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1 Introduction

Manufacturers of household appliances must take steps to ensure safe and reliable operation of their products in order to meet the IEC 60730 standard. The IEC 60730 standard covers mechanical, electrical, electronic, EMC, and abnormal operation of ac appliances. Annex H of this standard covers the aspects most relevant to microcontrollers including the three software classifications defined for automatic electronic controls :

· Class A functions such as room thermostats, humidity controls, lighting controls, timers and switches. These are distinguished by not being relied upon for the safety of the equipment.

· Class B functions such as thermal cut-offs are intended to prevent unsafe operation of appliances such as washing machines, dishwashers, dryers, refrigerators, freezers and cookers/stoves.

· Class C functions are intended to prevent special hazards such as explosions. These include automatic burner controls and thermal cut-outs for closed, unvented water heaters.

2 Self Test Library

Current and future Piccolo microcontrollers are designed specifically for safety-critical industrial and consumer applications, offering integrated features. Two on-chip oscillators are integrated on chip to address the time-base requirements of IEC 60730. Other hardware features -- write-protected registers, limp mode and supervisory circuits -- have all been integrated as well. These features, tailored to the test requirements of IEC 60730, make compliance in the electronic segment of the tests easier and the results more predictable.

Most home appliances including washing machines, dryers, refrigerators, freezers, and cookers/stoves fall into the Class B classification. TI provides an IEC 60730 Class B Test Library to support its customers in the Class B certification process.

To fulfill Class B compliance, manufacturers must test specific components of the design. Table H.11.12.7 in Annex H of the IEC 60730 standard lists the MCU components to be tested, the faults to be detected, and the appropriate reactive measures.

The Texas Instruments IEC60730 self-test library (STL) is a collection of optimized independent test functions for Piccolo TMS320F2802x/F2803xTM controllers. This source code library includes C-callable optimized versions of selected functions included in IEC60730 library. These self-test have to be built in with the application allowing the application to call these functional tests at a cyclic interval. Each functional test returns a result or an error status. The application has to take the appropriate decision based on the function return.

Table below details the tests available in the STL as per table H.11.12.7 as per IEC60730 International Std ed.3.2 2007-03 Annex H
	Reference document
	Item

Ref in annex H
	Test item
	What to Test
	Current C2000 Supports system-level Compliance

	Annex H - p417


	1.1


	CPU Registers
	Stuck at fault
	STL

	
	
	CLA registers (*)
	Stuck at fault
	STL

	?
	1.3
	PC
	Stuck at fault
	??

	?
	2.0
	Interrupt handling and execution
	Timing
	Hardware and software

	An.H.2.18.21 / p393


	
	Watchdog and reset functionality
	
	

	An.H.2.18.10.1 / p391


	3.0
	System Clock and Clock source
	Accuracy
	Software, external WD, etc.

	Annex H (4.1) / p419


	4.1
	Memory Testing

Flash memory

ROM memory
	Stuck at
	. Software (check sum)

	Annex H (4.2) / p421
	4.2
	Memory Testing (RAM)
	Stuck at
	Software (march)

	??


	4.3
	Memory addressing
	Stuck at
	Software

	An.H(6)/p423


	6.0
	Communication Corruption

UART

SPI

I²C

LIN (*)

eCAN (*)
	
	Software - CRC

	Annex H (6.3) / p423
	6.3
	Timing of communication

Timer and PWM (ePWM + HRPWM)
	Proper timing/interval
	Software

	Annex H (7.1) / p423
	7.1
	GPIOs
	
	

	Annex H (7.2.1) / p425
	7.2.1
	A/D tests ADC and the temperature sensor


	Preproduction fault
	Software

	
	7.2.2
	Analog multiplexer
	Production fault
	N/A

	Annex H (7, 8) / p423, p425
	7

8
	Enhanced capture module
	
	

	Annex H (1.3) / p417
	1

3
	Comparator blocks
	
	

	An.H(8)/p425 
	8
	Enhanced Quadrature Encoder Pulse Module
	
	


(*) included in Piccolo F2803x STL only

Table 1. IEC60730 International Std ed.3.2 2007-03 Annex H Tests
3 Installing the Library
3.1 Directory Structure (Where the files are located)
As installed, the C28x IEC60730 Safety Library is partitioned into a well-defined directory structure. By default, the library and source code is installed into the C:\TI\controlSUITE\libs\safety\IEC60730\v100   directory. The following table describes the contents of the main directories used by the library: 
	Directory
	Description

	<base>
	Base Install directory. By default this is C:\TI\controlSUITE\libs\safety\IEC60730\v100  . For the rest of the document <base> will be omitted from the directory names

	<base>\cmd
	Linker command files that are specific to the library 

	<base>\doc
	Documentation including the revision history from any previous release.

	<base>\examples_ccsv4
	Code Composer Studio V4 based examples 

	<base>\include
	Header files that include the library function prototypes and structure definitions

	<base>\lib
	The built library.

	<base>\source
	Source files for the library. This also includes a Code Composer Studio project that can be used to re-build the library if required.


Table 2. C28x IEC60730 Safety Library Directory Structure
3.2 Library Build Options

The library was build with C28x codegen tools v5.2.9  using the following options:
-g -ml -mt -v28 --cla_support=cla0 , for all 2803x devices
4 Using the IEC60730 STL
4.1 Code Structure of the Library

The code is split up into functional groups as shown in the following figure: 
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IEC60730_Tests.h

Test_Core.c

-----------------------

Test_WDT

Test_Clocks

Test_CPU_T

Test_Timer

Test_PIE

Test_CLA.c

-------------------------

Test_CLA

Test_CLA_R

Test_Serial.c

-------------------------

Test_SCI

Test_SCI_R

Test_LIN

Test_LIN_R

Test_I2C

Test_I2C_R

Test_ADC.c

-------------------------

Test_ADC

Test_ADC_R

Test_ADCTemp

Etc...


Figure 1. Code Structure of the Library

· IEC60730_Config.h has all the user selectable configurations that decide which tests to include in the build and H/W configurations. This header file needs to be included in the user application.    NOTE: The library must be recompiled if the macros that enable/disable a test are changed.
· IEC60730_Test.h protoypes all the library functions. This header file needs to be included in the user application
· Code is divided into functional blocks that represent the type of peripheral (e.g. Serial, ADC, EPWM) or  device architecture (e.g. Core). This is done to make the code easy to read and maintain,
· The device variant is specified in the DSP28x_Device.h header file

4.2 Using the library in an application (2803x as an example)

The library and all example projects were created in CCSv4. See the Legacy Information section for v3.3 usage.
4.2.1 Flowchart
	1. Open up the library project in CCS and change the active build setting to a target device, e.g IEC60730_BUILD_2803X. This will configure the include paths, predefined symbols, output filename.
2. Open up IEC60730_Config.h and select which tests should be enabled.
3. Build the library. The output is configured to be automatically put into the libs folder with the name IEC60730_STL_2803x.lib.
4. Bring up the application project in CCS4 and go to the build properties. In addition to the normal settings you would be required to include this new library and its path in the File Search Path property of the C2000 Linker. This will allow you to use the library interfaces.
5. Include IEC60730_Tests.h in the main file. Remember to choose a TARGET device in the DSP28x_Device.h file under /DSP2803x_headers/include. The TARGET determines what variant of the 2803x line is used and may affect certain aspects of the code.

6. Variables PASS/FAIL have been defined in IEC60730_Tests.h as extern. User must define these in their code. (See example project).
7. Routines MainRunIECStartupPhase1, MainRunIECStartupPhase2, MainRunIECPeriodic,MainIECFaultHandler are prototyped as extern and user must define these in their code
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4.2.2 Build Settings for the Library
Each device type has its own build configuration of the form: IEC60730_BUILD_28xxx (see figure below (1)). The build configurations only select the main device type 2803x or 2802x. The individual variant will need to selected in the DSP28x_Device.h file 

There are several differences in the build properties for each configuration. For example the include search paths (2) will be different for each device. Notice the use of the macros in the example project, INSTALLROOT_28xxx_Vxxx (3) to define a relative path to the header files. As new versions of the header files are released these links will be updated to reflect the latest version. 

Another example of the changes in build configurations are the run time model options (4) for each device, e.g. 2803x needs CLA support while the 2802x does not use it. The build settings tab (5) list the artifact name, i.e. the name of the .lib file. Each build configuration lists a different library name that specifies the device it is being built for, e.g. IEC60730_2803X_Lib.lib.

Each build configuration also specifies predefined symbols (6) that are used to conditionally compile device specific code, e.g. DEVICE_GROUP_280xx. 
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Figure 2. Build Properties for the Library
4.2.3 Build Settings for the Examples
The example projects illustrate how to use the IEC60730 library in a standalone project that runs out of flash. There are a few build settings that are important when you use the library.
For each example, under CCS Build, a run time support library is explicitly selected to perform all the startup routines in standalone mode. For e.g. the 2803x example uses the rts2800_ml.lib.
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Figure 3. CCSv4 Example Project Build Settings
Under File Search Path, include the library you want to use in the project (box top right) and where to find it (box bottom right). We have used macros to point to the library’s location and it has a version number that will need to be updated with every library or header file version change. (See Figure 4)
[image: image5.jpg]¥ Properties for 28027_IEC60730_example (Filtered)

type fiter wxt | B

/o Buld
ccs Buid

©/C++ Build

e configuration
Project Type:
Configuration: |Debug

Configration Settigs

Tool Sattngs

& File Type Specifer [a
(& Orectory Spectier
(& Default Fll Extensi
& Command Files

3 Cono0 Linker
& Basic Options
& Command Fil Prep

L

3 Symbol Managemey:
FA - @

En rs | Bnary Parser | Enyi
Imwellxs(!mswmmmmdﬁbasm( lerary, -D €) 4 |

4dd <dir> 1 lbrary search path (~—search_path, -)
b

8





Figure 4. Choosing a Runtime Support Library
Macros can be created under the Macros tab in the C/C++ build settings. Create a macro with the name INSTALLROOT_TO_IEC60730 with the field value of {REF LIBRARY_PATH} (see Figure 5)
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Figure 5. Creating a Macro
You have to specify the entry point as code_start under Symbol Management in order to enable the startup routines in the DSP280xx_CodeStartBranch_IEC60730.asm files used in the example projects.
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Figure 6. Symbol Management
5 IEC60730-STL Function Summary

The following functions are included in this release of the IEC60730_STL Library.  All of the modules are provided in the source folders and can be modified as required for a particular application.

	CPU

	Test_CLA()
	Test_CLA_R    (*)

	Test_CPU_R
	

	
	

	Clocks and Timers

	Test_Clocks_R     (*)
	Test_EPWM

	Test_EPWM_R
	Test_HRPWM

	Test_Timers
	Test_Timers_R

	Test_WDT
	

	
	

	Interrupt

	Test_PIE
	Test_PIE_R

	
	

	Memory

	Test_Flash
	TEST_RAM

	Test_ROM
	

	
	

	Communicatons 

	Test_I2C()
	Test_Lin_eCan     (*)

	Test_Lin_eCan_R     (*)
	Test_Serial

	Test_Serial_R
	

	
	

	Periphery 

	Test_ADCTemp
	Test_ADCTemp_R

	Test_Comp
	Test_Comp_R

	Test_eCAP()
	Test_eCAP_R

	Test_eQEP
	Test_eQEP_R

	Test_GPIOs
	Test_GPIOs_R


6 Function Descriptions

	Test_ADCTemp
	Test on-chip ADC


Description
Tests that the ADC and the temperature sensor are functional. The ADC  ADC converts the temperature sensor reading into degrees Celsius/Kelvin. According to the tests result, it updates either the "FAIL" and/or "PASS" variable.

Header File
C28x C code: 
#include  "Test.h"
Variables
extern int PASS, FAIL
Assumption
DSP2802x_ADC.c must be part of the project for TMS320F2802x and TMS320F2803x. It can be found under the following directory:
controlSUITE\device_support\<device>\<version>\<device>_common\source




Test 
PASS = 1 if the ADC is operational  and FAIL = 1 if the ADC is not operational

Resources
This function requires the ADC A5 channel that is internally connected to measure the temperature sensor.

Example
#include "Tests.h"
#include "DSP28x_Project.h” 
extern int PASS = 0;
extern int FAIL = 0;
long x;
void main(void)
{
//
Step 1. Initialize System Control:

InitSysCtrl();
//
Step 2. Perform the tests using the library:
Test_ADCTemp();

//
Step 3. Release test status via GPIO34
EALLOW;

GpioCtrlRegs.GPBMUX1.bit.GPIO34 = 0;

GpioCtrlRegs.GPBDIR.bit.GPIO34 = 1;
EDIS;

GpioDataRegs.GPBSet.bit.GPIO34 = 1; 

//GPIO34 high

If (FAIL)

   GpioDataRegs.GPBClear.bit.GPIO34 = 1;  //toggle GPIO34

//low if ADC test failed

}

7 Revision History

v1.00 – January 20, 2011
· First Release
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