8
56 vsys_dwn ( {ER)ID_TASKl, (VW)lNumber, 0L, OL):
57 3
58 3
59 I
&0
61 f**1:*1:**t*t**t*t**t*t**1:*1:**1:*1:1:*1:**1:*1:**1:*1:**t*t**t*t**t*t**t**t*t**t*t**t*t
&2 task #2
63 1:**1:*1:**t*t**t*t**t*t**1:*1:**1:*1:1:*1:**1:*1:**1:*1:**t*t**t*t**t*t**t**t*t**t*t**t*/
Zg x{zoid taskz( VE_INT exinf)g— @ Program jumps o "task2(" from "task10"
66 ER 1lErcd, lNumber:
67
8 while (1)
69 I
70 1Number = O0L;
71
72 1Ercd = wai_sem{ID_SEMI); 4‘_® "ID_TASK2" is placed in WAITING
73 if(1lEred l= E OK) state for the "ID_SEM1" rescurce.
74 {
75 vsys_dwn ( {ER)ID_TASKZ, (VW)lNumber, 0L, OL):
76 3
77
78 JEEEEsxxsax start of exclusive control block #ssxxxssxs/
75
80 /* update g ulfharedData */
81 1f(g_ulSharedData == OUL)
82 i
83 g_ulsharedData = 10UL;
84 b
85 elze
86 {
87 g_ulsharedData--7
88 3
84
50
al JFrFExxFxxrxx ond of exclusive control block ***xxxxxsx/
92 LNumber++; "ID_TASK2" proceeds from "Point 5" to here and release "ID_SEM1" resource to
gj lgfig =dS}§7§eTgI§1DﬁEM”; ‘_® place "ID_TASK1" from WAITING to RUNNING state. "ID_TASK2" transists from
- % {LBred 1= B OF) RUNNING to READY state since it has lower priority. The whole process repeats
96 vsys_dwn ({ER)ID_TASKZ, (VW)lNWumber, 0L, OL)?
97 3
98 }
59 I
100
101 f**1:*1:**t*t**t*t**t*t**1:*1:**1:*1:1:*1:**1:*1:**1:*1:**t*t**t*t**t*t**t**t*t**t*t**t*t
102 cyclic handler #1
103 ***1.'****1:**************1:****1.'**1.'****1.'**1«'*1.'****1:*****************************/
104 vold cyhl( VP_INT exinf)
105 | | . . . .
106 iwup_tsk(ID_TASKL) : @ TD_CYC1" activates after 100ms upon its creation and
107 ) place "ID_TASK1" from WAITING to RUNNING state
108

Figure 15 Application Program Flows in “FIRST_RI6004_PROG.c”
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6. Downloading Program with E1 Emulator

Upon the creation and compilation of the workspace, the next step is to download the program to the target device.

Connect target device to PC via E1 emulator

.
Initial Settings @ ‘
Go to HEW ->Debug ->Connect
Device | Cammuricaton|
MeU gow: [ETEEET R - |
Deyies:  [RSFSENT -
Mode
= Debaggng mode
o
1 Wiing the en-chip flash memoey mode
i Select MCU Group
e B Select Device
I~ Power larget from the emulator. (44X 200mA]

- - Select Flash Mode
Conmurication Select Power Supply
Emudator e
Seta o [£7 08000540 =] _fehesh | Select Emulator to connect

Depress "OK" to proceed
P
I~ Dorat show this dakog box agsin —
Intemal flazh memory oveswrte | Esteral fash memay |
MU Syitam ‘
Dperating mode-
JLI S re-chip mode i
L [ |
Input clock (EXTAL) |12 5000 MHz
Exsmal mamoey aisas
(fea  [Eeden  [BUSWh_
Key in the Intput Clock Frequency
Depress "OK"
< >
| .
‘Wok RAM start address (400 [
e Ll —
0K Cancel
I™ Do ot showthis diskog bax again Go to workspace
and right click on
file ".abs"
= 3 Domrioad modles l | ‘ 7| /¥
MR FIFST_RIG004_PROG.ab: - Rllnes At =
= 3 Depandencies Download
B iwonh Davnosd (Debug Dats Oty
(B kemelh
E] kemel_apih
(5] kemelidh Download A New Modus..,
| Komal oo b Remave
;l kemel_rom h -
(] kemel_syainth Debug Settings ..
B remh
[B] sbikh Configure View. ..
(B tpedeiner e Download module file
+ Allow Docking
Hide ‘
Properties....

Select 05 Definition File x| ‘

v

Select RIS00/4 as the OS definition file.
Depress "OK" and program is downloadsd

Danit load the information of the 05 data when
™ dowelosing (This check is possibie only when the 05 iz
not e configued |

I Never show this dialog box 2 dovnload.

Figure 16 Procedures in Downloading Program with E1 Emulator
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7.

Reference Documents

User’s Manual

R1600/4 V.1.00 User’s Manual

RX Family Hardware Manual

RX Family E1/E20 Emulator User’s Manual
High-performance Embedded Workshop V4.08 User’s Manual

The latest version can be downloaded from the Renesas Electronics website
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Website and Support

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

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

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al MPU/MCU 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 accord 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 LSl 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 an MPU or MCU 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. All information included in this document is current as of the date this document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas

Electronics products listed herein, please confirm the latest product i with a Renesas El sales office. Also, please pay regular and careful attention to additional and different information to
be disclosed by Renesas Electronics such as that disclosed through our website.

2. Renesas Electronics does not assume any liability for infringement of 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. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4. 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 of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with the applicable export control laws and regulations and follow the procedures required by such laws and
regulations. You should not use Renesas Electronics products or the technology described in this document for any purpose relating to military applications or use by the military, including but not limited to

the development of weapons of mass destruction. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohil under any i domestic or foreign laws or regulations.

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

7. Renesas Electronics products are classified according to the following three quality grades: "Standard", "High Quality", and "Specific". The recommended applications for each Renesas Electronics product
depends on the product's quality grade, as indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular application. You may not use any Renesas
Electronics product for any application categorized as "Specific” without the prior written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way liable for any damages or losses incurred by you or third parties arising from the
use of any Renesas Electronics product for an application categorized as "Specific" or for which the product is not intended where you have failed to obtain the prior written consent of Renesas Electronics.
The quality grade of each Renesas Electronics product is "Standard" unless otherwise expressly specified in a Renesas Electronics data sheets or data books, etc.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools;
personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety equipment; and medical equipment not specifically
designed for life support.

"Specific": Aircraft; equipment; i P ; nuclear reactor control systems; medical equipment or systems for life support (e.qg. artificial life support devices or systems), surgical

implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, 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,
please evaluate the safety of the final products or system manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your r iance with i laws and ions.
11. This document may not be 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, or if you have any other inquiries.
(Note 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

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