
 APPLICATION NOTE 

R01AN0001EK0100  Rev.1.00  Page 1 of 9 

Mar 14, 2014  

R32C/111 Group 

IEC 60730 Self Test Sample Code 

Introduction 

All home appliances intended for the European Union market must today comply with the International Electrotechnical 

Committee’s standard IEC 60730-1, “Automatic electrical controls for household and similar use”. Both Europe 

and the U.S. have introduced IEC regulations defining safety requirements in the design of home appliances, but in the 

U.S. the standard UL1998 is still in use. 

 

White goods microcontroller design teams therefore need to consider what is required in terms of hardware and 

software in order to comply with the IEC 607301 requirements. Appendix H of IEC 60730-1 specifically defines 

requirements for ‘controls using software’. 

 

This document explains example software test routines that have been developed as a help in fulfilling the standard’s 

Appendix H software requirements for Class B controllers, ‘control functions intended to prevent unsafe operation’. See 

table in 7(7). 

 

Demonstration target 

The Sample code  was created for the R32C/111. Most routines can be used for devices in the R32C/111 Group. For 

M16C and H8, there exist corresponding CPU, RAM and ROM test source code.  

 

Tools used 

• Renesas R32C/100 Standard Toolchain version 1.02.01. (compiler, assembler, linker): 

• E8a in-circuit debugger. 

 

Time measurement conditions 

Execution time measurements were done at 50 MHz CPU clock. No compiler optimizations. Measurement was taken 

with a scope. The  pin (p0_0) accessible on jumper JA3 on the RSK2R32C111-3 was toggled before and after the 

function call. 
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1. Application software safety considerations 

Apart from the test routines of the API, here are some safety considerations to take into account when writing a 

software application for equipment of Class B. 

 

• Monitor for application state machine misbehavior, this could be done by checking for functions called in the 

wrong sequence using a safety checking state machine. 

• Check for uncalled functions. 

• Check for functions not finished. 

• Ensure the circumstances are right before executing a function, e.g. ‘Door locked before motor on’ 

• Dynamically enable / disable a function’s ability to run. 

 

 

 

 

 

 

 

 

 

2. Guide to the API 

The following pages show each API test call’s syntax and provides explanations. 

 

2.1 CPU Test 

This section describes the CPU tests routines. Reference IEC 60730: 1999+A1:2003 Annex H - Table H.11.12.1 CPU  

 

The CPU test covers testing of CPU Registers by writing test values (like 0x55, 0xAA) into them and then reading them 

back. This can’t be done using ‘C’ language so inline assembly code has been used.  

 

These tests are testing such fundamental aspects of the CPU operation; the API functions do not have return values to 

indicate the result of a test. Instead the user of these tests must provide an error handling function with the following 

declaration:-  

 

extern void ErrorHandler(void);  

 
This will be called by the CPU test if an error is detected. This function must not return back to the test code.  

 

The test functions all follow the rules of register preservation following a C function call as specified in the Renesas 

tool chain manual. Therefore the user can call these functions like any normal C function without any additional 

responsibilities for saving register values beforehand.  

 

Specifically CPU registers R0-R7, A0-A3, FB, INTB, USP, ISP, SB and FLG are tested.  

The source file ‘CPU_Test.c’ provides implementation of CPU test using “C” language functions that contain the inline 

assembly. The source file ‘CPU_Test.h’ provides the interface to the function CPU test. The file ‘MisraTypes.h’ 

includes definitions of MISRA compliant standard data types.  

 

IMPORTANT NOTE: Please keep the “Optimisation” option “OFF” for the ‘CPU_Test.c’ file, to prevent modification of the test 

code.  
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The CPU test is categorised as follows:  

• General purpose registers (R0, R1, R2, R3, R4, R5, R6, R7, A0, A1, A2, A3, FB for each bank).  

• Interrupt Table registers (INTB).  

• User Stack Pointer (USP), Interrupt Stack Pointer (ISP), Static Base (SB) register.  

• Program counter (PC) register.  

• Flag (FLG) or Status register.  

• Test all above  

 

They are tested by writes and subsequent readbacks of two different test patterns. 

 

 
 

Figure 1. CPU registers of the R32C/111. All are tested by CPU_TestAll. Two different test patterns are written 

and read back to and from the registers. 
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2.1.1 Software API 

 

Syntax  

void CPU_TestAll(void) 

Description 

 

Runs through all the tests detailed below in the following order:-  

1. TestGPRs  

2. TestIntRegs  

3. TestStackRegs  

4. TestPCReg  

5. TestFlagReg  

 

It is the calling function’s responsibility to ensure no interrupts occur during this test.  

If an error is detected then external function ‘ErrorHandler’ will be called.  

See the individual tests for a full description.  

  

Input Pameters 

None N/A 

Output Parameters 

None N/A 

Return VALUES 

None N/A 

 

Syntax  

void TestGPRs(void) 

Description 

 

This function provides CPU General Purpose Registers Testing to test R0, R1, R2, R3, R4, R5, R6, R7, A0, A1, A2, A3 

& FB in Register Bank0 and Bank1. 

If an error is detected then external function ‘ErrorHandler’ will be called.  

 

Input Pameters 

None N/A 

Output Parameters 

None N/A 

Return VALUES 

None N/A 
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Syntax  

void TestIntRegs(void) 

Description 

 

This function provides Interrupt Table (INTB) register testing. 

If an error is detected then external function ‘ErrorHandler’ will be called. 

 

Assumption: R2R0 is used as a utility register in this test. 

This test will fail if R2R0 is faulty. 

 

Input Pameters 

None N/A 

Output Parameters 

None N/A 

Return VALUES 

None N/A 

 

 

 

Syntax  

void TestStackRegs(void) 

Description 

 

This function provides Stack (USP, ISP) and Static Base (SB) Registers testing. 

If an error is detected then external function ‘ErrorHandler’ will be called. 

 

Assumption: R2R0 and R3R1 are used as utility registers in this test. 

This test will fail if R2R0 or R3R1 are faulty. 

 

Input Pameters 

None N/A 

Output Parameters 

None N/A 

Return VALUES 

None N/A 
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Syntax  

void TestFlagReg(void) 

Description 

 

This function provides the flag (FLG) register testing. 

If an error is detected then external function ‘ErrorHandler’ will be called. 

 

Assumption: R2R0 is used as a utility register in this test. 

This test will fail, if R2R0 is faulty. 

 

Input Pameters 

None N/A 

Output Parameters 

None N/A 

Return VALUES 

None N/A 

 

 

Syntax  

void TestPCReg(void) 

Description 

 

This function provides the Program Counter (PC) register test. 

 

This provides a confidence check that the PC is working. 

It tests that the PC is working by calling a function that is located in its own section so that it can be located away from 

this function, so that when it is called more of the PC Register bits are required for it to work. 

So that this function can be sure that the function has actually been executed it returns the inverse of the supplied 

parameter. This return value is checked for correctness. 

 

If an error is detected then external function ‘ErrorHandler’ will be called. 

 

Input Pameters 

None N/A 

Output Parameters 

None N/A 

Return VALUES 

None N/A 
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3. TEST  ENVIRONMENT  

 

Development board: RSK-R32C11, 16MHz external clock, fcpu=50MHz.  

MCU: R5F64112DFB  

Tool chain: Renesas R32C/100  standard toolchain version 1.02.01 

In-circuit debugger: E8a. 

 

3.1 TOOL CHAIN SETTINGS  

3.1.1 Linker 

-L "nc100lib" -G -MS -O "$(CONFIGDIR)\$(PROJECTNAME).x30" –ORDER 

 
 

4. BENCHMARKING RESULTS  

The function execution time was measured using the pin(p0_0) and digital oscilloscope. A port pin was set high at 

function entry and low at function exit. 

Code Size is the size of all functions in the specific file. 

 

4.1 CPU Test Result 

Note : Optimisation cannot be used for these tests. 

  Table 1 : R32C/111 CPU test result  

Measurement 
Result 

Code size Execution Time 

CPU_TestAll 14 bytes 15.98 us 

TestGPRs 436 bytes 10.01 us 

TestIntRegs 56 bytes 1.15 us 

TestStackRegs 148 bytes 2.40 us 

TestPCReg 64 bytes 1.33 us 

TestFlagReg 40 bytes 1.09 us 
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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/


 

A-1 

Revision History  

Rev. Date 

Description 

Page Summary 

0.01 Mar 14 ‘14  First edition for review 

    

 



 

 

General Precautions in the Handling of MPU/MCU Products 

 
The following usage notes are applicable to all 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 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 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. 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.

2. 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.

3. 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.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.  Renesas Electronics assumes no responsibility for any losses incurred by you or

third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality".  The recommended 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; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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 damages (nuclear reactor control systems, military equipment etc.).  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 for which it is not intended.  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 which the product is not intended by Renesas Electronics.

6. 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.

7. 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 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.  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 noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may 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 should not use Renesas Electronics products or 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.  When exporting the Renesas Electronics 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.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics

products.

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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