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Summary 

This application note provides information to introduce CiA402 mainly used for motor control in EtherCAT 
communication used for controlling industrial AC servo motors from the PLC. 
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 Overview 
 Structure of This Application Note 

This application note consists of the following contents. 

 

Table 1-1 Structure of This Application Note 

Component Content 

Application note This document and EC-1 Series Communication Board EtherCAT 
Manual (R01AN3853EJxxx) 

Source code main.c,kernel_cfg.c,kernel_id.h 

renesashw.h,renesashw.c 

ESI file EC-1_CiA402_yymmdd.xml 

 

 Development Environment 
The following describes software development tools. 

 

 Tool Chain 
The table below shows the tool chain of this sample software. 

 

Table 1-2 Development Tools 
Tool Chain IDE Compiler Debugger ICE 

IAR Embedded Workbench for ARM V7.70.1 or later (Use the latest 
version.) 
 
(IAR Systems) 

i-Jet 
JTAGjet-Trace-CM 
(IAR Systems) 

 

 EtherCAT Slave Stack Code Tool 
The EtherCAT sample software uses the EtherCAT Slave Stack Code generated by the EtherCAT Slave 
Stack Code Tool. To obtain the EtherCAT Slave Stack Code Tool, join the EtherCAT Technology Group and 
acquire a vendor ID. 

Contact the EtherCAT Technology Group about the EtherCAT Slave Stack Code Tool. 

https://www.ethercat.org/ 

 

 

 TwinCAT® 
In this application note, TwinCAT (software system of Beckhoff Automation) is used for programming in 

EEPROM and for EtherCAT sample software operation check. 

TwinCAT is available from the Beckhoff Automation homepage. 

http://www.beckhoff.com/ 

 

  

https://www.ethercat.org/
http://www.beckhoff.com/
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 System Configuration 
The figure below shows an example of system configuration where the CiA402 sample software is used. 

In the system example shown in Figure 1-1, the system operates by combining the motor control program 
(provided in the main CPU) with the EtherCAT control program (created by SSCTool) and the CiA402 drive 
profile (provided by this application note). 

In this application note, an actual usage method using communication between Soft PLC(TwinCAT) and 
EC-1 is introduced in “EC-1 Series Application Note Communication Board EtherCAT Manual 
(R01AN3853JJxxx)”. 

 

 
Figure 1-1 Example of System Configuration 
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 Software Configuration 
The figure below shows the entire software configuration including a protocol stack. 

 

Category

SyncMan0 MbxOut SyncMan1 MbxIn SyncMan2 SyncMan3

FMMU n
FMMU nFMMU n

FMMU n EtherCAT Slave Controller(ESC)

ESC Address Space

Registrers Mailbox Process Data

EtherCAT Processing Unit
And Auto-Forwarder with Loop Back

PHY
Management MII Port0 MII Port1

Object Dictionary

PDOSDO

PDO Mapping

Process Data Interface

CiA402 Drive ProfileApplication

Application
Layer(AL)

DataLink
Layer(DL)

Physical
Layer(PL)

CoEEoEFoEVoE CoE

SSC Tool
Generate

SSC Tool
Generate

Motor contorol(user asset)

Mailbox DLL

Not Support

Support

Library
Provide

 
Figure 1-2 Software Configuration 

 

SSCTool: EtherCAT control program creation tool provided by Beckhoff Automation GmbH, Germany 

ESC: EtherCAT control unit with R-IN engine 

 

As shown in Figure 1-2, CAN application protocol over EtherCAT (CoE) is used in the AL layer to apply 
EtherCAT communication to the CiA402 drive profile format. 

The process data object (PDO) is used for real-time data transfer in cyclic communication. 

PDO includes RxPDO to receive data from the PLC and TxPDO to send information (including status 
information) from the AC-Servo Unit to the PLC. 

In asynchronous message communication, object dictionaries are read and written using mailbox 
communication (SDO). 
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 CiA402 Drive Profile 
The CiA402 drive profile is a device profile for controlling drive and motion, which mainly defines 

functional operation of servo drives, sine-wave inverters, and stepping motor controllers. 

This profile defines setting parameters corresponding to operating modes as object dictionaries. 
Furthermore, this profile includes Finite State Automaton (FSA) that defines internal and external operations 
in each state. When changing the status, the result after transition is reflected in the status word object that 
shows the current status by specifying the status through the control word object. 

Control words and command values (such as speed) are assigned to RxPDO, and status words and 
inspected values (such as position) are assigned to TxPDO. For details, see the description of the CiA402 
specifications (Reference (1)). 

 

 

PLC AC Servo Unit 

RxPDO
Operational command 

target value

TxPDO
Operational status

 current values

Cyclic communication

 
 

Figure 2-1 CiA402 Communication Flow 
 

 Operating Modes 
This application note supports the following operating modes specified for CiA402. 

 

Table 2-1 Supported Operating Modes 

Operation Mode Support 

Profile position mode Not supported 

Velocity mode (frequency converter) Not supported 

Profile velocity mode Not supported 

Profile torque mode Not supported 

Homing mode Not supported 

Interpolated position mode Not supported 

Cyclic synchronous position mode Supported 

Cyclic synchronous velocity mode Supported 

Cyclic synchronous torque mode Not supported 

Cyclic synchronous torque mode with 
commutation angle Not supported 

Manufacturer specific mode Not supported 
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 State Transitions 
This application note supports state transitions shown below as FSA specified for CiA402. 
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Figure 2-2 State Transitions of CiA402 
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 Object Dictionaries 
This application note supports object dictionaries listed in the table below. 

 

Table 2-2 Supported Object Dictionaries 

Operating Mode Object Name Index Category Access Data Type PDO  
Mapping 

Cyclic synchronous 
position mode 

+ 
Cyclic synchronous 

velocity mode 

Position actual value 0x6064 Mandatory 
(CSP) ro INT32 Yes 

Following error window 0x6065 Optional rw UINT32 No 

Following error time out 0x6066 Optional rw UINT16 No 

Velocity actual value 0x606C  Mandatory 
(CSV) ro INT32 Yes 

Torque actual value 0x6077 Conditional ro INT16 No 

Target position 0x607A  Mandatory 
(CSP) rw INT32 Yes 

Position range limit 0x607B Optional c, rw INT32 No 

Software position limit 0x607D  Optional c, rw INT32 No 

Velocity offset 0x60B1  Optional rw INT32 No 

Torque offset 0x60B2  Optional rw INT16 No 

Interpolation Time Period 0x60C2 Mandatory c, rw RECORD No 

Following error actual value 0x60F4 Optional ro INT32 No 

Target velocity 0x60FF  Mandatory 
(CSV) rw INT32 Yes 

Another object Object Name Index Category Access Data Type PDO  
Mapping 

Controlling the power 
drive system 

Error code 0x603F  Optional Ro UINT16 Yes 

Controlword 0x6040 Mandatory rw UINT16 Yes 

Statusword 0x6041 Mandatory ro UINT16 Yes 

Quick stop option code 0x605A  Optional rw INT16 No 

Shutdown option code 0x605B  Optional rw INT16 No 

Disable operation option code 0x605C  Optional rw INT16 No 

Fault reaction option code 0x605E  Optional rw INT16 No 

Modes of operation 0x6060 Optional rw INT8 Yes 

Modes of operation display 0x6061 Optional ro INT8 Yes 

Quick stop deceleration 0x6085  Optional rw UINT32 No 

Supported drive modes 0x6502 Mandatory ro UINT32 No 
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 Application Development Procedure 
 

 Creating SSC Sample Software 
For creating SSC sample software, see section 3.1, Creating SSC Sample Software in “EC-1 Series 

Application Note Communication Board EtherCAT Manual (R01AN3853EJxxx)”. 

 

 Embedding Motor Control Program 
Embed the motor control application program according to the CiA402 standard from the list of CiA402 

protocol stack interface functions shown in Table 3-1 CiA402 Protocol Stack Interface Functions. 

Each function links with the number of each state transition of CiA402 FSA shown in Figure 2-2 State 
Transitions of CiA402. When a state transition occurs, the corresponding function is called. 

In each function, describe the processing that calls the motor control program or the relevant processing 
of the main CPU. 

 

Table 3-1 CiA402 Protocol Stack Interface Functions 

CiA402_StateTransition1
Description
This function is used when the state transition 1 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition2
Description
This function is used when the state transition 2 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur.  
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CiA402_StateTransition3
Description
This function is used when the state transition 3 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition4
Description
This function is used when the state transition 4 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition5
Description
This function is used when the state transition 5 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur.  
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CiA402_StateTransition6
Description
This function is used when the state transition 6 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition7
Description
This function is used when the state transition 7 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition8
Description
This function is used when the state transition 8 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur.  
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CiA402_StateTransition9
Description
This function is used when the state transition 9 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition10
Description
This function is used when the state transition 10 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition11
Description
This function is used when the state transition 11 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur.  
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CiA402_StateTransition12
Description
This function is used when the state transition 12 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_LocalError
Description
This function is used when the state transition 13 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
UINT16 ErrorCode

Return Value
none

Remark
If the error corresponding to the state transition 13 occurs, 
call this function after processing required and saving  data  at error location 

CiA402_StateTransition14
Description
This function is used when the state transition 14 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur.  
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CiA402_StateTransition15
Description
This function is used when the state transition 15 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

CiA402_StateTransition16
Description
This function is used when the state transition 16 occurred
Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
In the case of error occurance during processing, exit the function by setting 
the appropriate values for each object in accordance with CiA402 standard .
If 1 is seto to return value, state transition does not occur. 

APPL_MOTOR_MotionControl_Main
Description
Implement the motion control code when CiA402 FSA state is Operation enabled.
Describe the process for each mode of operation.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value
0 Normal end
1 Error

Remark
At the initial state, this function is described in "main.c" and 
calls "CiA402_DummyMotionControl" function for reference.
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 Notes on Embedding Protocol Stack 
Note 1*) Note on alignment when using mailbox 

The CiA402 protocol stack uses PDO communication and SDO communication. 

For each structure used in SDO communication, ensure alignment by using the “pack” option, etc. 

 

Note 2*) Note on watchdog timer for EtherCAT 

If (TwinCAT+PC) is selected for the master device, a watchdog timer error may occur because the 
real-time of the SM event cycle is not ensured. 

The sample software of this application note uses the generated source code with the watchdog 
timer setting of the SSC tool disabled and checks operation. 
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 Checking Sample Software Operation 
For checking sample software operation, see the following sections in “EC-1 Series Communication Board 
EtherCAT” (R01AN3853EJxxxx). 

 

 3.2 Downloading the Sample Software Program 

 3.3 Connecting TwinCAT 

 4.2 EtherCAT CiA402 Sample 
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 Reference 
 

(1) CiA402 standard: 

IEC 61800-7-201 Edition 1.0 

Adjustable speed electrical power drive systems Part 7-201: Generic interface and use of profiles for 
power drive systems Profile type 1 specification 

 

IEC 61800-7-301 Edition 1.0 

Adjustable speed electrical power drive systems Part 7-301: Generic interface and use of profiles for 
power drive systems Mapping of profile type 1 to network technologies 

 

(2) EtherCAT standard: 

ETG1000_1 V1.0.3 EtherCAT Specification- Part1 “Overview” 

ETG1000_2 V1.0.3 EtherCAT Specification- Part2 “Physical Layer service and protocol 
specification” 

ETG1000_3 V1.0.3 EtherCAT Specification- Part3 “Data Link Layer service definition” 

ETG1000_4 V1.0.3 EtherCAT Specification- Part4 “Data Link Layer protocols specification” 

ETG1000_5 V1.0.3 EtherCAT Specification- Part5 “Application Layer service definition” 

ETG1000_6 V1.0.3 EtherCAT Specification- Part6 “Application Layer protocol specification” 

 

(3) SSC tool: 

ETG6010 Implementation Directive for CiA402 Drive Profile Version V1.0.0 

Application Note ET9300 (EtherCAT Slave Stack Code) Version 1.5 
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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. 

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

10. 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.

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.
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